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PREFACE

The purpose of this volume is to place before the general practitioner
in simple ianguage the principles and practice involved in the management
of those conditions which may impair function or cause deformities in
childhood. Technicalities are avoided and no attempt is made to correlate
the literature of this vast subject, nor to burden the reader with the evolu-
tion of this branch to the present time; therefore, pardon is requested if due
credit is not given to various authors. Only the essential principles of the
pathology are discussed, to impart a more comprehensive knowledge of the
subject. The object of operative method alone is considered, consequently
many standard procedures are barely mentioned or omitted.

Especial attention is given to the methods of examination with reference
to normal function, so that abnormal variations may be recognized. The
manner of reaching the correct diagnosis is also emphasized. In the treat-
ment, stress is laid on the prevention of deformity and the retention of the
spine and extremities in the most useful positions for future function. For
this purpose, simple mechanical principles and apparatuses are described as
may be applied by the average physician, for a vast majority of deformities
are seen in incipiency by the general practitioner. When the services of an
expert are desired, a better cooperation is sought between the specialist,
the family physician and the family for the benefit of the patient, which is
often essential to a successful termination, as orthopedic affections are often
of long duration.

WiLLis C. CAMPBELL.






PUBLISHERS' ANNOUNCEMENT

The publishers take pleasure in presenting to the medical profession the
series of monographs of which this volume forms a unit,

The many inquiries which reached them proved, in advance of publica-
tion, that the work should be in monographic form and clinical in its
presentation.

The series when completed will, they believe, be the most useful for the
audience for whom it is written, the general practitioner of medicine, that
has been presented in its particular field.

The authors are all men of wide experience and, in the main, teachers.
The combination makes the work authoritative and of the utmost service
in a field which has been often termed a “‘therapeutic specialty.”
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FIGURE

L0,

| [

ILLUSTRATIONS

X-ray of normal foot of child, age two years, showing that scaphoid
and external cuneiform have not appeared . . . . . .

X-ray of normal foot of adult . . . . e :

N-ray of foot of Chinese woman, showing f.:ﬂ'n:-n:t of E'I'.I'I} hm{lmg

DBurmese woman, showing elongation of neck by successive applica-
tions of h:l'a‘:‘i- rings . WS L o

Front and reverse sides of hlbtun c;m] SR -

Drawing showing line of weight-bearing in normal pmture

Photograph showing method of auscultation of knee-joint . .

Drawing Hlmmng method of aspiration of knee-joint . g

X-ray showing atrophy of bone and extensive destruction of bones
of wrist with atrophic changes in the bones of hand . . . .

X-ray showing hypertrophy ﬂt' bone . . . :

Normal posture showing distribution of wmfrht on fmt ;mfl 'mluLS

Normal range of dorsal flexion of right foot and plantar flexion
of left foot . . : .

Normal range of abduction nF I'm:t

Normal range of adduction of foot

Normal range of flexion of knee .

Normal range of extension of knee . . . . . .

Normal range of abduction of hip

Normal range of adduction of hip

Normal range of extension of 11|1|

Drawing showing hip ankylosed m flexed [hmtmn ll'l'-‘c! spime |1Eii1
] e S e S :

I)Iﬂ'\"i.-l]'lh showing hip ankylosed in flexed ]J{!‘rltlﬂtl :

Drawing showing tilting of pelvis with apparent inequality in Ien"th
I[rf]E'—H. wo eewio o act St i DO

Normal range of extension of cervic '1] -?.pme :

Normal range of lateral motion in cervical spinz

Normal range of passive extension of spine . . :

Normal range of passive lateral motion of spine . . . . .

Normal range of flexionof spine . . . . . . . . . .

Normal range of extension of spine . . . .

Normal range of active side-bending :

Splint to retain foot at right angle to ankle, (:}-T.LI'Ifht'lg frnm me
to just below the knee-joint . . P
Ankle brace attached to shoe limiting ]}lantnr ﬂLMml S
Splint to hold knee in extension and foot at right angle to leg .
Small wooden block with rope and pulley fixed to end of board

attached to foot of bed, used i Buck’s extension

Thomas knee splint . . . . o Lo :
Thomas knee splint with hinge at km.e and adjustahle fﬂot pLI.T.L :
Thomas caliper braee . . . . = . soemen LR

xxi

FAGE

LA ]

Lrdt

WAl 00

II

12

13
14
14
15
15
10
Iy
18

19
19

19
20
20
21
22
23
24
24

28
28
20

jo
3L
31
32



5
XXl
FIGURE

37
38.

30
40.
41.
42.
43

52-A.

61-A,

61-D.
62.

63.
6.4.

ILLUSTRATIONS

Simple knee brace attached to shoe, extending well up on thigh .

IMlustrating undesirable condition of bed with cnnru'.-quvut sagging
of pelvis . . . SN

Drawing showing bhody auppm‘lul on itim surface for hip I_1 ulmu

Bradford frame with slip cover for use of bed-pan . ;

Drawing showing traction in line of deformity of hip . .

Pagble spiea cast o 5 LGl e Gl S e
Thomas hip splint % ek s
Sayre head traction apparatus . . . .

Plaster-of-Paris !:ud}' cast, including Imui :

Sayre head traction apparatus for application of ]ﬂuntur-uf Paris
body cast . . . . 5 .

Taylor spinal brace, with ;mtlmrﬁ mndlhﬂtmu {*\.l{:ndmu fmm
occiput to knees . .

Traction humerus splint o

Splints used for support of elbow zmd wn*-t S e e

Drawing of outline of body and leg with circumferences, to be
used in manufacture of braces . . .

. X-ray showing acute infectious arthritis of knee, Izm, wl;i_&,#, antero-

posterior view . . i G fs e e
Same as Figure 51-A, ]atu‘a] view . . D sz gk s
X-ray bhnmng tuberculosis of knee, late wmg,{. fmtemlmatennr view

. Same as Figure 52-A, lateral view .

letugra]:-h showing mf-lhud of lmtllulm}.{ pawm motion in Lner—
joint by modified Thomas knee splint and overhead sling .
Photograph showing swelling of knee and flexion (quurmit_t,f mn
. acute arthritis . . -
Campbell-Mitchner knee qphut I'nr mrrcgtu i uf ﬂ{, xion tIqurnnh'
afknee oL ;
X-ray showing bilateral ~:I1alm'1lmu uf lul‘m ruulnn;: Frum acute
infectious arthritis . . . . . R
1-1‘1} showing subacute infectious qmnchllhq wtlh narrowing nf
intervertebral space between fourth and fifth lumbar vertebrze,
anttrnpr}%terinr MRSIE " T L SR e T Y
Same as Figure 57-A, lateral view . . TR L :
Cross section of tuberculosis of knee, L-.]‘m'ﬁmrr destruction of hun{.
beneath articular cartilage of tibia and of articular surface of
femur . . .
Heliotherapy at Crlppled & |111f1t“{31‘1 3 l{l'lbllltdl "l.,[cmphm Tennch
Heliotherapy on roof of private clinic showing how heliotherapy
may be successiully administered in crowded city districts
X-ray showing tuberculosis of ankle with destruction of bone and
narrowing of joint space, antm:puateriur RIBW, e s

*

Same as Figure 61-A, lateral view . . . . = Ay
Photograph of tuberculosis of knee, showing hcgmmn" suh]u*m-
topeftibla .. . . . . S

X-ray series showing progressive dc'-'.u uction of tul}erculmm uf hip

Photograph of tuberculosis of cervical spine, showing forward
lnxation of head . . . . . .
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FIGURE
O3,

66.
O7.
38,

Oip- A\,

ILLUSTRATIONS

Photograph of tuberculosis of dorsal spine, showing elevation of
shoulders to relieve weight of spine . . . . . . . .
Photograph of tuberculosis of dorsal region, showing extensive
dorsal kyphosis with double psoas contraction from descend-
ing abscess . ., . . . :
Photograph of tuberculosis of lnmlnr :.pme mth E\H'Emi: d:,t'urrmty
Photograph showing beginning sharp angle of deformity of tuber-
culosis of lower dorsal spine . . . } :
X-ray showing tuberculosis of a]mlc with narmwma uf 1nler1erl:e-
bral space, anteroposterior view . . . i

00-B. X-ray showing tuberculosis of spine with n'irnmmg (af mter-

=T
il

*®

79-

81-A.

81-I.

vertebral space between third and fourth lumbar vertebrze and
erosion of anterior margin of |'}EJ(I}' of fourth lumbar vertebrz,
lateral view . . ;
X-ray showing tube rfulmh nf Ia wer du rrml area wuh apmdle-
shaped mass of inflammatory exudate . . ; :
Schematic drawing of spine, HIJU“II‘lg method of ﬂ'hu: ].JUI'IL*-"I"I ft

operation o . . o s
. X-ray showing tuhvrutlmh of elhuw JUlnt w1th t’}\ttllbl‘lﬂ Ir.lu.truc-

tive changes, J'll[t1i.l]111=~1’(."l':lﬂ}1‘ WIEAE e LN S e cn i e e g
. Same as Figure 72-A, lateral view .

‘Drawing from x-ray, showing syphilis of 'anHe wnh punched-uut

areas on the ;11t1LuLu surfaces of tibia and astragalus . .
Drawing from x-ray, showing multiple punched-out areas over
both femural condyles, end result of congenital syphilitic ar-

i R e e T T T o
Drawing from x-ray, showing tvpical syplilitic dactylitis, one of
the manifestations of polyarthritis . . . 7 et i
Photograph of chronic polyarticular infectious a1thr1t|q showing
involvement of jointsof hand . . . . g S a2
Photograph of arthritis deformans (5Still's leEﬂ.Eﬂ) shcuwmg n-
volvement with deformity of practically all joints . . . .

Photograph of arthritis deformans after correction of deformities,
showing ability to stand with braces . . . . . ;

X-ray of osteochondritis of head of second metatarsal, s.’:mwmg typ-
1cal corpora libera in the joint . . . .

N-ray series of coxa plana, showing progressive ﬂ'lituuug and frd.g-
mentation of head and broadening of neck of femur

X-ray showing coxa vara with downward displacement of head on
neck of femur . . . ‘

Same as Figure 81-A after cor rm:tmn h;-,r nmnpuhhc-u slmmng
normal relation of head and neck of femur . . . . . .

N-ray showing coxa valga in anterior poliomyelitis . . . . .

N-ray showing osteochondritis of spine with wedge-shaped com-

pression of vertebr . . . . R
Drawing showing method of apphmg Gibney  strapping for
sprained ankle . . . . o DTa e R LR
Drawing showing strapping of Lnu, with adhesive plaster, basket-
weave method . . - « = o, T

X-ray showing enlarged transverse process uf ﬁfth lumbar vertebra

xxiii

PAGE

g1
93
96

99

100
104
100
107
108
109
112

I12
114

116

119

120
121



xXXIV

FIGURE

27.

88,

8q.

QI-;’\.

g1-1.
02-A.

92-B.
93-A.

93-B.
94.

05-A\.

100-B.
101-A.
101-B.
102,

103-A.
103-B.
104-A.
104-13,
105-A.

105-B.

1o6-A.

106-B.
107-A.
107-B.

ILLUSTRATIONS

X-ray of osteochondritis dissecans, showing triangular area of rare-
faction on medial condyle of femur surrounding small area of
increased density ; articular cartilage still intact . . . . .

Photographs of sequestrum removed at operation from chronic
osteomyelitis of tibia . . 5 :

X-ray of acute osteomyelitis of left fcmur c1rt_v f-,lalc, 1-,]um1wr
very slight structural change . . . : ;

Same as Figure 8g, four weeks later, showi mg exlcmn&. pr{:llfm -
tion and destruction . . : S B

X-ray of chronic osteomyelitis r.::f tibia H]‘mmng anurﬂrmn de-
noted by dark areas of condensed bone surrounded by pro-
liferation and formation of involucrum, anteroposterior view

Same as llLLII‘E g1-A, lateral view . . .

Same as Figure g1-A, eleven months al’tr:r 1"1('11.‘1| nlwﬁuun ~.111:~.'|.—
ing dense new bone formation, anteroposterior view

Same as Figure g2-A, lateral view . . . . . . . :

X-ray of syphilitic periostitis of tibia, showing 1DI‘I”It1.](11!'L’!_| (l--pu-
sition of new bone in lavers, anteroposterior view . .

Same as Figure 93-A, lateral view. . . . . .

X- -ray showing syphilitic osteomyelitis with p;tthulu;.,lml wpn‘-t-
tion of upper femoral epiphysis . . . . . .

X-ray almwm;: sclerosing osteomyelitis of Garre of lower {:ml of
tibia, with increased density of bone, anteroposterior view .

. Same as Figure 93-A, lateral view

X-ray of osteitis f‘l'JTL‘l'-:"l cystica of upper md :}[ fvmu.. '-:hr:l‘..ﬂl
multilocular cvst without expansion of bone cortex . . .

X-ray showing epiphysitis of os calcis with fragmentation .

. X-ray showing osteitis of q;‘zii)lmi{i, anteroposterior view

Same as Figure g8-A, lateral view . e

X-ray showing epiphysitis of tibial ttlhc‘i‘th. R S g S

. X-ray f-:hnwn'lh transverse fracture of shaft of femur, .um_-rn|mu.—
terior view . . - R S T

Same as Figure 100-A, hlr:ral view

Same as Figure 100-A, after reduction

Same as Figure 1oo-I3, after reduction ! :

Drawing of plaster-of-Paris double spica cast, Rhmum; ﬁf_'\l’._{l po-
sition of hip and knee, used in treatment of fractured femur

X-ray of fracture of bones of forearm, anteroposterior view .

Same as Figure 103-A, lateral view . . . . . . . . .
Same as Figure 103-A, after reduction . . . . .

Same as Figure 103-13, after reduction B L

X-ray showing fracture of head of radius with vicious union, an-
teroposterior view . . TR

Same as Figure 105-A, 1-.11'.(_1':-1] view

X-ray showing supracondylar fracture of humerus, anteroposterior
VIEW % = = . Fin SR T 7

Same as Figure 100-A, I‘ltet"ﬂ view . . .

Same as Figure mrl"'-."v.r after reduction . . . . .+ . .

Same as Figure 100-B, after reduction
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FIGURE

108,

100,

110-A\.

110-B.
ITI1-A.

111-B.

T12-A.

112-15.
113-A.
113-1.
114.
TS
110.
117-A.

117-1.

118-A,

118-B.
116).

20

121-A.

ILLUSTRATIONS

Same as Figure 107-B, showing that acute flexion alone does not
always reduce supracondylar fracture of humerus . .
Photograph showing method of fixing arm in acute flexion h} o
hesive strapping . . . . . :
X-ray shmung fracture of external Cf)!ll’hli__ uf hunu:-ruf; mlh
wide separation, anteroposterior view . .
Same as Iigure 110-A, lateral view . . e
Same as Figure 110-A after open reduction am:! ﬁxatmn wuh wire
tlcul... =
Same as Figure 110- H :]flcr npm reduction . . o~
X-ray “Ju:rwmg fracture of middle third of humurm, anteropos-
TETIOr VIEW .« . e s thip S R e ST
Same as Figure 112-A, lﬂt'l:."l"ﬂ view . . e T
Same as Figure 112-A, aiter reduction and osseous union .
same as Figure 112-B, after reduction and osseous union .
Phl:lt{]g__]d]lh of traction humerus splint with banjo attachment fur
traction of forearm . . . L
X-ray showing fracture of %urgln.al IH’HL of lmlm rus . .

. - *

®

Same as Figure 1135, after reduction . . SR e R
l’lm’rn"mph of traction humerus 511Imt npplmd anteroposterior
view . . . . a . . = . . .

Same as Figure 117-A, hter'zl view

X-ray of fracture of clavicle, junction of nmlflle and uuter i_lm{h
showing upward displacement and overriding of medial frag-
THEHE . & s £ ST R S

Same as Figure 118 A, afh:r rt:dmtmn Lo i Y i

Drawing showing method of applying Sayre adhesive clrf:-.-un;:

Drawing of posterior splint for retention of fractured clavicle .

X-ray showing separation of lower femoral epiphyses, antero-
i e (o R e S S R R

. Same as Figure 121-A, lateral view . . . . . . .

Same as Figure 121-A, after open reduction . . . . . . .
Same as Figure 121-1%, after open reduction . . . .

. X-ray showing 111'1|l.1mlf:{| fracture of shaft of fLmur :mtcmpm—

terior view . . S 5 . 5

. Same as Figure 123-A, hlcr al view . . :

. Same as Figure 123-A, after reduction ; 1=l:rfmt fuur.tltuml H_“'ul.tlt

. Same as Figure 123-B, after reduction . . . . . . .

. X-ray of malunited supracondylar fracture with impingement of

lower end of shaft on coronoid process of ulna . . . . .
Same as Figure 123-/, after surgical removal of mass of bone and
restoration of function . . i : iy
. X-ray showing fracture of t‘}-u.lﬂt'll"l]. Lund}IL uf hlim{,rm wuh 1noi-
union, anteroposterior view . . . < s . % . s

. Same as Figure 126-A, lateral view . . : : :
. X-ray showing unumlul fracture of upper cml of I'd.t'lllh, antero-
]matumr MIEW: . = T R

. Same as Figure 127-A, lateral view . . x o
. X-ray showing congenital fracture of tibia *unl ﬁlml’l, anlcmlmrw
BRI WIERE: & & s e e b e e S R
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FIGURE
ﬁ IE
I20-A\.

129-13.
130.
131-A,
131-13,
132.
133.
134-:\.
134-B.

135
130.

137-A.

137-B.
138,

139-A.

139-B.
140.

141.

142,
143

I44-A.

144-1.
L5,

140.
147-A.

147-B.

148-A.

148-15.

140.
150-A.

150-1.

ILLUSTRATIONS

Same as Figure 128-A, lateral view . . . . . 2
Same as Iigure 128-A, aiter homogeneous hone- Ll:nf*nllg fmm
mother, showing callus formation and solid union . . .
Same as Figure 128-B, after bone-grafting, showing callus forma-

tion. and solid unien o o cr e e ™ n 0w w e s
1"|1r.1tuwr;1pl1 of child (I'igures 128-A, 128-13, 129-A, 129-13) show-
ing contour of right leg after operation . S
X-ray showing posterior dislocation of elbows, mucrn]mqlermr view
Same as Figure 131-A, lateral view . . v g R
X-ray of traumatic dislocation of hip after redmtum T I
:‘*{-rcl} of old traumatic dislocation of hip, showing epiphyseal dis-
HEplamees T RO S :
X-ray showing epiphyseal :1|qiuahamc characteristic of nchcts,
"LI‘.ItLI'HIJU-utLHﬂl view . . o P Y R T
Same as Figure 134-A, lateral view . . . . . . . . .
M-ray of ]J{Jw-lcg fl;Janﬂulnll;.,r rickets- . :
Same as Figure 135 after operation, showing mm:tmmu ul' buth
femurs, tibie and fibule . . . - £ o g W
Photograph showing deformity fulluwnw “L]\Lt'} right genu val-
gum, left genu varum . . . .

Same as igure 137-A, after operation . . . o Sy

X-ray showing typical osteomalacia of femur mth metaplasia ;
also involvement of tibia . . . AR T

Photograph of child showing dwarfism zm-:l h.plml dcfnrlmucb of
chondrodysplasia feetalis, age ten years . . . . .

Same as Figure 139-A, lateral view . . . . . . . . .

N-ray of bones of legs, showing changes in chondrodysplasia
feetalis .. . -

N-ray of bones of fﬂrL‘unh showing t‘h:ltl;.'{t‘.‘!—i in chondrodysplasia
beptalis' =0 = b R TSR
Photograph of twin hn:.,«-, *,h{mm" el J:lm rine dhtuli:-:ul{e ;
X-ray of osteochondroma of lower end of femur, showing tumor
wuh pedicle . . . . . e
XN-ray showing giant-cell tumor nf tibia with multilocular cyst,
with expansion of bone cortex . . . . . . . . .
Same as Figure 144-A, lateral view . . N e
X-ray of osteogenetic sarcoma of humerus, -hnmng I.I:}I‘J'Il}l-t.‘tt oste-
olysisof shaftof bone .. « . v + o & &+ v & & .
Case of osteogenetic sarcoma of humerus of which x-ray is shown
in Figure 145 . . . o " : S
X-ray of periosteal sarcoma '[Jf lower f:nd Df femur antcrﬂlms-
5. o e e SR S S BRI | B b e
Same as Figure 147-A, lateral view . . . . S
Photograph of child with extension scar in left a'«:;lla S G
Same as Figure 148-A . . . . . . . Pl
Photograph showing operation for scar L*Dntmcmre nf '1‘-:11]3 S
Photograph showing sear contracture on dorsum of foot, follow-
ing extensive burn, with talipes calcaneous deformity .
Same as Figure 150-A, after operation by pedicled skin flap
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FIGURE
151.

154-B.
155-A.

155-B.
156-A.
156-1.
157-A.
157-B.

158-A.
158-B.

ILLUSTRATIONS

Photograph of fingers extended by banjo traction ssplint to prevent
scar contracture . , :
Series of photographs alanmn-r lmhtm fm:] ruuh of p!'hm 1rrn-
cedure (J. 5. Speed) for ulcer of leg following osteomyelitis
X-ray showing myositis ossificans in lumbar muscles following con-

tusions
. Photograph showing L-qu:ml-. fl(.i'urlmh uf iunt mth Ic}rduq:q nF
SPIRE . L G SR e S T
Same as Figure 154- _r"\. at'ler np&r'lhm‘: CoR e T

Photograph showing paralytic varus of left foot .mpri |mmhm_ val-
gus of right .

Same as Figure 155-A, after operation . . . . . . . .
Photograph showing calcaneovalgus of left foor . . . . . .

Same as Figure 156-A, after reconstruction . . . , . .

l‘hutuwraph showing flexion deformity of knee . )

Same as Figure 157-A, showing correction of flexion +c1::l‘:nrm1u.r nf
knee A

F!mln"mph hhnwmg l‘.llhl{*l al gctm reumatum - e

Same as Figure 158-A, showing correction of bilateral y:nu recur-
vatum after author's u])m‘lhun of tI"'I.I‘]."-:|J'|-:II“-cI.t'IUlI of patella to
tibia .

150. X-ray showing fusion clf patdld to tll:rla mn :‘Luthur s {J[}El"lT.IDIl fur genu

160,
1671,
162,

163.
104,

]J:,..

166-A.

166-B.
167,
168,

174-A.

recurvatum . -
Photograph showing ﬂ::xmn mntrmtur&a {.‘-f hll‘.l‘i ;md ]r..nEEb mth
quadruped locomotion . . S s
Same as Figure 160, showing mrrerlmn ﬁf rit::fm"tmt},r .
Method of progression in severe case of paralysis, resulting frmu
anterior pnhmn}ehhn with paral}mh and deformity of both
lower extremities :
Drawing showing Z-shaped incision fm' lmwthcmnﬂ* tf:ndu ﬂ(‘]‘ll]ll‘i :
Schematic drawing showing technic of drop-foot operation, illus-
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INTRODUCTION

Orthopedic surgery is the branch of general surgery which deals with
diseases and trauma of the bones, joints, muscles, fascie and nervous
system that may mmpair function or cause deformity at any age. This
subject has become gradually broader, having long since outgrown the
original defnition of the two Greek words, dpfos straight + mais child, to
“straighten a child.” However, the term orthopedic will continue to be
employved until one more descriptive of the speciaity of to-day has been
advanced.

This volume is confined to the subject as related to children. It is
therefore essential that the characteristics of the tissues during the period
of growth be carefully considered in contradistinction to those of the
matured adult. As might be expected, there i1s an inherent structural dif-
ference in the adult and in the organism in process of development, which
is more apparent in the skeletal system. The yvounger the organism, the
greater the contrast in quality, which materially influences the manner and
methods of surgical procedure in each period of development.

The future length and breadth of the organism depends largely upon
areas of growth, or epiphyses, in the bones. The integrity of these must
not be violated by the slightest injury, otherwise there may be either an
arrest or an irregulanty in development. In consequence, no surgical pro-
cedure should invade the epiphyseal cartilage for the purpose of correcting
deformity, except for the arrest of a progressive pathological process or
as a life-saving measure. After the correction of a deformity in the child,
retentive apparatus is required for a much longer period than in the adult,
for the epiphyses in the area involved may proliferate in an irregular
manner, thus inducing recurrence. In the adult, future growth is not a
factor ; therefore, excision of pathological tissue and many valuable recon-
structive measures may be carried out with impunity.

The osseous structure also differs materially. In the child, bone is less
compact and contains a larger per cent of cartilage and is, therefore, more
resilient and pliable. At birth and during.early childhood, the extremities
of many long bones and some of the tarsal and carpal bones are composed
entirely of cartilage. In fact, until the age of twelve or fourteen years
this is a factor to be seriously considered in employing any surgical opera-
tion. Cartilage does not unite by cartilage, but by fibrous tissue, thus pre-
venting stability and permanent fixation. Therefore, arthrodeses, or surgi-
cal procedures to induce osseous fusion, are rarely indicated in very young

children, but when essential, retentive apparatus to avoid recurrence of
I
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deformity is required for a long period of time. In the adult, olid hone
is found Leneath the encrusting articular cartilage, which may be remodeled
and reconstructed with the assurance of stability and permanency of position
just so soon as bony union occurs, which is often effected in a few weeks.

The soft tissues are always more pliable in children than in adults, but
the difference in quality is not of such importance as in the bone. Muscles

&l

Fic. 3—X-Ray oF Foor or Crixese Wosmaxn, Suowing EFFecT oF. EArLy Bixpine.
(Courtesy of Edgar Torrington Gilereest, San Francisco, California.)
and tendons may be retarded in growth, or contractures may arise by loss
of muscle balance, injury, disease or excessive growth of bone, thus inducing
distortions. However, as the principles of treatment of the soft parts in
children are the same as in adults, no further discussion is necessary.
The child is more susceptible to all infections, for the same degree
of immunity has not been acquired as in the adult. Also, the quality of
the tissues renders children less resistant to the invasion of many organsms.
As the parts in the child are smaller, destructive changes may produce
relatively more damage. For example, the same pathological process in
the spinal column may destroy several vertebrae in the child and cause
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extensive deformity, which in the adult may involve only a part of one
seoment, with slight, 1f any, distortion.

As growth follows the line of least resistance, and the tissues of the
child respond to pressure, the contour of any part can be controlled by
external force applied in the desired direction. This is graphically illus-
trated by the binding of the feet of Chinese females at birth, the molding
of the head in flat-head Indians, and the elongation of the cervical spine
by the successive applications of brass rings to the neck of the female baby,
as practiced by the Karen Hill tribes of
Burma.!® The same principles are
utilized by the surgeon in the correction
of congenital and other abnormalities,
Tissue is thus conserved, and restora-
tion to normal is often possible without
loss of structure, as mav be required
by surgical operations,

In the treatment of all children, the
psychology of the parents or guardian
must be duly considered, as well as that
of the patient. This is possibly more
important in orthopedic affections on
account of the usual indefinite duration.
When cooperation is impossible from
ignorance, mental lack of conception, or
economical reasons, radical measures
are often indicated where conservatism
would give a better functioral result.
The greatest and most common error is

Fic. 4—Bunaese Womax, Snmowixg
ELoNGATION OF NECE BY SUCCESSIVE
AppLicaTions oF Bkass Rins. to overindulge the cripple child. This

( National Geographic Magazine, March,

g tends to induce hysteria, seli-pity and

unhappiness, which is often a far
greater handicap than the actual physical impairment. Children in whom
permanent disability is to be expected should be taught from the beginning
that compensation for their defects is possible through vocational training.
This can now be secured by the civilian cripple in a majority of the states, so
that they may be able to assume their part in life as the average normal
person, though possibly more individual effort may be required. They
must never be led to believe that the world owes them anything, for precious
little will be received after maturity. It is only by a close codperation of
the specialist, the family physician and the family that the proper mentai
attitude can be successfully developed, which will be their greatest asset
in after life,

*Sir George Scott: National Geographic Magasine, March, 1922

F-



ORTHOPEDICS OF CHILDHOOD

CHAPTER I
ORTHOPEDIC EXAMINATIONS

The acquisition of a comprehensive knowledge of any scientific subject
is facilitated by first demonstrating a systematic method of investigation
and classification, which should be as simple as possible,

In worthopedic surgery, as in all other branches of medicine and surgery,
this mmvestigation should logically begin with a complete physical exam-
ination of the patient, including routine laboratory tests of blood and urine,
and such special tests as may be indicated by the detailed history of the case
in question. After this, the differentiation of the type of case is suggested
by the chief complaint, or that which brings the patient to the physician.
An accurate, painstaking, and chronological account must then be recorded,
eliciting all evidence of significance from an orthopedic point of view.
The manner of onset is most important. If sudden, with high fever, the
indications are that an acute infection was the causative agent, and if slow
or insidious, a low-grade degenerative process. If trauma be suspected,
the time, place, and every detail of the accident must be ascertained, not
only as a matter of scientific interest, but because a compensation or legal
problem may later arise. The exact relation of trauma to the lesion must
be determined, as there i1s a tendency to ascribe any disability, especially
in children, to remote injuries. This may be brought out by ascertaining
if the symptoms were coincident with the injury; if not, the period of time
which elapsed before such symptoms arose. It is of practical value in
eliciting this point to determine whether the patient was carried away or
required assistance at the time of the injury. If the condition is a deformity,
it must be ascertained whether congenital or acquired ; if the latter, a careful
investigation is indicated to determine the causative agent.

Voluminous records are unnecessary and only the essential facts are
of material value. For practical purposes, a s5-inch by 7-inch history
card, with blanks arranged with special reference to orthopedic affections,
has for many yvears met all requirements in private practice, and at The
Crippled Children’s Hospital and The Hospital for Crippled Adults, of
Memphis, Tennessee. Both sides of the cards are used, and conform to
the regulations of the American College of Surgeons. This, of course,

3



6 ORTHOPEDIC EXAMINATIONS

does not obviate the necessity of regular hospital records during the post
operative period or acute illness, but supplies a simple method by which
data regarding any case can be secured immediately, or a large group of
cases reviewed and correlated for scientific purposes.

After a complete record has been made, the patient is next prepared
for examination by removal of the clothing. No compromise should be
made except in obviously local conditions, as an injured toe or finger.
Material advantage is thus gained by observing the body in the nude, as
valuable information is often acquired which has either been forgotten,
purposely omitted, or considered of no importance by the patient. In
females, a simple I strap is placed over the gemtals, and bibs over the
mammary glands, which permits free access to the entire body. The exam-
ination may be divided into two parts: (1) the body as a whole from the
standpoint of posture; (2) the mechanism and characteristics of each
individual member.

1. The body as a whole from the standpoint of posture: Posture 1s
determined solely by inspection, from which is demonstrated the attitude
of the patient in standing and in walking. DBeginning below, the distribution
of body weight on the soles of the feet and the relation of the feet to the
legs are noted ; next, the contour of the legs and the relation to the knees.
The relation of the hips to the pelvis, the shoulders to the chest, and the
contour of the spine, chest and abdomen must also be observed. A knowl-
edge of normal posture 15 presumed, and, therefore, only a brief description
will be given. As the child stands with the feet parallel and the weight
evenly distributed, the line of weight-bearing should correspond to a line
passing through the second toe on each foot. Prolonged upward, the lines
pass through the center of the patelle and then converge to unite at the
lumbosacral joint. The line of weight-bearing in the sagittal plane should
correspond to the midline of the trunk, neck and head. Viewed from the
side, the line of weight-bearing, if projected upward from the mediotarsal
joint, should cross the center of the hip-joint and ear. Posteriorly, the
tips of the spinous processes should form a straight line which is continuous
with the gluteal cleft. The gluteal folds should be at the same level. The
physiological curves of the spine are developed after birth and are : cervical
lordosis, dorsal kyphosis, lumbar lordosis and sacral kyphosis (see Spine,
p. 20). Normally, a plumb-line just clearing the sacrum barely touches the
dorsal kyphosis.

2. The mechanism and characteristics of the individual members: The
mechanism and characteristics of each member require, chiefly, a consid-
eration of the joints with all the component parts, which includes the bones
or levers of the body, with attached and surrounding structures that control
function. Special emphasis will be made of the manner of determining the
mechanism and qualities of normal joints, which will facilitate the compre-
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hension of the abnormal. As the function and anatomy of joints vary,
each must be separately considered. However, there are certain procedures
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of examination more or less applicable to all, which may be enumerated
as follows: (1) inspection, (2) palpation, (3) passive motion, (4) active
motion, (5) mensuration, (6) auscultation, (7) neurological, (8) aspira-
tion, (g) x-ray.

1. Inspection ascertains the appearance of the part, as color, contour,
position, attitude, and deformity.
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2. Palpation elicits the texture of the tissues, as induration and also

fluctuation, vibration, local temperature, and irregularities, as tumors, etc.
Local temperature is more accurately determined by the successive comparing
of both knees with one hand. In this way, a finer differentiation of the
degree of heat can be made than when both hands are used, placing one
hand on each knee.

3. Passive motion is the movement of a joint by the surgeon without

Fie. 6.—Drawing
SHowing LIxE
ofF WEIGHT-
BEARING 1IN
NorMaL Fos-
TURE,

voluntary assistance of the patient, to determine range and
quality of motion, and often requires much tact to elicit,
especially in a child, if pain is incurred. The quality of
motion may be iree, obstructed, rough, or crepitant from
friction. The degree of motion can be accurately
measured by instruments of precision, but for all prac-
tical purposes may be recorded in terms of plus signs;
+ -+ + 4+ indicating normal range in any given
direction, 4+ + -+ about 75 per cent, -+ + 50 per cent,
and -+ 235 per cent; less than 25 per cent may be approxi-
mately estimated in degrees. Passive motion may be
limited by reflex muscle spasm, mechanical obstruction,
or adhesions of articular surfaces. Iixcess or false mo-
tion may be demonstrated by increase of normal range
or movement in a direction in which no motion normally
exists, and usually indicates ligamentous impairment.

4. Active motion 15 voluntary movement in a joint
by the patient at the request of the physician, from which
may be determined : first, muscular power; second, limi-
tation of motion from fear or reflex muscular spasm ;
third, limitation of motion by mechanical obstruction or
fusion of joint surfaces. Active motion and muscle
power are also recorded in terms of the plus sign.

5. Mensuration 1s the measurement of a part to de-
termine the dimension as compared with normal, and may
demonstrate hypertrophy, atrophy, or loss of structure.
A tapeline is quite sufficient.

6. Auscultation with the stethoscope is at times of
value to locate certain clicks or snaps in large joints, or to
discover the source of certain transmitted sounds.

7. Neurological. The eliciting of sensation and cer-
tain reflexes is most important in differentiating lesions of
the nervous systeni.

8. Aspiration is the withdrawal of fluid by the use
of the needle and syringe, which should not be smaller
than 10 c.c. In order to avoid subsequent infection or
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leakage of the joint, the needle should be inserted obliquely to traverse the
subcutaneonus tissue for a short distance, when a direct plunge 1s made into
the joint. The needle should be of sufficient length and caliber; 2 inches
long and No. 18 gauge is usually satisfactory, but if no result, No. 16 may

ke used. Under no circumstances
are a trocar and cannula indicated
for diagnostic purposes. Aspira-
tion demonstrates the type of fluid,
if any, that may exist within the
joint.  This flmd, after with-
drawal, 1s submitted to wvarious
laboratory tests, from which
material information may be
obtained.

g. The x-ray. The value of
this agent in early diagnosis of
bone and joint lesions, with the
exception of ftractures, 185 over-
rated, which is due to the fact that
the cardinal symptoms of many
affections of bones and joints may
be apparent for a long period of
time, or even death ensue, before
pathological changes are demon-
strated by the roentgenogram.
The x-ray is accurate, but inter-
pretation by the inexperienced is
frequently the means of incurring
actual damage through error in
diagnosis. The tendency 1s to find
changes which, to one of mature

= —Prortocerarn SHowinNc MerHon oF
AUSCULTATION oF KNEE-]JOINT.

Fig. 8—Drawine SHowinGg MeTHoD oF ASripation oF KNEE-JOINT.
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judgment, acquired by years of experience, do not in reality exist. An
interpretation of the roentgenogram should not be made from one view
alone when it 1s possible to secure both dimensions. When the relation of
parts is desired in regions where a side view cannot be obtained, the stereo-
scopic roentgenogram is indicated.

There is no intention of underestimating the importance of the x-ray
in bone and joint affections, for it has completely revolutionized this field
of surgery in recent years, and to-day is preéminently the greatest asset in
demonstrating pathological proc-
esses and the effect of treatment.
[t is also invaluable in ascertaining
the condition and relation of bones
during many operative procedures.

Abnormalities of ligaments
and cartilages cannot be demon-
strated by the roentgenogram, ex-
cept as the relation of bones may
he thereby affected, as illustrated
by the diminution of joint space
from destruction of the encrusting
articular cartilage. Bone, on ac-
count of its density, is more clearly
defined than any other tissue; con-
sequently, abmormalities are more
apparent.  Pathological changes
which may he demonstrated in
hone are limited to four: atro-
phy, hyvpertrophy, destruction and
metaplasia.  Atrophy is demon-
strated by a loss of contrast in
definition as compared to normal.
Hypertrophy shows bone produe-
! tion as indicated by increase in

Fic. 0.—X-Ravy Swowinc AmrorHy ofF Boxe S1ZE6F (lEl]Hlt}‘, Or MCcrease in size

AND ri-‘.:‘:_'rv.:-;:~an'u DESTRUCTION OF Boxes  and (I{-nsit}', atd irregular pro-
ofF Wrist witen ArtrorHic CHANGES IN - : :
S liferation.  Destruction may be
complete, or observed as a super-
ficial or deep erosion of the surface, or the loss of small or large areas in
the interior. Metaplasia is the substitution from within of a different type
of tissue, and is often associated with destructive changes: therefore it is
doubtful whether it deserves special consideration. Furthermore, meta-
plasia is of infrequent occurrence. The peculiar appearance of one, or any

combination of atrophy, hypertrophy, destruction and metaplasia produces
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the characteristic x-ray visualization of a pathological process. However,
as bone often reacts in a similar manner to different agents, a diagnosis
should not be concluded by the roentgenogram alone.

A working knowledge of the anatomy and function of the joints is

Fic. 10—X-Ray Saowixa HyrertrorHy oF Boxk

essential to a thorough comprehension of the subject. This can he acquired
from standard texthooks on that subject. The order of deseription of the
method of examination in special joints will be from below upward, begin-
ning with the foot and ankle, as their function is so closely related as to make
differentiation difficult.
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THE FOOT AND ANKLE

Inspection.—The distribution of
weight-bearing on the feet, or any
abnormality in contour, is noticed.
The patient then walks, when any
limp or peculiarity in gait becomes
apparent. Passive motion of the foot
and ankle is elicited by grasping the
forefoot and moving the ankle and
foot as far as possible in dorsiflex-
ion, extension or plantar flexion,
abduction, and adduction. 1f the
normal range is known, any restric-
tion is apparent. Passive motion of
the foot alone is carried out by
grasping the heel and forefoot,
thereby demonstrating movements in

the midtarsal and subastragalar
joints,  Motion in the toes and
smaller joints is obviously too simple
to warrant description. As deformity
1s more frequent in the feet than
elsewhere irom the loss of muscle
balance, active motion is most im-
portant to ascertain muscle power.
The range of active motion can be
ascertained by observing the move-
ments of any normal child.

Fic. 11.—Normar Posture Smowixe Dis- i
TRIBUTION oF WEIGHT oN FEET AxD X-Ray.—The x-ray of the foot

i o and ankle requires two views of the
ankle and two of the foot.
THE KNEE
Inspection.—As the knee is superficial, slight abnormalities are apparent

by obliteration of bony landmarks from effusion within, periarticular swell-
ing, or changes in position and contour. A comparison with the opposite
knee facilitates differentiation. There are only two movements to be con-
sidered in the examination of the knee: flexion and extension. Flexion is
possible until the calf of the leg approximates the posterior aspect of the
thigh. Extension begins when the leg is fully flexed, and is completed
when the leg forms a straight line with the thigh. A line drawn from the
anterior superior spinous process to the great toe should pass through the
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center of the patella when the knee is in extension. A limp or any abnor-
mality in mechanism 1s noted.

Passive motion is combined with palpation to demonstrate the more
significant signs. Crepitation and friction fremitus are elicited, when
present, by placing one hand over
the joint while the other grasps the

leg just above the ankle and makes
rapid motion. The integrity of the
lateral higaments 1s tested with the
knees in full extension ; the thigh is
fixed by one hand while the leg
above the ankle is grasped by the
other, when a rocking movement of
the leg is attempted from side to
side. In a normal knee, there
should be slight, if any, motion
from side to side. In those fre-
quently observed, with congemtal
laxity but otherwise normal, motion
will be detected in both knees. If

the internal ligament is impaired,
there will be increased motion to the

lateral aspect ; if the external, to the

medial aspect. Rotary motion may _|
he detected by rotating the leg inter- Fig. 12—Normal Raxge oF DorsaL

allv and externallv. and. if i FLexiox oF RiGHT Foor axp PLANTAR
nally and externally, and, 11 1n- FLexrox oF Lerr Foor.

creased, is of significance. The in-

tegrity of the anterior crucial ligament is determined by flexing the knee to
right angles, grasping the leg firmly with both hands and attempting to glide
the articular surface of the tibia backward over the condyles of the femur.
[ the anterior ligament is intact, there will be slight, if any motion; if
defective or torn, the tibia will glide backward. The imtegrity of the
posterior ligament is determined with the knee in full extension ; if defective,
the tibia will glide forward. Hyperextension within certain limits is not
abnormal but, when in excess from laxity of the posterior structures, may
be a serious disability. Loose or pedunculated bodies may be discovered
by simple palpation, but may require passive or active motion to bring them
to the surface. To elicit active motion, the patient alternately flexes and
extends, when the range and character is noted. The muscle power is
demonstrated by resisted movements. Active motion in individual muscles,
as the biceps, can be determined by palpation while the patient voluntarily
flexes the knee. Fluctuation is elicited with ease, and the presence of fluid
determined. Aspiration is harmless and frequently employed.
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Local temperature is not only a valuable diagnostic sign, but an aid in
determining the subsidence of an active process.  Auscultation is oecasionally

"
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Fi. 13—Normar Raxce oF Appuctiox oF Fic. 14—NorMmar Raxce oF ApbucTioN oF
Foor.

Foor.
of value in locating certain obscure sounds, erepitation and friction fremitus.
The latter is identical with that heard in dry pleurisy.

X-Ray.—Two views should always be made : the anteroposterior, with
the knee extended, and the lateral, with the knee flexed about 30 degrees.
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Fig, 15—NorymaL Raxce or FLexioxn or KXEE

Fic. t6—Norvar RBaxce o ExTexsiox of Kxee

If the position of flexion is fixed, as often occurs, the anteroposterior view
will be distorted and misleading, if taken i the usual manner, but this can
be largely obviated by placing the film about a cylinder and fitting close into
the popliteal space before making the exposure.

THE HIP

The hip-joint is placed deeply beneath heavy muscles, fat and fascia,
which protect the joint and often obscure physical signs. The routine
examination is as follows:

Inspection.—I’osition and contour are noted. By walking, the charac-
ter of movements and impairment of gait, as limp, are elicited. The
relation of the gluteal folds is observed. The stamina of the muscles which
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pass from the pelvis to the thigh is demonstrated by the so-called Trendelen-
burg’s sign: the patient stands on the foot of the suspected side, with the
opposite knee and hip flexed. If there is muscular impairment or mechanical
instability of the hip-joint, there will be a deflection of the pelvis on the
opposite side, the buttocks and the gluteal fold assuming a lower level, If
normal, the buttocks and gluteal fold will be on the same level with no
change in relation,

Palpation.—On account of the depth of the joint, very little information
can be obtained by palpation. Local elevation of temperature, induration,
fluctuation, or any change in contour are usually late manifestations.

Fig. 17.—Normar Raxce or Appvcrion or Hip.

Passive Motion.—The movements are flexion, extension, abduction,
adduction, internal and external rotation. The patient reclines on a hard,
narrow table. Flexion is elicited by grasping the ankle with one hand while
the other is placed over the anterior superior spinous process, fixing the
pelvis and spine. The knee is flexed upon the thigh and the hip upon the
pelvis. In normal children, the anterior aspect of the thigh will touch the
chest (Fig. 14). Normal abduction in children will be from 50 to 60 degrees
and is elicited by grasping the ankle and moving the limb outward as far
as possible, with the knee extended and the posterior surface of the lower
extremity upon the examining table. Adduction 1s demonstrated by carry-
ing the limb across the opposite thigh, and in the normal child is about 40
degrees. Rotation is accomplished by twisting or rotating the hip in the
extended position, and also in flexion; external rotation is from 30 to 4o
degrees, internal from 20 to 3o degrees. If the child is in the reclining
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position, the forefoot will make about a half circle from extreme internal
to extreme external rotation. Extension or hyperextension is elicited by
placing the patient in the prone position (face downward), whereupon the
knee is flexed to go degrees. The ankle is grasped with one hand while the
other is placed over the sacrum, holding the pelvis firm against the table.
The leg is then lifted upward, removing the anterior aspect of the thigh
from the table. The normal range is from 30 to 40 degrees in a child.
Limitation of hyperextension is not only of significance in affections of the
hip-joint, but when contracture of the psoas muscle is present from lesions
in or near the spine. Due consideration must be given to compensatory
motion in the lumbar spine and lumbosacral region when motion of the hip
is limited or fixed. If the hip-joint is ankylosed in the anatomical position,

Fig. 18 —NormarL Raxce oF Appuctiow oF Hip,

which is about a straight line with the nipple, walking 1s accomplished by
motion of the lumbar spine. In the young, it is surprising the extent to
which such motion may be developed. If the hip is fixed in flexion, there
must be compensatory lordosis of the spine to enable the individual to touch
the ball of the foot to the floor in walking. A hip fixed in flexion is well
illustrated by the old test described in many texthooks, as follows: The
patient is placed in the reclining position on a firm table; the popliteal space
is forced against the surface of the table, which causes the lumbar spine
to rise, so that a space exists between the surface of the table and the
spine. This obviously is compensatory lumbar lordosis. Tf the hip is fixed
in abduction, approximation with the normal limb can be accomplished by
lateral movements of the lumbar spine and the lumbosacral region, the
pelvis becoming elevated on the normal side and depressed on the abducted
side, which appears longer. On account of this compensation of the spine
and deviation of the pelvis when the hip is fixed, it is frequently impossible
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to convince the layman that there is no actual difference in length, This
also renders many an easy prey to the ignorance and artifices of irregular
practitioners, who often claim the existence of dislocations and reductions
of same when no dislocation exists.

Mensuration—Mensuration gives more valuable information in lesions
of the hip than in other joints, as malpositions and loss of continuity from
destructive changes occur earlier in pathological processes of this region
than elsewhere. Actual or true length of the lower extremity is determined
by measurement, with an ordinary tapeline, from the anterior superior iliac
spine to the tip of the internal malleolus, which are two fixed bony parts.
Apparent or practical shortening or lengthening is caused by malposition, or
tilting of the pelvis, as above described, and is determined by measurement

Fig, 19.—Noemar Range oFr Extexsiony oF Hir,

from a central point above the pelvis. As there 15 no central fixed bony
process, the umbilicus 1s selected above, the internal malleolus helow.

In taking these measurements, the patient should be placed as near the
anatomical position as possible; otherwise, one may be deluded by postural
deviation of the lumbar spine or lumbosacral region. In fact, it is possible
for any normal individual to apparently lengthen and shorten each limb at
will by voluntarily tilting the pelvis,

Before completing the measurements, the relation of the trochanters
must be observed. The greater trochanter normally lies helow a line drawn
from the anterior superior spinous process of the ilium to the center of the
tuberosity of the ischium, the so-called Nélaton’s line; if above this point,
structural abnormality is apparent.

X-Ray.—In making the roentgenogram, both hips should be taken in the
same position, if possible; otherwise, a satisfactory comparison cannot be



made and the observations may be misleading.

THE HIP
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A simple anteroposterior
view is usually sufficient in demonstrating pathology ; however, a stereoscopic

series is necessary, if displacements or exact relations are to be determined.
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THE SACRO-ILIAC JOINT

Motion of the normal sacro-iliac joint is not appreciable, and 15 detected
infrequently, even in very rare affections. The routine examimation 1s as
follows :

Inspection.—Any change in relation of the iliac crest must be ohserved,
also swelling in the region of the joint, and especially lateral deviation of the
lumbosacral spine, so-called sciatic scoliosis.

Palpation.—With the patient standing, each jomnt is deeply palpated
for swelling and tenderness. The patient is then placed on an examination
table or other firm surface and turned on the normal side. If a pathological
condition exists, pain will frequently be elicited when pressure is made
over the iliac crest. By rectal examinations, tenderness may be demonstrated
by pressure over the anterior aspect of the joint, or swelling and tumors
elicited. In children, however, this causes so much discomiort as to render

Fic. 23—Normar Bawce oF Ex- Fig. 24—NorMAL RANGE oF
TENSION oF CEmrvICAL SpPINE. LATERAL Motion 1 CERVICAL
SPINE,
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rectal examinations impractical as a routine measure. As the sacral plexus
which forms the sciatic nerve 1s over the anterior aspect of the joint, there
may be pain on pressure over the point of exit of the nerve at the great
sacro-sciatic notch and along the course of the nerve, down the posterior
aspect of the thigh.

Passive Motion.—No motion can be detected except in rare instances,
but undoubtedly slight motion occurs and, if forced, will often give rise to
pain when pathology exists as first observed by Goldthwaite. This is
elicited by extending the knee and forcibly flexing the hip, thus instigating
a definite pull on the ilium by the tense hamstring muscles, which are

R . s

F16. 25—NormaL Rance oF Passive ExTensioN oF SPINE.

attached below to the bones of the leg and above to the tuberosity of the
ischium. Passive motion may also be rarely elicited by grasping both iliac
crests. If inflammation or traumatic irritation is present, pain will be felt in
the sacro-iliac joint and, at times, down the nerve. Normally, the hip with
the knee extended may be flexed from go to 120 degrees. This valuable test
was first described by Goldthwaite, though Kernig had previously observed
the same reaction in acute meningitis. The Goldthwaite sign may also
be positive in affections of the lumbar spine, but, together with other
symptoms, is of undisputed value in the diagnosis of lesions of the sacro-
ihac joints, |

Active Motion.—Active motion is rarely apparent in the sacro-iliac
joint, but when the sacro-iliac joint is irritated, motion in the lumbar spine
may be restricted by muscle spasm in flexion and side bending. In flexing
the spine, there may be free movement for a short distance, and then a
sudden twist to one side, usually toward the joint involved. Side bending
is, as a rule, more limited toward the unaffected side. There are so many
variations in signs that no arbitrary statements can be made in lesions of

this region.
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THE SPINE

In the examination of the spine, due consideration must be given to
the evolution of normal growth and development. At birth and during the
first year, the spine is a straight line in the recumbent position, and more
or less a rounded curve from the skull to the tip of the coceyx in the sitting
posture. When sitting alone and walking begin, the contour of the spine
follows the law of functional adaptation by force of gravity from super-
incumbent weight and other internal and external forces: “As a twig
is bent so shall it grow.” In consequence, the physiological curves are
formed, which are purely compensatory: that is, when there is a forward
convexity in one region, there will be a convexity backward in the region
below. A convexity forward i1s known as lordosis, a convexity backward,
as kyphosis. The physiological curves of the spine are entirely in the antero-
posterior direction; any lateral deviation or rotation is known as scoliosis,
and is distinctly abnormal. In the normal spine, there is lordosis of the
cervical region, kyphosis of the dorsal, lordosis of the lumbar, and kyphosis
of the sacrum and coccyx. Any exaggeration of the physiological curve is
abnormal and not only affects the spine, but also the entire trunk, which
forms an integral connection through the skeletal system with the pelvis,
shoulder-girdle and ribs. The definition of the terms “kyphosis,” “lordosis™
and “scoliosis’” must be clearly understood for an intelligent interpretation
of affections of the spine.

The physical examination of every patient should include the spinal
column, as the nerves to all parts of the body pass from the spinal cord
through the intervertebral foramina, and pain simulating various affections
is often referred to the periphery when pathology is present in the vertebrze.

Fic. 26.—Norsmar Bawce oF Passive Laterar Motiox oF SPINE.
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The routine examination of the spine is as follows:

Inspection.—The child stands with feet approximated and the light
from a window distributed over the entire spine. The spinous processes
may be marked with a skin pencil to indicate the position of each vertebra,
though as a rule this is unnecessary. Any abnormalities in contour of the
spine or trunk, referable to the spine, are easily detected. The child next
walks, disclosing any peculiarities in gait.

Palpation.—The spinous processes and lateral aspects are palpated for
any irregularities or points of tenderness.

Passive Motion.—In the sitting posture, the extent of motion in the
cervical spine is first elicited. In normal flexion, the chin touches the superior
extremity of the sternum. In exten-
sion, the occiput will approximate the

spinous process of the upper dorsal
vertebrae.  In extreme lateral motion,
the ear touches the shoulder. Rota-
tion is free and describes ahout half a
circle. Motion in the dorsal spine is
limited in the anteroposterior direction
by the vertical articular process and
laterally by the attachment of the ribs;
therefore, only by experience can re-
stricted motion be detected. How-
ever, passive motion in the dorsal
spine is accomplished with the patient
in the sitting position, by first flexing
the cervical spine until the chin touches
the chest, when further pressure is
made upon the occiput. Extension in g, S e L
the dorsal spine is determined by fully SPINE.

extending the cervical spine until

motion occurs in the dorsal region, and lateral motion by extreme side
bending of the cervical spine in the same manner. Motion in the lumbar
spine, as in the cervical, is free in all directions and may be ascertained by
placing the child on its side and fully flexing the cervical spine with one hand
while the other fixes the buttocks. Compression of the head and buttocks
will fully flex the entire spine. The child is next placed in the prone
position, when one hand grasps both ankles while the other is placed over
the posterior aspect of the thorax to hold this region firmly upon the
table ; extension and hyperextension is next carried out by an upward lift
through the ankles. Lateral motion is also elicited by side bending. The
comprehension of motion in all directions can be acquired by the ohservation
of a normal child. In young children, more information is obtained by
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IFic. 28.—NormaL Rawce oF Ex- Fi1c. 20—Noryal Kance oF ACTIVE SIDE-
TENSION OF SFINE. BexmuaG.

passive motion than by the other methods of examination, as cooperation by
voluntary motion cannot usually be obtained. Often, through fright, a
child may contract all the muscles of the spine, becoming rigid, but with
continued slight pressure, there will invariably be relaxation and normal
motion unless restricted by abnormal processes.

Active Motion.—In older children, except in the cervical region, the
desired information may be obtained by active motion; therefore, passive
motion is omitted. Active motion is elicited as follows: The patient stands
erect and upon request moves the cervical spine in all directions, the range
of which is the same as described in passive motion. Active motion of the
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dorsal spine is observed in connection with the lumbar spine ; with the knees
extended, the patient is requested to bend forward, when flexion is possible
until the tips of the fingers either touch or come close to the floor. Hyper-
extension is elicited by requesting the patient to bend backward while the
hips are fixed by the physician. Side bending is possible until the finger
tips touch the head of the fibula or below. The knees must be continuously
extended, otherwise the extent of motion cannot be determined with accu-
racy. Rotation of the spine is difficult to elicit and is associated with side
bending.

X-Ray.—In affections of the spine, there should be a routine roentgeno-
gram from the tip of the coceyx to the base of the neck, and if symptoms
are referable to the cervical spine, this region should also be x-rayed. There
should be two views, as the side view will often show defects or pathology
which are not apparent in the anteroposterior. A stereoscopic series should
be made of the lumbosacral region when that location is involved.

UPPER EXTREMITY

In the upper extremity, the same methods of examination meet all
requirements, the shoulder being the only joint requiring special mention.

The Shoulder.—Inspection and palpation define position, contour, ir-
regularities and points of tenderness. Active and passive movements are
affected in the same directions as in the hip: flexion, extension, abduction
and adduction, internal and external rotation. It should be remembered
that from 30 to 4o per cent of shoulder motion is accomplished by the
scapula. In fact, a fair degree of function may be present when there is a
complete bony ankylosis of the shoulder joint proper. Scapula motion can-
not be classed as compensatory, as the mechanism combined with the scapu-
lohumeral motion is a uniform synergetic action, culminating in normal
function of the shoulder. As in the hip, an anteroposterior roentgenogram is
usually sufficient, but to determine the exact location of pathology and bony
relations, the stereoscope must be employed.

EXAMINATION OF BONES

The method of examination of the bones is similar in all respects to that
of the joints. Swelling, contour, etc., may be determined by inspection and
palpation. The test for increased intra-osseous pressure is very important,
and is carried out in the following manner: The affected bone is palpated
for points of tenderness, and the point where tenderness is greatest is
selected. Over this point the index finger is placed and continuous pressure
made. Tf intra-osseous tension is increased, marked pain will be induced,
and the patient will scream out in agony.



CHAPTER II
APPARATUS
GENERAL CONSIDERATIONS

The mechanical principles in the treatment of orthopedic affections in
general are practically the same: therefore, one description of the various
routine measures will enable the student to possess a more comprehensive
knowledge and avoud constant repetition.  Only simple and uncomplicated
apparatus, such as can be adjusted by the average busy practitioner, with
special reference to the prevention of deformity and means of fixation, will
be considered in detail,

Various materials are used in the construction of splints and Lraces,
but the plaster-of-Paris cast is probably more commonly employed than any
other, and therefore will receive first consideration. Unfortunately, no
manufacturer has been able to place on the market a satisfactory plaster
bandage, which is probably due to chemical instability, the selection of
improper material and too tight rolling of the bandage, so that water does
not permeate. Bandages, to be uniformly stable and constant, must he
correctly made. There are two constituents, plaster-of-Paris and ecrinoline,
which must possess certain qualities. The erinoline should be about No. 12
mesh and stiffened with starch and not glue, as the latter may retard or
actually prevent setting of the plaster. The material for stiffness in the
crinoline can be determined by a very simple test, which consists in placing
ten drops of tincture of iodin in a glass of water and then inserting a strip
of crinoline, which will turn blue if starch is present. If the reaction is
negative, the crinoline is not suitable as a base for the plaster-of-Paris
bandage. Common commercial plaster as sold by the average drug store is
unsatisfactory. Only refined dental plaster of the best quality, which re-
quires from five to seven minutes for setting, should be used. Salt, or any
chemical to reduce the setting timie should not be added, as the finished
product is rendered more brittle and the purpose of the splint often defeated
by early breakage. Bandages should be 5 vards in length and can be torn
in any width desired, but for ordinary purposes, 2, 3 and 5 inches
are sufficient. To prepare the bandage, the plaster is rubbed into the
crinoline on a wooden table, by hand or common school blackboard eraser.

These must be rolled by hand rather loosely, so that water may soak into
26
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all parts. All bandages must be placed in an air-tight metal container and
kept in a dry place.

The part to which the cast 1s applied is prepared by applying bandages of
sheet wadding, canton flannel, silence or outing cloth, The contour of
the part must be preserved, which requires close conformation of padding.
Bony prominences must be carefully protected, and there should be no
binding, as a shght wrinkle may cause serious injury. On application of a
plaster bandage, there must be sufficient water in large, deep pans or
buckets ; otherwise, the loose plaster in the water will consolidate en masse,
requiring the pans to be emptied and refilled with water. This delay may
allow the cast to become dry in layers, which obviously renders the finished
product friable. Two or three bandages are immersed in tepid water at one
time, and so soon as completely soaked, one bandage is grasped with both
hands, the palms covering the ends to prevent escape of loose plaster.
I"xcess water 1s squeezed out and the bandage is then applied snugly but
without compression, each layer being rubbed firmly to induce cohesion
and a uniform solid cast.  As “setting” occurs, the cast may be molded
with the hands to conform closely to contour, but under no circumstances
compressed, as a hard ridge may be formed. The cast must be supported
by hand or a sofit surface, as a pillow or mattress, until hard, as indentation
can easily occur by irregular pressures on a hard table, the corner of a
table or instrument, which may cause decubitus. Unless the physician will
master the technic of preparing plaster-of-Paris bandages, he must use
the ready prepared bandage, which, however, is not practicable when exten-
sive casts are required and only fairly satisfactory in the extremities. In
acute trauma or infection that may remotely mduce swelling, the cast must
be bivalved to the skin, but retained snugly in place by a gauze or muslin
roller bandage or adhesive plaster completely encircling.

Splints and braces will be discussed in connection with the special joints
and members.

In the treatment of affections of joints, and often affections of bones,
each joint must be held in that position which will render the greatest
service, should ankylosis or restricted motion occur. This position will be
called the most useful or serviceable position. One of the most important
objects of mechanical appliances is to maintain a part in the most service-
able position. Each joint must be considered separately, and for convenience
in deseription, the same order will prevail, trom below upward, beginning
with the ankle.

REGIONAL APPLICATION
The Ankle.—The most useful position for an ankle is at right angle

to the leg, which may be maintained by a plaster-of-Paris bandage or
simple splint. Care must be taken, by fenestra or padding, to prevent pres-
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sure on the heel; and the malleoli should also be protected. The cast
or splint should extend from the tip of the great toe to that point just
below the knee which will permit flexion
without obstruction; if below this point,
fixation is inefficient. The toes must at all
times be visible. In applying a plaster cast,
the unconscious tuudrm'}' 18 to permit plantar
flexion through the force of gravity, with
hixation in the equinus position. This com-

mon error can be avoided only by constant
attention of the physician or an intelligent
assistant.  Windows for the dressing of
wounds may be required, or the entire cast
may be bivalved. The posterior hali makes
a very satisfactory and comfortable splint.
Wood, tin, alummum, sheet iron, etc., are
p available materials for splints, which must
conform to the normal relation of the foot
to the leg, an outward deviation of about 25
T g0 o Revany Foo? degrees. The sole of the foot must be sup-
at Rinr Axae 1o Axkig,  ported from toes to heel by one solid piece,
ExTExpixNGg reosm Toes To Just : : : . :
BrLow THE KNEE-JOINT. which is attached to leg piece. The leg piece
should conform to contour of calf or be of
sufficient width to prevent lateral slipping. After sufficient padding, the splint
is held in place by adhesive plaster and bandage. Specially prepared meshed

wire splints are commonly employed, but permit too much equinus and too

little fixation, and are only of value as tempo-
rary measures, as for transportation.
Braces are in reality more durable splints
and are usually applied as a supplementary
support to permit weight-bearing or to retain
a desired position until so maintained hy
nature. An ankle brace consists of one or
two upright steel bars, attached above to a
metal calf band just below the knee, and
below to a sole plate or the shoe. Depending
on conditions present, the ankle may be held
rigid, or a joint se constructed as to permit

: : : F16. 31.—ANKLE BrACE ATTACHED
any degree of motion desired in an antero- ey PR e e

posterior direction. No lateral motion is Frexiox.

ever possible, nor is it desirable, in an ankle brace of this tvpe.
Walking is often permitted by the aid of crutches. The proper length

of crutches can be obtained by measurement from axilla to sole of foot.
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The Knee.—The position of choice in affections of the knee is com-
plete extension, for should a fair degree of motion, as much as 30
degrees, remain after the cessation of any pathological process, a useful
member is secured; whereas, should the same degree of motion result with
the knee at go degrees’ flexion, walking would only
be possible with a severe limp, a peg leg or crutches.
The most useful position for a stiff knee is not in
extension, but about 30 degrees’ flexion, which
permits walking with only a slight limp and sitting
with comfort. However, as the tendency in affec-
tions of the knee-joint is toward flexion with
external rotation of the tibia on the femur, there
is great danger of deformity if any degree of
flexion is permitted, and hence the position of choice
1s complete extension.

The plaster cast is a convenient means of im-
mobilizing the knee. i complete fixation is desired,
the cast must extend from the crest of the ilium
to the toes, but for ordinary purposes a cast from
the toes to the groin, or even from the malleoh to
the groin is sufficient. If the latter is applied, the
cast tends to slip downward on the leg. This may
be prevented Ly attaching long strips of adhesive
plaster to the skin of the thigh and leg, with loose
ends extending below the ankle, to be turned up and
incorporated into the plaster. A very common
error is to apply a cast which is too short hoth above
and below, and not only fails to immobilize, but also
does not prevent deformity. A window over the
patella may be advisable, but rarely is it necessary

Fic. 32—Sruixt 10 HoLp

to bivalve the entire cast. A knee may be tempo- Kxee 1% Exrtexsiox
rarily held in extension by a padded posterior splint 3. F':;::T s PR
of simple wood, but a metal gutter splint which Note the lateral devia-

conforms to the contour is more efficient. All knee 400 of foot-picce to cons
splints must extend from the gluteal fold to just foot and ankle.
above the heel, and often the foot should be
included as in an ankle splint, if more complete fixation is required.
Traction by means of weight and pulley, the well-known Buck's exten-
sion, is a most valuable measure, but is so frequently employed inefficiently
as to be almost a universal farce. Therefore, it is deemed worthy of
detailed description.
The limb is prepared by shaving. Strips of adhesive plaster about 2

inches in width are applied to the inner and outer aspects of the leg below
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the knee and extend loosely for about 6 inches below the sole of the foot.
Circular strips of adhesive maintain in place the longitudinal ones, over
which a gauze or muslin bandage iz applied. To each end of a wooden
block, about 3 by 4 inches, a strip of heavy canvas, the same width as the
block and almost 6 inches in length, is securely fastened with tacks. A
hole is made through the center of the block, through which a rope is
drawn and knotted, and the free ends of the canvas are attached to the free
ends of the lateral adhesive strips on the leg by heavy safety pins, holding
the block within 2 inches of the sole
of the foot. A pulley is attached to
the foot of the bed in direct line with
the affected limb. The free end of the
rope 1s passed through the pullev, and
welghts attached ; beginning, as a rule,
with about 4 pounds and gradually
increasing the weight as indicated.
The limb must be supported on a firm
even surface, which can be secured by
Loards under the mattress, and the pull
must be in a direct line with the lmb.
If the knee is in a flexed position, the
calf of the leg is supported by a box
or pillows, and the pulleys elevated so
as to be in direct line with the leg. As
flexion is overcome and extension ac-
quired, the height of the box and
pulley is decreased until the limb is on
a firm bed. The weights must be free

Fre. 33—Smar. Woopex Brock with
Rore axp Puicky Fixen 1o Exp o and unhampered, otherwise they may
Boakr Arracnen 1o Foor orF Bep, :

Usinine Piick's Ersunetii. be caught in the ledge of the bed, a
near-by chair, or, if the rope is too
long, may rest on the floor. The patient must not shde toward the foot of
the bed, as the block will come in contact with the pulley, thus releasing all
traction. This can be avoided by elevating the foot of the bed. Constant
attention is required to keep the adhesive intact and the entire apparatus in
working order, and also to prevent meddlesome visitors or relatives from
liiting the weights. The object of weight and pulley traction is to relax
muscular spasm which tends to approximate articular surfaces, to prevent
flexion contractures, to correct flexion contractures when present, to hold
the joint in the position of choice (complete extension), and to allay pain
by decreasing intra-articular pressure.
The Thomas knee splint, devised by H. O. Thomas, is the most practical
splint for the treatment of injuries and affections of the lower extremities;
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this is largely due to simplicity in construction and application. This splint
is employed to accomplish so many objectives that it might well be called
“the universal splint.” In recumbency, fixed traction and hxation are
obtained, and as an :qr'lﬂm];itm'_\' .i]:n]inl: without H'L'ig]n—]!t'in'it'l:'_;'. :-:iiltin;.g,
fixation and traction are secured. In addition to traction, constant pressure

Fic. 34—THoumas KNEE SPLINT. Fi6. 35— Tromas KXEE SPLINT WITH

Hince ar KNEE AND ADJUSTABLE
Foor PLATE.

over the anterior aspect of the knee may be made to correct flexion con-
tracture. The Thomas caliper splint is a convalescent measure by which
there is a partial stilting with fixation.

The original Thomas knee splint consists of an upper ring, which must
conform closely to the perineum, tuberosity of the ischium, gluteal fold, the
greater trochanter and the anterior aspect of the thigh, Two steel rods are



32 APPARATUS

attached to this ring, one in the perineum and one over the greater tro-
chanter, which approximate as they descend to conform to the contour of
the lower extremity. The two rods terminate below the sole of the foct
in a horizontal rod or bar, which may be called the terminal bar. The
ring is well padded with {felt and
covered with cloth, chamois or leather.
The plane of the ring is not level, but
obliquely outward and upward at an
angle of about 45 degrees. There are
many modifications of the Thomas
knee splint, but for average use three
tvpes are emploved: (1) the splint in
recumbency with traction; (2) the
ambulatory splint to prevent weight-
hearing with or without traction;
(3) the ambulatory splint to permit
partial weight-bearing. Measurement
of the thigh for the ring is made with
a tapeline following the course of the
ring as above described, and allowing
2 or 3 inches for space occupied

by padding. The measurements of the
inner and outer steel rods for the brace
in recumbency are taken above, from
the perineum and the tip of the
greater trochanter to 4 or 5 inches
below the sole of the foot. The
terminal bar which connects the
mmner and outer rods below should be
about 1 inch broader than the ball
of the foot. For the Thomas splint
which permits partial weight-hearing,

Fic. 36.—THosmAs Carirer Brace the measurement is made from the
same points above but only to the sole

of the foot below. The terminal bar joins the inner and outer bars.
The general practitioner cannot always acquire promptly a Thomas knee
splint which conforms accurately to each individual, but three sizes should
be constantly kept in stock, which will meet the requirements of practically
all cases in emergencies, and until such time as more efficient apparatus can
be made and applied. The measurements of the stock splints are approxi-
mately as follows: For children from four to eight yvears of age, the
circumference of the ring is 15 inches, the outer bar 235 inches, the inner
bar 23 inches, the terminal bar 3 inches. For children eight to fourteen
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vears, the circumference is 19 inches, the outer bar 30 inches, the inner
bar 28 inches, the terminal bar 314 inches. [For those above fourteen and
adults, the circumference i1s 22%% inches, the outer bar 39 inches, the inner
bar 36 inches, the terminal bar 4 inches.

The leg i1s prepared and adhesive plaster applied as in Buck’s extension.
Heavy cord about 18 inches in length is rolled into the loose end of the
adhesive plaster as one would roll a cigarette. In applying the splint, the
oot is passed through the ring, which is
pushed well up into the perineum and
against the tuberosity of the ischium. The
ropes below are tied to the terminal bar
after desired traction has been made. Strips
of canvas or strong bandage are pinned or
stitched to each rod, forming a hammock or
posterior support to the entire limb. A re-
tentive bandage of muslin, Canton flannel or
outing cloth may be wrapped about the
entire limb and brace from ring to ankle.

The brace for ambulation without weight-
bearing may be applied in the same manner,
but if required for a long period of time, a
cloth or leather legging may supplant the
adhesive to avoid irritation of the skin.

Foot drop or equinus must be avoided by an
additional attachment, which is fastened to
the lateral rods to hold the foot at right
angle to the leg; or if only slight traction is
indicated, a strap stitched to the heel of the

Fro. 37.—Simrie Knee Brace AT-
; _ TACHED To SHoOE EXTENDING
shoe, which fastens to a buckle on the ter- WELL ur ox THiGH.

minal bar will obtain the same result. The

terminal bar transmits the weight through the lateral rods and ring
to the perineum and tuberosity of the ischium. The terminal bar may be
covered with leather and the shoe on the opposite foot must be elevated.

The Thomas knee brace for ambulation with partial weight-bearing is
also known as the Thomas caliper splint, as it differs from those above
described in that the lower rods terminate in a pair of calipers, which fit
into a steel tunnel through the heel of the shoe.

Braces are often employed in the treatment of affections of the knee, and
in some instances, to assist a permanently defective member. Short braces
are at times used in mild conditions, but if fixation is required, the apparatus
must be attached to the shoe and extend as high as possible on the thigh
to permit walking with comfort. The brace is constructed of inner and
outer metal bars connected by broad semicircular bands, which may be
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covered with leather. Straps or lacings hold the apparatus in position.
Steel, properly tempered, is the only material from which braces should be
made. Aluminum and alloys of aluminum are not durable. The efficiency
of the brace also depends on the joint at the knee, which must be con-
structed commensurate with the requirements of each individual case.
There may be no motion, or full motion permitted. There may be a locked

I

Fig. 38.—Trrvsteating UxpesizasLe Coxpitiox of Bep, witn CoNSEQUENT SAcCGING OF
FELVIS.

joint in walking which permits flexion in sitting, or the joint may be so
adjusted that motion can be gradually increased.

The Hip-Joint.—The successful management of affections of the hip-
joint requires mechanical skill and special training ; otherwise, the cotpera-
tion of an expert is imperative. The most serviceable position is slight
Hlexion, 20 degrees abduction and midway between external and internal
rotation. As in the knee, ankylosis in slight flexion is more useful than in

b ""I”mll”qllr”!ullr,"hf.” ' rIlr f r|| ﬂ. lui.h" LR ]

F16. 30—Drawixng Snowixeg Bopy Svurrorten ox Fiem Surrace ror Hir Tracriown.

extension, but as the tendency to malposition is in this direction, flexion
should be constantly avoided.

Buck's extension is useful when traction with recumbency is desired,
and 1s applied in the same manner as for the knee-joint, except that the
adhesive strips on the inner and outer sides are continued |1|n.1.-.-n'd 1o just
below the hip-joint. The patient must remain constantly in the reclining
position and at no time be permitted to assume the sitting posture. The
entire body is supported on a firm surface as the Bradford frame, which
will be deseribed later, or boards placed under the mattress may give a fair
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substitute. Sagging of the bed from weight of the pelvis induces hip
flexion and prevents attainment of the most serviceable position. Traction
is instituted in the position of deformity and is adjusted to make a continu-
ous pull in the direction of the limb as the malposition is reduced. About

Frg. 40.—BranForn Frame witn Scir Cover For Use o Bep-Pan.
4

4 pounds of weight is employed at first and gradually increased until 10
or 15 pounds are reached, or there 1s muscle relaxation.

The maintenance of the desired position requires apparatus which
extends from the nipple hine to the toes on the affected side, and, in some
instances, the opposite hip and thigh must be included. Plaster-of-Paris
is more frequently employed in America than splints, but some practical

Fre. g1—Deawixne Sgowing Traction 1x Lixe or DerorMiTy oF Hip.

knowledge is essential for the application of an efficient spica cast. The
body and hip must be suspended so that the cast may give efficient mechan-
ical support on all sides, which can be accomplished by supporting the
shoulders and the sacrum. This is facilitated by the use of an orthopedic
table, which, however, 1s not always available. The shoulders may be
supported by an ordinary box placed on a kitchen table; the sacrum placed
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upon a small triangular pedestal, known as a hip rest; however, a small can
of sufficient height will make a fair substitute. Under no circumstances
should a large pan be employed, for then the supporting cast cannot be
carried to the posterior aspect of the joint, which is essential to hip fixation.
The limb is held in the desired position, which depends upon the affection
present. The patient is prepared by applying a balbriggan or stockinet
union suit from which all buttons have been removed. Sufficient padding is
applied with special attention to bony prominences, as the sacrum and crest
of the ilium, anterior aspect of the tibia, the malleoli and heel. In apply-
ing the cast, there should be reénforcements of plaster, not tin or wood,
over the anterior and posterior aspects of the hip-joint; otherwise, breaking

I'ic. g2—DovnLe Srica CasT.

at these points may be expected. The plaster should be carefully molded
to the crests of the ilia as consolidation occurs. Depending upon indications,
the cast may extend from the nipple line to the toes of the affected side
(the long spica), or from the crests of the ilia to the knee (the short spica).
On certain occasions, a double hip spica from nipples to toes is employed,
which requires a wooden bar between the thighs. Various abbreviations
of the spica cast are at times required.

The Thomas hip splint or modifications thereof may be emploved as a
fixation and retentive appliance. This consists of a steel bar extending from
the scapula above to the toes below on the affected side, conforming to the
contour of the posterior aspect of the chest, loins, buttocks, posterior sur-
faces of the thigh and calf, and terminating in a sole plate. Steel bands
with straps and buckles are attached to the posterior bar. These encircle
the chest, the pelvis below the iliac crests, the upper and lower thirds of
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the thigh and cali. The sole plate prevents rotation of the lower extremity.
In bilateral affections, a double splint of this type may be required. The
single Thomas hip splint is illustrated in Figure 43.

The Thomas caliper knee splint, as above deseribed, is frequently em-
ployed as a convalescent measure in affections of the hip-joint, to partially
prevent weight-bearing. The abduction hip splint of Bradford is also a
valuable measure in affections of the hip-joint and is a modification of the
Thomas knee splint. The anterior half of the perineal ring is omitted ; the
other half is continued upward over the pubic bone and genitals, then down-
ward to the opposite groin, which it
follows back to the middle of the
opposite gluteal fold. This apparatus
may be employed in recumbency, or as
an ambulatory splint, and is applied in
the same manner as the Thomas splint.

The Sacro-iliac Joint.—In affec-
tions of the sacro-iliac joint, support
of the spine may also be required, as
so-called sciatic scoliosis is frequently
associated. This may be applied, if
the condition warrants, by a plaster-
of-Paris cast extending from the
nipple line above to the knee, or by a
low spinal brace. A simple broad can-
vas belt extending from the crest of
the ilium to the trochanter is often
efficient in mild affections. The helt
may have a pad over the sacrum and
anterior and lateral lacings to adjust
pressure,

The Spine.—The most serviceable FiG. 43—Tromas Hip SrList,
position is extension or hyperexten- :
sion, which should be maintained by all apparatus emploved. No appliance
permitting ambulation will satisfactorily prevent deformity in certain parts
of the spine. Tach region is a separate problem and must be so considered,
but there are some principles applicable to the entire spine. For fixation in
recumbency, the frame described by E. H. Bradford, and commonly known
as the Bradford frame, is the simplest and most efficient for general use.
This consists of a rectangular gas-pipe frame made from piping ranging in
14 inch for children to 1 inch for adults, and can be made
by a plumber or any sne who can use a simple Stillson wrench. The desired
width is obtained by measurement from shoulder-joint to shoulder-joint.
The frame should be about one foot longer than the patient. Pipe of the

size from
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required size and length is selected, together with four elbows. Threads
are made on the end of each piece and in reverse directions at the opposite
ends; all parts are joined and tightly screwed together. A canvas cover of
required dimensions can be made by a seamstress, but a tent and awning
maker is more expert. One-eighth inch eyelets, with apparatus for apply-
ing, may be secured from a hardware store and should be placed along
the longitudinal borders. The cover is applied to the frame and held taut
by moderate-sized rope lacing. A blanket is next wrapped about the entire

FiG. 44.—Savee HeAp TRACTION APPARATUS,

frame and held by large safety pins, and a sheet applied in the same manner.
A sheet of rubber or oilcloth invests the region of the buttocks and is
itself covered by a muslin draw sheet. 1f it is desired to hold the
part in hyperextension to prevent kyphosis or “hunchback,” the frame may
be made convex to conform to any region of the spine, or heavy pads of
any non-resilient material, such as saddler's felt, may be placed under the
affected region for the same purpose. The patient is retained on the
frame by bands of canvas, or any material of sufficient strength, applied
in the region of the chest and pelvis. The douche or bed-pans in vogue
are too high and cause flexion of the spine, and therefore must not be
employed. The old-fashioned bed-pan with spout, obtainable at every
corner drug store, is the most satisfactory.. The pan should be slipped
beneath the buttocks with the minimum elevation of the lower spine. Sec-
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tional covers can be so arranged as to permit defecation without moving
the patient, but are more complicated and not of practical application in
the average home. The spine of the patient should be bathed daily, but
every precaution should be taken to prevent a change mm position. The
patient on the frame is placed on a hard surface, as a table, and the retain-
ing bands removed. The patient is held firmly against the frame with the
left hand while the frame is turned with the right. The tendency is to
grasp the child by the nape of the neck and buttocks when removing from
the frame, which obviously induces ky-

phosis. Repeated warning is often neces-
sary to stop such pernicious practices on
the part of the parents and often so-
called tramed attendants. Traction on
hoth lower extremities and also the head

=

may he made, if necessary, through
pulleys attached to the transverse bars at
the extremities of the frame. Ior head
traction, the pulley is placed in the center ;

g .o

for traction on the extremities, a pulley
1s placed near each end of the lower bar,
so that traction can be made in a direct
line with each lower extremity. Attach-
ments can he made to each limb through
adhesive strips, as in DBuck’s extension

ﬁ
il
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o

of the hip. The principle of the Sayre

suspension apparatus is applied in mak-
ing traction of the head and neck. A
strip of muslin about 2 or 3 inches

in width and about 2 feet in length is g .o Piasten-or-Pamis Bovy Cas,
fastened to each end of an 8-inch bar, [xcLupinG HEap.

thus forming a hammock or loop, the

center of which is placed beneath the chin with the crossbar above the head
and parallel with the shoulders. A second strip of muslin is fastened to the
loop above the right ear, and then passed helow the occiput, pulled taut, and
fastened to the same point above the left ear. Safety pins, a needle and
thread or buckles may Le emploved to unite the two strips of muslin. Rope
is tied to the center of the bar and passed through the pulley, as described,
on the upper end of the frame. Tension on the end of the rope should make
a pull that is evenly distributed on the chin and occiput. Traction is insti-
tuted with about 2 pounds’ weight, and gradually increased until the
desired amount has been added, which is usually indicated by relaxation of
muscular spasm. The head of the bed should be elevated to prevent the
patient irom sliding upward and approximating the bar to the pulley, thus
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releasing traction, The DBradford frame with attached pulleys may be
employed in all affections of the spine or lower extremities, with the excep-
tion of the ankles and feet, when recumbency with fixation and traction is

indicated. The Bradford frame is also inimitable as an emergency appliance.

pa— Plaster-of-Paris is more commonly
employed than any other measure for
ambulatory fixation, and three types
of plaster jackets will be mentioned.
These should be emploved as indi-
cated :

. The routine or common plaster
jacket

The plaster jacket incorporating
the head

L

3. The plaster jacket incorporating
one or both hips and thighs

The patient should be prepared by
applying a shirt of stockinet and pad-
ding of all bony prominences, as the
crest of the ilium, sacrum, ete. There
are various apparatuses for applying
plaster jackets, but only two will be
mentioned: (1) the Sayre suspension ;
{2) the sling.

The principles of the Sayre suspen-
ston apparatus were described under
the discussion of head traction. A

(A

Fic. 46.—SavRe Hean Traction Arpara- Chin and occiput. The halter or head
TUS FOR .'Ill.l']'f.[l..'-.l'filf\' F Jb[..'!..‘-'ul.'l.'.lt-IH-'-
Paris Bony CasT

leather halter is used to support the

support is attached through straps to
an overhead bar, and is applied to the
lmlii.'nl while standing. The center of the bar is connected to a block and
tackle attached above to the ceiling, doorway, or any convenient point.
Traction is made on the end of the rope until the heels are lifted from the
floor and the balls of the feet merely balance the body. Suspension is thus
maintained by attaching the end of the rope to some hxed point. The upper
extremities are abducted to go degrees and supported by assistants or longi-
tudinal bars. The cast is then applied.

The sling is used with the patient in recumbency, and consists of two
boxes from 8 to 12 inches in height and of sufficient dimensions to
support the shoulders on one end and the thighs on the other, thus sus-
pending the entire spine. The arms are placed over the head. A sling of
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heavy cloth or canvas from 3 to 3 inches in width is passed trans-
versely below the affected area of the spine and attached at each end of a
bar, which is suspended over the body by a block and tackle, as in the
suspension apparatus above described. Traction through block and tackle
on the sling hyperextends the spine to the desired degree, when a plaster
jacket is applied. After solidification, the sling protrudes on both sides
and must be severed close to the cast, which 1s reénforced by one or two
additional plaster bandages.

The routine plaster cast to the spine should be applied from the sternal
notch above to the thighs below. It must be trimmed with a sharp knife
so that the upper anterior margin extends to the interclavicular notch;
laterally, concavities are made in the axilla to permit free play of the
upper extremity and posteriorly the margin is a straight line below the
level of the spines of the scapule. DBelow, the anterior termination is the
symphysis pubis. On either side concavities are made to permit fiexion
of the thighs in the sitting posture. The lateral margin terminates at the
greater trochanter, and posteriorly at the tip of the sacrum, and not the
coccyx, as usually stated. Every plaster jacket should conform closely,
which requires careful molding with particular attention to the crests of
the ilia.

The plaster cast in which the head is incorporated is applied by the
Sayre apparatus, using simple muslin strips, which are sewed and permitted
to remain within the cast until solidification occurs. The cast is applied
aver the top of the head and well under the chin, but trimmed with a sharp
knife after solidification, so as to support chin and occiput with both ears
free. This type i1s known as the Calot jacket.

A cast which includes one or both thighs may be applied with either the
Sayre suspension or the sling apparatus. If the laiter, a hip rest or a simple
tomato can, as described in the application of a hip spica, must be substituted
for the lower box.

The application of an efficient plaster jacket requires the services of an
expert, but any physician who will devote sufficient time and study to the
subject may become an expert. However, as a matter of fact, the plaster
jacket as applied by the average physician is a caricature of efficiency and
gives about as much support as placing the patient within a barrel.

The routine plaster jacket in young children is not effective as a fixation
apparatus, regardless of the conformation to the spine. It is more efficient
in the dorsolumbar region than any other portion, but even at this point
deformity may not be prevented. In the lower lumbar and upper dorsal
regions, the routine jacket is of little, if any, henefit.

All plaster casts give more satisfactory support to those who possess
“good figures,” in which' the bony prominences are pronounced, as the
crest of the ilium, waistline, etc. The shape of the body of a growing child
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is similar to that of an egg; besides, the spine i1s comparatively short. Con-
sequently, satisfactory fixation cannot be secured by a jacket, unless the
head 15 included when the upper portion of the spine 15 affected, and one or
both thighs when the lower portion is involved. When the mid-region of
the spine requires support, the head and both lower extremities must he
included. Plaster jackets conform and give more efficient support to older
children and adults, unless obese. Any jacket may become inefficient
through loss of body weight, which
may increase space between the body
and jacket. Conversely, an increase
i werght mav require removal on ac-
count of discomfort. Plaster-of-Paris
jackets possess the advantage that they
cannot be removed at will by the pa-
tient, sympathetic friends or relatives.

There are many well-known spinal
braces, but only the Taylor, or a
madification thereof, will be consid-
ered. This brace consists of two steel

bars on either side, parallel to the ver-
tebral column, and conforming to the
contour of the spine. DBelow, these are
attached to a pelvic band, and above
to a short crossbar about the level of
the spine of the scapula. Shoulder
straps are attached that pass over the
outer end of the clavicle, and back-
ward through the axillie to the upper
bar, thus formung a loop. A canvas
apron covering the chest and abdomen

— is attached to the brace at different
Fig. 47.—Tavior Seinan Brace, witn  Jeyels by straps and buckles, thus hold-
Avrror's Momricamion, EXTENDING | ; : :
FROM (CCIPUT To KONEES, ing the brace in close approximation to
the spine. The pelvie band should fit
snugly below the crests of the ilia and be fastened anteriorly by buckles,
The Taylor, or any other brace, will not secure absolute fixation of the
spine. lf support is desired to the upper dorsal or cervical region, an
attachment must be added to transmit the weight of the head to the pelvis
by supporting the chin and occiput. If the mid-region of the spine requires
fixation, the head and neck must he braced by extending the two steel
bars to the occiput, thus fixing but not supporting the head. If the lower
dorsal or lumbar region requires fixation, two steel bars are attached to the
pelvic band. These extend downward to the knee, conforming to the
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posterior aspect of the buttocks and thighs and permitting knee flexion.
These bars are held in position by two steel thigh bands with straps and
buckles. Thus, in order to secure fixation of the entire spine in young
children, the brace must extend from occiput to knees. It i1s astonishing
how well a child can run about and play with complete fixation of the
head, spine and both hips. In older children and adults, less extensive
apparatus may often suffice. The modified spinal brace as described gives
much better fixation, and may supplant the trame where long-continued
fixation without traction is required. The Tayvlor brace is an excellent
convalescent measure where only partial support 1s desired.
The Shoulder.—The most serv-

‘cealile position for the shoulder is

about 30 LIL‘;:T(:L_‘H' flexion, ::1i:q‘hl mnter-
nal rotation and 45 degrees’ abduction.

\ plaster-of-Paris cast is probably
the most efficient apparatus for abso-
lute fixation, but must extend from the
wrist upward and include the entire
hody to the crest of the ilium. This
in reality is a plaster-of-Paris jacket
with the incorporation of the upper
extremity. Fixation of the shoulder
and humerus may also be secured by
an axillary pad with strapping of the
entire arm to the chest wall, and sup- FiG. 48.—Tracrion HumMerus SpLINT.

porting the forearm by an ordimary

gling. The author has found a very simple splint of great value in the
immobilization of the shoulder and humerus, which he calls the traction
humerus splint.! This splint consists of a large metal plate to conform
to the lateral aspect of the thorax, united to an arm-piece in the axilla;
the width of the arm-piece conforms to the size of the arm and passes down
the inner aspect to the elbow, where the forearm piece is connected, extend-
ing down the palmar aspect of the forearm and hand, with the elbow at
right angles and the forearm in mid-position. An inner metal bar is
attached to the inner surface of the arm portion, extending to 3 or 4
inches below the elbow, where it is bent outward at right angle for the
attachment of traction strap. Adhesive strips are applied to both sides of
the arm just below the shoulder, or below the point where traction is desired,
and extend loosely for several inches below the elbow. These strips are
1]{_]{' in pnqurm by circular strips and bandage. The splint is applied and

- H':|1_ arm, forearm and chest parts of this splint were {|L\.I'~LE1 by M. S. Henderson,
of the Mayo Clinic, Rochester, Minn,, as a convalescent measure so that a coat might be
comfortably worn, The other portions of the apparatus were added by the author to
maintain fixed traction and approximation of fragments,
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held in position by adhesive plaster and webbing straps. Desired traction
is made through the loose ends of the adhesive, which are then tied to the
terminal bar below the elbow.

The Elbow.—The most serviceable position for an elbow 1s shghtly
less than a right angle, with the forearm supinated or in mid-position.

The elbow may be supported by a plaster-of-Paris cast or a splint which
extends from the metacarpophalangeal joints posteriorly as high on the arm
as possible. The fingers must be

entirely free with full play of the
metacarpophalangeal joints, which
means that no support should ex-
tend below the mid-crease in the
palm, and should not be so thick
as to impair complete flexion and
the ability to make a hst. Pos-
terior metal splints of aluminum

or sheet steel, padded and retained
by adhesive and roller bandage
will maintain any desired position.
As the normal forearm is in valgus
in relation to the arm, the forearm
portion of the splint must deviate
outward ; otherwise the conforma-
tion of splint with efficient immo-
hilization cannot be secured.

The Wrist.—The most serv-
iceable position for a wrist joint is

—

in extension or dorsiflexion.  As
the tendency of many pathological
processes is to cause flexion with
forward luxation, the cock-up splint maintains the most desirable position.

Fig. 49.—SeLixts LiseEp For Surrort oF ELBow
axn Wrist.

[t may be made from very simple sheet metal, aluminum or sheet iron.
A simple tracing of the affected hand and forearm 15 taken, or the opposite
extremity if contractures are present: the splint may then be trimmed out
with metal shears. DBelow, the splint extends to the middle of the hand,
and above to the upper third of the forearm. Flexion of the fingers and
particularly the metacarpophalangeal joints should be entirely free. If

rotation of the forearm is to be controlled, the splint must include the elhow,

SYMPTOMS OF CONSTRICTION

After the apphcation of any apparatus, splint, brace or cast, for an
acute condition, as trauma, infection or after operation, the patient must be
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carefully observed for svmptoms of pressure or irritation. This applies
particularly to the extrennties. Most patients complain, and some more than
others, but continuous pain in one locality should be investigated. When
splints have heen applied to the upper or lower extremity, the fingers and
toes respectively should be under constant surveillance until all danger of
pressure induced by swelling from an acute reaction has passed. This
requires from three to four days, and in some instances, if symptoms
persist, a week. The crucial period when serious pressure complications
are more apt to occur 15 within the second twenty-four hours, usually the
second night.  As a rule, there is not sufficient reaction to cause severe
pressure during the first twenty-four hours. There are a few cardinal
signs of great significance which should be known by every physician and
every nurse or attendant, which are as follows:

Pain, extreme or excruciating

Color, cvanosis, anemia or blanching
Depressed local temperature

Diminished sensation

Loss of motion

R T

Sudden elevation of temperature which cannot be other-
wise accounted for

Intense and continuous pain may occur rarely in the clinical course of
certain affections, but if inspection 1s made, the possibility of a serious
complication from pressure can be excluded. Cyanosis 1s an indication of
venous stasis, usually a result of superficial pressure, caused by a crease
in the padding or indentation of cast, ete. Anemia, sudden blanching,
indicates impairment of arterial circulation, with a possible thrombosis,
which is of extremely serious consequence. Depressed local temperature
is of significance only when associated with other signs. Diminished sensa-
tion, 1f shght, i1s not significant, but complete loss usually indicates serious
nerve impairment, especially if associated with loss of motion, provided, of
course, that function previously existed. Diligent and constant care should
be given by a competent attendant, who should notify the plysician at once
when any of the cardinal signs are observed. If significant, a portion of
the splint or cast should at once be removed to permit inspection. If no
improvement occurs, the entire apparatus must be removed and the position
of the limb changed. Undoubtedly, if the careful management above
described were carried out in every case, many serious complications with
permanent impairment would be averted and many limbs saved that are
uselessly sacrificed. This is not generally known, even to the profession,
for very few, if any, such disastrous results are reported. Ischemic myo-
sitis, Volkmann's paralysis (p. 211), following arm fractures, is, in many
instances, due to constriction by splints and bandages.
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MEASUREMENT OF BRACES

Braces that are to Le used in the treatment of orthopedic cases must
conform to the contour of the part to be supported. They must be ordered
from the brace maker with

CIRCUMFERENCE :
MEASUREMENTS as much care as a prescrip-
THORAX |¢—% — tion is given to the druggist.
In certain conditions, where
= an exact fit is required, a
= - -
WAIST —h— plaster-of-Paris model of the
part must be made. A plaster
PELVIS AT o -Eﬁ. & JE!U].{QT IT]E'I_‘:." be ]}Iﬂ(‘fﬂ.l on !.'I'IE
ANT. SUP. SP, RSN i e patient with all padding
| e omitted. The plaster model
2 : Sl
- is removed from the body by
—/64,—>|UPPER 3 cutting down the front, after
Y 5 e which a roller bandage holds
> .
=T—MID 3 the edges together. The
ﬁ model is sent to a brace
LOWER 3 maker, who makes a torso by
filling with plaster-of-Paris,
KNEE from which the desired ap-
\ pliance is made to conform to
the contour of the body.
H‘EG IFor the mutuw. tj.:pc ol
brace, however, this is not
necessary. A tracing of the
tow 3 < limb on ordinary strong
wrapping paper is sufficient.
2)<—ANKLE On  this, the location and

tyvpe of the joints should be

Fic. so—Dmrawine oF OurLive oF Bopy axp LEec, indicated, and the circumfer-
wiTH CircuMmFERENCES, T0 BeE Usep 1x Maxu-

ence of the reesions abo
FACTURE OoF BrACEs. the €L s about

which circular bands and
straps are to he applied must be marked. [Figure 50 shows a tracing of the
body and leg, with the circumferences marked at the ankle, lower, middle
and upper thirds of the leg, the knee, and the lower, nmiddle and upper thirds
of the thigh. The circumiference of the thigh at the level of the greater
trochanter is used where a Thomas ring is required. The circumference of
the pelvis, waist and thorax at the level of the mipple is also indicated. It
the mechanic then bends his bars to conform to this tracing, a proper fit
1s assured.



CHAPTER 11T
CLASSIFICATION OF ORTHOPEDIC AFFECTIONS

The average physician, after perusing the orthopedic literature, often
obtains a rather vague and confused impression of a long list of clinical
entities, but has little knowledge of relation or differentiation. This is
especially true in regard to diseases of the joints, in which there are such
divergent opinions as to nomenclature. Two grand divisions are often
made : tuberculous and non-tuberculous. Of the non-tuberculous joint
lesions, there are frequently found several terms indicating the same
conditions. Again, such affections as osteomyelitis and rachitis may be
observed under the same caption.

It is also quite evident that no classification could be made on a purely
scientific basis, nor could any definite system be followed, as this probably
would not meet with general approval. Furthermore, any arrangement that
might meet with the demands of the present day would be subject to change
when additional knowledge was acquired. However, there are many affec-
tions which bear a more or less close relation etiologically. clinically, patho-
logically or otherwise, which will, in this work, be grouped together with the
anticipation of presenting the broad principles involved in a more concise
and comprehensive manner.

As the extremities of bones form an integral part of an articulation, a
fine distinction must be made occasionally as to whether a bone or joint is
involved in a pathological process. However, when either is exclusively
invaded, there 1s such a marked difference mm clinical manifestations that
a separate classification is warranted. Orthopedic affections may be divided
into six main groups, with further subdivisions when required, as follows:

I. Affections of joints
I, Affections of hones
ITI. Affections of epiphyses
LV. Affections of the soft tissues
V. Affections of the nervous system
VI. Static or postural anomalies
VII. Congenital anomalies

I. Affections of Joints.—Acute Infections Processes—Acute infec-
tious processes are the result of direct infection by pyogenic organisms from
without through penetrating wounds ; or indirectly from within through the
blood stream. They are instituted by the sudden onset of the characteristic
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constitutional symptoms of an acute infectious process, malaise, chill, high
temperature, etc. In the joint or joints involved are observed all the
cardinal symptoms of an acute inflammation : pain, heat and redness, when
superficial, swelling, and limitation of motion. The course is definite,
with final subsidence of symptoms and, if no destruction, restoration to
normal ; otherwise, permanent impairment of joint function.

Low-Grade Affections—lLow-grade affections, or infections beginning
with a slow, insidious onset, run a course which is very indefinite, often
attended by acute exacerbations, and even relapse after remaining quiescent
for a period of years. Tuberculosis is the outstanding member of this
group.

Trawmatic Affections—Traumatic affections follow a definite injury, as
direct violence, sprains or fractures into the joint, or repeated slight injuries,
which may render the joint more or less impaired, by inducing an acute
or persistent arthritis.

Blood Dyscrasias—DBlood dyscrasias, as hemophilia, may cause, with or
without slight injury, hemorrhage with extravasation of blood into the
joint, which may induce extensive reaction and organization.

Neoplasms—Neoplasms, benign or malignant, do not often primarily
involve the joint, but usually invade by continuity from without.

II. Affections of Bones.—.dcute Affections or Infections.—This con-
dition arises as in joints, when there is a direct or indirect invasion of bone
by purulent organisms. It 1s evidenced by characteristic local and constitu-
tional symptoms, as in osteomyelitis.

Low-Grade Affections—The same type may occur in bones as in joints,
as above described. The symptoms, course and prognosis, however, are
quite different.

Trawmatic Affections.—Direct injury or violence may induce a simple
contusion of the periosteum or superficial bone, or may cause a break in
continuity—a fracture. Trauma may also be the predisposing factor in
different and more serious pathological processes, which cannot be classed as
traumatic.

Nutritional Disorders—\Very definite changes in the quality and contour
of hones may arise from deficient or improper nutrition, as evidenced by
such affections as rachitis and osteomalacia.

Disorders of Internal Secretion—There are certain manifestations in
the bones, as demonstrated by the roentgenogram, of deficiencies of the
ductless glands, as the thyroid and pituitary, which are significant from a
diagnostic point of view. The pituitary gland is held responsible for that
rare affection known as acromegaly, and allied conditions.

Neaoplasms—Neoplasms, benign and malignant, of mesoblastic or con-
nective-tissue origin, may occur in bone. They form, as will later be
demonstrated, a most important group,
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Congenital Deficiencies—Congenital deficiencies in quality of bone are
conditions in which some element in the bone is deficient, as manifested by
defective quality in such affections as fragilitas ossium, or fragile bones.

I11. Affections of Epiphyses.—Abnormal processes occur in certain
epiphyses. They are demonstrable by the roentgenogram and manifest clini-
cally definite symptoms and physical signs. Opinions vary as to e etiology,
though it is suggestive of trauma or infection.

[V. Affections of the Soft Tissues.—Certain clinical entities occur,
which may impair function or induce deformity from affections of the soft
parts, as muscles, tendons, igaments, fascie, burse and skin.

V. Affections of the Nervous System.— There are certain affections
of the central and peripheral nervous system of common occurrence and of
especial orthopedic significance, which impair function and cause deforn:ity,
notably : poliomyelitis or infaatile paralysis, hemiplegia, spastic paralysis,
and traumatic injuries to the peripheral nerves.

V1. Static or Postural Affections.—These conditions are purely
mechanical. There is faulty posture or balance, which produces definite
symptoms, impairment oi function and deformity. For exampie, flat-foot,
round shoulders, lateral curvature, etc.

VII. Congenital Anomalies.—This large group includes all the defi-
ciencies, malpositions and deformities due to embryological, mechanical or
other prenatal influences in utero, as illustrated by such well-known ab-
normalities as club-foot, wry-neck, and congenital dislocation of the hip.



CHAPTER IV
ACUTE JOINT AFFECTIONS
ACUTE INFECTIOUS ARTHRITIS

Acute infectious arthritis is an acute inflammatory process, due to the
invasion of a joint by any of the pyogenic organisms—the staphylococeus,
streptococcus, pneumococcus, gonococcus, meningococcus.  The arthritis
may arise from direct infection, as by a stab wound, or continuity from
adjacent mfections, but more frequently through the blood stream from
distant foci, as tonsils, teeth, genito-urinary tract, furuncle of the skin, ete.
Acute arthritis is also often a complication or sequela of acute infectious
diseases, such as scarlet fever, whooping-cough, pneumonia or typhoid fever.
The distribution may be confined to one joint, a monarticular infection; or
two or more joints, a polyarticular infection.

The general impression prevails that tuberculosis is more frequently a
causative factor in orthopedic affections than pvogenic organisms. How-
ever, careful investigation of a large series of cases in the author’s clinic has
shown that there were 723 of pyogenic bone affections and 374 of tuber-
culosis, the ratio being over two to one.

Pathology.—The pyogenic organisms induce an acute reaction, which
15 evidenced by the formation within the joint of an effusion which may be
serous, seropurulent or purulent, depending upon the virulency of the infec-
tion and the resistance of the tissues. The pathologic changes are those of
an acute inflammatory process, an active hyperemia of the synovia and intra-
articular structures, with infiltration which is usually limited by the capsule,
but may extend to the periarticular tissues. If virulent, necrosis ensues,
with adhesions and fibrosis which may terminate in further organization into
tough fibrous tissue, hibrocartilage or solid bone. In serous exudates there
is rarely extensive destruction, and the joint usually returns to normal. In
seropurulent exudates, the process is more severe and may result in exten-
sive adhesions of articular surfaces. In purulent exudates, especially if
virulent, as evidenced by formation of thick pus, the articular structures
may be completely destroved. In the exudate of pyogenic organisms is
found a proteolytic ferment or enzyme which has a selective and digestive
action on the cartilage and synovia. The cartilage is usually first invaded
at the point of greatest contact: this invasion may progress until the entire
articular surface is effaced. In children, the bone is invaded for a greater
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distance than in adults, due probably to the inherent difference in structural
quality. Sequestration rarely occurs unless an adjacent osteomyelitis invades
by continuity, except in those joints in which the capsule includes a large
area of adjacent bone. Partial or complete obliteration of the epiphyses
is not uncommon. If partial, future growth will be irregular; if complete,
growth 1s arrested, but may be compensated to some extent by hyperactivity
of other epiphyses i the affected extrenuty. With subsidence of the process,
there may be a return to normal or the joint may be more or less impaired.
Under eight yvears of age, fibrous ankylosis 13 usual, bony ankylosis being
very rare. Above this age, bony ankylosis occurs with increasing fre-
quency directly as the age advances. Contractures of hgaments and peri-
articular structures, with malposition, distortion, subluxation or complete
dislocation, are of frequent occurrence in neglected cases.

Symptoms.— The intensity of the constitutional and local reaction de-
pends on the virulency of the infection and the resistance of the individual.
The onset is sudden, a chill or convulsion may be the first symptom, or
rarely slight soreness or pain may have existed for a few days. A history of
trauma is often elicited, but is more frequently a coinecidence than a predis-
posing factor. The temperature is elevated and usually high, The affected
joint is enlarged by increase in articular fluid. Fluctuation, local heat and
redness are apparent in superficial joints, such as the knee. Tenderness is
exquisite, being often exaggerated at one or more points. The joint is
held in the most comfortable attitude, which may be termed the neutral
position, that is, the point where articular pressure is least and muscle
relaxation greatest. Unfortunately, the neutral position is usually flexion,
or flexion combined with some other position. For example, in the hip,
flexion may be combined with abduction and external rotation, which, if
permanent, is a serious disability. Active motion is restricted, and may not
be possible on account of pain. Passive motion is usually possible but
limited. The symptoms may be confined to one joint, or may successively
appear in many joints in polyarticular invasion, but the same degree of
intensity of the process 1s rarely concurrent, some of the joints being more
severely affected than others. '

The clinical course is definite and may be divided into three epochs:
(1) the febrile or acute stage, lasting from four to eight weeks; (2) the
subacute, in which there 1s pain and tenderness persisting for several months,
or very rarely, indefinitely, with progressive invasion of other joints; (3)
the stage of residual impairment, which in reality is the end-result after
the termination of the pathological process, when permanent defect in func-
tion, ankylosis, malpositions and dislocations may be observed. The problem
at this stage is purely one of surgical mechanics and not pathology. When
there is a resolution of the pathological process with a return to normal, the
third stage is never reached.



1
b

ACUTE JOINT AFFECTIONS

Laboratory and X-Ray Observations.—In the febrile stage, the blood
shows the characteristic reaction of an acute infection, by an increase in
total white cells and a relative increase in neutrophils. The roentgenograms
for two or three weeks after onset furnish no information that cannot be
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detected by physical examination. The first apparent sign is a mottling of
the bone, as evidenced by irregular light and dark areas for a short distance
beneath the articular cartilage. Later, unless the process is arrested, there
will be a gradual decrease in width of joint space. After further destruc-
tion, obliteration with adhesion of articular surfaces may occur, denoted
by a line of cleavage in a fibrous ankylosis; or there may result osseous
fusion,—a solid bony ankylosis. Complete dislocation, especially of the
hip-joint from distention of the capsule, may be a rather early manifesta-
tion. Atrophic changes may be seen in the shait of the bone for a con-
siderable distance during the subacute stage. There may also be osteomye-
litis with definite periosteal proliferation, but sequestra are rarely apparent.
Coincidently with resolution there will be a gradual increase in density, and
at times in dimensions of the bones, which give a massive clear-cut appear-
ance that is often permanent.

Diagnosis.—In the acute stage, the diagnosis is apparent from symp-
toms. If, in the subacute stage, the process is polyarticular, there may be
a close resemblance to low-grade infectious arthritis and arthritis deformans
of childhood, which is known as Still's disease. In the former, differentia-
tion can be made from the history of the onset; in the latter, from the
history and hypertrophy of the lymphatic system, especially the spleen in
Still’s disease.

In the subacute stage of monarticular arthritis, the erroneous diagnosis
of tuberculosis is far too frequently made, with the emplovment of measures
which are often contra-indicated and deleterious. This is probably due to
the prevailing opinion that a debilitated condition is found in joint tuber-
culosis from the onset, when, in fact, the general health at this time is
usually excellent; whereas, after the acute stage of an acute infectious
arthritis, there is always evidence of a recent severe illness. The history
alone should exclude tuberculosis, but if not obtainable, the x-ray will clearly
differentiate. In infectious arthritis, the roentgenogram reveals a mottling
of bone in proximity to the joint, with destructive changes from within.
This is unmistakable at the end of six weeks ; whereas, in tuberculosis, at the
end of six weeks and often as long as six months, there may be no mani-
festations visible in the roentgenogram except general atrophy. In tubercu-
losis, when destruction is observed, the process is active heneath the encrust-
ing cartilage, which appears to be undermined from without.

After the stage of residual impairment, the diagnosis may be difficult,
for the active process may have occurred so early in life that no detailed
account can be secured. At this time it is most important that the cause he
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determined, and that differentiation from tuberculosis be made, for when
tuberculosis has been the etiological factor, surgical measures within the
joint must be avoided if possible, though mechanical advantage might be
gained thereby. But if the etiological factor has been one of the pyogenic
organisms, radical surgery within the joint, when indicated, may be em-
ployed with impunity. [If the history is not dependable, the roentgenogram
is the only source of information, for the residual malpositions and defor-
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mities of acute infectious arthritis and tuberculosis are practically identical
in appearance. In tuberculosis not contaminated by secondary infection,
differentiation by the roentgenogram is not difficult. Atrophy is more
extensive with slight or no hypertrophic changes, and the joint line is usually
visible by a dark zone designating an area of former destruction or encapsu-
lated tuberculous detritus. When infectious arthritis has been the causative
agent, there is slight, if any atrophy. Hypertrophy with increase in density
and definition, and complete loss of hone space with organization and solid
bony fusion are not uncommon. In those in whom tuberculosis has been
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contaminated by a secondary pyogenic infection, an accurate diagnosis may
be impossible ; but differentiation may be made in a high percentage of such
cases by the roentgenogram alone, when visualization of each condition has
been acquired by practical experience.

Prognosis.—The prognosis in the acute stage depends on the intensity
and distribution of the infection as indicated by the character of the effusion
and the number of joints involved, and also upon the treatment employed.
There is no affection in which the result is more favorably influenced by
the proper measures, especially if instituted early, even though the infection
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is virulent. The average results, however, are far from satisfactory, due
largely to inefficient treatment, as indicated by a large percentage that ter-
minate in imalpositions and ankylosis. If the effusion is serous, complete
resolution may be expected; if seropurulent or serofibrous, destructive
changes more often occur, which may result in impairment of function
by fibrous ankylosis or malposition. If purulent or suppurative, there is
a still greater degree of destruction with frequent loss of function, or
death may ensue as a result of sepsis. In the subacute state, the salvage of
the joint depends on the extent of destruction by the infection, which is
subsiding. In the stage of residual impairment, function may be restored
to a large degree by mechanical and surgical measures.

Treatment.— A careful search should alse be made for foci of infection,
but the eradication of such foci rarely has any beneficial effect on the
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pathological process after it is well inaugurated. When the acute symptoms
have subsided, the focus should be removed in order to prevent recurrence
of the infection in other joints and organs of the body. A discussion of
the problem of focal infection will be found on page 106.

The local treatment 15 as essentially surgical as in appendicitis or osteo-
myelitis. The constitutional treatment is the same in acute infectious
arthritis as in any acute infectious process and requires no elaboration,
Salicylates are of doubtiul but reputed value. The intravenous injection
of various drugs has been employed from time to time in sepsis, but recently
success has been reported by intravenous injection of 0.05 mg. mercuro-
chrome, or gentian violet, per kilogram of body weight. However, such
measures cannot be employed unless the indications, contra-indications and
technic of administration are well known. Locally heat or cold may be
applied, with probably more comfort than actual benefit to the patient.
Aspiration should be employed in every case to determine the nature of
the effusion. Distention must at all times be reduced by aspiration.
If serous, aspiration must be repeated when distention recurs, or exacer-
bations of symptoms indicate. After the withdrawal of 10 or 20 ce.
of joint flmd, 2 per cent solution of formalin in glycerin, as advocated by
John B. Murphy, may be injected. This solution should be prepared twenty-
four hours or more before injection. If no improvement occurs after
twenty-four or forty-eight hours, or if there is re-accumulation of fluid,
repeated injections may be required. In conjunction, continuous traction
15 always emploved. Ii seropurulent, copious irrigation of the joint with
any sterile non-irritating solution, as normal salt or methylene-blue, is of
value and may be repeated should the symptoms not be relieved in forty-
eight hours. Irrigation is accomplished by the introduction of two small
trocars and cannulas, one of which may be attached by rubber tubing to a
r-gallon douche can. Care much be exercised that the solution and all
apparatus are sterile.

In purulent or suppurative effusions, the only rational treatment is effi-
cient drainage, which is obviously an equation for each joint. Rubber tubes,
gauze or other materials should not, except in extreme sepsis, be inserted
into a joint, but only down to the joint. Strips of gauze bandage impreg-
nated with vaselin usually answer all purposes.  Active motion as advocated
by Willems is a valuable adjunct, not only to prevent impairment of func-
tion, but also to render drainage more efficient. This, however, is im-
practical unless the patient can be under constant observation of a surgeon
with the aid of an efficient corps of nurses. In young children, the method
is impossible; in older children, difficult, and in the average private home,
out of the question. In gunshot wounds of joints, this measure has been
found especially effective. The technic consists first, of efficient drainage by
incision, after which active motion is carried out for a few minutes at
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intervals of one hour. The range of motion is gradually increased, but not
to such an extent as to induce pain or inflammatory reaction. No passive
motion should be attempted.

Orthopedic measures are indicated in all cases, the keynote of success
being the prevention of deformity or malposition; otherwise, the affected
joint or joints may be rendered useless with partial or total disability,
though a fair range of active motion may remain. For example, if the
result in one knee permits a range of 30 or 40 degrees’ motion, but is in the
flexed position and extension cannot be acquired beyond go degrees’ flexion,
walking is only possible by an extreme limp, a peg leg or crutches. Should
both knees become so affected, the individual crawls on the knees or remains
confined to a rolling chair. Conversely, 1f the knees are retained i the
extended position, and 30 or 40 degrees’ active motion remains, walking
may be accomplished without difficulty, and the range of motion is always
increased automatically by active use. Atrophy of bone structure is also
prevented with a return to normal strength. Each joint is an individual
equation and inust be maintained in that position in which function will be
most useful from the mechanical standpoint of the part involved. Should
malposition exist when the patient is first observed, gradual correction must
be obtained by simple splints or extension. (In the knee and hip, extension
by weight and pulley should be routine.) A detailed description of mechan-
ical apparatus for prevention and correction of deformities has been given
in Chapter II. If actual dislocation is present, reduction can often be
accomplished without force after drainage, and can be maintained by suit-
able apparatus.

In the subacute stage, the process is one of resolution and organization ;
therefore no injections or other treatment to the interior of the joint can
be of the slightest value, and in fact are positively contra-indicated. How-
ever, function may yet be restored in many instances by rational procedures.
If malposition exists, correction must be gradually effected by apparatus.
The joint must be maintained in the most useful position by absolute fixation
until there is a complete cessation of pain and acute inflammatory reac-
tion, at which time passive motion is instituted by the patient or attendant.
Special splints are required with joints arranged to lock at any angle de-
sired, and after each exercise must be locked in the most useful position
to prevent disability from malposition should ankylosis occur. Passive
motion is facilitated by means of overhead slings and pullevs, which can
be operated by any five-year-old child. No active motion is attainable until
tenderness has subsided, but should be encouraged as soon as possible. 1f
there should be a return of acute symptoms, indicated by pain and inereased
swelling, rest for at least two weeks is indicated before mohilization is again
attempted. In early childhood, codperation is impossible; in consequence,
efficient fixation should be continued throughout. Ankylosis is, fortu-
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nately, uncommon in early childhood on account of the preponderance of
cartilage. Fixation should not be discontinued until the patient is able to
maintain the joint in the most useful position by his own volition, or anky-
losis is firm and painless. Disposal of fixation apparatus should be gradual,
beginning with short intervals, which are increased daily, for malforma-
tion is possible as a late complication.

Under no circumstances should forcible passive motion, so-called brise-
ment force, be employed, either with or without anesthesia. Unfortunately,
such practices are very common but capable of producing serious damage.
Adhesions are more resistant than bony structure, and gross fractures, crush-
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ing of atrophic extremities of the bones and violent reaction within the
joint, followed by further organization and stronger adhesions may result.
There iz no counterpart to brisement foreé in the treatment of inflamma-
tory conditions elsewhere in the body—for example, no physician would
advise forced feeding in the subacute stage of an acute enteritis,

Physiotherapy is a most valuable adjunct, but must be continuously and
carefully administered by an expert who appreciates that the restoration of
funetion can he accomplished only by gently applied force and never by sud-
den and violent movements.

In the stage of residual impairment, the active process having ceased
from one to many years, the condition is a status, not a pathological entity,
just as i1s the scar of an ancient burn. The problem is purely mechanical,
often requiring extensive surgical procedures and various appliances for the
correction of deformity and malposition. Even at this late stage, except in
those with wide distribution and extensive involvement, material improve-
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ment may be secured. When bony ankylosis is encountered in children,
function cannot be restored by the reconstruction of a new joint, so-called
arthroplasty, as in the adult, for such procedures might necessitate the inva-
sion of the epiphyses; besides, cooperation in the essential after-treatment
is not easily obtained. Ilowever, if the part is held in the most useful
position with no retardation of growth, such measures may be anticipated
in certain joints when maturity is reached.

In conclusion, too strong emphasis cannot be given to the importance
of the prevention and correction of malposition and deformity from the
onset and throughout the entire course of acute infectious arthritis.

The above discussion covers the subject as a whole, but there are cer-
tain problems of each joint which require detailed description,

The Ankle and Foot.—luctuation in the early stage of an acute infec-
tious arthritis is elicited with difficulty in the ankle, though the bony contour
may be more or less obliterated. ITocal heat is apparent early. Aspiration
is made on the anterolateral aspect about one-half inch above the level of
the external malleolus, at which point there can be no injury to vessels or
nerves or subsequent infection of tendon sheaths. Drainage is accomplished
in many instances by the anterolateral incisions, but at times an inner lateral
and posterolateral incision is required to drain the inner and posterior com-
partments. The foot must be held constantly at a right angle to the leg
by simple splint or bivalved plaster cast, or permanent equinus may resuit.
If the tarsus is affected, the foot is held by a bivalved plaster cast in slight
varus when the tendency of contracture is valgus, and slight valgus if the
tendency is varus. A simple steel arch support, as described i the treat-
ment of flat-foot, 1s valuable and essential in after-treatment. This should
be worn until the bone has regained normal structure and resistance, as indi-
cated by the roentgenogram. Dorsal flexion of the metatarso-phalangeal
and phalangeal joints is often a sequela and throws the weight of the hody
on the heads of the metatarsals, causing painful callosities.  Claw-toes, as
this malposition is called, can be prevented if recognized early, by a digi-
tated metal splint; or passive plantar flexion of the toes four or five times
a day may be sufficient. So soon as walking is feasible, pads of felt are
placed beneath the ball of the foot and retained by adhesive plaster. This
not only relieves pressure, but induces plantar flexion of the toes. Later,
a durable appliance with elevation under the ball of the foot may be placed
into the shoe if dorsiflexion of the toes persists. In the subacute stage, de-
formity can often be gradually corrected by successive plaster casts, or a
special apparatus. In the stage of residual deformity, operative measures
are usually indicated, as lengthening of the contracted tendo achillis by the
“Z” plastic method, described on page 228. Tarsal deformity can often
be corrected by forcible manipulation, though a wedge-shaped tarsectomy
may occasionally be necessary. In children, conservative operations only,
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as tenotomies and fasciotomies, are indicated for contractures of the toes,
radical resection being reserved until full growth is attained.

The Knee.—Signs of an acute inflammatory process are accentuated,
as the knee is a large and superficial joint. The knee becomes flexed about
30 degrees. Fluid within the joint ranges in amount from complete disten-
tion to slight fluctuation, Local heat is increased. Aspiration is accom-
plished from either the anterolateral or anteromedial aspect of the joint
on the level with the patella, Trocar
and cannula are inserted with ease for

irrigation. Drainage is best accom-
plished by longitudinal incisions on
hoth sides of the patella. Though the
most dependent point is from the pos-
terior aspect, this route is inaccessible
on account of the large vessels, but,
fortunately, is rarely necessary. Re-
cardless of the treatment instituted,
complete extension is the position of
choice. Ilexion must be constantly
prevented by efhcient splinting and
traction, such as Duck’s extension.

In the subacute stage, flexion, if
present, can be corrected occasionally

in mild contractures by ordinary
juck’s extension, but very close atten-
tion must be given to prevent sub-
luxation of the tibia. The best and
safest method is by a tvpe of appli-
ance routinely employed by the author,
which gradually extends the knee,
while pressure is made on the anterior - : ;
surface of the thigh and posterior sur- s Iﬁaiiﬂ[ﬁ‘:[ﬂz: EE::I;::LKHIEH-E}:‘J”;
face of the leg to prevent subluxation. IN ACUTE ARTHRITIS,
When extension is complete, a brace is
applied to maintain the knee in the extended position. In the stage of
residual deformity, if free motion persists even to a few degrees, the same
type of apparatus may correct deformity by making the limb straight. In
the extended position function may be so materially increased as to give a
practical range for walking, the very act of which increases the range of
motion. Plaster casts, the Thomas caliper brace, with and without joints at
the knee, are employed to prevent flexion and to permit weight-bearing.

In the residual, as in the subacute stage, deformity may often be corrected
by special appliances previously mentioned.  After the maximal amount
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of correction has been obtained in this way, surgery is often indicated, and
in some, correction may be accomplished by surgery without the previous
use of apparatus. Most excellent results are obtained in this type of de-
formity ; and there is no reason for any individual to go through life with
a deformed knee on which walking is difficult or impossible.

The Hip-Joint.—The hip-joint is held in Hexion or flexion with ab-
duction and external rotation. As the joint is deep seated, swelling, flue-
tuation, or local heat is not apparent as an early sign. Tenderness can
be elicited about the joint, which is often accentuated by pressure over the
trochanter, especially if osteomyelitis is associated. As the capsule of the
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hip embraces and encloses within the joint a large portion of the neck of
the femur, osteomyelitis is of common occurrence. When distended, this
wide distribution of the capsule also renders dislocation imminent and of
frequent occurrence. Differentiation between acute infectious arthritis of
the hip and psoas abscess may present some difficulty. In psoas abscess,
there is often a large mass just about Poupart’s ligament and motion is
limited only in extension, whereas, in acute infectious arthritis of the hip-
joint, there is no abnormal mass except as a late complication, and the hip
is limited to some extent in all directions. Aspiration is rarely necessary,
for the diagnosis can practically always be made by the constitutional symp-
toms and the local examination, but may be accomplished by inserting a
large needle anterior to the greater trochanter, and upward and inward,
parallel with the neck of the femur.

Incision and drainage are imperative just as soon as the diagnosis is made,
not only to relieve purulent tension, but to prevent dislocation and to limit
osteomyelitis, The lateral or posterior route may be selected, as indicated
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by the distention of the capsule. A large drainage tube is inserted down
to but not within the joint, after which symptoms usually subside. The
hip-joint must be maintained constantly in line with the body in the recum-
bent position and on a firm surface, which is most efficiently accomplished
by a Bradiord frame of double width with Buck's extension, as described
on page 34. The pulley must be so arranged as to make traction in
abduction of about 20 degrees, and sand bags are placed along the

Fic. 56—X-Ray Suowixne BiLaterar Distocatiox orF Thirs ResuvrTing FroM AcCUTE
IxFEcTIOUS ARTHRITIS,
Naote destructive changes in acetabula.

outer side of the lower extremity of the affected side to prevent outward
rotation by gravity. Weight of 5 to 10 pounds is usually cufficient
in children to relieve pain and muscle spasm. Too great emphasis cannot
be placed on retaining the child constantly in the recumbent position, for
if the sitting posture is assumed, permanent flexion from joint adhesions
and periarticular contractures are an imminent danger. s soon as pain
and tenderness subside, passive and active motion is encouraged by a
sling and overhead pulley. If there is extensive destruction with impend-
ing ankylosis, fixation by a long plaster spica from nipple line to toes is
advisable, or the Thomas hip splint may be employed. As there is a ten-
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dency to flexion and adduction for several months, preventive mechanical
measures, stuch as braces, are indicated for a long period of time. When
atrophy or disintegration is apparent, weight-bearing should be controlled
by the Bradford abduction, or the Thomas knee or caliper brace.

ACUTE INFECTIOUS SPONDYLITIS

Acute infectious spondylitis is far more frequent than might be pre-
sumed from the space occupied in the literature, and in consequence is
considered of sufficient importance by the author to warrant a separate
description.

The onset, cause, clinical course and blood manifestations are i1dentical
with acute infectious arthritis (except when a sequela of typhoid fever).
The spine may be primarily invaded or involved in a polyarticular arthritis.
The process may affect only one intervertebral disk and adjacent vertelira,
or may be diffuse throughout the entire spine, or any part thereof. There
may be an extensive infection of the cancellous hone of the hodies—an
osteomyelitis which cannot be clinically differentiated from a local arthritis,
except that sepsig i more pronounced.

Symptoms—The symptoms are pain in the affected region and along
the peripheral distribution of the spinal nerves. This is due to neuritis
caused by irritation at the point of exit of the spinal nerves from the
vertebral column. Ior example, when the dorsal spine is involved, pain
may be referred to the abdomen. 1f the lumber spine is affected, the psoas
muscle often becomes irritated, causing a well-known entity, psoas con-
tracture, which is evidenced by the hip becoming flexed, with inability
to extend actively or passively, though all other movements of the hip-
joint are free. This may be unilateral or bilateral. A psoas abscess may
arise by continuity, as denoted by a tender mass in the lower abdominal
quadrant just above Poupart’s ligament, which usually signifies existing
osteomyelitis,  Acute infectious spondylitis may be a complication or se-
quela of any of the acute infectious diseases, notably typhoid fever. Ty-
phoid spine is a well-known clinical entity, but is infrequent in children.
It differs from the common pyogenic infections in that the onset is not
so sudden, the constitutional symptoms are not so acute, and the clinical
course is more indefinite. There is a history of a preceding attack of
typhoid fever, and differentiation can also be made by blood examination,
In typhoid, there is no increase in white cells, nor is the differential count
significant, and the Widal reaction is positive.

In the subacute state of acute infectious spondylitis, the constitutional
symptoms subside, but tenderness and muscular rigidity persist indefi-
nitely. Deformity may occur if the process is diffuse, as a rounded kypho-
sis; or if confined to one or two vertebrze, prominence of a spinous process,
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a so-called “knuckle,” is the first apparent sign. Deformity may be pro-
aressive, but rarely develops to an Exuggm"ated degree, as the vertebral
column is reénforced rapidly by bone production.

In the stage of residual impairment, the problem 1s entirely static. The
symptoms are referable to faulty posture, although in all 'rmne‘inff:ctifn?s
a recurrence is not uncommon many years after the initial infection. This
recurrence may be induced by trauma, or retained dormant sequestra be-
coming active. :

Roentgenogram.—As in acute infectious arthritis, there are no mani-
festations for several weeks. The first evidence is the characteristic mot-
tling of the body of the vertebrae with a decrease in the width of the inter-
vertebral space, until only a line of cleavage may be visible, or there may
be a solid bony fusion. Coincidently, the body of the vertebrae may be-
come eroded or compressed. Eventually, osseous proliferation is apparent
within and around the affected area. If the process is diffuse, there will
be massive productive changes with areas of destruction and coalescence
of vertehrae which are characteristic of an extensive osteomyelitis.

Diagnosis.—In the acute stage, the diagnosis is evident by the consti-
tutional symptoms and local manifestations, but is frequently overlooked,
as the examination of the spine is not a routine practice. When pain is
referred to the abdomen in acute infectious spondylitis or other lesions
of the dorsal spine, an acute inflammatory process as appendicitis is sug-
gested. Unless the spinal symptoms are recognized, a serious error is often
made and the patient subjected to a useless laparotomy. In the subacute
stage, as in acute infectious arthritis, confusion with tuberculosis is too
frequent, The distinction should be made from the history alone, but if
this is not possible, the x-ray will differentiate. In tuberculosis, the symp-
toms exist for a much longer period before osseous destruction is appar-
ent, and when evident, there 1s atrophy and destruction without prolifera-
tion. In the third, or stage of residual impairment, the deformity is not
often so great as in tuberculosis and is rarely progressive. In fractures
of the spine, there may be a slight resemblance which can also be differen-
tiated by the history and x-ray.

Psoas abscess is also often mistaken for an acute infection of the hip-
joint, but may be differentiated by a careful examination of the spine and
hip. In psoas contracture, the spine 1s himited in all directions, but the hip
15 free except in extension, when tension is made on the psoas muscle, as
demonstrated in Figure 19. When the hip-joint is invaded, motion is
limited in all directions. There are also variations in points of tenderness,
swelling, etc., as above described,

Prognosis.—In virulent infections, especially if there is an extensive
osteomyelitis, death may ensue before an accurate diagnosis is made.  Ab-
scess from retained sequestra may arise months or years after the original
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infection. In a large percentage, however, complete and permanent re-
covery may be expected without deformity or impairment of function if
efficient measures are instituted early. Ankylosis, if not extensive, will be
compensated by increased motion in the spine above and below the area
involved.

Treatment.—In the acute stage, operative procedure is seldom re-
quired. 1f the constitutional symptoms are severe, pus may be located
occasionally by aspiration, when incision and drainage are indicated. The
patient should recline on a hard surface, as a Bradford frame. “The spine
is held in moderate hyperextensior: by felt pads or folded sheets or any
non-resistant material under the affected region, as this position separates
the vertebrae and prevents deformity., DBody casts should not be applied un-
til acute symptoms have subsided. Extension to both lower extremities,
when the lower portion of the spine is involved, to the head when the
upper portion, or to the head and lower extremitics when the mid-region,
may give great relief. Abscess, when well defined, should be opened and
drained. Psoas abscess may be reached by incision in the outer aspect of
the thigh just below Poupart’s ligament, and blunt dissection beneath the
ligament. Psoas abscess may also be drained through the lumbar muscles.
These measures are continued into the subacute stage until pain and mus-
cular rigidity decrease, when a plaster jacket or spinal brace commensurate
with the region affected is applied and walking permitted. Iixation appa-
ratus should be continued fer six months to one year, or until the spine
has attained sufficient strength to sustain the superincumbent weight. This
can only be accurately demonstrated by the roentgenogram. When ap-
paratus is discarded, there should be constant supervision by the mother
and periodical examinations by the physician for another year. If there
is permanent impairment, evidenced by ankylosis, compensatory motion
can be developed by properly directed exercises, which, however, must not
be given until several months after the cessation of acute symptoms,
Should pain or other evidence of inflammation occur, the exercises should
be discontinued for at least one month. Deformity and postural defects
of the spine in the residual stage require corrective jackets and compli-
cated apparatus which tax the ingenuity of the well-trained specialist,

The Shoulder Joint.—As the roentgenogram demonstrates a wide
separation of the head of the humerus and glenoid cavity from distention,
the diagnosis of dislocation is frequent with disastrous efforts to reduce.
Radical measures are not indicated so frequently as in other joints, but if
symptoms persist, drainage can be instituted on all sides. The position of
choice is about 30 degrees’ flexion, 45 abduction and slight internal rota-
tion, and can be accomplished by the shoulder and humerus traction sphint,
described on page 43. Only slight traction is indicated and must be
cautiously employed, for the joint is already distended. The prognosis
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is unusually good in children, ankylosis in this joint rarely being observed.
A return to normal function may be expected in a large percentage,

The Elbow.—As in the knee, symptoms and local physical signs are
apparent in the elbow from the beginning of the process. Early drainage
is indicated, by lateral or posterior incisions, but care should be taken not
to injure important nerves. The joint space is so closely approximated
that superficial changes often result in ankylosis. Besides, the wide attach-
ment of the capsule renders the cavernous bone in the lower extremity of
the humerus an easy prey to direct infection and a destructive osteomyelitis,
A simple elbow splint which maintains the joint at an angle of 8o degrees
meets all requirements as a fixation apparatus.

The Wrist and Hand.—The wrist is a rather loose joint, and, like the
shoulder, does not require drainage so frequently as the elbow, though no
time should be lost if a virulent infection exists. The most important con-
sideration is to maintain dorsiflexion by the simple cock-up splint, to pre-
vent the common deformity of subluxation and palmar flexion. The fingers
must under no circumstances be maintained in the extended position. Flexion
should be encouraged to permit approximation with the palm, which obvi-
ously increases the range of motion by inducing functional use. If first
observed with the fingers rigid in the extended position, flexion with a
return of function can often be gradually acquired by the application of
special apparatus, as the reversed banjo splint. Tenosynovitis is a frequent
and serious complication, and may cause permanent disability from adhe-
sions of the tendons.



CHAPTER V
LOW-GRADE JOINT AFFECTIONS

In this class of joint affections, the onset is gradual and often insidious ;
rarely, however, the onset may be more or less acute. The course is long
and indefinite.  As the etiological factor has not been accepted for every
entity of this class, the term “affection” is employed instead of “infection,”
though possibly pathogenic organisms may yet be demonstrated n all.  As
previously mentioned (p. 30), pyogenic infections are more frequently
the causative agent in residual deformities than tuberculosis. The low-
orade affections involving the joints are as follows:

1. Tuberculosis

2. Syphilis

Infectious arthritis

4. Osteochondritis—epiphysitis

5. Arthritis deformans ( Still's disease)

e

TUBERCULOSIS

Tuberculosis is the most prevalent of the low-grade affections, but the
other conditions are observed with sufficient frequency to warrant a care-
ful differentiation. Tuberculosis 1s not a local but a constitutional disease.
In children, an erroneous diagnosis of tuberculosis is far too frequent and
often condemmns the patient to unnecessary and long-continued treatment,
or 1s the means of instigating false reports when some other milder process
exists. Therefore, reliable and authentic correlation of statistics of tuber-
culous joints is rare.

The evolution of the process in each joint is a separate equation, but
as there are many features common to all, a preliminary discussion of
tuberculosis of joints in general is essential.

Etiology.—The etiological factor is the bacillus of tuberculosis. There
are two types which affect joints, the bovine and the human. The dif-
ferentiation is of no practical importance, as the treatment and prognosis
are the same in both. Trauma of a severe nature is rarely, if ever, fol-
lowed by tuberculosis, though mild trauma is an accepted predisposing
cause. However, this must not be taken too seriously, as the tendency
exists to attribute all lameness in children to remote mjuries, and every

normal child is daily subjected to falls and blows while at play. Heredi-
68
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tary transmission can almost be excluded, and in most instances, when
suspected, a history will reveal the probability of direct infection by some
member of the family. The tendency to tuberculosis is said to be inherited,
but children with weak parentage are more susceptible to any infection.
Tuberculosis occurs more frequently in early childhood, between the
ages of three and five, while below two it is very rare. The spine is affected
more often than any other part; next in frequency, respectively, the hip, the
knee, and the ankle. The joints of the upper extremity are much less often
involved, tuberculous shoulder joints being of exceedingly rare occurrence.
Pathology.—The infection is derived from a distant focus, usually
the bronchial glands, though active pulmonary tuberculosis is very rarely

Fic. 58.—Cross Section oF TupercuLosis oF KNeE, SHowixe DeEsTRUCTION oF BoNE BE-
KEATH ARTICULAR CARTILAGE OF TIBIA AND OF ARTICULAR SUHRFACE OF FEMUR.

associated in children. The pathological process usually beging in the bone
just external to the epiphysis, in the vascular area known as the meta-
physis, though primary synovial infection is observed occasionally. Sym-
pathetic inflammatory changes in the adjacent joint are coincident with the
infection in the bone. The process is one of destruction and atrophy with-
out proliferative reaction, except as a late manifestation or when arrested.
The joint is invaded from without, the articular surfaces being undermined.
Therefore, a long period may elapse before the encrusting cartilage is
affected. The joint surfaces hecome gradually eroded and destroyed and
often there is a change in relation, with malposition, subluxation, or com-
plete dislocation.  Abscesses filled with tuberculous pus and detritus are
often a complication, and only rarely become encapsulated and rendered
innocuous.  As the process subsides, there is proliferation of new bone in
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the affected area, but the structure is more dense and irregular than normal
Bony ankylosis is more frequent in some joints than in others, though
fibrous ankvlosis is more often observed. The infection is rarely entirely
eradicated, though all clinical evidence may disappear. Latent foci are
usually encapsulated and capable of “relighting™ into an active in fection
if disturbed. Secondary infection with pyogenic organisms is frequent,
engrafting and amalgamating an acute proliferative infectious process with
tuberculosis.
Symptoms.—The clinical course is locally as follows:

A. Onset gradual and insidious.

B. TPain local in peripheral joints, elbow, ankle, etc.; referred
in proximal joints, as the spine, hips and shoulders.

C. Reflex muscular spasms limiting motion and causing mal-
position or peculiar attitude in the early stages.

D. Swelling, with no fluctuation, but increase in thickness of
capsule with lobulated masses, palpable within the
joint except when the joint is primarily involved,
causing a typical synovitis with increase in joint fluid.

[E. As the process advances, deformity, in addition to mal-
position, will be observed unless prevented.

IF. The process is usually confined to one joint.

Constitutional symptoms may not be apparent in the early stage, though
a slight rise in temperature is always present. When the process is very
acute, as indicated by the syvmptoms, the afternoon temperature may rise
as high as 102° I'. Failure of early diagnosis of a tuberculous process 1s
often due to the fact that night-sweats and other symptoms of sepsis are
expected ; as a matter of fact, these do not occur except as late complica-
tions, usually after months or years, from secondary infection.

Diagnosis.—The diagnosis must he made largely from the symptoms,
though there are several clinical observations of value. The blood exami-
nation gives no definite information, except to differentiate from acute
infection. There is no increase or relative change in the white blood-cells
of diagnostic importance.

X-Ray Evamination.—The roentgenogram is of little, 1f any, value until
there has been a definite change in the bone structure, which may require
many months. The articular contour remains normal for a long period
of time, and the only variation is that atrophy may occur early, as dem-
onstrated by general loss of bone density or paleness of the x-ray as com-
pared to the opposite joint. But even this is of slight significance only,
as there are many tricks of photography which may influence the detail of
a picture. However, as the evolution of the process advances, gross and
typical manifestations of destruction and atrophy are quite evident.
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Tuberculin Test.—The tuberculin test is of more significance if nega-
tive. The von Pirquet skin reaction 1s the method of choice, but it can
only be regarded at best as suggestive, and by no means conclusive, evi-
dence. The subeutaneous injection test is dangerous and should not be
employed. Definite proof in the early stage of a tuberculous joint is best
obtained by biopsy, or the excision of a specimen for examination, but
this cannot be well carried out in such joints as the hip and spine. This
measure, however, 1s not indicated unless a definite cure can be anticipated
by surgery. The injection of the suspicious material into the guinea-pig
is of little practical value in routine practice, as there are many possibilities
of erroneous conclusions. Autopsy of the guinea-pig often fails to reveal
any evidence of the infection,

Differential Diagnosis.—In osteomyelitis, the joint is not usually in-
vaded, and tuberculosis is infrequent in the shaft of a bone. The onset
in osteomyelitis is sudden and the white blood-cells quantitatively increased,
with a relative increase in neutrophils. Osteomyelitis in the stage of seques-
tration with sinus formation and chronic discharge is more often mistaken
for tuberculosis than any other condition. Swyphilis of bones and joints
gives a positive Wassermann in 88 per cent and presents other stigmata
and a somewhat different clinical course, as described later. Low-grade
epiphysitis, as osteochondritis juvenilis (Legg's disease), runs a much
milder course. There 15 much less muscular spasm, and motion is rarely
limited to a great degree, except in certain directions. Acute infectious
arthritis in the subacute stage is often confused with tuberculosis, especially
1f monarticular, but differentiation can always be made by the history and
the roentgenogram.

Prognosis.—The prognosis as to life in those receiving efficient treat-
ment i1s better in children than in adults, but varies with the location of the
infection. The mortality is greater in the spine and hip-joint, and less in
the upper than the lower extremities. The chances of recovery with good
function are very poor, unless the process is encapsulated and arrested be-
fore the joint is invaded. This, however, is seldom observed clinically.
Most cases reported as perfect results with restoration to normal are errors
in diagnosis, for tuberculosis is an evolutionary process that runs an indefi-
nite course with destruction. The time required for the evolution of the
pathological process differs to some extent with the location. Active
treatment or observation is required for a period of three vears and, n
some instances, much longer. The only definite promise that can be made
is that deformity can be prevented or restricted to a minimum degree. In
those receiving inefficient treatment or no treatment, deformity is severe
and often causes serious and permanent disalnlity.

Primary tuberculous infection, unless involving vital centers, as the
cerebrospinal system, is seldom fatal and can usually be arrested and prob-
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ably eradicated. Death is always the result of a complication. Secondary
infection always occurs when an abscess ruptures spontancously or is
incised. The synergetic action of pyogenic bacteria associated with Bacillus
tuberculosis materially enhances the destructive process on an organism of
diminished resistance and decreases the chances of recovery. Rarely, sec-
ondary infection may occur through the blood stream and from a distant
infected focus. In addition to symptoms of tuberculosis there are also
those of an acute inflammatory process and sepsis, elevation of tempera-
ture, leukocytosis, ete. If there is prolonged suppuration, there may be
amyloid degeneration of the vital internal organs. The prognosis, when
complicated by amyloid degeneration of the kidneys and liver, is notori-
ously unfavorable. Tuberculous meningitis always terminates fatally.

Treatment.— Tuberculosis cannot be eradicated except by increasing
the natural resistance of the entire organism, and must not, therefore, be
viewed as a purely local problem. The treatment is local and constitutional
and cannot be disassociated except for convenience in description. The
principle of the local treatment is rest and the prevention of deformity
by fixation apparatus, which will be later described in relation to each joint.

The constitutional treatment 1s the same as the routine treatment admin-
istered in tuberculosis of the lungs and should be strictly enforced. Such
measures as fresh air, sunshine, feeding, and tonics, as cod-liver o1l and
syrup of iodid of iron, are of as much value in the treatment of a
tuberculous joint as of a tuberculous lung. They are dismissed with brief
mention, as a detailed description can best be secured in special works on the
subject. IHowever, there is one measure that does have a definite action
on the tuberculous process, which must be described in detail. This is
heliotherapy, or the scientific application of the sun's rays. The employ-
ment of the solar rays for the treatment of disease is an ancient remedy,
but was first systematized and put upon a scientific basis by Rollier, of
Leysin, Switzerland, who erected special sanitariums for this purpose. Only
general heliotherapy, or exposure of the entire body, will be considered.

Orthopedic apparatus for the purpose of fixation is absolutely essential,
but must be so constructed as to permit insolation.

The author first applied the Rollier method in 1913, in an apparently
hopeless case of tuberculosis of the spine and hip. A relatively rapid
recovery ensued, without recurrence to the present time. Since that time,
the method has been routinely employed in all children with tuberculous
bones and joints, and in adults when feasible. The results have been more
favorable when compared with those secured by routine antituberculous and
orthopedic measures previously emploved. Although Rollier advocates the
solar rays at high altitudes, equally satisfactory results can be obtained at

any level, and in many portions of America heliotherapy can be given for at
least nine months of the year.
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All glass filters out the actinic or ultraviolet rays, which are supposed
to be the curative agent: consequently, direct exposure to the sun must be
secured. A southern exposure should be selected where there is free access
to both morning and afternocon sun, unobstructed by trees or other struc-
tures. In those who must be kept in the recumbent position, a porch should
be connected with the house and arrangements made so that the patient
may be conveniently rolled out for exposure to the sun. A wooden or
cloth partition should be erected on all sides to afford protection from public
view, but there must be plenty of space below for the circulation of air.

Fic. 30— HeviotHeErary AT Crirrnep CHILDREN S Hoserrarn, Mesmreris, TENNESSEE.

All elothing 1s removed from the patient and a simple T-strap applied to
cover the genitals. Amber eyeglasses or goggles are worn to protect the
eves from the glaring light. A sunbonnet or broad-brimmed hat protects
the head from the heat of the sun. If the temperature is above 75° I,
the entire body may be exposed in robust individuals for three minutes
every two hours, This is gradually increased until eight hours per day is
reached. If the sun is intensely hot, exposure during the midday hours
must be omitted, beginning as early as possible and resuming in the late
afternoon. In cloudy weather, exposures are given just the same, though
they are not so effective. In dehilitated patients, and when the weather i1s
cool, beginning with the feet, the lower four inches are exposed for five
minutes every two hours for the first day; on the second day, a new area
above of four inches is exposed in the same manner, while the first four
inches, beginning with the feet, are exposed for ten minutes every two
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hours. In this manner, the entire body acquires tolerance to the sun and air.
As the reaction of individuals differs, no arbitrary rule can be made; some
will improve on ten hours, while others can stand only six. Heliotherapy
must not be indiscriminately administered, or much harm may acerue. The
dosage must be regulated to each individual. Headache, weakness and ma-
laise are indications to decrease the dose, or to discontinue and resume later
and more gradually. Especial care must be taken not to burn or blister, for
the treatment will not only be delayed, but the patient discouraged and un-
necessarily annoved. Improvement is synchronous with pigmentation and

Fig. oo—Hevoraerary o Roor or Private Crixic, SpowinGg How HermworaeErary May
Be SvccessruLLy Apamixisterep 18 Crowper City DisTrICTS.

Note arrangement of wards by partitions,

is an index of efficient treatment. Response to treatment is not so satisfac-
tory in those who do not pigment or freckle, as blonds, particularly red
blonds. Brunettes will become a mahogany brown. In Negroes, the black-
est become a shade blacker and there is shght danger of sunburn.

The roentgenogram demonstrates the influence of heliotherapy on the
pathological process. About the time pigmentation is established, there
18 increased activity, as denoted by breaking down of the osseous structure.
Later there will be observed absorption of necrosed areas, the bone becomes
more opaque, and by the end of six months or more is often more dense
than normal, with beginning fusion. The inflammatory exudate sur-
rounding the affected area hecomes irregular, thinner, gradually diminishing
in circum{erence, or at times undergoes calcification, Rapid destruction of
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joint surfaces, in cases which for a year or more have shown little material
change, are often observed after a few months’ exposure. This rapid evolu-
tion is probably due to the removal of devitalized tissue by natural forces,
stimulated by the tonic action of the sun’s rays, and might be easily mistaken
for an acute exacerbation. This hastening of the evolutionary process is
also evident in those with secondary infection and draining sinuses, the
discharge of which 1s markedly increased after insolation but later subsides,
becomes less purulent and more serous as healing progresses.

Undoubtedly, the incident fresh air also has a beneficial effect, but the
relative improvement is much greater in those treated by heliotherapy and
fixation than 1n those treated by fresh air without removal of the clothing.
The results are also more lasting with less chance of recurrence than after
any other method.

In children, heliotherapy is especially applicable, for there is no eco-
nomic problem to consider and the treatment may be indefinitely continued.
Fxcellent results have been obtained after so short a time as five months,
but, as in all tuberculous affections, overtreatment is advisable. In every
case, at least two seasons of nine months’ insolation should be given, and
in the majority, three vears of continuous treatment.

The active principle of the sun’s rays is the actinic or ultraviolet ray; but
there must be some other agent, as the use of “canned” sun in the form of
the mercury quartz light does not produce the same beneficial effect, though
it is the best possible substitute in seasons of the year when exposure is
impossible. The quartz lamp may be disconnected in the warmer months,
so far as tuberculous bone lesions are concerned, and not be connected until
the weather prohibits natural insolation. When the finances of the patient
permit, there should be a close pursuit of the sun for the entire twelve
months of the year, which can be acquired by moving to warmer climates,
as Florida, Southern California or Texas during the winter season. The
necessity of a change in climate is often more essential in bone than in
pulmonary tuberculosis, as many clinicians believe that climate has no
influence on the latter condition.

Routine heliotherapy will be administered to better advantage in institu-
tions especially equipped for the purpose, but can be effectively carried out
in the private home with intelligent cooperation and constant surveillance by
the family physician. In many instances, instruction for several weeks in
an institution will be of material advantage before continuing the treatment
at home.

Marine treatment is the routine bathing of the tuberculous patient in the
sea, and is of tonic value, especially when combined with heliotherapy.

Surgical Treatment.—Open surgery has recently been advised for the
purpose of arresting tuberculous processes in the joints of children, by induc-
ing periarticular osseous fusion, but the consensus of opinion is that opera-
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tive measures are not advisable, and until more definite proof of their value
is forthcoming, should not be routinely employed. In the stage of residual
deformity, two or more years after the process is apparently arrested, correc-
tion m:u.j be made by open surgery, which, however, must not invade the
tli.‘-’-f,":li-i{_'dr area. Under no circumstances, and at no time during the active
process or thereafter. should forcible correction be attempted, for there is
grave danger of inducing metastasis and tuberculous meningitis. In older
children, certain surgical procedures are advisable in tuberculosis of the spine
and will be discussed when this region is considered.

Tuberculous Abscess.— Tuberculous abscesses are treated conserva-
tively, unless life is being endangered by their presence. Incision and
clrni;'s:igc are invariably followed by secondary infection. The injection
of sinuses with various substances has not proved successful. The injec-
tion of formalin and glycerin was at one time advocated by Murphy, but
was discarded as a failure. However, the impression gained at that time
has persisted, and formalin and glycerin are often injected into tuberculous
areas. Such treatment is not only contra-indicated, but may produce actual
injury. Murphy did employ formalin and glycerin in pyogenic infection in
the joints with marked success, the method of administration of which is
described on page 55. Secondarily infected abscesses require excision and
drainage just as do primary pyogenic infections elsewhere in the body.

TUBERCULOSIS OF THE FOOT AND ANKLE

Tuberculosis is rarely observed in the metatarsal bones and phalanges,
but, when present, i1s spoken of as spina ventosa. The symptoms are pain,
swelling and induration of gradual onset. The x-ray demonstrates a fusi-
form mass, often with destruction of the shaft. No special fiixation appa-
ratus is required, but a sole plate or simple tin toe splint may give relief
of pain. Heliotherapy should be employed, as there may be an invasion in
some other organ, as the kidney, in later years. The local focus, however,
being circumscribed, can be excised with rapid restoration to normal of the
affected part. Any one of the tarsal bones may be primarily affected, or the
infection may extend through the tarsus to the ankle. The treatment, when
the process is confined to one bone, is the same as for the metatarsals and
the phalanges. Tuberculosis of the metatarsals may require careful differ-
entiation.  Syphilis in the early stage is manifested by the x-ray as a
periostitis with increase in size and density, which is quite characteristic
and of more frequent occurrence. Pain is absent or much less severe than
in tuberculosis,  In tuberculosis, the process is destructive and atrophic
from the onset. In osteomyelitis, the onset is acute, with the clinical course
of an acute infection. In fracture of the metatarsals, the callus is fusiform
and tender and may resemble a pathological process, but usually recedes



TUBERCULOSIS OF THE FOOT AND ANKLE 77

after a few weeks, while tuberculosis progresses.  Osteitis fibrosa is almost
painless, and the typical pathology is clearly defined by the x-ray. In the
tarsus, differentiation can be made in the same manner, but there may be
confusion with Kohler's disease of the scaphoid, which 1s much milder and
presents a characteristic picture which will be later described.

The ankle-joint is more often invaded through the astragalus, or the
process may begin in the tibia. The bony prominences, as the malleol,

A I
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hecome obliterated, the swelling is of a boggy nature and may extend to
the entire foot. Muscle spasm is first noticed by limitation of motion in
adduction and gradually increases until all movements may be completely
restricted, Pain, local tenderness and heat are always present. In the early
stage, there is no deformity, but as the process advances, there is contrac-
tion of the tendo achillis and the foot is held in equinus. If the process is
not arrested, abscesses and discharging sinuses with secondary infection
may arise,
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Diagnosis.— The diagnosis is not difficult when tuberculosis is present.
The common error is to consider other monarticular affections tuberculous,
as the subacute stage of infectious arthritis and chronic osteomyelitis, the
differentiation of which is discussed in considering those conditions,

Treatment.— The treatment of tuberculosis of the ankle in the early
stage is simple, and consists of a bivalved plaster cast, which must extend
from toes to knee, with the foot at a right angle; or the simple posterior
gutter ankle splint from toes to knee, with the foot at a right angle to the
leg, is efficient. Crutches are used for ambulation. If the process is con-
fined to the astragalus, excision may rarely give relief, but should not be
employed if heliotherapy is available. ISquinus, or plantar flexion, when
present, can be corrected by successive plaster casts, making gradual dorsal
flexion at each sitting, In those rare fulminating types which progress to
every hone in the foot, with impending amyloid degeneration, regardless of
every known scientific measure, amputation may be considered earlier than
in tuberculosis of the proximal joints, as the knee and hip. An artificial limb
below the knee gives excellent function, but amputation should rarely be
advised in children. Weight-bearing is indicated by the cessation of symp-
toms and the restoration of bone structure, as demonstrated by the x-ray.
Residual deformity after healing of the process should be corrected grad-
ually by mechanical appliance, never by force. If surgery is employed,
invasion of the infected area should be avoided if possible.

TUBERCULOSIS OF THE KNEE

The process may begin in the metaphysis of the femur or the tibia, with
coincident irritation of the entire joint from proximity. The first apparent
symptoms in the knee are stiffness, pain and swelling, which gradually
increase. The pain is local, with tenderness at various points, depending
upon the process in the individual case. There is moderate swelling with
partial obliteration of the bony prominences, and definite induration of the
synovial sac on palpation. Very little fluid can be detected except in those
with primary synovial invasion, in which a persistently distended and fluc-
tuating joint is found. Primary synovial infection is rare in children, but of
sufficient frequency to deserve mention,

The knee becomes gradually flexed, with muscular spasm limiting, but
usually not obliterating, motion.  As the process advances and the articular
surfaces are destroyed, there is characteristic deformity of subluxation of
the tibia with external rotation, and genu valgum, or knock-knee. Iocal
heat is increased from the beginning and is a valuable index to the activity
of the process when surgery is considered. Abscess with rupture may be a
complication, as the joint is superficial, and draining sinuses may persist
for several months or years. As the pain in affections of the hip is so
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frequently referred to the knee, the hip must be very carefully examined
and differentiation made when tuberculosis or any other condition 1s sus-
pected in the knee-joint ; otherwise, the differential diagnosis may be made
as described in  the discussion of
tuberculous joints in general.
Prognosis.—Hecent statistics from
clinics in large cities show exceedingly
unfavorable results in tuberculosis of
the knee-joint. IHowever, a large
percentage of these were treated
either in outpatient clinics and lived
in homes in which poor hygienic con-

ditions existed, or returned to such
environment as arrested after dismis-
sal from convalescent country homes.
In private practice, in other portions
of the United States, where living
conditions are better, the comparative
results are probably much better with
conservative treatment. The prog-
nosis is even more favorable in those
treated by efficient mechanical ap-
paratus and routine heliotherapy
throughout the entire course. The
gross pathology in the knee is the
same as in other jomnts, but as this
joint 1s large and complex, solid
osseous fusion is rare, and consider-
able motion remains which is often
painful. This may obviously increase
susceptibility to strain or injury, with
recrudescence of an existing latent
process. In those complicated by
secondary pyvogenic infection with dis-
charging sinuses, the chances of re-
currence are much greater after ap-
parent arrest of the process than when
tuberculosis was the sole active agent. Tie. 62—Pnomocrarn oF TuBErcULOSIS
The result 1s also much better when ?E.&:}L‘: ;}'i{-’l}:;rf RusnibeSue:
the joint has heen maintained in

extension by efficient apparatus than when subluxation with deformity is
permitted. Recovery with more active motion is possible in the knee than
in other joints.
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Treatment.— The constitutional treatment has been mentioned in the
general discussion of tuberculous joints. The orthopedic treatment consists
in maintaining the knee in complete extension until the process is arrested;
this entails constant surveillance for two or more vears. Complete fixation
of the knee in extension by a plaster cast is possible only by extending the
cast so as to immobilize the hip and foot, but this should be done only
when heliotherapy is not available. A shorter cast will permit knee flexion.
1§ flexion contracture is present hefore extensive destructive changes appear,
Buck’s extension should be applied below the knee. The patient should be
placed on a firm surface and the pull made in the line of deformity, which
necessitates the thigh being placed on an inclined plane. As the flexed
position is reduced, the limb is lowered. In the acute stage, Buck’s extension
will also afford much relief from pain. Fixed traction can be made with
the patient in bed during the acute stage, and traction with stilting and
ambulation in the subacute stage. The Thomas knee splint is the accepted
apparatus in the subacute stage. When the process is apparently arrested, as
denoted by the x-ray and the subsidence of symptoms and joint manifesta-
tions, especially local heat, weight-bearing is gradually permitted by the
Thomas caliper brace attached to the shoe.

Operative interference has been advocated recently, with the object of
inducing osseous fusion. However, sufficient evidence has not been ad-
vanced to regard such procedures as standard or routine in children. Iixei-
sion in a child is under no circumstances advisable, as this entails the removal
of one or both epiphyses, which will be followed by too much shortening
from deficient growth. There is practically no complication which would
render amputation advisable.  As the joint 1s superfcial, rupture of abscess
is often unavoidable, Therefore, when there is impending rupture, incision
is required earlier than in deeper joints. The insertion of drainage tubes is
not necessary.

If subluxation is observed during the active stage, correction should
be accomplished gradually by special apparatus, constant force being applied
to the posterior aspect of the leg and anterior aspect of the thigh, with
fixed traction to the leg by the use of complicated apparatus (page 60).
Forcible correction under anesthesia may induce remote complications by
metastasis, notably in the central nervous system, as tuberculous menin-
gitis, and is therefore a very dangerous procedure. In residual deformity,
after the process has been completely arrested for at least one year, prefer-
ably two years, correction may be made by osteotomy above the knee-joint.
Great care should be used to avoid invading the seat of former infection.
Under no circumstances, if tuberculosis is the causative agent of ankylosis,
should a knee-joint he entered for the purpose of mobilization. The
possibility of lighting up a latent infection is sufficient definitely to contra-
indicate such a procedure. >
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TUBERCULOSIS OF THE HIP

The process in the hip usually begins adjacent to the upper femoral
epiphyses, though it may originate in the acetabulum at the junction of the
ilum, ischium and pubis. Synovial tuberculosis in the hip is very rare.
The evolution of the pathological process can be followed by the roentgeno-
gram. The first evidence of osseous invasion is one or more irregular and
ill-defined areas of necrosis close to the epiphysis, which gradually progress
in the direction of the joint. The encrusting cartilage of the joint is under-
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mined and becomes eroded with extensive destruction. Coincidently, the
acetabulum may be destroyed with extensive erosion of the ilium above,
into which the upper extremity of the femur migrates—the so-called wander-
ing acetabulum. The process is active only in living tissue, as small or large
areas may be devitalized en masse, retaining their structural density as
sequestra, in marked contrast to the necrosis and atrophy of the surround-
ing bone. The head and neck of the femur may be destroyed. Even com-
plete dislocation of the upper extremity of the femur may occur, which is
then supported solely by the gluteal muscles. The pathological process,
however, is undoubtedly restricted in those securing continuous and effi-
cient treatment,
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Symptoms.—The first evidence is slight stiffness, especially in the
morning on arising. Limp 1s at first intermittent, later becoming continu-
ous and more pronounced as the process advances. Pain is almost invariably
referred to the inner aspect of the knee, along the course of the descending
branches of the obturator nerve, being referred from the upper branch
which passes into the hip-joint. So soon as the process is established, the
hip assumes the neutral position and is slightly flexed and held in abduction
and external rotation, causing apparent lengthening or actual lengthening,
as described in Chapter I.  After extensive destruction, the hip becomes
flexed, adducted and rotated inward, with actual and apparent shortening,
In the early stage, the gluteal fold is below the normal, and after destruction,
above the normal. On palpation, in the early stage, relatively slight informa-
tion can be obtained, though induration over the anterior aspect of the joint
and enlargement of inguinal glands may be detected. As the process
advances, there may be extensive induration or fluctuation. Muscular
spasm is imore pronounced in tuberculosis of the hip than in any other
joint, and when the process is well established, fixation may be so complete
as to be indistinguishable from bony ankylosis, except under anesthesia.
Night cries are more frequent and more prenounced than in tuberculosis
of other joints. Atrophy of the thigh is marked when compared with the
opposite limb and 1s noticed earlier than in other joint affections. The
chief local complication is abscess, which more often appears posteriorly as
a fluctuating mass. Secondary infection after rupture or incision always
occurs and is a serious complication. Multiple draining sinuses may form in
all directions and continue indefinitely. Tuberculous meningitis is more fre-
quent in affections of the hip than in any other joint, even the spine.

Diagnosis.—So many affections of the hip are erroneously diagnosed
tuberculous that a careful differentiation must be made. Psoas abscess, in
which there is a definite limp with flexion of the hip-joint, is frequently
diagnosed as tuberculosis of the hip. The range of motion in psoas abscess
or psoas irritation, unless very acute, is limited only in extension, later also
in abduction. A definite mass can often be palpated above Poupart’s liga-
ment, and there may or may not be manifestations referable to pathological
changes in the spine. In the early stage of tuberculosis of the hip, motion
is limited in all directions, in addition to other symptoms and manifestations
above described. The x-ray may also be of value in differentiating the two
conditions, but an apparently normal spine and hip do not exclude the pos-
sibility of tuberculosis of the hip or psoas abscess from a tuberculous spine.
Syphilis is usually not so acute as tuberculosis of the hip, and muscular
spasm and all other symptoms are less pronounced. The x-ray, blood Was-
sermann, and therapeutic tests are all of aid in the differential diagnosis,
which is fully discussed under luetic joints. = Acute infectious arthritis, dur-
ing the subacute stage, may be differentiated by the history and the roent-
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genogram. Coxa plana, so-called Legg's, Perthes' or Calvé's disease, is
often mistaken for tuberculosis. In coxa plana, the hip is limited in only
two directions, abduction and internal rotation, whereas, in tuberculosis,
motion is limited in all directions. The pathological process demonstrated
by the x-ray is almost pathognomonic and quite different from that of
tuberculosis. Coxa vara, or separation of the upper femoral epiphysis, pre-
sents symptoms resembling coxa plana, and may be confused with tuber-
culosis. In coxa vara, motion during the early stage is limited in abduc-
tion and internal rotation, and the roentgenogram demonstrates charac-
teristic changes in the neck and femoral epiphysis. Also, coxa vara is a
disease of late childhood or adolescence. There are other affections which
might be considered, but are of such rare occurrence as to render further
discussion unnecessary. As may be observed, there are seven affections
that present symptoms referable to the hip, which must always be carefully
considered in concluding the nature of any lesion of chronic character:
syphilis, acute infectious arthritis (subacute stage), low-grade infectious
arthritis, coxa plana, coxa vara, tuberculosis and psoas abscess,

Prognosis.— The mortality in tuberculosis of the hip-joint is higher
than in any other joint, and as in other joints, 1s greater in those untreated
or inefficiently treated. Also, the chances of complete local recovery are
less, which is probably due to the involvement of a larger area, as the hip-
joint 1s surrounded by more cancellous bone which is less resistant than
compact or dense bone. Secondary infection, with the development of ab-
scesses and sinuses, renders the problem more difficult on account of the
dense mass of surrounding soft tissue which makes possible deep pockets
and ramifications. Tuberculous meningitis 1s a more frequent complication
of tuberculosis of the hip than of tuberculosis in any other joint.

The process will be arrested and apparently cured in a large proportion
of those receiving efficient orthopedic and constitutional treatment and
heliotherapy. However, restoration of function should neither be expected
nor desired, as there is much less chance of strain from slight injury with
recurrence if there is solid bony ankylosis.

Treatment.—The hip must constantly be maintained -in the position
which will be most useful to the individual, for ankylosis, as above men-
tioned, is desirable. The position of choice is extension in line with the
body, with about 20 degrees’ abduction, and midway between internal and
external rotation. In early childhood, and at any age when the condition
is acute, recumbency on a non-resistant surface must be continuously en-
forced. Fixed or DBuck’s extension, previously described, should be em-
ployed during the acute stage. In early childhood, when the process is
apparently arrested, or in older children, after the acute symptoms have
subsided, ambulatory treatment may be instituted. When the process is
acute, malposition may be corrected by extension in the line of deformity,
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the limb being lowered as reduction is accomplished, until the desired posi-
tion is reached. After the acute symptoms subside, fixation is best main-
tained by a plaster cast from the toes to the nipple line, but as previously
mentioned, must be bivalved to permit heliotherapy. A modification of
the Thomas hip splint or brace is probably the apparatus of choice during
recumbency and may be continued for ambulation. The Bradford abduc-
tion brace is also an excellent appliance, permitting stilting and fixed trac-
tion. ILZlevation of the opposite shoe is necessary to balance the two limbs
in walking. Crutches are rarely necessary. Mechanical fixation must be
continued until the process is arrested, which is determined by cessation
of symptoms and healing of osseous structure, as demonstrated by the
x-ray. In most instances, at least two years are required; the average is
three years, though rarely the process may continue indefinitely, regardless
of all treatment. If observed a sufficient time after the subsidence of symp-
toms, correction of deformity is accomplished by extra-articular osteotomy
of the femur, which must not enter the field of former infection. In addi-
tion, procedures on the soft tissues, as tenotomy of the adductors to over-
come adduction, or the severance of the hip flexors by the Soutter operations
or the author’s transference of the crest of the ilium (Infantile Paralysis,
p- 233), may be employed ; no undue tension should be made on the joint.
The correction of malpositions not only materially improves the function of
the limb in walking, as there i1s compensatory motion by the lumbar spine,
but also relieves strain from faulty posture of the spine and the entire body.



CHAPTER VI

LOW-GRADE JOINT AFFECTIONS (Continued)

TUBERCULOSIS OF THE SPINE

Tuberculosis of the spine (Pott’s disease) is the most frequent seat of
bone tuberculosis.  The dorsal region is most often involved.

The process begins in the anterior portion of the body of the vertebrze,
often on the margin, and gradually progresses until a portion of the body
is destroyed. The body of the vertebra becomes wedge-shaped from pres-
sure of the superincumbent weight on necrotic and atrophic bone, the inter-
vertebral disk disintegrates and the adjacent vertebrie coalesce. Several
vertebrae may be involved, or rarely there may be two foci in the same
patient, as in the dorsal and lumbar region. The disease seldom invades
the lamina and spinous processes, being usually confined to the body. The
affected area 1s surrounded by an inflammatory exudate in the soft tissues.
Pus may arise from the bone or within the exudate by caseation or disin-
tegration, accumulating in large quantities, forming the so-called cold ab-
scess. The spinal cord may be invaded, causing a local transverse myelitis
and, rarely, a general tuberculous meningitis.

Symptoms.—There may or may not be a premonitory stage, in which
the child is puny, anemic, underweight and undernourished, and does not
enter into play with the usual normal enthusiasm. The clinical manifesta-
tions vary sufficiently in different portions of the spine to warrant a separate
description of the symptoms common to each region.

In the upper cervical region, where the atlas and axis are involved, the
head is held rigid in the midline with the chin usually elevated, simulating a
sea lion, or may rarely be depressed with the neck in flexion. As this por-
tion of the spine is normally flexible, local symptoms are apparent early.
Any attempt to rotate the head is met with fixed resistance by muscular
spasm. There 1s no active movement, and the child, when called, will turn
on the legs and not in the neck, as under normal circumstances. Pain is
often referred to the occiput, but may not be a prominent symptom. In
the acute stage, the gait is somewhat guarded. If the process is not re-
tarded, the head becomes dislocated forward, giving a rather grotesque
appearance.

In the cervical vertebra below the axis, there is marked spasm of all

muscles, and the neck is flexed and held to one side in torticollis. Pain may
85
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or may not be present at the side of the neck, and when present, is occa-
sionally referred to the arms. There may be an effort to support the head
by the hands. If deformity is not prevented, the neck may become per-
manently fixed in extreme flexion, with the eyes directed to the feet. There
may also be a lateral deviation, but there 15 El]'l.'l.'éi}':i a 1::}5E£:rin|‘ k}'[rlmsis.

Fic. 64. _-I‘l:r:rnc:mru aoF TUBERCULOSIS g, 65.—PrHoroGgrarea oF TUBERCULDSIS
oF CERVICAL SrixgE. Suowixc Fog- oF Dorsarl Srixe, SHowiss ELeva-
wakbp Luxation oF Heap. TION OF SHOULDERS T0 RELIEVE

WEIGHT oF SPINE

Below, there is developed a lordosis of the upper dorsal vertebre, for when-
ever there is a deformity in one region of the spine, there will always hbe
an adjacent compensatory adjustment in the opposite direction above and
helow.

In the upper dorsal region, pain is often referred to the lateral aspect
of the chest. The shoulders are elevated in an effort to remove the weight
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from the spine. As the spine is normally fixed by the attachment of the
ribs, muscular spasm may not be grossly apparent, but is always present
and can be detected by close observation. The first noticeable sign is
usually the small “knuckle” or prominence of one spinous process.  If not
arrested, a rounded kyphos develops, which involves the upper ribs, and
the anterior aspect of the chest becomes flattened above and protuberant be-
low. Laterally, the thorax is compressed ; below, in the spine there is a com-
pensatory flattening, or lordosis. There is an expiratory grunt, which is
constant when the process is acute,
otherwise only on exertion, as in walk-
mg or running. This 1s due to pain
from excursion of the chest, which is

often exaggerated when excessive exu-
date or abscess is present. When the
involvement is above the seventh dor-
sal vertebra, the child often sits with
the elbows on a table, the chin sup-
ported- by the hands, in an effort to
relieve pain by decreasing superincum-
bent weight, and unconsciously mak-
ing head traction. In the mid-dorsal
and lower dorsal regions, pain is
often referred to the abdomen, and
may closely simulate acute inflamma-
tory affections of the intestinal tract,
In fact, symptoms are often apparent
in the abdomen for many months be-

2 - i o 2 - Ficz. 66 —Paorosiara oF TUBERCULOSIS
fore E]'L:" are observed in the spane, oF Dorsarn Reciox, Soowisc Extex-
which is due to failure to examine the sive Doksar Kyruosis witH DouBLe
i : Ll - Psoas CONTRACTION FROM DESCENDING
spine routinely. The gait may be ABSCESS.

guarded and the child may often

stumble. The knee reflexes are often exaggerated without other evidence of
myelitis. Deformity is hore pronounced in the dorsal region, as the destruc-
tion is on the concave side of the vertebral column. Deformity in this
region 1s manifested by an angular kyphosis, lateral compression of the
thorax, and a prominent chest (pigeon-breast). The length of the trunk
may be so decreased that the extremities appear much out of proportion,

The lumbar spine, as the cervical, is flexible, and any restriction in mo-
tion or abnormality in movement, as awkwardness, is apparent early. The
symptoms are pain referred to the periphery, caused by irritation of the
spinal nerves at their exits. The pain is usually felt on the anterior aspect
of the thighs. Muscle spasm is exaggerated, and the entire spine is held
rigid, which is quite apparent when the child stoops to pick up objects.
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Lordosis is increased and the abdomen becomes prominent and distended
with gas; the gait is swaggering but very guarded. The child may be very
sensitive to slight jars, as observed
when riding in buggies or automobiles,
Tenderness on palpation or percussion
over the spinous processes may or
may not be present. The psoas mus-
cle, which is attached to the lumbar
vertebrie, may be irritated and con-
tracted, causing a limp, which is occa-
sionally the first symptom noticed.
Deformity occurs late and is not so
extensive as in the dorsal region, for
the normal contour of the spine is
convex forward ; consequently disinte-
eration in the bodies of the vertebre
does not induce the column above to
fall torward by the force of gravity.
As a final result, if not arrested, there
will be a posterior kyphos, somewhat
angular, with compensatory lordosis
above and a flattening of the entire
chest. The stature is never so exten-
sively decreased as it 1s when the dor-
sal region is affected. The symptoms
and clinical course are transitional.
For example, in passing from one re-
aion of the spine to another, as from
the cervical to the dorsal, there 15 a

eradual change in the anatomic char-
acteristics of the vertebrie. In the
same manner, there 1s a change in
clinical manifestation. Tuberculosis
at the junction of the dorsal and
cervical regions will show symptoms
characteristic of both the cervical and
dorsal areas; the same transition is
observed in the dorsal and lumbar

Fic, 67 —Puorocrary oF TURBERCULOSIS OF !‘t‘;{iﬂllﬁ.
:‘;:“‘:.:I]:"x‘:\ SPINE witH ExtrEmMe De- Complicatinns.—’l'lw 1:1‘im‘i]ml
complications of tuberculosis of the
spine are abscess and paralysis. Abscess in the cervical spine may migrate
to the posterior pharynx, or more often to the lateral aspect of the neck.
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In the dorsal spine, the abscess may form in the posterior mediastinum
or pass along the spinal column by gravity, behind the diaphragm to the
psoas muscle and becomes a psoas abscess.  In the lumbar spine, pus ac-
cumulates about the psoas muscle, whose course it usually follows to a
point below Poupart’s ligament. Abscess of the lumbar region may also
pursue a posterior direction, dissecting the muscles of the back, pointing be
tween the ribs and the ilium. There are no symptoms except pressure until
the abscess reaches the surface, when there i1s fluctuation, with pain and
elevation of temperature. In the cervical region, rupture may ocecur in the
posterior pharynx, with resulting asphyxiation and death. In the dorsal

TFig. 68 —Protocrard SHowinNG BesinNiNg SHARP ANGLE oF DEFORMITY oF T UBERCULOSIS
of Lower DoRSAL SPINE.

region, pressure in the posterior mediastinum upon the vagus nerve may
produce serious dyspnea, and death may ensue unless relief is secured.

Paralysis occurs more frequently about two years after onset and is due
to myelitis of the spinal cord by toxins or pressure from inflammatory exu-
date, but rarely from decrease in the lumen of the spinal canal by angula-
tion of the column. In fact, paralysis often occurs when there is slight
deformity. When the motor centers alone are impaired, as is usually the
case, the paralysis is of the spastic type. Paralysis occurs more frequently
when the dorsal spine is affected, as paraplegia, which begins by a spastic
stiffness in the lower extremities, with increase in reflexes, ankle-clonus, and
a positive Babinski sign. This gradually increases until voluntary motion
may be lost. If the upper cervical region is involved, the arms may be
affected in a similar manner, and rarely, all four extremities—a quadri-
plegia. Sensation may rarely be diminished, or the paralysis may progress
to the loose or flail type, which usually indicates irreparable damage of the
spinal cord from a complete transverse myelitis,

Tuberculous meningitis is, fortunately, not a frequent complication,
It occurs more frequently as a complication in tuberculosis of the hip than
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the spine. The first symptom 1s nausea, which may be persistent or recur-
rent, and may be present for many weeks before such classical symptoms as
rigidity of the neck and Kernig's sign are manifested.

X-Ray Examination.—The x-ray, in contradistinction to tuberculosis
of the joints, usually shows a definite pathological process in the spine when

B
Fic. 60-A—X-Ray Snowine Tusercu- Figa. 60-B.—X-Ray Smowinc Tusercu-
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the symptoms become apparent to the average physician or surgeon. How-
ever, symptoms from which the diagnosis should at least be suspected are
always perceptible before such changes are observed. Two views should in-
variably be made, as the lateral often demonstrates abnormalities earlier than
the anteroposterior. The entire spine should be included, as two foci in the
same spine may occasionally be detected, The first evidence is decrease in
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width of one intervertebral disk, two of the bodies being closer together than
their fellows above and below. Coincidently, there may be seen an ill-de-
fined area of necrosis or a punched-out notch, in contrast to the surrounding
normal bone. This area of necrosis of the articular surface is seen on the
anterior margin in the side view, or on the lateral margin in the antero-
posterior view. The inflammatory exudate is more |1mm'n.mr:r:{1 in the dorsal
region and is seen as a circumscribed, somewhat 5|lintlit—:;|.1:l|H:r;] Mmass sur-
rounding the affected area. As the process advances, the body becomes
wedge-shaped, and the column above
deviates forward and occasionally to
one side.

Diagnosis. — The diagnosis is
made by the history, the svmptoms and

physical findings; but as errors are so
frequent by confusion with other
affections, differentiation is necessary,
In the cervical region, congenital tor-
ticollis may resemble by attitude alone,
as the muscle spasm is on one side
only, whereas, in tuberculosis, all the
neck muscles are in tonic spasm; in
torticollis there are no other clinical
symptoms. Iysteria not infrequently
simulates a rigid neck, and often re-
quires careful observation before pa-
thology can be excluded. In infected
glands of the neck, tenderness to pres-
sure may be elicited by palpation, and
there is often rigidity of the muscles.
Acute trauma or mild infections may Fig. 70—X-Ray Suowinc TUBERCULOSIS
produce symptoms which are identical f',_;':”h_[E!‘_L:,_E";'if__‘T,EII-:”‘TI‘LLE ; "},:‘“I“‘:ﬂff
with those of tuberculosis of the cer- MATORY EXUDATE,

vical or other portions of the spine, but

as a rule, are of more sudden onset, and also may give a definite history as
to etiology. Low-grade affections of the spine, as epiphysitis, osteitis, Kiim-
mell’s disease, old fractures, etc., may be suggested from the roentgenogram,
The symptoms resemble tuberculosis, but are milder, and respond rapidly,
as a rule, to any form of mechanical treatment, as fixation or traction to the
neck. In rachitis, the deformity is rarely angular, but usually rounded and
flexible while sitting, and disappears on assuming the recumbent position;
when fixed kyphosis is present, there is no muscular spasm, and the x-ray
will furnish a conclusive differentiation. In acute mfectious spondylitis,
the symptoms bear no resemblance to tuberculosis -‘.hil‘illg the acute stage;
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in the subacute stage, there is frequent error in diagnosis, but differentiation
can easily be made by the history and the x-ray (see Infectious Spondylitis,
p. 62). In lateral curvature, the deformity bears no resemblance. In
addition, there are no clinical symptoms, such as pain and muscular spasm,
which are common in tuberculosis of the spine. Typhoid spine may be
differentiated from tuberculous spine by the x-ray, and also by the de-
structive and proliferative process and the history of a previous attack of
typhoid fever.

Prognosis.—The prognosis depends entirely upon efficient and continu-
ous treatment. The highest percentage of recoveries is in the cervical
region, and probably the lowest is in the dorsal region. The mortality rate,
from various statistics, is given as 20 to 50 per cent, but undoubtedly is very
much lower, possibly less than ten in those treated by properly adjusted
orthopedic apparatus and heliotherapy. Paralysis or cold abscess may be
successfully combated in a majority of cases, but abscess with secondary
infection is a more serious complication. Deformity cannot always be
prevented, but can be hmited to a slight degree. In the dorsal region, de-
formity after every type of treatment is more frequent and more pronounced.

Treatment.—In early childhood, recumbency with fixation must be
continuous for one or two vears, as indicated by the symptoms, but ambu-
lation may be advisable at any time if the general health becomes depressed.
Recumbency i1s also advisable at any age when the process is acute. For
this purpose, the child is placed on a Bradford frame, described in Chapter
IT; this is an excellent measure and often indispensable, Iead traction is
indicated to overcome muscle spasm when the cervical spine i1s affected,
and Buck’s extension to the lower extremities when the lumbar spine 1s
involved. In other portions of the spine, the author has found a brace
which fixes the head, the entire spine and both lower extremities to the
knees to be very efficient. This brace can be adjusted to the contour of the
spine and at the same time maintain hyperextension, which is usually de-
sirable. The constant and natural effort to flex the spine by raising the
head and often the hips 15 thus controlled, and micturition and defecation
are permitted without disturbing the position. The anterior half of the
body may be exposed for heliotherapy, but the child must he placed on the
Bradford frame for exposure of the posterior half. Ambulatory measures
are indicated in young children when the process is arrested, or in rare
instances, when rceumbencey 1s not well borne.  In older children, above
seven years of age, ambulatory treatment is indicated so soon as the acute
stage has subsided. In infancy and early childhood, the contour of the
body is almost that of an egg, and there are no bony prominences to which
apparatus will conform; therefore, no appliance to the spine alone will
secure sufficient fixation. Tn consequence, the same brace employed in re-
cumbency is continued, and it is surprising how well a child can run and
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play with complete fixation from occiput to knees. This apparatus is indi-
cated when any portion of the spine, except the cervical and dorsal above
the eighth dorsal vertebra, 1s mvaded. DBut when the process 1s above the
L1:EI[]'I Eil"l"".'l_] ".l.,'1'!ll"|l'|'i|_ illl;_' |'|l.'.'|.|:: st |||.' 3"-'|i'|?'|ll||"|"._"l] ill ll!'[[k'l' Lo [I'[I_'l:'-lll'it l]'l(:'
weight from the spine to the pelvis, by a head piece supporting the chin
and occiput, which is attached to the back bars. DBelow the ninth dorsal
vertebra, the brace extends above to the
head, which is held in moderate extension,
but not supported as m the cervical region,
and below to both []IIIL:[H just above the
knee-joimnt to permit full flexion of that
joint. s healing progresses, as indicated
by an imerease in density and subsidence of
exudates (as demonstrated by the x-ray),
the thighs may be released when the upper
portion of the spine is involved, and the
head when the lower portion is involved.
This apparatus is the author’s modification
of the Tavlor spinal brace, as described in
Chapter II. The plaster jacket, bivalved
ta permit heliotherapy, and adapted to the
mechanical requirements of the region
affected, is efficient, but considerable ex-
perience 15 required for proper application,
The plaster jacket is also of value in
children in whom cooperation cannot be
obtained. Apparatus must not be dis-
carded until at least six months to one year
after all muscular spasm and other acute
symptoms have disappeared, though cer-
tain parts of the apparatus may at times
be gradually discarded. In the cervical

spine, the Thomas collar or similar appa-
Fic. 7l.—5cHEMATIC DRAWING OF
L e : SPINE, SHOWING METHOD oOF
i '|'I'L':I_I|'L"'CI.'I.,'1'I1_ slage. | hq_- | |1r|1|1.‘L-1 L'u”;n' 1% Aveee BoNe-GrRAFT OPERATION.

ratus may at times be substituted in the

a round leather collar, stuffed with saw-

dust, of sufficient dimension to support the chin and occiput on the clavicles
and shoulders. In emergencies, much comfort may be afforded in any type
I'.I|- ['L'f"‘,'ii'él,r ‘-'|.IrI'I|I'|.‘-."H['i,"- 1I_". ‘l.l.'l,lll'l!.'i,z'_\'__i':i:‘_f_' 1]]'.' ]Il'l'!{ ?‘?Ill;_’:r_".' 'I.".i[h ,‘"-;'I:llii][' :llll:l‘,‘i{it'llll,_'['lt
cotton; or the pneumatic inner tube from an old bhicycle tire may be cut
the desired length, sealed at hoth ends by ordinary rubber glue, placed about
the neck of the patient and inflated with a bicycle tire pump.

Operative measures to produce fusion of the spine are of great value
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in older children, but the indication is doubtiul in early childhood. The
principle of these operations is to ankylose the spinal column over the
affected area and for at least three vertebrae above and below the site of
the lesion. The method of Hibbs by a bone plastic procedure on the ar-
ticular processes, laminz and spinous processes, or the method of Albee
by a bone-graft from the tibia into the spinous processes of the vertebral
column, should be employed. In either operation there must be no in-
vasion of the infected area, which is usually confined to the bodies of the
vertebreae, and for this reason such procedures are well adapted to the
spine. In tuberculous other joints, there 1s no analogy to the spine, as fusion
cannot so readily be induced without invading infected tissue. As previ-
ously mentioned, extra-articular fusion of the larger joints cannot yet be
considered a standard procedure in children.

An uncontaminated tuberculous abscess should be given conservative
treatment unless life is endangered by pressure on vital parts. This occurs
at two places only—the retropharynx and the posterior mediastinum. In
the former, the abscess should be opened when sufficient fluid has accumu-
lated to make spontaneous rupture probable. In the posterior mediastinum,
dyspnea from pressure on the vagus may be so accentuated that removal of
a portion of a rib and transverse process is necessary to permit evacuation
of pus. In both of these locations, however, conservatism may be em-
ployed with success. The abscess in all other regions, if large or increasing,
may be aspirated and compressed by pads and bandage; also, various in-
jections, irrigations, etc., are advised, but are of doubtful value. The chief
reliance is conservatism, efficient orthopedic measures to the affected region,
and heliotherapy, as a result of which, the abscess will often disappear.
However, even should rupture occur, there may be healing with closure,
if secondary infection is avoided by strict asepsis, but this is almost never
accomplished. If there is secondary infection of the abscess, as indicated
by symptoms of sepsis, the treatment is exactly the reverse: radical in-
cision and drainage is indicated, as in any pyogenic infection. Discharg-
ing sinuses, the result of secondary infection of tuberculous abscesses after
rupture, or secondarily infected abscesses which have ruptured, may be
treated by various injections, as bismuth paste, etc., with more or less value.
After secondary infection, heliotherapy is a most valuable measure. Death
from sepsis, however, may ensue, regardless of every known form of
treatment.

Paralysis requires recumbent treatment when the first symptom appears,
as indicated by increase in knee and other reflexes. The most rigid fixa-
tion with or without traction to head and lower extremities is required until
there has been a restoration of normal reflexes and voluntary muscle
control for at least three months, when ambulatory measures may be
cautiously resumed.
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TUBERCULOSIS OF THE UPPER EXTREMITIES

Tuberculosis of the upper extremities in children is extremely rare in
America, even in the large cities, while in the less densely populated areas,
it is probably even more infrequent. The elbow is involved more often
than the shoulder, and the invasion of the wrist is almost unheard of. The
pathology, clinical course and differential diagnosis closely resemble that
in the joints of the lower extremities. The process is less extensive and
of shorter duration, probably because there is no strain of weight-bearing.
The prognosis is also more favorable, as the process is usually arrested by
nature, regardless of treatment or the lack of it. However, unless treat-
ment is efficient, the incident deformity may often be a greater handicap
than when the lower extremities are involved. The eradication of tubercu-
losis 1s essential to the welfare of the individual, regardless of location or
severity. The same careful treatment should be administered, including
heliotherapy, for tuberculosis of the joints of the upper extremities as in the
lower. The local mechanical treatment is simple and will be discussed in
connection with each joint respectively, but must be accurate to avoid seri-
ous functional impairment.

The Shoulder.—In the shoulder, the process occurs more often in the
head of the humerus. The first abnormality is inability to fully abduet, with
gradual restriction in all movements until the range is limited to a few
degrees. Pain 1s severz and 1s referred, as in all proximal joints, radiating
down the arm, though it may be present locally 1f there 1s distention. Swell-
ing 1s apparent and induration of the capsule may be detected on palpation
in the early stage. Muscular spasm is present but cannot always be differ-
entiated from contracted soft structures. Atrophy is apparent below the
deltoid, but is obscured above this point by the periarticular and intra-
articular exudates.

Treatment.—The shoulder must be maintained in about 45 degrees’
abduction, with slight flexion and internal rotation, which may be accom-
plished by a plaster cast including the chest, or the author’s shoulder traction
splint, described on page 43.

The Elbow.—As the elbow is a superficial joint, all manifestations are
local. The process originates more often in the humerus, but may arise in
the radius or ulna. The first signs are stiffness with inability to fully extend
and gradual decrease in range of motion. The elbow is fixed by muscular
spasm at an angle of about 130 degrees, which might be considered the
neutral position. The bony prominences are lost by a fusiform swelling,
which becomes exaggerated by atrophy of the arm and forearm. Fluctu-
ation, often apparent, is due to edema of the synovial membrane and peri-
articular structures, as very little, if any, fluid can rarely be aspirated.
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Local heat, as in the knee, is pronounced until the process is entirely ar-
rested. Pain 1s often of an acute and throbbing nature, and tenderness is
constant. Muscular spasm completely restricts, or permits only a few
degrees of motion. Abscess and secondary infection involving the joint
cavity are frequent, but must not be regarded as so serious a complication
as abscess in the spine and hip.

B
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The treatment consists in maintaining the joint at slightly less than a
right angle, with the forearm in supination, by a simple pesterior splint or
bivalved plaster cast until the process recedes.

The Wrist.—In the wrist, the process usually begins in the carpus or
lower extremity of the radius and is most insidious in onset, as there is very
slight limitation in motion in the early stage. Swelling increases slowly from
low-grade indurated inflammatory tissue. As the capsule is not resistant,
there may be extensive exudates within the joint without producing tension

and severe pain. There is a tendency to flexion and forward subluxation
as disintegration progresses,
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The local treatment consists of maintaining the wrist in extension or
dorsiflexion by a plaster cast or cock-up splint. This fixation affords relief
from pain and protection from slight injuries. The author prefers a leather
corset for this purpose. Free motion must at all times be permitted from
the metacarpophalangeal joints to the tips of the fingers.

Tuberculosis of the metacarpals and phalanges is similar to that of
the corresponding bones of the foot.



CHAPTER VII

LOW-GRADE JOINT AFFECTIONS (Continued)

SYPHILIS

Syphilis affecting the joints in children is congenital through hereditary
transmission, and is observed only in the tertiary stage. Acquired syphilis
is so rare in children as to be dismissed as negligible. As bone forms the
basis of all joints, syphilitic arthritis and osteitis must to some extent be
discussed conjointly, though the difficulty of diagnosis is encountered only
when the joints are involved, as the manifestations in bones are quite
characteristic.

Congenital syphilis more frequently invades the joints in early child-
hood and the bones in late childhood. In the experience of the author, the
distribution between the bones and the joints in children has been about
equal ; however, in adults the bones are more frequently involved.

Any joint may be invaded by syphilis, the knee being more often af-
fected. A diagnosis of syphilis of the spine 1s rarely made, though in all
probability it occurs more often than is generally known.

Pathology.—Syphilis is usually confined to one joint, though a poly-
articular invasion is not uncommon. Syphilis of joints is manifested as
follows: (1) simple synovitis with copious serous effusion and thickening
of the synovial sac; (2) extensive proliferation of the synovia, as a low-
grade inflammatory process. If not arrested, such process may be com-
plicated by degenerative changes and the formation of typical gummata,
which may erode and disintegrate the cartilage with destructive changes in
the bone; (3) gummata arising in the epiphyvses with the formation of
cavities filled with liquefied necrotic detritus and often sequestra, which
may break into the joint, causing extensive disintegration, with subluxation
or malposition. Associated with or complicating joint syphilis, one or
more bones composing an articulation may show evidence of syphilis, or
the process may begin in the shaft of one bone with extension into the
joint by continuity. In this manner, there may be destruction of the
epiphysis with complete separation, causing malposition and deformity. In
syphilis of joints, the process is usually spontaneously arrested with more
or less irreparable damage to the joint, but solid bony ankylosis practically
never occurs.

98
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Symptoms and Joint Manifestations.—The constitutional symptoms
are not characteristic, though the child may be physically subnormal. The
stigmata or history of syphilis may or may not he elicited. The onset is
slow and the course indefinite. The local symptoms of pain, tenderness
and limited motion are much less than the existing pathology would indi-
cate until there has been extensive destruction. As function is so slightly

Fie. »3—Deawine rrom X-Ray, Swaow- Fic. r4—Deawinc rrosm X-Ray, Snowing
ING SYPHILIS oOF ANKLE WITH Muvrrirre PuxcHED-ouT AREAS OVER
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LAR SURFACES oF Tinia AND ASTRA- OF CONGENITAL SYBHILITIC ARTHRITIS.
GALUS.

impaired, atrophy in the affected limb is also much less than might be ex-
pected. The local manifestations may be divided into three types: (1)
synovial; (2) proliferative; (3) degenerative.

In the synovial type, there is persistent distention of the joint with fluid
and thickening of the synovial membrane, detected on palpation, The
range of motion may be slightly restricted mechanically by effusion, but
there is no muscle spasm. ILocal heat may be slightly elevated. The knee-
joint is involved more often than any other joint, and a persistent hydrops
of both knees is not uncommon.,
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In the proliferative tvpe, there is definite swelling, and on palpation
lobulated masses and thickening of the capsule can be detected, but slight,
if any fluid. If syphilis 1s also present in the bone, there will be sym-
metrical hypertrophy. Pain may be present, but tenderness is slight and
there is usually no muscle spasm. Motion may be normal or only slightly
restricted.

The destructive type ensues if the
proliferative process is not arrested.
Pain, tenderness, local heat and mus-
cular spasm are often pronounced if
there has heen extensive invasion of
bone. However, the extent of destrue-
tion without acute local reaction is
often astounding. In those in whom
there is invasion from without, as in
gumma of the epiphysis, the local
symptoms are not pronounced until the
process breaks into the joint, or until
there is a pathological separation of
the epiphysis.

In syphilitic polyarthritis, there

may be a gradual invasion of all joints,
which is manifested by swelling of the
soft structures. The involvement of
the wrist and some of the phalangeal
joints is more often apparent. Pain
and limited motion are slight until
there is extensive destruction, when
subluxations and malpositions are also
observed.

X-Ray—As syphilis of the joints
is often not recognized, a detailed de-

Fig, 75—DrawixG rrom &-Bay, SHow-
v Tyeican Svewinitic Dacrviims,  scription will be given of the x-ray
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1. There is no abnormality of the
bone when the soft tissue of the joint only is involved, as in synovitis with
effusion, or so-called proliferative arthritis.

2. An increase in density of one of the bones of the articulation, or
often of gross hypertrophy, which is an extension of bone syphilis by
continuity.

3. Proliferation of the periosteum on one of the bones forming the
articulation, but extra-articular, or a short distance from the joint surface.

4. Definite punched-out areas on the articular surface, or, rarely, extra-
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articular on the lateral or mesial surface of one of the bones, but very close
to the joint.

5. LExtensive erosion of the articular surface, with disintegration of
bone as a late manifestation.

6. Osseous atrophy is absent and the normal structure is retained in
adjacent bones until disuse is enforced by extensive destruction within the
joint.

7. Typical manifestations may be present in other bones, especially an
increase in dimension of the cortex of the tibia, which should always be
x-rayed for diagnostic purposes, regardless of the location of a suspected
lesion.

Diagnosis.— Opinions vary regarding the value of the Wassermann as
a diagnostic agent in hone and joint svphilis. The author has made a very
careful analysis of 130 cases of bone or joint manifestations of undoubted
luetic origin.  In 100, accurate records of the Wassermann test were found,
in which 88 were positive and 12 negative. In those with congenital lues
of joints, all were positive. As the blood test has given such reliable evi-
dence, the spinal fluid examination is not deemed routinely necessary.
Therefore, the Wassermann test is regarded as most valuable, but not ahso-
lutely conclusive. The therapeutic test, by the administration of antiluetic
treatment, 1s also of value when symptoms are suggestive, but must be
pushed to the limit if conclusions are to be derived from its use. The
diagnosis is suggested in the synovial and proliferative types by the local
objective manifestations being excessive when compared to the subjective
symptoms of pain, tenderness and muscle spasm. In those in whom there
are destructive changes, with acute svmptoms as above described, differentia-
tion from tuberculosis may be clinically difficuit. In tuberculosis, the roent-
genogram usually demonstrates that the process begins from without, while
in syphilis, the joint surfaces are eroded in a rather characteristic manner
from within, except when the process begins in the epiphysis as a gumma.
In syphilis, there is often evidence of an area of necrosis with massive
destruction of one portion of the articular surface, while the remainder of
the joint is approximately normal or only slightly affected. If extra-
articular bone syphilis 1s associated, there will Le typical proliferative
changes, whereas, in tuberculosis, the process is destructive and atrophic.
In the residual stage of acute infectious arthritis, confusion might arise,
but differentiation can be made by the roentgenogram, as previously de-
scribed, and by the history of an acute onset.

The statement is frequently made that syphilis may simulate every known
joint affection, but this might be said of many joint affections. It must
also be remembered that syphilis and non-syphilitic joint affections are very
common, and both might exist coincidently in the same patient. The author
has recently tabulated thirty-three joint affections of varying pathology and
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origin, in which the Wassermann test was strongly positive. Seventeen of
these were given intensive treatment without the slightest beneficial effect
on the local process, indicating that the joint manifestations were probably
due to other agents, even though syphilis was present.

The diagnosis of syphilitic polyarticular arthritis is also difficult, but
differentiation from infectious arthritis, arthritis deformans, ete., can usu-
ally be made by the history, physical and clinical findings.

Prognosis.—In the synovial and proliferative types, recovery with ex-
cellent function, when efficient treatment 1s given, should be accomplished in
all instances. If there has been extensive necrosis, or sequestration, the
salvage of a good functional joint may be impossible, and the best that
might be expected 1s the most useful position with limited, if any, voluntary
motion. The diagnosis, therefore, should always be made before extensive
destruction ensues.

Treatment.—In syphilis of bones and joints, the most intensive anti-
luetic treatment is necessary. In children, arsphenamin in doses commen-
surate with the age should be administered intravenously, when possible,
for at least six injections, with daily mercury rubs and potassium iodid in-
ternally. After an interval of one month has elapsed, a second series of six
injections is given, and the mercury and iodids should be continued to the
point of tolerance. This system should be enforced until the Wassermann
is negative, if possible. However, in many with congenital syphilis, this may
not be accomplished until the treatment is continued at intervals for years.
In refractory children, sulpharsphenamin by intramuscular injections into
the buttocks may be substituted for arsphenamin. Neo-arsphenamin is also
recommended in children. In addition to the arsenic preparations, mercury
and iodids should be vigorously administered.

Deformity or malposition should be corrected by mechanical apparatus,
described in Chapter 11, and the joint maintained in the most useful posi-
tion. In those in whom joint destruction has rendered weight-bearing
mechanically impossible without increasing deformity, apparatus should be
used until full growth is obtained, when a reconstructive operation may be
indicated to restore or improve function. Rarely, operative procedures may
be indicated after intensive treatment, for the purpose of removing massive
sequestra. Also, incision and drainage may at times be required for those
with secondary infection.

LOW-GRADE OR CHRONIC INFECTIOUS ARTHRITIS

A low-grade infectious arthritis is of more frequent occurrence in
children than is generally recognized; the process may be monarticular or
polyarticular. The cause is probably an attentuated virus of one of the
pyogenic organisms, which may be carried to the joint by the blood stream
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from a distant focus and instigate a definite infection; or bacterial toxins
from a distant focus may possibly act in a similar manner. In children,
any remote infection may be the etiological factor, but the tonsils, ears,
sinuses of the nasal tract, and the genito-urinary tract are more frequently
responsible.

Pathology.—The process begins within the joint, which becomes con-
gested with thickening of the synovia and proliferation of the joint willi,
Fluid may be excessively increased and is always serous. A low-grade in-
flammatory tissue with predominating fat may encroach upon the articular
surfaces, and occasionally granulation tissue and pannus formation may be
observed on the articular cartilage. Subsynovial adipose tissue may be
increased, causing hypertrophy of the joint villi, which may rarely undergo
metamorphosis with the formation of cartilage which may break off within
the joint as large, loose bodies. Ossification may occur in the cartilaginous
badies, producing a condition known as osteochondromatosis, which, how-
ever, 15 extremely uncommon in children. Erosion of the articular surfaces
is rare, and the bone 1s apparently not invaded to any extent, except in
those representing the sequele of an acute infectious process. These mani-
festations are not pathognomonic of an attenuated infection, but of the
reaction of joint tissues to persistent irritation, one of which is infection.
In other words, the same gross pathological changes within a joint may be
induced by several causative agents.

After the subsidence of the acute stage of acute infectious arthritis,
an active but attenuated infection involving other joints may persist indefi-
nitely. This process may extend over many years : coincidentally, there may
be atrophy or osteoporosis, with malposition and dislocation until the child
is totally disabled. Also, an infection beginning insidiously may pursue a
similar course. After the child is totally disabled, intestinal disturbances
may appear, but whether the cause or the effect of prolonged confinement, it
1s difficult to determine. Hypertrophic changes, or osteo-arthritis with os-
teophytes, so common in adults, 1s not prevalent in children, which is pos-
sibly due to the inherent difference in skeletal tissues. In the adult, bone is
nearer the articular surface, and therefore more susceptible to irritation,
which usually causes proliferative reaction in this type of infection.

Symptoms and Clinical Course.—The child may or may not be slightly
under weight or puny. The temperature may remain normal or be only
slightly elevated. The first local manifestation is slight swelling and sore-
ness, which may be more pronounced as the process advances. There are
two types: (1) synovial, with persistent effusion; (2) periarticular, in
which both the synovia and the surrounding soft structures are indurated,
as apparent on palpation. In the synovial type, the only manifestation is
persistent effusion, with thickening of the capsule, which may be detected by
palpation. Pain and tenderness are present but not exaggerated. In the
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lower extremities, in the early stage, a slight constant or transitory limp
may be present. Movement in the joint may be normal or only shghtly re-
stricted ; for example, if the knee is affected, complete extension or flexion
may be impossible. In the periarticular type, there is more pain and tender-
ness, with induration of soft structures. There may be no increase in local
heat, or only a slight elevation. Motion i1s usually somewhat restricted in
all directions, and may rarely be markedly limited by muscular spasm, es-
pecially when the hip is involved. Malposition with permanent deformity
may occur, if not arrested by nature or treatment. The process is often
more extensive and symptoms are
more pronounced when confined to
one joint.

Low-grade infectious processes
may occur in the spine as in other
joints. Infectious spondylitis i1s evi-
denced by symptoms of pain and
stiffness, and the x-ray will show that
one or more vertebrie are wedge-
shaped. Such conditions are fre-
quently observed in fixed round
shoulders or so-called static kyphosis.

The course of infectious arthritis
of either the synovial or periarticular
tvpe may be prolonged and indefinite.
The blood picture may show a slight
Eal o6 = Prrbgti o Chgoue Phix leukocytosis, but not sufficient to be

awricuLar  Ixrecmiovs  Awrturims,  regarded as significant.

SHOWING INVOLVEMENT OF JOINTS OF
Hawnp.

——— —

X-Kay—There are no distinctive
manifestations shown by the roent-
genogram. The soft tissues are thickened and there may be slight atrophy
with mottling of the bone. Rarely there may be proliferation and conden-
sation in the bone of the articular extremities, with destruction of cartilage,
as indicated by diminution of joint space.

Diagnosis.—If polyarticular, the nature of the affection is quite evi-
dent by the symptoms and joint manifestations ; but if monarticular, a very
careful differentiation iz often necessary to formulate a definite conclusion.
The symptoms and local reactions are usually not so severe as in tubercu-
losis and can only be determined by prolonged observation or biopsy. How-
ever, incision into a joint for the purpose of diagnosis is not advisable, for
no practical advantage is gained, and a differentiation can finally be made
from the x-ray and physical findings, by a simple course of watchful wait-
ing, while the joint is maintained in the most useful position. Syphilis
15 excluded by the Wassermann test, the absence of certain stigmata of
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syphilis, and the exaggeration of local manifestations and pathological proc-
esses in comparison with the symptoms. Pain and tenderness in syphilis are
much less than might be expected from the appearance of the joint. When
syphilis is suspected, though the Wassermann reaction is negative, the
therapeutic test is of great value. In the hip, coxa plana may be differen-
tiated by the roentgenogram. The resemblance to low-grade traumatic ar-
thritis may be so close that differentiation 1s impossible, for joint tissues often
react in the same manner to different irritants. In traumatic arthritis
there may be a definite history of injury, and the roentgenogram may give
definite evidence of trauma. In such cases, it will obviously be to the
best interest of the patient to consider the lesion infectious, as the local treat-
ment is the same in both conditions. Polyarthritis with a progressive inva-
sion of joints for an indefinite period may be confused with Still's disease,
or arthritis deformans of childhood, but it 1s doubtful whether such condi-
tions are not a special type of infectious arthritis. For all practical pur-
poses, differentiation 1s unnecessary, since the treatment is identical.

Prognosis.—In monarticular infections, or in the event a small number
of joints are invaded, the process usually terminates in complete recovery.
If there has been actual destruction of bone, which occurs rarely, function
may be more or less impaired. In those of lowered resistance, with progres-
sive invasion of different joints, the arrest of the process may be difficult
and often impossible, in spite of every known scientific measure.

Treatment.—In all types, attention should be given first to the eradi-
cation of foci of infection. A painstaking examination should be made
of the tonsils, the nasal tract, including x-rays of the sinuses, ears, teeth,
genito-urinary tract, digestive organs, and every possible location where
latent foci may be found. This examination must be very thorough, com-
plete, and by experts competent to make accurate discriminations, for too
frequently an obvious focus of infection is overlooked or observed too
late. However, at no stage can assurance be made that the process will
be arrested by the removal of infected foci, for there is no method by
which a focus of infection can be convicted of being the actual source of a
distant infectious process. And even should a particular focus be the
undoubted source, there is no reason to presume that the metastatic infec-
tion may not further propagate. However, there is abundant evidence to
demonstrate that foci of infection are a source from which distant joints
may be invaded, and that removal of such foci frequently does result in
the rapid cessation of the pathological processes. Autogenous vaccines
should be prepared from the excised material, but it is difficult to estimate
their actual value.

There are no drugs which have any specific action on the pathological
process, but salicylates may be employed for the relief of pain; this is seldom
necessary except in those with progressive polyarticular infections. The diet
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should be observed closely and must be well balanced and nourishing. A
sufficient amount of food should be eaten, the index of which is the weight
of the child. Heliotherapy has no local beneficial action, except as a tonic.
Proper hygiene, fresh air and sunshine are, of course, essential.  The joints
should be held in the most useful position and all deformities prevented by
apparatus applicable to the affected part (see Chapter IT). As symptoms
subside, active motion, with physiotherapy, may be instituted. In fact,
massage, diathermy, and other physiotherapeutic measures may often be
employed with benefit while the process is active. If observation is first
made after malposition has occurred, correction should be acquired by
apparatus or operative procedures, previously discussed in considering re-
sidual deformities of other affections (Acute Infectious Arthritis and
Tuberculosis, pp. 57 and 76).

ARTHRITIS DEFORMANS OF CHILDHOOD

Arthritis deformans of childhood, or Still's disease, is essentially a
polyarticular affection which may invade every joint in the body, and is
associated with splenomegalia and lvmphadenoma, The occurrence is more
frequent in middle childhood, though very voung children may be affected.

Fig. 77—ProtoGRAPH OF ARTHRITIS DEFORMANS (StiLL's Disease), Smowine INvoLvEe-
MENT WiTH DerorMITY 0F PRACTICALLY ALL JoINTS.

The cause is unknown, but is probably of infectious origin; therefore, the
condition may be considered in connection with the infections.

The onset may be gradual or rather sudden, with elevation of tempera-
ture. The child becomes emaciated. The course is slow and indefinite,
but attended by acute exacerbations, with very high temperature, which
may range to 106° I, The joints are painful, with intra-articular and extra-
articular swelling, IExaggerated deformities, with contractions and luxa-
tions are complications, unless prevented by mechanical appliances. The
process may continue indefinitely, and is rarely completely arrested. The
x-ray shows atrophic changes and diminution of joint space.



OSTEOCHONDRITIS OF HEAD OF SECOND METATARSAL 107

Treatment.—No treatment has P
the slightest effect on the pathological
process, the arrest of which, though
rare, is always spontaneous. A search
for mfected foci should be made and,
when found, eradicated, 1f possible.
During the active stage, the joints
should be maintained in the most use-
ful position by apparatus; however,
this 1s not always feasible, for the
condition of the patient may not
permit.

After the process has been ar-
rested, a correction or partial correc-
tion can be made of the deformities by
complicated appliances, which make
gradual pressure in the desired direc-
tion. Also, operative procedures, as
osteotomies, tenotomies, etc., are of
material value. By these measures,
chair- or bed-ridden individuals may
be enabled to walk with or without
crutches, and by vocational training
earn their own livelihood.

OSTEOCHONDRITIS
G : Bk Fic. 78.—PHoOTOGRAMH OF ARTHRITIS DE-
Osteochondritis, epiphysitis, ep- FORMANS  AFTER CORRECTION  OF
: ST L N e DeEForaiTIES, SHowiNG ABpLiTy 710
1|1h} seal strain, and irritation occur in iy el

numerous epiphyses of the skeleton.

Affections of the intra-articular epiphyses will be considered here; those
affecting the extra-articular epiphyses will be considered in the chapter on
Bones (p. 144). |

OSTEOCHONDRITIS OF HEAD OF SECOND
METATARSAL

(Kahler's Disease)

The lower epiphysis, or head of the second metatarsal bone, may show
atypical changes which are often called Kohler's disease of the second meta-
tarsal bone. However, as there is usually a definite history of trauma, as
stubbing the foot in running up steps or in playing tennis, Freiberg has
termed the condition, “infraction of the head of the second metatarsal
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bone.” The second metatarsal 1s nearly always injured, as it is longer
than the other metatarsals.

The local manifestations are pain, exquisite tenderness and definite en-
largement of the head of the second metatarsal. The x-ray shows flatten-
_ - ing of the head, proliferation of the
epiphysis, and free bodies within the
joint.

The treatment consists of elevation
of the anterior arch by simple felt pads
or special supports. If no relief is
obtained by these measures, the head
of the hone should be excised, and
excellent results may be secured.

COXA PLANA

The clinical entity recognized as
coxa plana was first described by Legg,
in 1910, and three years thereafter by
Perthes, of Prague: but for some
unaccountable reason, the observation
of Legg was passed unnoticed and the
affection has been more commonly
known as Perthes' disease, or osteo-
Fie 70— X FA¥ oF ChmiocmEia b chondritis deformans juvenmihis. The

Heap or Seconn MeTaTarsan, Smow-  ferm coxa iﬂ:m:l. Rugg_ft.-::tud by Jansen,

MG Tyrical Cokroka LIBERA IN THE . ; ? :

JorxT. 15 most convenient, if not appropriate,

as it conforms to the nomenclatnre of
certain alfections of the upper extremity of the femur. The affection occurs
during the middle years of childhood between the ages of five and ten, rarely
thereafter.

Coxa plana, as the name implies, is a flattening of the head of the femur,
the knowledge of which has been acquired largely from the roentgenogram,
as there has heen no mortality and no gross pathological specimen of an
entire joint. There are three well-known theories as to the etiology of this

condition namely: (1) traumatic; (2) congenital malformation; (3) in-
fectious.

Legg, who first described the condition as flat head of the femur, con-
cluded from the history of his cases that trauma was the causative agent.
Jansen and Delitalia have demonstrated a malformation of the peivis in
coxa plana which renders the articular surface irregular, so that weight is
not equally distributed as in the normal child. They believe this unequal

distribution of weight acts as an insidious or repeated cause of trauma, pro-



COXA PLANA 100

ducing flattening of the head and the characteristic changes. Freiberg !
considers the process to be an infection from a distant focus. Kidner *
and Phemister * have operated during the active stage of coxa plana and
tound dehinite low-grade inflammatory changes, Kidner isolated the
Staphylococcus albus in one case. Calvé helieves the condition to be of
rachitic origin, though no evidence is found in other bones to support
this theory. Coxa plana, in all probability, may be induced by any one
of the etiological factors above mentioned, as certain reactions in bones,
as has been demonstrated in joints, may be produced by different causative
agents,

B

Fic. 80—X-Ravy Series oF Coxa rLana, Smowixe Procressive Fratresisc axp Frac-
MENTATION oF Heap axp Broapexins or Neck oF FEMUR.

Symptoms.—There are no constitutional symptoms. The first appar-
ent abnormality is a shght limp. Pain, with rare exceptions, 1s very slight
and referred to the anterior aspect of the thigh or knee. The trochanter
becomes gradually more prominent, and slight adduction may develop, but
there is rarely gross malformation. At the onset, motion is limited chiefly
in abduction and internal rotation, but as the process advances, partial limi-
tation is observed in other directions. Mensuration at the onset may show
the limbs to be of equal length, but as destruction occurs, the affected limb
becomes about one-half inch shorter, rarely as much as one inch, with the
trochanter above Nélaton's line.  The process is evolutionary, requiring
about one year for the usual course.

' A. H. Freiberg, “The Evolution of Osteochondritis Deformans Juvenilis,” J. Awm. M.
Ass., 1016, 67 : 638,

*F. C. Kidner, “Perthes’ Disease,” Am. J. Orthop. Surg.. 1916, 14: 330.

1E. B. Phemister, “Operation for Epiphysitis of Head of Femur,” Arck. Swrg., 1921,
25 221.



110 LOW-GRADE JOINT AFFECTIONS

X-Ray Examination.—In the early stage, the x-ray shows that the head
of the femur is losing its normal globular shape and 1s shightly flattened, with
upward displacement of the head on the neck. Coincidently, irregularity
or proliferative changes in the acetabulum, resulting from mechanical irri-
tation, may be demonstrated. The dumension of the neck of the femur is
somewhat increased. After several months there is fragmentation of the
flattened head, which partially disappears, terminating in an irregular ar-
ticulation with impaired function, but never ankylosis.

Diagnosis.—The diagnosis is made by the local manifestations and the
characteristic roentgenograms. In early tuberculosis, observation for several
months may occasionally be necessary before differentiation can be made,
but when a tuberculous process is established, motion is definitely limited in
all directions, and the symptoms are more exaggerated. The erroneous
diagnosis of tuberculosis, when coxa plana exists, undoubtedly accounts for
many cures reported by physicians as well as by various cults. Also, as
coxa plana has been recognized only for a few years, the diagnosis of
tuberculosis must have previously prevailed and obviously renders all but
recent statistics of tuberculosis of the hip unreliable.

In psoas muscle irritation resulting from abscess or affections of the
spine, motion of the hip is chiefly limited in extension or hyperextension,
and there are often manifestations in the spine. A psoas abscess may often
he palpated above Poupart’s ligament. In coxa vara from epiphyseal sep-
aration, the symptoms are identical with coxa plana, but the occurrence is
at a more advanced age, about adolescence. Coxa vara of congenital rachitic
origin cannot be confused, as there are definite signs of rickets elsewhere
in the skeletal system ; in addition, the x-ray must be used for differentiation.

Prognosis.—Good function may result in untreated cases, but recovery,
with less impairment and a more normal joint, is accomplished hy efficient
treatment. The resulting irregularity of the joint may he conducive to
arthritic changes, though the individual may undoubtedly go through life
with little, if any, inconvenience.

Treatment.—As there is a possibility of infectious origin, a careful
search for possible foci should be made, though no effect on the local process
has ever been observed from the eradication of such foci. When the
process is unusually acute, recumbency with extension is advisable until
the symptoms disappear. At the onset, the child should be anesthetized and
the hip placed in extreme abduction and internal rotation, and so maintained
by a plaster cast for two or three months, after which a Bradford abduc-
tion splint is worn for ambulation. As the process recedes, a simple
Thomas knee splint, or caliper, is quite sufficient. Heliotherapy and the
Alpine light are also beneficial. As soon as the process has subsided, as
indicated by the x-ray, the apparatus should be gradually discarded. In
those observed very late in the process, no treatment may be required.
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COXA VARA

Coxa vara is a confusing term, as it is applied not only to the clinical
entity at present under discussion, which decreases the normal angle formed
between the neck and shaft of the femur; but also, when there is a decrease
in this angle from any other etiological factor, as fracture, rachitis, or a
destructive process. The normal angle between the neck and shaft in
children is about 160 degrees; in adolescents, about 140; and in adults, 130.
If below 115 degrees, the condition is abnormal and coxa vara exists,
When there is a lowered resistance at this point, there will obviously be a
tendency for the head of the femur to slip downward on the neck; this is
caused by the weight of the body being received on an oblique axis. An
inward deviation of the shaft is thus produced, and from this the nomen-
clature was derived, to conform to that of similar anomalies in other loca-
tions, as genu varum, etc.

Coxa vara, an epiphyseal separation of adolescence, only, 1s pertinent to
the subject under discussion, as a low-grade affection involving the upper
femoral epiphysis. This condition occurs between the ages of twelve and
eighteen, or until such time as the epiphysis is obliterated by solid bony
fusion between the neck and head of the femur. Endocrine disturbance 1s
so frequently associated as to be regarded as a predisposing cause, for coxa
vara is frequently observed about the age of puberty in large, fat, neuter
types with hypopituitrism and hypothyroidism. Latent rickets is also con-
sidered an etiological factor. Boys are more frequently affected, in the
proportion of about four boys to one girl, in the author’s series of twenty-
four cases. The process is more often unilateral, but may occur in both hips.
Coxa vara of adolescence is also observed in normal, healthy individuals.
Trauma is undoubtedly an active causative agent, and is usually definite or
severe in normal individuals, but may be slight and not apparent in the
neuter type. DBilateral coxa vara in the neuter type is hardly compatible
with trauma, unless we accept the fact that excessive weight may act, by
the force of gravity, on an area of decreased resistance. The observation of
a large number of cases at different stages indicates that trauma often causes
a partial separation, which may not be manifested by definite symptoms until
there 1s a material change in relation between the head and neck of the
femur induced by weight-hearing.

Pathology and X-Ray.—A proliferative and degenerative process is
apparent in the epiphysis, with definite separation; the head is displaced
downward in relation to the anatomical neck, which gradually decreases
until the angle becomes acute. Atrophic changes may occur in the head,
which may become broadened, flat or irregular—the so-called mushroom
head. The diameter of the neck from above downward is increased. The
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powerful external rotators and the natural gravity of the lower extremity
turn the limb outward, so that the neck becomes convex or bowed forward,
except rarely, when the opposite forces may be active and the limb may be
rotated inward with backward bowing of the neck. The roentgenological
manifestations are dehnite and characteristic, and cannot be confused with
other conditions.

Symptoms.— The symptoms of coxa vara are almost identical with
coxa plana. There are no constitutional manifestations. Local pain is re-

A B
Fis. 31-A—X-Ray Snaowing Coxa Fig. 81-B—5ame as TFicure 8Bi-A
vara wiTh Dowxwarn THSPLACE- AFTER CorrecTion By Maxiropa-
MENT 0F Heap ox Neck oF FEmur, TION, SHOWING NORMAL RELAaTiON

or Heap axn Neck oF Fesmur.

ferred to the thigh or knee; atrophy and muscular spasm are slight at the
onset. Motion at the onset is limited chiefly in abduction and internal ro-
tation. This is mechanical, as the greater trochanter impinges on the dorsum
of the ilium when abduction 15 attempted, and the anterior convexity of the
neck on the rim of the acetabulum when rotated inward. The limb is held
in external rotation so that the toes turn outward. The trochanter is
promment and above Nélaton's line, with commensurate shortening of the
limb. The limp is one of shortening, no effort being made for protection,
as pain is slight, except after excessive exercise. In the bilateral form, there
1s a peculiar waddle with out-toeing, which is eharacteristic. If the process
is not arrested, the neck may bend to an acute angle with extreme adduction



COXA VARA 113

deformity and blocking of the hip-joint. The duration of the process varies
from six months to two years.

Diagnosis.—The diagnosis is easily made by the symptoms and joint
manifestations, and confirmed by the x-ray. In coxa plana, the age of
occurrence is different, as are also the roentgenological findings, In tuber-
culosis of the hip, motion 1s limited in all directions, while in coxa vara, at
the onset, it is limited chiefly in abduction and internal rotation. In tuber-
culosis, atrophy of the limb and all symptoms are more exaggerated, and
the roentgenogram shows slight, if any, changes at the onset. In coxa
rara, the characteristic process is detected early by the roentgenological ex-
amination, and the process is demonstrated to be more rapid. In psoas
contracture, motion is limited chiefly in extension. In congenital disloca-
tion of the hip, the limp is elastic with excursion of the trochanter upward,
and movement 1s free in all directions. Hip manifestations in the neuter
type of fat boys are usunally due to coxa vara.

Prognosis.—Regardless of the efficiency of the treatment, there may he
appreciable shortening and impairment of function. Whenever an epiphysis
is injured or becomes the seat of any pathological process, growth may be
arrested or impaired. However, a good functional limh should be obtained
with either no limp or a very slight limp. In those untreated or inefficiently
treated, there may be extensive shortening with deformity, impaired func-
tion and permanent disability. There is no mortality.

Treatment.—If deficiency is present in the endocrine glands, appro-
priate treatment is administered. Also, in the fat neuter type, reduction in
weight should be made by dietetic measures. When observed at the onset,
or before extensive structural changes occur, the patient should he placed
under deep anesthesia and the limb completely abducted and rotated inward;
slight force may be required. This position should be maintained by a
plaster cast from toes to nipple line. At the end of three months, the cast
should be removed, and if there is sufficient consolidation, the Bradford
abduction hip brace is applied, with stirrup extending below the foot in
order to prevent weight-bearing on the affected area. If the process is still
active when the cast is removed, a second cast is applied for two months,
but ambulation is allowed with crutches and an elevated shoe on the op-
posite foot. When the process is receding, gradual weight-bearing is per-
mitted by the Bradford abduction brace or the Thomas caliper brace. Ap-
paratus should not be discarded until there is consolidation,

In normal individuals with epiphyseal separation produced by definite
trauma, there may be rotation of the head within the acetabulum, so that
approximation is impossible ; open operation with complete and accurate ap-
proximation then becomes imperative. In those with endocrine disturbances,
and of the neuter type above described, open operation is not indicated
during the active process. After the process is arrested, if there is residual
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deformity, operative procedures should be employed. The operation con-
sists of an osteotomy of the femur at the level of the lesser trochanter,
and forcible abduction of the limb to about 45 degrees. and at the same
time, rotation inward to overcome fixed outward rotation. A plaster cast
1s applied until union 1s solid, when walking with or without a hrace is per-
mitted. After the operation, the x-ray may demonstrate a rather grotesque
appearance, but the angle is increased
or restored to normal and the func-
tional result is usually excellent. In
those with an angle of go degrees or
more, the normal angle can be com-
pletely or partially restored, with ma-
terial improvement in function and de-
crease in disability. In the event
extensive structural changes with
acute angulation have occurred, only
partial correction may be expected, but
anatomical alignment, with dehnite
improvement, can be obtained.

COXA VALGA

Coxa valga 15 considered here only
Lecause it is the opposite condition to
coxa vara. The angle of the neck is
increased and the femur elongated.
Coxa wvalga is caused by a lack of
Fic. 82—X-Rav Smowrxc Coxa vaca iy Weight-bearing, as after amputation

_ ANTERIOR L'OLIOMYELITIS, and infantile paralysis. The normal
been made by tarming down chins of bope  angle is induced by the weight of the
from the ilium to prevent paralytic sub-  hody, and the trabecule of bone are
luxation of hip. = i

arranged to give support on the
oblique axis. As age advances, this angle is decreased, so that in old age it
may be as low as 120 degrees. Coxa valga is not pathological, but is simply a
question of functional adaptation. There are no symptoms. The roentgeno-
gram shows the angle between the neck and shaft to be increased, and the
femur may form almost a straight line. The entire bone is smaller, with
structural atrophy from disuse. The only treatment is to increase weight-
bearing, which may require special apparatus.

OSTEOCHONDRITIS OF THE SPINE

The spine in children may be involved in a low-grade process with
definite destructive changes, which pursue a course similar to that of coxa
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plana or osteochondritis juvenilis of the hip. As no special term is applied,
for convenience of description this group will be called osteochondritis of
the spine.

Etiology.—The etiological factors, with the exception of the congenital
theory, are the same as in coxa plana: (1) traumatic; (2) infectious; (3)
rachitic.

Kummell's disease, or compression fracture, pursues approximately the
same clinical course, and in consequence, is considered in conjunction with
osteachondritis,

Pathology.—The pathology is demonstrated by the x-ray, which shows
that one or more vertebrie have been compressed and are more or less wedge-
shaped. If the compression 1s from above downward, the abnormal con-
tour may be apparent only on side view, and if the compression is lateral,
only on anteroposterior view. The dimension of the intervertebral space
is diminished. The process is spontaneously arrested, with more or less
permanent irregularity of the affected vertebra, or there may be an almost
complete regeneration, so that abnormality may not be detected by the
X-ray.

Symptoms and Clinical Course.—The cnset and subsequent clinical
course are slow and indefinite. A history of acute trauma cecurring several
weeks previously is often obtained. Pain and muscular spasm are present,
but in a milder degree than is observed in frank imflammatory affections of
the spine. The first manifestation may be a beginning kyphos, evidenced by
a prominent spinous process.

Diagnosis.—The diagnosis is made by the mild symptoms and the
roentgenogram. In the past, this affection has been almost universaily
treated as tuberculosis, or Pott’s disease, which accounts for many of the
remarkable cures reported. In tuberculosis, the symptoms are more exag-
gerated. The x-ray usually demonstrates an inflammatory exudate sur-
rounding the affected region; also, disintegration is often more apparent.
However, the process as demonstrated by the x-ray in osteochondritis of the
spine and tuberculosis may so closely resemble that differentiation is impos-
sible for several months, ;

Prognosis.—Recovery is usually spontaneous. Deformity is rarely
severe, and if treatment is efficient, no abnormality may result, If wedging
of the vertebra persists, there will be a permanent mechanical defect. which
may induce static and postural deformities in later years, as round shoulders
and lateral curvature.

Treatment.—The same principles are involved as in the treatment of
tuberculosis of the spine. Apparatus appropriate to the region affected is
applied to secure fixation and prevent deformity. So soon as the symptoms
subside, which is usually from one to two vears, appliances are gradually
discarded. The patient must be carefully observed, especially through the
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period of puberty and until full growth is attained, so that static deformi-
ties may be arrested at the onset, should such complications arise.
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CHAPTER VIII
TRAUMATIC JOINT AFFECTIONS

TRAUMATIC ARTHRITIS

Trauma is considered a remote factor in many affections of bones and
joints in childhood, but the types to be discussed are those of undoubted
traumatic origin.

Traumatic arthritis may be: (1) acute, (2) subacute or chronic. Acute
traumatic arthritis, or sprain, will be first considered.

Acute Traumatic Arthritis.—Acute traumatic arthritis is caused by
direct or indirect violence, and is usually followed by immediate reaction
within the joint. A sprain is induced by indirect violence, in which there
is a wrenching, stretching or tearing of ligaments. The extent of reaction
depends entirely upon the degree of force and the resistance of the tissues.
In those with severe injury, the joint becomes distended with fluid, admixed
with more or less blood. Ligamentous displacements and ruptures, tears
of the muscles and tendons, and fractures, usually of small particles of bone
into or adjacent to the joint, are often associated. IExtensive fractures
may also be a complication, which renders the equation more complex and
not pertinent to the subject. Rarely, the reaction in the joint may not occur
for a week or more after the injury; such delayved reactions are probably
due to trauma which affects the cartilage only, as it 1s an inert substance
which may require several days for vascularization or innervation. The
symptoms of pain, swelling, with obliteration of bony prominences, and
fluctuation from joint distention are well known and require no descrip-
tion. The diagnosis is self-evident and the prognosis excellent, though
serious comphcations may follow in those improperly treated.

An x-ray examination should always be made, which will demonstrate
only distention of the capsule of the joint when uncomplicated. However,
excessive swelling of the soft parts often obscures slight luxations and frac-
tures, which might result in permanent disability unless discovered. The
roentgenogram alone is dependable, the fluoroscope being unreliable near
joints, especially in children in whom a large amount of cartilage is found.

T'reatment.—The treatment will be considered in the joints, which are
more frequently subjected to trauma.

The Ankle.—The manifestations of a sprained ankle are well known.
There is only one treatment—the Gibney adhesive dressing.!

*Virgil P. Gibney, “Sprained Ankle,” New York M. J., 1805, 61.
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The child reclines on a table or sits on a chair with the knee flexed,
relaxing the heel cord. [f hair is present, the limb should be shaved to the
knee. Strips of Z0O adhesive plaster of sufficient length, and from one to
one and one-half inches in width, are used. The foot is held at a right
angle to the leg with slight inversion. In order to obtain efficient fixation,
care must be exercised to avoid the constant tendency to involuntary plantar
flexion. The first strip of adhesive plaster begins on the outer aspect of
the leg about at the junction of the middle and upper thirds, is passed down-
ward under the arch of the foot in line with the outer malleolus, and then
across the sole of the foot, making firm traction and
pressure.  When the inner border of the foot is
reached, the adhesive strip is passed over the internal
malleolus and to the inner aspect of the leg, termi-
nating above, opposite the beginning of the strip on

the outer side. As the inner portion is attached, a e
firm upward pull is made, thus forming a stirrup with I
definite upward traction. A second strip is placed at r

right angle to the first strip, beginning on the outer
aspect of the dorsum of the foot, passing behind the

: : . i R 1
heel and terminating on the inner aspect, thus making
a forward pull or push on the heel. The third strip
is applied similarly to the first strip, but posterior
3 e - 3 3 . 0 1
to it. The fourth strip begins on the outer aspect
of the dorsum of the foot just wlnw the second strip, e
passes behind the heel, terminating on the inner aspect. S
In this manner, alternating strips about the leg and
- Faes ", Sl R e Fic. 84— Drawixg
foot enclose the entire ;lec._Lth]}t a ‘:'-:mall area on G MerEo
the anterior aspect. Small circular strips are placed or  AreLving Gis-
: : NEY STRAPPING FOR
about the whole, but without pressure, i order to e Ty

retain the dressing.

The Gibney method of strapping should be applied as soon as possible
after injury, to prevent swelling. Walking is not only permitted, but
should be enforced, and can usually be accomplished without pain. Two or
three dressings at weekly intervals are usually sufficient.

The Knee.—Slight injuries may require only strapping and bandaging,
with careful observation for a few days. In severe injuries, with excessive
fluid and increased tension, the joint should be aspirated, after which a firm
compression bandage is applied. If there is a re-accumulation of fluid,
which is rare, the same measure should be repeated. A plaster cast from
the ankle to the groin, or a posterior gutter splint may be applied. As
soon as the acute symptoms subside, walking 1s permitted, but fixation
should be continued for at least three weeks, and sometimes for a longer
period. In the knee, such complications as displacement of cartilage, tear
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of ligaments, etc., are not infrequent, but their harmful effect can be
prevented in a large percentage by sufficient and efficient treatment. Physio-
therapy should be employed in children when available and practicable, but
is rarely essential to recovery.
e The Hip.—Slight injuries involv-
3 g4 ing the hip-joint should not be lightly
4 dismissed. The child should be kept in
=] lLed so long as there is limitation of
motion by muscular spasm, as very
serious affections may be induced by
trauma, which might he prevented. No
walking should be permitted until the
limp has disappeared. In those with
acute symptoms and synovitis, evi-
denced by pain, muscular spasin, etc., a
Buck’s extension apparatus should be
applied until the joint is approximately
normal, which may require from one to
three weeks. Ixcept in very slight in-
juries, the child should be kept under

olservation for at least one month. TIf
such measures were instituted in every
instance, many children would be pre-
vented from becoming permanently
crippled.

The Sacro-iliac Joint.—Symptoms
referable to the sacro-iliac joint cannot
always be dissociated from those of
the lumbosacral articulation. Trauma
of this region is comparatively rare in
childhood. ILater in life the sacro-iliac

joint 1s so frequently the seat of injury
Fic. 85—Drawixg SHOWING STRAPPING
oF Kxee witn ApHesive PLASTER, 3 :
JaskET-WEAVE METHOD, agents, which are attributed to trauma,

that brief mention should be made.
Trauma, infection, or irritation in this region from any cause may

irritation from various indefinite

induce a symptom complex which is fully deseribed on page 122.

X-Ray.—The =x-ray in sacro-ithac strain usually shows no abnor-
mality in relation to joint surfaces or osseous structure. Occasionally
an elongated and bifid transverse process of the fifth lumbar vertebra is
present and is supposed to have some leverage action by pressing on
the sacrum, thereby predisposing to injury. This, however, is purely
theoretical.



TRAUMATIC ARTHRITIS 121

Diagnosis—Differential diagnosis is made by various clinical and
laboratory tests. A history of definite trauma is obtained in traumatic
arthritis, or sacro-iliac strain.

T'reatment—I1f the symptoms are slight, strapping, followed by a
simple belt, is applied (described in Chapter 11), compressing the sacro-

Fig, 86 —X-Ray Smowixne Exvarcen Trawnsverse Process o Frrre Lusearn VERTERRA.

iliac joint: or if severe, the patient may be placed on a Bradford frame
with extension to both lower extremities until the contour of the spine is
normal. Also, under anesthesia, the hip with the knee extended may be
forcibly hyperflexed and then retained in the anatomical position (in a
straight line with the body and slightly abducted) by a plaster cast
closely conforming to the iliac crests and extending from the nipple line
to the knee on the affected side. The cast is removed in three weeks. The
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modus operandi of this maneuver is forcible traction by the hamstrings
on the innominate bone, hoping that an obscure luxation in the sacro-iliac
joint or elsewhere will be reduced, but just what happens eannot be explained
by the roentgenogram or otherwise. Consequently, this procedure is purely
empirical. After either extension or fixation in plaster, a spinal brace with
sacro-iliac attachment or simple sacro-iliac belt is applied. Apparatus is dis-
carded at the end of three or six months, when symptoms have usually
subsided.

Sciatic Scoliosis.—In affections of the sacro-iliac joint, the patient may
assume unconsciously a position of scoliosis, which is characteristic of the
condition. This is known as sciatic scoliosis.  The lumbar lordosis is
decreased ; the lumbar spine is curved, usually in the opposite direction, in an
effort to relieve the pain. There is spasm of the spinal muscles and limited
motion of the spine in all directions. There may be tenderness over the
sacro-iliac joint or sciatic nerve and pain referred down the back of the
thigh to the calf.

The treatment is similar to that for arthritis of the sacro-iliac joint,

Acute Traumatic Spondylitis.—Definite symptoms of pain and mus-
cular rigidity may be observed in any region of the spine as the result of
trauma, but the cervical and lumbar spine is more frequently injured.
There may be a similarity to early tuberculosis of the spine, which may
require several weeks for differentiation. The x-ray shows no abnormal-
ities, but should always be made when symptoms are first observed, as frac-
tures or luxations may complicate. Six weeks after any severe injury of
the spine, a second roentgenogram should be made, as fractures which can-
not be demonstrated at the time of the accident may be apparent later.
Compression of the spinal cord resulting from fracture is exceedingly rare
in children, due possibly to the greater elasticity of the tissues than is
observed in the adult spine.

Treatment.—Mechanical measures, appropriate to the region affected,
are applied. In the cervical spine, head traction is beneficial, usually reliev-
ing symptoms within a few hours, but must be continued until muscular
spasm has completely disappeared. In other portions of the spine, recum-
bency in bed or on a Bradford frame may be indicated. Rarely, a plaster
cast or brace may be necessary for several weeks or months. The prognosis
in spinal injuries must be guarded, but with efficient early treatment,
recovery is practically assured.

The Elbow.—The elbow is frequently traumatized without incident
fracture, and is peculiarly resistant to treatment. Limitation of motion
may persist for several weeks and is especially noticeable in extension.
A strip of periosteum may be displaced within the brachialis anticus muscle
with callous formation, inducing so-called myositis ossificans, which may
permanently block joint motion,
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Treatment.—DPhysiotherapy or simple massage 1s indicated, but spon-
taneous recovery may be expected mn time.  In those in whom myositis ossifi-
cans mechanically obstructs motion, absorption may occur with restoration
of normal function. Execision of the bony mass is indicated after organiza-
tion into sohid bone occurs, but not before, as recurrence may be expected.

SUBACUTE TRAUMATIC ARTHRITIS

Long-continued impairment of a joint may result from severe or re-
peated trauma, or from a slow-acting trauma, as unequal distribution of
weight, faulty weight-bearing, or overuse, as in certain vocations.

Subacute or chronic traumatic arthritis may be manifested as a persistent
serous synovitis, or there may be proliferative changes of the soft structures
within the joint, which cannot be differentiated from a low-grade infectious
arthritis, as joints react in the same manner to different etiological factors.
Any joint may be so affected, but the knee 1s more susceptible to such
reactions from injury, and will therefore be considered in detail.

The Knee.—Trauma may cause mechanical derangements within the
knee-joint, inducing characteristic manifestations, which are as follows:

1. The semilunar cartilages may be torn loose from their attachment
and displaced, the internal being more frequently deranged. Only a portion
of the cartilage is detached at its circumference. The cartilage may be
caught between the articular surfaces of the internal condyle of the femur
and the internal tuberosity of the tibia. Sudden pain is experienced, and
the joint cannot be fully extended until the cartilage is disengaged. An
acute arthritis, evidenced by effusion, follows, and there is tenderness over
the upper internal margin of the tuberosity of the tibia. Attacks may be of
frequent occurrence, and may induce permanent organic changes within
the entire joint. Displacement or derangement of the internal cartilage is
observed rarely until late childhood. Symptoms of external derangement
are the same, but on the outer aspect of the joint. The diagnosis is made
by the symptoms alone, as the x-ray shows no abnormality, there being no
break in continuity of bone or change in contour of joint space. The
treatment should be conservative after the first attack, by simple fixation
for several weeks, when the cartilage may re-attach or adhere in a harmless
position. Should there he repeated displacements, an incision is made into
the joint and the anterior two-thirds of the cartilage removed, as the pos-
terior portion can cause no injury and is inaccessible. Recovery should be
complete, as the absence of semilunar cartilage has no appreciable effect
thereafter. Ilowever, when the loose cartilage has existed for a long
period of time, more or less proliferative arthritis may persist, but even
when this has occurred, excision of cartilage may give material relief.

2. Anomalies of the external semilunar cartilage. As a result of
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Fic. 82 —X-Ray or OSTEOCHONDRITIS DISSECANS, SHowinGg TRIANGULAR AREA oF Ragre-
FacTion o3 Mepiar ConpyLE ofF FEMUR SURROUNMING SMALL AREA oF [NCREASED
DeExsiTy; ArTicULAR CARTILAGE STILL INTACT.
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trauma, the external semilunar cartilage may become hypertrophic, causing
a loud snap or chek, the location of which may bhe detected with the stetho-
scope. A dull ache is usually associated, and if severe, treatment may be
requested. If relief is not obtained by fixation, excision of the cartilage is
indicated. Cysts of the external semilunar cartilage occur more often in
childhood than is commonly supposed, and are probably the result of trauma.
They appear as a small globular mass which is palpable on the external
aspect. On aspiration of the tumor, a viscous or clear gelatinous fluid is
found. If withdrawal of the fluid does not give relief, excision of the
cyst with the entire external semilunar cartilage is indicated.

3. Rupture of ligaments may cause false motion in the joint and permit
slight rotary displacements, with pain and effusion. This condition, how-
ever, 1s exceedingly rare in children.

4. Loose bodies may be found as a result of trauma to the articular
cartilages. A small portion of cartilage breaks off into the joint, or a small
mass of cartilage with adherent bone may be crushed and later exfoliated.
The latter type is also called osteochondritis dissecans. Loose bodies may
also be derived from an extensive proliferation of the synovia and the
formation of teatlike processes, which undergo metamorphosis into cartilage
and bone. These processes may become free bodies within the joint cavity.
This condition is known as osteochondromatosis. loose bodies within the
joint may be impinged between the articular surfaces, causing pain and
effusion. The same symptoms may also be produced by the impingement
of large synovial villi. Loose bodies can usually be detected by the roent-
genogram and, if causing symptoms, should be removed.

BLOOD DYSCRASIAS

As a result of deficiencies in the blood, coagulation may be delayed.
Hemorrhage may oceur spontaneously into a joint or following a slight
injury. This condition may be induced by some toxin, but is more often
due to a congenital deficiency of the blood known as hemophilia. The
joint becomes distended suddenly and there is pain with fever. After the
subsidence of symptoms, there may be adhesions within the joint, and
deformity. The prognosis and constitutional treatment is that of hemo-
philia. The local treatment is conservative, with fixation. Operative
measures are obviously contra-indicated.

NEOPLASMS

Neoplasms affecting joints may be classed as: (1) benign, (2) recurrent,
(3) malignant. With rare exceptions, they do not arise primarily within
the joints in children, Therefore, a discussion of bone tumors will appear
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in the chapter on affections of bones, to which reference may be made
(p. 1g2). Joints are often invaded by a new growth from without, which
causes an extensive destructive or proliferative process with local manifesta-
tions and symptoms of arthritis. However, an osseous tumor often becomes
first apparent from symptoms in an adjacent joint. Clinically, therefore,
they present a definite class requiring special consideration for the purpose
of differentiation from other joint lesions.

Benign Tumors.— Benign tumors primarily arising in joints, as lipoma,
fibroma, xanthoma, etc., are so infrequent in children as to be negligible.
Osteoma or osteochondroma adjacent to joints may interfere with muscle
play or induce bursa formation, and thus interfere indirectly with function.
The joints may show evidence of irritation with pain, tenderness and
effusion. As giant-cell tumors are always observed near the articulation,
an arthritis may be induced, or an invasion of the joint, with massive
destruction and deformity, may occur.

Recurrent Tumors.—Recurrent neoplasms are tumors that recur locally
after removal, but do not metastasize. These are usually fibroma or
chondroma. However, the line of distinction is often so fine between the
recurrent and malignant types that the prognosis must be guarded. Recur-
rent neoplasms rarely occur in bones or joints in children. Their action
1s usually mechanical, as in benign tumors. The treatment is complete
extirpation with cauterization, but after repeated occurrence, amputation
may be necessary. Radium and x-ray therapy are also indicated.

Malignant Tumors.—Malignant tumors often arise in the extremities
of bones adjacent to the joints; hence, invasion by continuity is frequent,
but rare from metastasis. The symptoms and joint manifestations are not
constant ; but when the tumor is established, there 1s usually intense throb-
bing pain, and the joint is held in the flexed position. In incipiency, motion
15 shghtly limited, but as the invasion advances, no movement may be
possible on account of pain. There is often mottling of the skin, due to the
instinctive application of heat by the patient. In the country, children with
hone tumors soon discover that sitting near the open fire decreases the local
pain to some extent. Increased local heat is often present from an associated
destructive arthritis. The superficial veins are distended. On palpation,
there is definite hypertrophy of the extremity of the bone involved, and
evidence of increased intra-osseous tension, which is demonstrated by intense
pain on deep and continuous pressure, which may cause the child to scream
with agony.

A new growth or neoplasm can usually be differentiated by the x-ray,
but differentiation as to the degree of malignancy or type cannot always be
made.

The diagnosis is usually made by the local manifestations and the x-ray.
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However, a biopsy and microscopical examination of an excised specimen
may be indicated. As only one joint is involved, with rare exceptions, the
erroneous diagnosis of tuberculosis is often made.

The prognosis and treatment will be discussed under bone tumors.



CHAPTER 1

AFFECTIONS OF THE BONES

ACUTE INFECTIONS

Acute pyogenic infection of bone is analogous to acute infectious ar-
thritis, and 1s known as acute infectious osteomyelitis, which signifies an
inflammatory process involving the central canal and the osseous structure.
Acute periostitis denotes an inflammatory process confined to the periosteum,
but is of such rare occurrence as to he dismissed with mere mention. Al
prefixes will be omitted and the term “osteomyelitis™ will be employed in this
discussion for convenience in description, to signify an inflammatory process
induced by the invasion of pyogenic organisms alone; though in the literal
meaning, an inflammatory process in bone from any cause is osteomyelitis.
The staphylococeus and streptococcus are usually the causative agents of
infection, and are derived from distant foci, as the tonsils, ears, furuncle
of the skin, paronychia, etc., and conveyed to the bone by the blood stream.
Osteomyelitis may also be caused by direct infection from without, as in
cunshot wounds and compound fractures; but such cases present very
different surgical problems.

Etiology.—Osteomyelitis is of more frequent occurrence than any other
destructive process in bone and is more prevalent during the period of
osseous growth. Trauma, by decreasing local resistance, is often a predis-
posing agent, Boys are affected more frequently than girls. Any part of
the skeleton may be the seat of osteomyelitis, but the infection more often
lodges in a long bone adjacent to the epiphyseal cartilage, which usually
acts as a defending wall, preventing entrance into the joint. The bones
affected in the order of frequency of occurrence, in the author’s series of over
five hundred cases, are as follows: tibia, femur, humerus, radius.

Pathology.—Osteomyelitis may be local or diffuse; if local, the process
is confined more often to one bone, but may extend through the epiphysis
and joint cavity into adjacent bones. Diffuse osteomyelitis is the dissemina-
tion of the infection into many bones. The infection begins more often in
the central canal, near the epiphysis, inducing an intense hyperemia, which
15 followed by pus encased within the bone under great tension. After
several days, the pus may be forced through the haversian system and
separate the periosteum from the bone as an abscess. The periosteum in
turn may be ruptured with an extravasation of pus into the surrounding
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tissues. Bome 1s either slow to reaction from irritation, or the local reaction
may not be apparent in the roentgenogram for a considerable time. The
mner surface of the periosteum proliferates with the formation of callus
surrounding the original bone in the affected region. This new hone
gradually solidifies into a cylinder of dense, hard, eburnated bone known as
the “ivolucrum,” through which irregular fenestra are made by the flow
of the purulent discharge from within. Coincidently with the evolution of
the involucrum, the original bone dies en masse or n disseminated areas,
and 15 known as “sequestrum.” The

seqquestra become gradually detached
from the living bone, remaining loose
within the involucrum, surrounded
by pus, necrotic detritus and atrophic
hving hone. The entire process re-
quires from three to six months for
development, after which it remains
e statu quo with purulent discharge
flowing through the fenestra in the
involucrum to the surface. This
condition may persist throughout
life, or after months or yvears, seques-
tra may be extruded, with closure of
the sinuses. In rare instances, se-

questra may be encapsulated by
healthy granulation tissue, with clo- A B

sure of sinuses: however, retained Fig. 88 —PHOTOGRAPHS OF SEOUESTRUM
Removen AT OPERATION FROM CHRONIC

sequesira are prong Lo hecome active OSTEOM YELITIS OF TIRIA

at any time. The soft tissues sur-
rounding the infected bone are involved in the inflammatory process, which
is followed by cicatrices which cause the skin to adhere in the bone.

Symptoms and Local Manifestations.—The symptoms and clinical
course of osteomyelitis may be divided into three stages: (1) acute; (2)
subacute or chronic; (3) stage of residual impairment.

Acute Stage.—The acute stage begins with sudden onset, often with
chill or convulsion. The temperature is high, ranging from 103° F. to
106° IF., except in those with attenuated infections, which are exceedingly
uncommon. The pulse rate is rapid and there may be stupor or delirium
with the facies of an intense sepsis. Pain is typical of intra-osseous pres-
suire—intense, constant, throbbing and boring in character. Slight, if any,
swelling is observed until the purulent exudate reaches the periosteum,
when there is swelling of the soit parts. The blood shows a high leukocy-
tosis and marked increase in polynuclear leukocytes. In from three to seven
days there is definite swelling and the constitutional symptoms may decrease



130 AFFECTIONS OF THE BONLES

if death has not ensued from sepsis, As the process advances, there 1s
cellulitis with abscess in the soft tissues, which may be evacuated through the
skin. The duration of the acute stage is from four to six weeks or may be
continued indefinitely. The constitutional symptoms subside simultaneously
with the evacuation of pus, and the subacute or chronic stage is reached.
Subacute and Chronic Stage—During this stage, the general condition
improves, but one or more sinuses at various points continue to drain. On
palpation, there is induration of the soft parts and hypertrophy of bone.

Fig. 8g.—X-Ray or Acure OsteoMvyeLiTis oF Lerr FEmur, Earny Stare, SnowinGg VERY
SLIGHT STEUCTURAL CHANGE.

Stage of Residual Impairment.—"The stage of residual impairment is a
permanent status and is observed after the sinuses have healed. On palpa-
tion, the hone is usually hypertrophic, being often twice the normal size.
The skin may be adherent over a large area, especially when such super-
ficial bones as the tibia are involved. Pain is often experienced in cold
weather or after fatigue, though the individual may not be seriously inca-
pacitated unless contractures of the soft parts, or destruction of bone and
joints have induced deformity or arrested function. Acute exacerbations
may occur from trauma or spontaneously in after years,

X-Ray—At the time of the onset and often as long as three weeks
thereafter, there may be no apparent reaction in the bone that can be
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demonstrated by the x-rayv; consequently, the x-ray is of diagnostic value
only in the early stage in excluding other pathological processes. The
first manifestation, proliferation of the periosteum about the infected area,
1s observed from one to four weeks after the onset. Subsequently, extensive
destruction with atrophy of osseous structure is apperent, Sequestra or
dead bone retain the same density as at the time of death, and consequently
stand out in marked contrast to the surrounding atrophic bone. As the
process advances, the dense involucrum of the chronic stage is observed

Fic. go.—S5aME as Ficure 89, Four WEEks Later, SHowine EXTEXSIVE PROLIFERATION
AND DESTRUCTION.

surrounding necrotic and atrophic bone and sequestra. Massive hyper-
trophy, and often cavities within, are seen at this stage.- The bone may
hecome so dense and hypertrophic that active processes, sequestra or cavities
are obscured.

Diagnosis.—The correct diagnosis at the onset, though essential to the
conservation of bone and often to life, is seldom made., In every case,
however, an early diagnosis can be made by the observation of the following
symptoms and local manifestations : sudden onset, high fever, more or less
general sepsis, high leukocytosis, pain without swelling, pain of intra-
osseous tension, which is intense and boring, and increased on deep, firm,
continuous pressure. The suspected area is palpated, and after locating the
tender points, the index finger is used to make deep, firm pressure. If there
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is osteomyelitis or intra-osseous pressure from any cause, intense pain will
be experienced and the child will scream with agony. The roentgenogram
at the onset 1s of no diagnostic value.

The diagnosis in the chronic stage and the stage of residual impairment
can be made by the history, the local manifestations and the x-ray, any one
of which is pathognomonic. In spite of the well-known manifestations
of chronic osteomyelitis, the erroneous diagnosis of tuberculosis is made
almost universally, This common mistake could be avoided if it were
known that tuberculosis and osteomyelitis begin near the end of the bone,
but tuberculosis almost invariably travels in the direction of the joint which
it invades, while osteomyelitis travels in the opposite direction down the
shaft. When osteomyelitis invades a joint, the shaft is also mvolved in a
hypertrophic process, whereas, in tuberculosis, there is atrophy and the area
of destruction 1s confined to the vicinity of the joint and does not involve the
shaft or bone for an appreciable distance. The onset, clinical course and
roentgenological manifestations of osteomyelitis and tuberculosis are also
obviously different. In tuberculosis of bone with secondary purulent infec-
tion, the differentiation is more difficult, but can be distinguished by the
history of a low-grade infection prior to acute symptoms,

Prognosis.—In the acute stage of osteomyelitis in the extremities, the
prognosis as to life and osseous destruction depends entirely upon the diag-
nostic acumen of the attending physician and the immediate relief of intra-
osseous tension by drainage of the affected area. In virulent infections,
death may ensue from sepsis, regardless of treatment, but in a high per-
centage recovery and restoration to normal may be expected if the proper
procedures are efhciently carried out. The prognosis 1s also influenced by
the location of the process. Virulent infections with extensive involvement
of the spinal vertebrae are usually fatal.

In the chronic stage, there is no affection in which the results depend
more upon efficient procedures. In certain inaccessible locations, as the
lower extremity of the femur and the pelvis, where extraction of sequestra
with efficient drainage is often impossible, the process may continue indefi-
nitely. If sequestra and necrotic detritus are removed, and sufficient drain-
age established, complete healing may be expected.

The stage of residual impairment should never be reached, as immediate
drainage in the acute stage is followed by restoration to normal. However,
as this is rarely accomplished, there is extensive destruction in a high
percentage, and replacement is effected by dense eburnated bone with
deficient blood supply.  In consequence, symptoms of pain in cold weather
or after fatigue may persist throughout the life of the individual. The
younger the child affected with osteomyelitis, the nearer normal in structure
will be the substituted bone. Abscesses or local relighting, with or without
trauma, may occur many vears after the original infection, but if there
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are no retained sequestra or large cavities, the process usually subsides after
a short course. Therefore, there is no method by which a permanent cure
can be determined, though in a large percentage there is no recurrence.

Treatment.—In the acute stage, surgical interference is imperative
at the onset, but obviously cannot be carried out unless the diagnosis is
made. The test for intra-osseous pressure, above deseribed, localizes the
point of greatest activity of the infection. An incision is made over this
point, down to and through the periosteum, which is peeled away from
the bone.  With a drill, two or more holes are made into the central canal.
One drill hole will not suffice, as the principle of siphonage is involved. A
small trapdoor may be made with mallet and chisel, instead of the drill
holes. Hospital facilities and expert surgical aid should be obtained, when
available, within a few hours; otherwise the operation should be performed
by the physician in charge. Drainage of the affected area can be accom-
plished with an ordinary gimlet or drill of any kind. A small wire nail
and hammer can be employed if too much force is not used. After drain-
age, the child can be transferred safely to the nearest hospital for further
treatment, if necessary. The most common error is to make too shallow
an incision and fail to reach the periosteum.

Deformity should be prevented when the process is in the vicinity of a
joint, or when there is the slightest evidence of muscle contracture, by
applying apparatus to retain the affected part in the most useful position.
Apparatus should be continued until the inflammatory process subsides,
and should be re-applied at the slightest sign of recurrence of deformity or
malposition.

In the subacute or chronic stage, sequestra, when apparent, should be
extracted, necrotic detritus removed, and cavities obliterated. When there
are draining sinuses, but no large sequestra, a course of watchful waiting
may often be rewarded by the best results. There 1s no condition requiring
more skill and experience than chronic osteomyelitis. The frequent error
is made of adding insult to injury by repeated curettage, when sufficient time
alone would effect a cure and conserve tissue.

In the stage of residual impairment, correction of deformities by appara-
tus or operative measures is indicated. Slight pain in cold weather and after
fatigue requires no treatment except rest. When there is intense, throbbing
pain an attenuated infection is often present within a bony cavity, which
may require considerable skill to locate. Frequently, cavities whose con-
tents are filled with infectious material or dense fibrous tissue may remain
quiescent for a lifetime. Consequently, great difficulty may be encountered
in distinguishing a latent from an active process.

[.arge areas of scar tissue adherent to bone predispose to frequent super-
ficial infections and ulcerations after slight trauma, and therefore should he
excised and the bone covered by plastic procedure with freely movable soft
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tissues and skin. Adhesion of skin to bone is more prevalent in the tibia,
which is obviously more susceptible to injury.

Osteomyelitis by direct infection, as in compound fractures and gunshot
wounds, does not present the symptoms of intra-osseous pressure observed
in primary infection, as the central canal is open. The treatment is efficient
drainage and débridement when necessary.

LOW-GRADE AFFECTIONS

Low-grade affections of bone, like those in joints, have a gradual and
insidious onset. The most common affections of the bones in this class are
tuberculosis, sclerosing osteomyelitis, and osteitis fibrosa cystica.

Tuberculosis.— Tuberculosis occurring in the shait of the bone is very
rare and is worthy of mention only because of the frequent erroneous
diagnosis of tuberculosis when osteomyelitis in reality exists,

Pathology.

The pathology is the same as in tuberculosis of the joints,
and has been described in that connection.

Symptoms.—The onset is slow and insidious. The process begins with
local pain, which may become intense and of a boring nature, with symp-
toms of intra-osseous pressure but rarely so severe as in acute infectious
osteomyelitis. Such pain may be present for months without swelling; in
fact, there is no swelling or induration until the process reaches the surface
of the bone, when there is a reaction on the part of the soft tissues. The
temperature may be normal or slightly elevated, usually ranging from gg° F,
to 100” I, in the evening.

XN-Ray—The x-ray shows destruction of bone with atrophy, and often a
large cavity forms in the center, which may remain encased within the bone
or break through to the surface and discharge tuberculous detritus into the
soft tissues.

Prognosis and Treatment—I1 treatment is instituted early, the prognosis
is favorable. When foci may be excised, operative measures should be
employed.  Since a local manifestation of tuberculosis indicates that the
patient is tuberculous, heliotherapy, when feasible, is indicated.

Syphilis.—Syphilis of the bones has been discussed in connection with
syphilis of the joints, to which reference may be made. In children, syphilis
of the bones, as of the joints, is congenital, and therefore is observed only
in the tertiary stage. Syphilis may involve any bone in the body, but the
tibia 1s affected most frequently. In luetic individuals, trauma has a
definite influence in inducing syphilitic manifestations in the bones. Syphilis
may be present in the fetus or at birth, or may occur at any time during
infancy or childhood. The manifestations of congenital and acquired
syphilis in the bones are practically the same.

Congenital syphilis of the bones manifests itself as follows: (1) osteo-
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chondritis; (2) periostitis or sclerosis: (3) osteomyelitis or destructive
process.

Osteochondritis—In infants, syphilis is manifested more frequently by
osteochondritis of the epiphyses, which may be apparent as an irregular
proliferation in one epiphysis, or in several epiphyses. The most frequent

A B

Fig. 93-A—=X-Ray o Syruiurmic PerostiTis oF Tieta, Swmowixne LoxciTupinar DEPD-
siTiox oF New Boxe ix Lavers, Anteroposterior ViEw,
Fic, 93-B.—SanmEe as Fioure 93-A, Lateral ViEw.,

locations are the lower femoral epiphysis, the upper and lower ends of the
tibia and fibula, and the epiphyses of the forearm.

Periosteal Stage or Periostitis—The onset is slow, characterized by pain
and gradual enlargement of the affected hone. On palpation, the enlarge-
ment can be detected, and there is increased tenderness on pressure,

The pathology is demonstrated by the x-ray, which shows a definite
periosteal proliferation. In congenital syphilis, definite strata of new hone
may he observed, which is not so apparent in acquired syphilis. Small
areas of destruction may be associated, but proliferation of the periosteum,
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or sclerosis, predominates. IFrom observation, the periosteal stage is possibly
the precursor of destructive changes, or is the early stage of bone syphilis.
Osteomyelitis or Destructive Stage—In the osteomyelitic or destructive
stage, there is usually a history of long-continued enlargement of bone.
Pain may be present but is not so severe as in the periosteal stage, as intra-
OS50S pressure 15 relieved |r_]. the necrotic Process r]T{.;LI-..ll'I;_: l_|11n1|;__=:]'| the
cortex. On palpation, there is massive enlargement of the bone, with

-l
s

FiG. g4.—X- Rn SHowING SyprriniTic OSTEOMYELITIS WITH PATHOLOGICAL SEPARATION OF
L'rrer FEMmorar Erirmysis.

tenderness; fluctuating areas may be detected and open sinuses may be
present.

The pathology is demonstrated by the x-ray. There is massive enlarge-
ment of the bone in the affected area. Extensive necrosis is intermingled
with proliferation, and opaque areas suggest a spurious effort of nature to
reproduce new hone.  The process may invade an epiphysis, causing separa-
tion. Pus and necrotic detritus may accumulate in the soft tissues from
breaking through the bone. The x-ray shows very shght atrophy unless
dissolution in continuity has occurred. The visualization of bone syphilis,
as with roentgenoscopy in general, is a matter of intuitive judgment, which
is acquired only by experience,
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Diagnosis—The diagnosis of syphilis of the bones 1s suggested by the
x-ray alone in practically all cases, and is usually confirmed by the Wasser-
mann. Syphilitic bones do not present the same difficulties in diagnosis as
joints. If syphilis be suspected from the x-ray and the Wassermann is nega-
tive, therapeutic tests should be employed. Syphilis may be differentiated
from practically all other infections by the x-ray, the Wassermann, the
history of the case, and the stigmata of syphilis, when present. In congenital
syphilis, it 1s rarely possible to secure a history of primary infection in the
parents. Blood Wassermann should, of course, he made of both parents
when possible.

The sclerosing osteomyelitis of Garré very closely resembles syphilis of
the periosteal stage, but there is no similarity in the destructive stage. The
x-ray findings in syphilis demonstrate that the periosteal proliferation is
more pronounced on the convex surfaces, whereas, in the osteomyelitis of
Garré, the proliferation i1s distributed about the entire bone and the whole
mass forms a definite spindle. However, as the two processes so closely
resemble, therapeutic tests must often be given in order to differentiate,

Prognosis and Treatment.—DBefore dissolution of continuity occurs,
the prognosis is excellent with efficient antiluetic treatment, vigorously ad-
ministered. In those cases in which there has been separation of the
epiphyses, destruction of articular surfaces, or loss in continuity, permanent
impairment of function and deformity result.

Sclerosing Osteomyelitis of Garré.—Sclerosing osteomyelitis is a rare
affection described by Garré.! The cause is unknown, but is probably a
low-grade infection, or trauma may be a possible predisposing factor. This
affection has not been observed in very young children, but usually occurs
in late childhood, and is more frequently observed in boys than girls, It is
rarely bilateral, occurring more often in one bone. The shafts of the
hones, especially the tibia, are affected more frequently, the process being
found occasionally, however, in the cavernous bone of the extremities.

Pathologv.—"There is regular spindle-shaped hypertrophy of the affected
area involving the entire dimension of the bone with marked proliferation
and increase in thickness of the periosteum, without suppuration or fistulous
formation. The central canal is filled with low-grade inflammatory tissue;
no pus or sequestrum is present. Uleceration of the skin over the affected
area is rarely observed.

Svinptoms and Local Manifestations.—There may be a history of acute
onset, accompanied by elevation of temperature, swelling of the affected limb
and local pain of a dull aching character at the site of the bone lesion,
but the course is usually slow and insidious. There is a definite swelling over
the affected area in the subcutaneous bones, which, on palpation, is found to

Y(C, Garré, Einige seltene Erscheimungsformen der akuwten infectiozen Osteomyelitis,
1801,
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be hard, dense, and of smooth contour. Definite tenderness and intra-
osseous tension are evidenced by deep, firm pressure over the affected area.
Later in the process, ulceration of the skin may be observed in such sub-
cutaneous bones as the tibia,

X-Kay.—In the shafts of long bones, the x-ray demonstrates spindle-
shaped enlargement with increase in density, the surface of which is smooth
and regular. The central canal may not be apparent. In spongy bone,
the process is indicated by sclerosis, periosteal thickening and increased
density.

Diagnosis—The diagnosis is usually apparent from the symptoms and
local manifestations, but may closely resemble syphilitic periostitis, from
which differentiation can be made by the Wassermann and the x-ray. In
syphilis of the bones and joints, the Wassermann test is positive in 88 per
cent. In the destructive stage of syphilis, there is no resemblance. In
syphilitic periostitis, the new bone is formed in a more irregular manner
and often an area of destruction, though small, may be demonstrated.
The periosteal proliferation of syphilis is usually more exaggerated on the
convex surface, whereas, in sclerosing osteomyelitis, there is a spindle-
shaped enlargement of the entire bone about the area involved.

Prognosis.—The course 15 very mdefimte and may persist for years,
regardless of treatment, but usually terminates in spontaneous cessation of
symptoms, though the structure of the bones does not become normal, even
with surgical treatment, described below.

Treatment.—Deep x-ray therapy has been employed by the author, but
with no apparent improvement. On account of the close resemblance to
syphilitic periostitis, vigorous antisyphilitic measures have also been in-
stituted, but without relief of symptoms or change in bone structure, as
demonstrated by the x-ray. The only treatment which may have any
beneficial effect on the pathological process is surgical, though at times the
process is not arrested by such measures. Two methods are employed:
First, a wide incision is made over the affected area, down to the bone,
the periosteum elevated and numerous drill holes made through the cortex
into the central canal, after which the wound is closed in the routine manner,
The second method is a more radical procedure, which consists in removing
a portion of the cortex longitudinally over the affected area, cleaning out the
medulla, and closing the tissues and skin without drainage. Relief of pain
usually occurs immediately after the operation and is apparently due to the
removal of intra-osseous tension, but mayv recur when the cortex is closed
by new bone. In one patient, a boy of fourteen, with a bilateral sclerosing
osteomyelitis involving both tibiz, the one giving the more severe symptoms
was operated upon, while in the other no treatment was administered. The
same indefinite course was observed in both, recovery being accomplished
spontancously in about two years,
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Osteitis fibrosa cystica.—Osteitis fibrosa cystica, or bone cyst, is rather
a rare affection of bone occurring in children, usually from the age of four
years to adolescence. The cause is unknown, though as usual there 1s 2
theory of infection and trauma. The process may occur locally or may be
generalized; when general, it is associated with osteomalacia in rare in-

Fig, g6—X-Ray or OsTeErTis Fipgosa cvsTicA oF Upper Exp oF FEMUR, SHOWING Murm-
LocULAR CYsT WITHOUT Expaxsion oF BoNE CORTEX.
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stances. The most common site 1s the upper or lower extremity of the femur
and humerus.

Pathology.—There is a fibrous substitution of bone with gradual thin-
ning of the cortex, which may form one large cyst or multilocular cysts
separated by thin partitions of bones. This fibrous marrow consists of
fibrillar connective tissue with few nuclei, and is usually not vascular. In
places it becomes infiltrated with round-cells and appears similar to granula-
tion tissue.

Symptoms—There may be no local symptoms, or rarely a dull aching,.
The first manifestation is usually a fracture through the affected area by
some slight injury, or by less force than would ordinarily cause a fracture
in normal bone. In the generalized type, there may be extensive deformity,
and when associated with osteomalacia, permanent invalidism often occurs.

Dhiagnosis—The x-ray shows characteristic changes from which the
diagnosis is made. When the process is local, there may be a close resem-
blance to giant-cell tumor, often erroneously called sarcoma, which, in fact,
iz thought to be the same or a very closely related condition. However,
differentiation is unnecessary, as the treatment and clinical course are the
same. In osteitis fibrosa cystica, the x-ray shows a cyst within the bone and
thinning of the cortex. The cortex, however, is rarely expanded, whereas
in giant-cell tumor the cortex is usually expanded. Tuberculosis, osteomye-
lit1s and syphilis may be differentiated by the history, clinical manifestations
and x-ray.

Prognosis.—The prognosis is excellent when the affection is local and
may terminate in spontaneous recovery: when generalized, spontaneous
recovery usually occurs, but often with severe deformity which may seri-
ously impair function. When associated with osteomalacia, no improve-
ment is to be expected. Complicating fractures unite as readily as simple
fracture in normal bone: fractures through the affected area often have a
beneficial influence and may arrest the process.

Treatinent.—When the condition 1s local, conservatism should be em-
ploved unless the process is advanced. X-ray treatment may be beneficial.
With impending deformity or fracture, surgical procedures are indicated.
The operation consists of opening the bony cavity and crushing in the wall
so that small bony particles may partially fill the cavity. Particles of bone
should also be removed from normal bone adjacent to the cyst or from a
distant point, as the tibia, and placed into the cystic area. These particles
are multiple grafts, capable of osteogenesis, or bone production, and may

reproduce strong, healthy bone, thus reénforcing the defective area.

If osteitis fibrosa cystica is general, deformity should be prevented by
appropriate apparatus, and if observed after deformity has occurred, cor-
rection may be made by plastic procedures on the bone and contracted soft
parts.
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EPIPHYSITIS OF EXTRA-ARTICULAR EPIPHYSES

An epiphysis may be involved in an abnormal process which may be
manifested by symptoms of pain and tenderness, with characteristic changes
demonstrated by the x-ray. Trauma is probably the etiological factor; the
anatomical location of these epiphyses subjects them to injury by external
force and by internal muscle contraction, as powerful muscles are inserted
into the extra-articular epiphyses. Infection is also considered a possible

Fig. g7 —X-Ray Suowine Eriraysitis oF Os caLcis witH FrRAGMENTATION,

causative agent. Epiphysitis may be confined to one epiphysis or may
involve two or more epiphyses. The condition occurs more frequently in
late childhood, or near puberty, and boys are more often affected than girls.
The process may occur in any epiphysis, but will be deseribed only in those
locations most frequently affected. These conditions very closely resemble,
from x-ray appearance, coxa plana, which has been described as a low-grade
affection of joints, and is probably the same process, but affects the extra-
articular epiphyses or epiphyseal disks.

Epiphysitis of the Os calcis.— Epiphyseal irritation may be observed
in the posterior epiphysis of the os calcis and is known as apophysitis of the
os calcis. The process as demonstrated by the x-ray is pathognomonic.
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The treatment consists in 1':-|1J|wi11;_1 the counter frcm the heel of the shoe
so as to decrease pressure on the heel. The counter is the stiff leather
recnforcement which gives shape to the posterior half of the shoe, and is
between the inner lining and the outer covering.

Epiphysitis of Scaphoid.—In older children, about twelve yvears of age,
there 1s often irritation on the inner aspect of the secaphoid which is appar.
ently an epiphysitis between the adjacent supernumerary bone and the
scaphoid.  The anatomists de not recognize an epiphysis in this location,
but as the os tibiale externum is apparently often fused to the scaphoid bone,

Fig. 08-A—X-Ravy Smowixne OstriTis  Fie. 03-B—5ame as Ficure o8-A,
OF  Scardom,  ANTEROPOSTERIOR LATERAL VIEW.
ViEwW.
Note narrowing of bone with in-
creased density and mottling.

it is believed by the author to be a true epiphysis. The typical clinical mani-
festations and x-ray findings of an irritated epiphysis are also found in
this region when there is irritation of other extra-articular epiphyses, in
cases of diffuse epiphysitis.  As the condition 1s of such frequent oceur-
rence, the author considers it a clinical L‘Hlit_".'. Hl.'ru".'t‘i'}' iy be L'x]lq:q_‘h':{l
in all cases. The treatment is strapping with adhesive plaster, as described
for flat-foot (p. 250), followed by an arch support.

Kohler's Disease of the Scaphoid (Osteitis of Scaphoid).—The sca-
phoid bone may be involved in a process which runs practically the same
clinical course as epiphysitis. The affection occurs in young children, usu-
ally between the ages of three and six years, and is probably the result
of trauma. The first symptoms are a limp and slight pain in the foot.
On examination, there is tenderness over the affected scaphoid. The mid-
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tarsal joints show evidences of irritation and limitation of motion, espe-
cially on adduction. The x-ray findings are confirmatory and show the
scaphoid bone flattened in the anteroposterior direction with very much
the appearance of a coin, except that the circumference 1s fuzzy.
Treatment—In exaggerated cases, a cast may be required for a few
weeks, but a simple arch support, as in the treatment of flat-foot, is usually
sufficient. Recovery is certain, though
indefinite.  The x-ray will later dem-
onstrate restoration of normal contour

to the scaphoid bone.

Epiphysitis of Tibial Tubercle.
—Epiphysitis of the tibial tubercle
( Osgood-Schlatter’s disease ) is of fre-
quent occurrence in late childhood or
about puberty, and is observed more
often in hoys than in girls, being
known in the common parlance of
boys as a “hickey.” The affection is
seldom of bilateral distribution. On
3 : ] : examination, there is a pronounced
Fic. go—X-Ray Suowizne Errpuysitis : i

S e enlargement of the tilmal tubercle,

slight pain and tenderness, and rarely

slight edema. The x-ray shows a proliferative and degenerative process of

the tibial tubercle, often with separation of the epiphysis, which i1s quite
characteristic.

Treatment.—There is no material disability and, in the opinion of
the author, no local treatment is indicated, though operative intervention has
been advocated. Complete recovery may be expected in all cases, though
one or more years may elapse before the symptoms entirely subside.

Generalized Extra-articular Epiphysitis.—In late childhood, there
may be irritation and proliferation of many epiphyses, with slight pain and
tenderness. These children are usually undernourished. The treatment is
cod-liver oil, artificial and natural heliotherapy, together with local measures
applicable to the epiphyses affected.




CHAPTER X

AFFECTIONS OF BONES (Continued)

TRAUMATIC AFFECTIONS

Fractures.—Any type of fracture that occurs in an adult may also
occur in a child, but the inherent difference in osseous structure and the
areas of growth of epiphyses influence to some extent not only the char-
acter of fracture, but also the treatment and prognosis. For example, the
bones in children are more pliable and may be distorted to a marked degree
without actual severance, the so-called greenstick fractures. The muscle
power is weaker in children; therefore, displacement after reduction irom
muscular spasm 1s not so frequent as in the adult.

The general principles in the treatment of fractures are approximation,
anatomical alignment and efficient fixation. In transverse fractures of the
long bones, perfect approximation i1s often impossible, but restoration of
function may be expected if the ends are merely engaged with anatomical
alignment, and even should there be an overlap of fragments, anatomical
alignment alone may give an excellent result. In young children, after
union has occurred with a definite overlap of fragments, all irregularity may
be obliterated by the process of growth, so that after one or more years
it may be impossible to detect any evidence of previous fracture by inspec-
tion or the x-ray. However, there is no intention to imply that every effort
should not be made to obtain the most perfect approximation possible. In
oblique or comminuted fractures of the long bones, satisfactory approxima-
tion can usually be secured by lateral pressure with traction under anesthesia,
until efficient splints or casts have been applied. In fractures adjacent to or
involving joints, the most accurate anatomical approximation is necessary
to prevent permanent impairment of function.

The mechanical principles in the reduction of transverse fractures of
the long bones are rarely accomplished by a pull, but by angulation until
there is approximation which can be distinctly detected by the surgeon. The
part is then placed in perfect anatomical alignment and efficient fixation
applied. The position of the fractured member must, when possible, permit
relaxation of those muscles in which spasmodic contracture would tend
to displace fragments.

X-Ray.—The fluoroscope is of value in reducing fracture of the shaft

of the bone, but is unreliable and often misleading in fractures adjacent
147
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to joints, as existing cartilage in the extremities of the long bones i1s not
apparent. In all fractures, roentgenograms must be made before reduction,
and the approximation of fragments confirmed after splints have been ap-
plied. Two or three weeks after the reduction, the splints should be re-
moved and the contour and anatomical alignment observed, and the rela-
tion of the fragments again confirmed by x-ray. If the position at this
time is not satisfactory, adjustment can alwavs be made and malunion with

Fic. 100-A.—X-Rav Suowing Trans-  Fie. 100-B—Same As Ficure 100-A,
VERSE IFRACTURE 0OF SWAFT OF LaTerar VIEW.

Fesmur, AxTeErorosTERIOR VIEW,

deformity avoided. If this routine is carried out in every fracture, there
will be little opportunity for the occurrence of the unfavorable results so
frequently observed. The physician must be able to interpret the relation
of the fragments shown by the x-ray; otherwise, he may be influenced to
make repeated attempts to reduce when sufficient approximation is present
and may thereby cause damage to important structures as well as to the
bones (myositis ossificans, massive callus). This is observed especially in
fractures adjacent to joints.

Open surgery may be employed in malunion with deformity or in un-
united fractures, but is indicated very rarely in fresh fractures of childhood.
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[Epiphyseal separations seldom occur in young children ; they are usually
seen in late childhood, about puberty, and are considered in connection with
fractures. On account of the possible interference with future growth and
the close relation to joints, accurate reduction is necessary in every case.
However, the prognosis should always be guarded in spite of lwrl:l.-i_‘t re-
duction, for deformity or relative shortening may occur after the lapse
of one or more years from irregularity in or arrest of growth.

e . =

A B
Fic. 1o1-A—SaMme as Fioure too-A, Fis. 101-B.—Same as Ficukre 100-B,
AFTER REpUCTION, AFTER REDUCTION.

Not all fractures common to children will be discussed, and only the
essential features of those of frequent occurrence, in which the results of
average treatment often terminate in deformity and impaired function.

The Shaft of the Femur—Fractures of the shaft of the femur may
be transverse or oblique, and are observed more often in the middle and
upper thirds. In transverse fractures, the child is placed under complete
anesthesia, preferably ethvlene or gas ether, and the thigh is flexed to relax
the psoas muscle, which draws the proximal fragment upward. As the
proximal fragment is displaced forward and outward, a sharp angulation
jorward is made until the bones can be felt to engage, when the lower
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iragment is brought mmto anatomical alignment with the upper. If the
engagement is stable, distinet resistance will be felt on pushing the lower
against the upper fragment. Fixation is applied with the hip flexed 40
degrees in slight abduction, to relax and prevent forward displacement of
the upper fragment by contraction of the psoas magnus muscle. A plaster
cast extending from toes to nipple line on the affected side and to the
knee on the normal side 1s the best method of fixation. A fracture table is
almost essential. In oblique and comminuted fractures, the same position
is employved with fixed traction until the cast is applied. In the lower third
of the femur, the same principles are employed, but it is unnecessary to
apply the cast on the opposite limb,

Obviously, the average general practitioner may not have the necessary
facilities to employ such procedures. A Thomas knee splint, described on
page 31, may be applied, amd will in a large percentage of cases, give

Fig., 102 —Drawixe oF PrLaster-or-Paris Dovsce Seica Cast, Swowine Frexen Position
ofF Hie anp Kxee, Usep 18 TrearMexT oF FracTuren FEMuUs.

good functional results, but will not maintain fragments in accurate ap-
proximation. The Thomas splint is also most valuable when transporta-
tion of the patient is necessary. If not available, a long lateral wooden
splint should be applied as a temporary measure. This splint, extending
from axilla to heel, and an internal splint from perineum to heel, are well
padded and hound to the affected limb and body. Much damage may
occur by the common practice of transporting children with fractured
femurs on pillows or with insufficient splinting.

Fractures of the shaft of the femur are third i frequency of occur-
rence at birth, those of the humerus and clavicle being more common,

Birth fractures of the femur cannot be approximated, but anatomical
alignment can be maintained by a posterior splint extending from toes to
scapula, with the hip and knee flexed at right angles. This splint is made
of sheet iron, which may be procured at any tin shop. With ordinary tin
shears it can be cut of correct dimension and bent to conform to the con-
tour of the back, thigh and leg. At the end of one week, the splint is
removed and the anatomical alignment of the extremity noted. Union at
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this time is beginning, but correction of angulation, if present, can easily
be made. The splint should be worn for at least three weeks. If ana-
tomical alignment is maintained, the result will be perfect in every case.

The results of fractures of the femur in children should be 100 per
cent excellent.  Such measures as dangling children from the ceiling have
been advised, but require constant attention of trained assistants throughout

Fic. 103-A.—X-Bay o TFracruore o TFic. 103-B—SaMme as_TFilcure 103-A,
Boxgs oF DokrgagM, ANTEROPOS- LateraL ViEw.

TERIOR VI1EW.

convalescence, With the treatment mentioned, only a short time is re-
quired in the hospital, and the after-care is simple. Young children suffer
very little discomfort in casts.

The Spine—Iractures and injuries of the spine are of great importance
and are discussed in connection with traumatic arthritis of the joints (p. 122).

The Forearm.—If young children fall upon the outstretched hand,
Colles’ type of fracture, so common in adults, is not produced, but a frac-
ture of both bones of the forearm from one-half to one inch above the
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wrist joint results. The lower fragments are displaced backward and there
is the typical silver-tork deformity.

Reduction 1s made by considering both bones as one, and very much
in the same manner as the Colles’ fracture. The hand is first dorsiflexed
or extended to disengage fragments from entanglements in soft tissues. In
this position, traction is made upon the wrist until the fragments can be

TFi1G. 104-A—Sanme a5 Fioure 103-A, Fig 1o4-B—Same as Ficure 103-B,
AFTER KEDUCTION, AFTER REDUCTION.

felt to engage partially, when the hand is forcibly placed in palmar flexion.
Perfect reduction can usually be secured, but 50 per cent approximation with
anatomical alignment is satisfactory. Simple anterior and posterior wooden
splints are employed, with a felt pad on the anterior splint about one-
half inch in thickness at the lower end of the proximal fragments. The
splints should not extend below the middle of the hand, thus permitting
free movement of the metacarpophalangeal joints and fingers. Above, the
splint should extend to just below the elbow.
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Fractures of both bones of the forearm in the lower and middle thirds are
reduced by angulation, as if one bone, but unless their contour permits,
cannot always be approximated. However, if engagement of one hone is
accomplished, preferably the radius, anatomical alignment of the other is

|

F1G. 105-A —X-Ray Swowing Frac-  Fig 105-B.—SamE as Ficure 105-A,
Turg oF [HEAp oF Bamus withH Lateran View.
Vicious Union, ANTEROPOSTERIOR

View.

usually sufficient. If the ulna alone is fractured, approximation usually can
be effected under the fluoroscope.  1f the lower third of the radius alone is
fractured, reduction may be impossible without open operation, because
of the action of the pronator quadratus, but should be attempted. The
upper third of the radius may also be difficult, and open reduction may be
required, as the biceps muscle may cause displacement through its attach-
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ment to the bicipital tuberosity of the radius. The radius should be reduced
as this bone performs the movement of rotation. However, anatomical
alignment with overlap is not incompatible with perfect function. In exten-
sively comminuted fractures of the head of the radius, the fragments must
be removed; otherwise, accuracy in approximation is essential to insure
rotation,

Fie. 106-A—X-Ray Suowing Suera-  Fia. 106-B—Same as Fioure 106-A,
coxpYLar Fractoee or HoMERUS, LATERAL VIEW.

ARTEROPOSTERIOR VIEW.

When both bones of the forearm are iractured, especial care through-
out the entire treatment should be taken to prevent the natural tendency
toward backward howing. The elbow should be held at a right angle and
the forearm should be in supination when compatible with reduction. In
all fractures of the forearm, fixation apparatus must be applied irom the
palm of the hand to just below the shoulder to prevent anteroposterior and
lateral displacements, [For this purpose a plaster cast is most effective, but



A B

Fic. 107-A.—5Saume a5 Ficvre 106-A, Fic re7-B.—Same as Fiours 106-B,
AFTER REpDUCTION. AFTER BEpucTion.

Frc, 108.—5AME as Fovee 107-B, Smowing toar Acure Frexronw Avoxe Does Not
Arwavs REpucE SurrAacoxNDYLAR Fracrure o HusEerus,

lilustrates necessity of check-up by x-ray.
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should always be bivalved to prevent circulatory disturbances from
edema.

Fractures of the olecranon are of rare occurrence, but require very
careful treatment. If approximation can be obtained by placing the elbow
in complete extension, this may be sufficient ; otherwise, open reduction with
mternal fixation is indicated.

T'he Elbowe ( Hiomerns ) —One of
the most common fractures observed

in children is about one-half to one
inch above the elbow transversely
across the humerus, and is known
as a supracondylar fracture of the

humerus. The lower fragment is dis-
placed backward and usually toward
the mner aspect. This fracture is
one of the most important, as it so

frequently results in impaired function
from failure in reduction, and is also
very commonly and erroneously diag-
nosed as a dislocation of the elbow.
The pulse may often be entirely ob-
literated by injury to the hrachial
artery, though the fingers may remain
rosy or only slightly cyvanotic. This
does not contra-mdicate reduction and
the flexed position, but does require
the closest observation in hospital or

constant supervision for at least three

: : davs. Ischemic paralysis occurs most
Fig, 10g.—Protocearn Spowise MerHOD S : S
oF Frxing Arm 1% Acute FLexion py  trequently  following  supracondylar

ADHESIVE STRAPPING. tractures of the humerus,
Hand is compressed for few days by

snug bandage to prevent swelling, ]{L'Iilli‘ﬁilﬂ 1.11]1]':.‘!‘ l-hf-" ”1":'5-“5':-“”“ 15

performed by: first, full extension,
and then firm traction. The lower fragment, composed of the lower ex-
tremity of the humerus, is grasped and pushed forward as the elbow is
flexed to an acute angle, with the forearm in supination. The triceps holds
in position the lower fragments, which are counterbalanced by pressure
of the forearm against the arm. After reduction i1s secured and confirmed
by an x-ray in two views, an adhesive dressing is applied about the arm
and forearm with cotton pad between the arm and forearm. The wrist is
fastened to the neck by a soft Canton flannel bandage. Accurate reduction
15 essential to success in this fracture, but will not be accomplished in many
cases h‘}' the flexed 11n;-1'li:m alone, as has been repeatedly demonstrated.
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However, in the majority of instances, the flexed position is undoubtedly
the only one in which reduction can be held satisfactorily, and should
therefore be routinely employed. Frequently, after there is apparent reduc-
tion under the fluoroscope, x-ray pictures will show that there is marked
displacement,

—

-
Fic. 110-A.—X-Ray Sumowine Frac- Fic. 110-B.—5amE as Figure 110-A,
TURE oF EXTERNAL CoXDVLE OF Lateral View.

Husenvs witea Wine Sepaka-
TION, ANTEROPOSTERIOR VIEW,

After ten days, the adhesive dressing 1s removed and x-ray pictures are
again made, If the reduction is unsatisfactory, adjustment can be made;
if satisfactory, a simple right-angle splint is applied, but removed twice
daily for active and passive motion. At the end of three weeks the splints
may be discarded. Convalescence is always slow in fracture or other
injuries of the elbow, often requiring from three to six months. The
results are excellent in a high percentage.

The external condyle of the humerus may be fractured with wide separa-
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tion of fragments. Since this is a terminal fragment, unless approximation
is accurate, non-union is frequent. 1f no reduction can be obtained, an
operative procedure is imperative, which consists in nailing the bone frag-
ment in position by a wire nail. The results of this simple procedure are
satisfactory.

Fi. 111-A.—SamEe as Figuse 110-A, Fie. 111-B—Same as Fiure 110-B,
AFTER  Opexn  RepucTion  AND AFTER OprEN REDUCTION,
Frxamox witit Wike NalL.

The Shaft of the Humerus—Fractures in the lower third of the shaft
of the humerus can usually be reduced under the fluoroscope and retained
in plaster casts or by the author’s humerus traction splint. After reduction,
care should be taken to prevent inward deviation of the lower fragment.
The elbow must be held at a right angle and the shoulder in about 30
degrees’ abduction. Under no circumstances should fractures of the lower
third of the shaft of the humerus be placed in splints with the elbow ex-

—
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tended, as this position causes acute angulation with backward displace-
ment of the lower fragment, which may compress the brachial artery,
thereby inducing circulatory disturbances or gangrene. Traction may be
made on the elbow and forearm by adding to the arm-piece of the
humerus splint (see p. 161) an anterior flange, which extends over the
anterior aspect of the arm, and to the forearm piece a heavy wire loop ex-

Fic. 112-A—X-Ray Smowine Frac-  TFic 112-B.—SaMe as Fioure 112-A,
rure oF Mippig ThHiep o Hu- LaTERAL ViEW,

MERUS, ANTEROPOSTERIOR VIEW.

tending below the hand—the so-called banjo attachment. Iixed traction is
secured by adhesive strips attached to the forearm and tied to the wire
loop below.

In all fractures of the middle and upper thirds of the shaft of the
humerus, the thorax may be emploved as a splint by binding the arm
thereto until roentgenograms can be made demonstrating the exact relation
of the fragments. In those of the lower third, a simple right-angle elbow
splint can be emploved as a temporary measure,

In transverse fractures of the middle third of the shaft of the humerus,
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reduction can be secured, as previously demonstrated in the discussion of
fractures in long bones, after which the author’s traction humerus splint
or a plaster cast may be applied. As in all fractures of the shaft, the
elbow is held at a right angle and the shoulder in about 30 degrees’ abduc-

A B
Fic, 113-A.—5amE as Fevee 112-4, Fis 113-B.—5amEe as Freure 112-B,
Aarter RBepucrion axp Osseous arter Repuction axp Osseous
Uxiox, Usioxn.

tion. The cast, when employed, should extend from the palm of the
hand and include the entire body to the crest of the ilium. A cast which
includes only the chest is usually very uncomfortable, as the weight of the
upper extremity and the cast causes listing of the body to the affected side.
This results in the lower border of the cast pressing against the body. In
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oblique fractures, the humerus traction splint is advisable, or a cast may
be applied while traction is made. :

In fractures at the surgical neck of the humerus, the lower fragment is
practically always displaced forward and appears as a mass anterior to
the head of the humerus. An erroneous diagnosis of dislocation of the
shoulder 1s too frequent and attempts are often made to reduce, which oh-
viously add insult to injury. This fracture can be usually reduced in chil-

Fic. 114—Protocrara oF TrAacTioNn HumEervs SPLinT witTH BaxJo ATTACHMENT FOR
Tracrion oF ForEarM.

dren by angulation backward, when the fragments can be felt to engage.
After reduction, the traction humerus splint is simple and will usually
retain the fragments in satisfactory coaptation. Operative reduction will
very rarely be required. A plaster cast, as for fractures of the shaft,
may also be employed.

Birth tractures of the humerus are more common than in any other
location, and are treated on the same principles as fractures of the humerus
at any other time of life.

The Clavicle—The clavicle is probably more frequently fractured in
childhood than any other bone. The cause may be direct violence, but is



[

Fre. 115.—X-Ray SsowinG Fracrure or Surcicar Neck or HusEerus.
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usually indirect violence by a fall on the outstretched hand. The most
common site of fracture is at the junction of the middle and outer thirds
of the bone. The fracture may be complete or incomplete, and the deformity
varies with the site of the lesion, due to the action of the sternocleidomastoid
muscle, the trapezius muscle, the coracoclavicular ligament, and the weight
of the arm.

Symptoms.—The attitude of the child is diagnostic. The shoulder is
depressed downward and forward. The child’s head is bent toward the

4 3
A B
Fic. 117-A.—PHo0OTOGRAPH OF TRAC- I, 117-B—5AME AS FIGURE I17-A,
TioN HuMERUS SPLINT APPLIED, LaTeEraL VIEW.

ANTEROPOSTERIOR VIEW,

affected side and he supports his arm with the uninjured hand. There may
be swelling, ecchymosis and tenderness over the site of fracture, and pain
and crepitus on motion of the arm. The displacement of the fragments is
usually slight in children.

If the fracture is incomplete, the deformity is usually an upward angu-
lation ot the fragments. It there 1s complete tracture at the usual site, the
inner fragment is displaced upward and the outer fragment is displaced
downward and forward by the weight of the arm and shoulder. There
may be considerable overriding of the fragments. If the fracture is at
the insertion of the coracoclavicular ligament, the fragments are held in
place by it and there is little deformity. When the fracture is external to
the ligament, the lateral fragment is usually carried downward by the
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weight of the arm. Rarely, it may be pulled upward by the trapezius
muscle,

X-Ray Examination and Diagnosis.—The x-ray shows the fracture
and the displacement. The diagnosis rarely causes difficulty, but may be
overlooked in the “greenstick” variety, if no x-ray 1s made. Dislocation of
the clavicle may occur either at the sternoclavicular or acromioclavicular

Fic. 118-A—X-Rav or Fracrure oF Fic. 118-B.—Same as Ficure 118-A,

CravicLe, Juxeriox oF Minpie A¥FTER REDuCTION,
AND OUuTER THIRDE, SHOWING

Upwarn  IDISPLACEMEXNT  AND

Overpipixng  oF  Meman  Fras-

MEXNT.

joints.  The symptoms and treatment in children are similar to those of
fracture.

Prognosis.—The prognosis of fracture of the clavicle is good. The
deformity is slight, even when perfect reduction cannot be obtained, and
function of the arm is seldom impaired. In girls, better anatomical repo-
sition is often more desirable than in bovs because of the cosmetic effects.

Treatment.—"The reduction is accomplished in the ordinary type, with
downward displacement of the lower fragment, by elevation of the arm
and shoulder outward and backward. At times, the manipulation must be
done under anesthesia. The position is best retained by the Sayre adhesive
dressing with an axillary pad of cotton or felt (Fig. 119). The barrel-stave
splint or the T brace may be used. They have the advantage of allowing
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free use of the hand, but are not satisiactory routinely for the primary
dressing, because, if sufficient pressure 1s made to control the position, it
may impair circulation of the arm by pressure in the axilla. The barrel-
stave splint is useful as a convalescent splint (Fig. 120). Recumbency in
bed, on the back, without a pillow and with a small sand bag between the
shoulders, is an ideal method of treatment, but the patient, especially a
child, will seldom submit long enough to the necessary confinement. Re-
cumbency, however, in addition to other fixation, is advisable for the first
week or ten days, if the prevention of deformity is desired. When the
displacement 1s excessive, usually when associated with rupture of the cora-

k

Fic. 110.—Drawine SHowWING METHOD OF IFic, 120—Drawixe oF PosteErior SriaxtT
AprLying Savee Apaesive DressiNg, ror RErextion oF Fracturen CLavicLE

coclavicular ligament, open reduction may be necessary, and internal fixa-
tion of the fragments by heavy absorbable sutures or silver wire.

Epiphyseal Separations.—lipiphyseal separations rarely occur until
late childhood, and are treated on the same mechanical principles as frac-
tures, except that perfect approximation is essential. Future growth may
be irregular or retarded, with subsequent deformity or shortening, though
this will rarely be appreciable if complete coaptation is secured. However,
in any separation of an epiphysis, the parents must be warned that future
growth may possibly be inhibited. Any epiphysis may be separated, but
only those of more frequent occurrence will be considered.

The lower femoral epiphysis may be displaced backward or forward
after severe trauma and may impinge upon the popliteal artery with serious
circulatory disturbances; consequently, close observation of the pulse in
the leg is advisable, and if weak or obliterated, reduction must be made at
once; or, if this cannot be accomplished, blind shifting of the fragments
may relieve pressure on the artery.

Separation of the lower femoral epiphysis may also induce genu valgum
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or other irregularities. External inspection may show apparently normal
anatomical alignment, while internally there is gross displacement, which
obviously impairs the function of the knee-joint with complete arrest of
growth at this point.

If reduction cannot he performed under the fluoroscope, lateral incision
should be made down to the point of fracture and the fragments replaced.

A B
Fre. 121-A—X-Ray Swowinc Sep- Fro. 121-B.—SaMe A5 FIGURE 121-A,
ARATION oF Lower FEmorarn Ep- LaTERAL ViEW.

IPHYSES, ANTEROMOSTERIOR VIEW,

Before closing the wound, an x-ray picture should be made in both dimen-
sions to confirm reduction, as it is impossible to determine accurately the
relation of fragments by inspection through the incision. A plaster cast
extending from the toes to the crest of the ilium is the most efficient method
of retention, for lateral as well as anteroposterior displacement is prevented
until union is complete.

Epiphyseal separation of the upper femoral epiphysis has been described
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in the discussion of coxa vara, to which reference is made (p. 111) for de-
tailed description. Separation of the upper femoral epiphysis is rarely ob-
served until late childhood or about adolescence. In early and middle child-
hood, the same force that produced epiphyseal separation will cause frac-
tures of the neck of the femur or, more often, the upper third of the
shaft.

Fig. 122-A.—SaME As Figure 121-A, Fig 122-B.—Sane as Figuee 121-B,
AFTER Orex ReEpuction, AFTER Orexn Renvcriown.

The mechanical principles of reduction of separation of the upper
femoral epiphysis are the same as for central or intracapsular fractures of
the neck of the femur in adults, and consist in placing and retaining the
hip in full abduction with moderate internal rotation and hyperextension,
as advocated by Whitman. For the purpose, a plaster cast 1s most efhicient,
which extends from the toes on the affected side to the nipple line and to the
knee on the normal limh. Flat view x-rays are not sufficient to determine
the relation of the head to the neck, and stereoscopic x-rays should be made
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in every case. 1f replacement is not accurate, reduction by open operation
is required.  Malunion after separation of the upper femoral epiphysis is dis-
cussed as a type of coxa vara.

Separation of the lower radial epiphysis is treated as a Colles’ fracture,
as previously described. Separation of the lower humeral epiphysis is

Fic. 123-A—X-Ray Smowine Mar- Fic, 123-B.—Same as Figure 123-A,
UNITED FRACTURE OF SHAFT OF LaTeraL View.

Fesmur, Axterorosterior VIEw.

often erroneously diagnosed, and is exceedingly rare. The treatment is the
same as for supracondylar fractures of the humerus,

Separation of the upper humeral epiphysis closely resembles fractures
of the surgical neck of the humerus and should be treated on the same prin-
ciples, after which, reduction can be maintained by the author’s splint for
fractures of the humerus. For this condition, the shoulder is frequently
placed in extreme abduction and so retained by a plaster cast, but this
posture is awkward, confining, and is necessary only in exceptional instances.

Malunited Fractures.—Malunion in fractures and epiphyseal separa-
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tions is too frequent in occurrence, due to the lack of appreciation of the
basic principles involved in the treatment of fractures. The chief cause of
deformity resulting from fracture is undoubtedly inefficient splinting,
though, of course, approximation of fragments is to be considered. Mal-
unions of more frequent occurrence only will be discussed.

Fic. 124-A—SamE as Ficure 123-A, Fic. 124-B.—Same as Ficure 123-B,
arTER Revucnion: PeErEECT AFTER REDUCTION,

Fumcrionarn ResuLr.

The Shaft of the Femur—Malunited fractures of the shaft of the
femur are manifested by an outward bowing, an inward or outward
rotation and decrease in length. 1f observed before firm consolidation, a
fair reduction, with perfect anatomical alignment and increase in length,
may often be obtained by simple manual correction. In those observed after
firm consolidation, open operation is required.

Upper Extremity of the Humerus—Malunion in fractures of the surgi-
cal neck of the humerus and separation of the upper humeral epiphysis are
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of common occurrence, but do not produce the impairment of function fre-
quently observed in the adult. This is due to the laxity of the shoulder
joint in children and the development of I!_"E:It'lilli_‘l]:-'u:lltﬂlt}' motion in the
scapula. However, impairment of function after malunion in this region
does occur, and limits movement chiefly in abduction. 1In such cases, opera-
tive measures are required to restore anatomical alienment and function.

The Elbow —Permanent impairment in function of the elbow is ob-
served more frequently than in fractures of other bones. Unreduced supra-
condylar fractures often result in loss of the carryving angle and limitation
of motion in the elbow-joint, particularly in flexion, as the upper fragment

A B
Fic. 122-A_—_X-Rav or Maruvxmen Fig 125-B—35aMe as FIGURE T125-A,
SurpACONDYLAR FRACTURE WITH AFTER SUrcical. REMOvAL oOF
[upixcEMEXT oF Lower Exp oF Mass oF Boxe aND BESTORATION
SHArT on Copoxoip Process oF ofF FuncTion.

Urxa.

impinges against the coronoid process of the ulna. If observed before union
is solid, approximation can often be made by manual correction under the
fluoroscope and confirmed by the x-ray, after which the elbow is placed
in acute flexion and treated as a fresh fracture. In addition, physiotherapy
is frequently essential to the restoration of normal function. In those
observed months or years after supracondylar fracture, operative measures
offer the sole chance of relief, which may consist only of excising the pro-
tuberance made by the lower end of the upper fragment; or a complete
refracture. with after-treatment as in fresh fractures. During the process
of consolidation, constant supervision is required to prevent changes in the
relation of the fragments and to restore the angle of abduction between the
arm and forearm, known as the carrying angle,
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In old comminuted fractures of the elbow, there may be ankylosis,
deformity, pain and weakness, for which no relief can be secured until
full growth is attained, when a very satisfactory joint may be reconstructed
by the procedure known as arthroplasty.

The External Condyle —Fractures of the external condyle of the hu-
merus often terminate in non-union. There is exaggeration in the carrying

A B

Fic. 126-A.—X-Ray Svowing Frac-  Fio. 126-B—5aMmE Az Ficure 126-A,
TuRE oF ExTErnaL CoNDYLE OF LATERAL VIEW.

Humerus witen  Nox-Ustox,
AXNTEROPOSTERIOR VIEW.

angle and instability of the joint. The loose fragment is prominent and
gives a bizarre appearance to the elbow. Motion is usually unlimited and
often an exaggeration of normal. Pain and weakness are frequently ex-
perienced. As the growth of the displaced fragment is not commensurate
with the parent bone, re-attachment will not restore contour unless the
condition 1s observed a short time after the occurrence of the fracture:
moreover, union in a terminal fragment cannot often be induced. The
author, therefore, removes the loose fragment with resulting improvement in



Fic. 127-A —X-Ray Ssowine Uwn- Fic. 127-B.—5amME as Ficure 127-A,

uxITED lracture oF Urrer Exp Laterar View.
oF Ramus, AXNTEROPOSTERIOR
View.
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function and relief of symptoms, but the joint, of course, remains mechani-
cally defective.

Ununited Fractures in Children.—Ununited fractures in children are
of exceedingly rare occurrence and most resistant to treatment. The treat-
ment is the same as of non-union in adults, which entails a careful search

Fic. 128-A—X-Ray Smowing Con- Fic 128-B.—S5ame as Figure 128-A,
GExITAL Fracrure oF TiBia AND Lateran View.
Fisvra, AxTeRorosTERIOR VIEW.

for some constitutional disturbance, with eradication, if discovered. Many
ununited fractures are probably due to congenital deficiency in bone pro-
duction and are perhaps closely related to congenital fracture.

The operative treatment is by autogenous hone-grafts. The author pre-

fers the massive graft with the transference of small particles of spongy
bone about the affected area, as spongy bone has been found to possess a
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marked reproductive quality. The Delanginere graft is also employed in
the treatment of ununited fractures and consists of a wide strip of the
periosteum removed from the tibia, together with small flakes of the
cortex. Bone-grafts are also used to fill defects where continuity has been

A B
Fic. 120-A.—SamE as Ficure 128-A, Fie. 120-B.—SamE as Ficure 128-B,
AFTER HoMoOGEXEOUS Bone- AFTER DBonNE-GRAFTING, SHOWING
GrarTinGg FroM MoTHER, SHow- Carrvs FopMATION AND SOLID
NG Carnvs  ForMATION AND UnitoN.

Sorip Uniox,

lost. Firm attachment at both ends is necessary, and when possible, through-
out the entire length of the graft.

Congenital Fractures.—Congenital fractures must be differentiated
from birth fractures. DBirth fractures are those which occur from trauma
during childbirth, and are the same as any other type of fracture. Con-
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oenital fractures are due to developmental errors, and there 1s a definite
embryological defect which must be combated in addition to the frac-
ture.

Congenital fractures are of rare occurrence and resistant to every at-
tempt at treatment. There are three types: (1) those which are loose
and flail at birth: (2) those in which there is a feeble malunion and are
refractured later in childhood by some slight injury; (3) those in which
there 1s feeble union in good position,
but the bone is weak at the point of
union and refractured later in child-

hood. The second and third types
respond better to operative measuires,
whereas the first type is considered
by many as hopeless.

Treatment—LEvery form of hone-
graft has been employved in the treat-
ment of congenital fractures. The
author has been successtul m a case

of the first type. The patient was a
child of two vears of age with in-
volvement of both bones of the leg.
A homogeneous graft from the tibia
of the mother was emploved. The
blood of the mother and child was
first typed and found to be compatible,
after which both were placed under an-
esthesia. An incision was made over
the tibia of the child. The fragments
were found to be sclerotic, tapering
to thin points with no effort to unite.
A large graft was removed from the
tibia of the mother and fastened to
Fi6. 130—Prorocrarn of Cuitp (Fioures the tibia of the child by silver wire,
IE:i-‘rll"E'u.‘tj?;Ll';t. :I;'_'J"'E"E-Im'[-;'_ﬂ-f]"_:__ﬁ “ﬂi’lﬂ:m as autogenous hone nails would not
OPERATION, hold in a bone so small and sclerotie,
Small particles of endosteum with
spongy bone from the medullary canal of the mother were placed about
the fracture. Union was solid in three months and has persisted for the past
year with gradual proliferation and consolidation. Wires or other metal are
not usually advisable in ununited fractures, but in this instance no other
material would accomplish efficient fixation.
Bone-grafts in children are not satisfactory, as a rule, until a child has
reached the age of eight years, as the quality of the bone is such that repro-
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duction cannot be expected. In late childhood and about puberty, the bone-
graft 1s very effective, as in young adults.

sjone-grafts may be of various sizes, but the author prefers the massive
graft, as he regards fixation and osteogenesis the essential elements. The
Delanginere graft is more effective when used in conjunction with a mas-
sive graft than when used alone, and is often a valuable adjunct. Also,
when possible, small particles of spongy bone are placed about the graft.

B3
Fic. 131-A—X-Ray Smowineg Pos-  Fig 131-B.—5AME As Fioure 131-A,
Terior  Isiocation oF Evpow, Laterarn View.

AxtErorostERloR VIEW,

Foreign materials, such as silver wire or bone plates, are not usually ad-
visable in children; autogenous nails, which can be made from the graft,
are to be preferred.

Dislocations Recent and Ancient.—Traumatic dislocations in chil-
dren are exceedingly rare, fractures usually resulting from the same force
which would induce dislocations in an adult. Dislocation of the shoulder, so
common in young adults, is extremely rare in childhood. Therefore the diag-
nosis should not be made without much hesitation and a satisfactory x-ray.
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The elbow is more often dislocated in children than any other joint,
and next in frequency, the hip; hence, only dislocations of these two joints
will be considered.

The Elbow.—The most frequent type of dislocation of the elbow is
posterior displacement of the ulna and radius. Fractures are often asso-
ciated and, unless gross, may be disregarded. The diagnosis should be made
by local examination, which shows the olecranon process prominent and
posterior to its normal position in relation to the condyles, Confirmation
should always be made by the x-ray. Reduction can usually be accomplished
by a continuous strong pull upon the forearm while the patient is under
deep anesthesia.  With the left hand the arm is grasped above the elbow,
while the wrist 1s grasped with the right hand. In this manner a strong
pull ean be made without danger of injury to the shoulder. Forcible flexion
is contra-indicated, as supracondylar fracture of the humerus can easily be
caused in this manner. Reduction must always be confirmed by the x-ray,
as the external appearance may be deceptive, especially if there is ex-
cessive swelling.,

A dislocation of the elbow must be considered ancient at the end of
three weeks and thereafter. Old dislocations of the elbow are fixed in
extension at about 170 degrees, with very slight motion—practically a
fibrous ankylosis in this position. In old dislocations, there are dense ad-
hesions and the bones forming the articulation are atrophic. Consequently,
sufficient force to effect reduction will usually cause fracture, which most
seriously complicates and often prevents restoration of function.

The only treatment to be considered in ancient dislocations of the
elbow is open reduction. The author ' employs a special technic by the
posterior route. After operation, the elbow is placed at about 75 degrees’
flexion and so retained by a posterior splint for three weeks, when physio-
therapy should be instituted. Restoration of normal function is not al-
ways obtained on account of subsequent adhesions, but a useful joint may be
expected.

The Hip—Traumatic dislocations of the hip-joint in children are fre-
quently overlooked until too late to expect satisfactory reduction without
open operation. Even if observed immediately after dislocation, reduction
by various maneuvers advised in traumatic and congenital dislocations may
be difficult or impossible without incision. Excessive force should not be
employed, as the head of the femur in children has very slight resistance
and irreparable damage may accrue.

Dorsal dislocation of the hip is most common, though excessive force
may even displace into the perineum. In dislocations of the head upon
the dorsum of the ilium there is definite shortening, the trochanter is above

*W. C. Campbell, “Arthroplasty of the Elbow,” Aun. Surg., Nov., 1922,
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Nélaton's line, and the hip 1s flexed and adducted. The head and neck
may be palpated above the socket. The x-ray confirms the relation of the
articular surfaces.

Fic. 132—X%-Ray o Travmamic Distocatiox oF e arrer Repuction,
Apparently excellent result. Note Figure 133 two years thereafter.

In ancient or old dislocations which have existed over three weeks,
Buck’s extension may be employed for one or two weeks, after which redue-
tion may be attempted by careful manipulation with the child under deep
anesthesia. I unsuccessful, reduction by open incision is indicated. In
those in whom dislocation has existed for months or years, a preliminary



it

Fic. 133.—X-Ray or Oup Travmamic Discocation oF Hip, SHowinG LPIPHYSEAL
IMETURBANCE.
Same as Figure 132, which was satisfactorily reduced.
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treatment by traction may be given, but the actual reduction can be effected
only by operative procedures.

The prognosis must always be guarded in traumatic dislocations of
childhood, for there may be injuries to the epiphysis or head of the femur
which do not become apparent for years; or possibly the nutrient vessels
may be destroyed and natural evolution of growth and development re-
tarded. Often excellent functional results may follow closed or open re-
duction; but, also, a result apparently excellent for months after operation
may present a gross defect and functional impairment in later years. ( See
IFigs. 132 and 133.)

Traumatic Osteitis.—Traumatic osteitis, or periostitis, is the reaction
of bone to trauma. There may be a definite proliferation of the periosteum
with swelling of the soft tissues, The process usually subsides spontane-
t:-u“-I but is of interest, as mild trauma is a |}recljapnn-.mrf catise i many
nﬁectmm of the bones and joints.

X-ray pictures should be made as often as practicable. If symptoms
persist, roentgenograms should be made at regular intervals, since in this
way certain pathological processes, as malignant tumors, may receive early
diagnosis and treatment, thereby increasing the possibility of arrest.

Osteoporosis.—Osteoporosis, or bone atrophy, is a clinical entity which
is usually observed as a sequela of mild or severe trauma, but 15 also seen
in any condition which enforces disuse of a part. In children, the symptoms
are not so pronounced as in adults, but when present, there is a dull, con-
stant ache which is more eaaf_,ger&ted after exercise.

X-Ray—The x-ray shows the condition to be more pronounced in the
cavernous bone of the extremities of long bones and in the small bones of
the hands and feet; however, it is also observed in the shaft or dense bone.
The bone is paler than normal, and the bone trabecula are ill-defined or only
partially apparent, giving a mottled appearance.

Diagnosis—The diagnosis is made from the x-ray, which is pathog-
nomonic. The condition, however, is very frm[uulth— mistaken for a de-
structive bone lesion, as tuberculosis, and unnecessary operations or even
amputations are performed.

Prognosis and Treatment.—The prognosis is f'nnrahlr: and recovery
may be expected by appropriate treatment, the principles of which are in-
creased functional use of the affected part. 1f the condition occurs in the
lower extremity, the bones may be so soft and the pain so great that weight-
bearing must be gradually resumed. This may require special apparatus.
The small bones of the feet often require arch supports to prevent a change
of contour. In the upper extremity, intensive muscle training is indi-
cated and the patient is encouraged to use the affected part as much as
possible. Physiotherapy is especially efficacious.



CHAPTER XI

AFFECTIONS OF BONES (Continued)

DISORDERS DUE TO NUTRITION

Rickets.—Rickets is a constitutional disorder which affects all tissues,
but the manifestations in the skeleton are more pronounced. The etiology
is chiefly nutritional, which may be due to a deficient diet, or lack of assimila-
tion of a well-balanced diet. Insufficient sunlight has also proved to be
an etiological factor. The affection is one of late infancy and early
childhoad,

Pathelogy and X-Rayv.—The bone-producing process in normal growth is
disorganized, as demonstrated by irregularity of cell arrangement of the
epiphyseal cartilage. The deposit of lime salts is insufficient. The x-ray
shows a cloudiness or haziness of the epiphysis. The end of the shaft of
the bone, or diaphysis, is much broader than the epiphysis, whereas, in
normal bone the epiphysis and diaphysis are the same width.

Symptoms.—The symptoms and osseous manifestations are well known
and do not require elaboration, There is a diffuse enlargement of epiphysis,
more pronounced in the wrist, ankle, knee, elbow and shoulder and rachitic
rosary of the ribs. A transverse groove is observed across the anterior
surface of the thorax, with flaring of the lower borders of the ribs (Har-
rison’s groove). The thorax is laterally compressed. The spine may
show a rounded kyphos from base of neck to buttocks on sitting, which dis-
appears in the recumbent position. Deformities of bones and joints may
be present, as bow-leg, knock-knee, scoliosis, coxa vara, etc. There is a
lack of muscular tone, evidenced by flaccidity of muscles and prominence of
the abdomen. Digestive disturbances are of frequent oceurrence.

Prognosis.—The prognosis is excellent, if assimilation of required food
elements can be reéstablished, but evidence of rickets usually persists in
some of the bones throughout life, for example, pigeon-breast, square high
forehead, ete.

Treatment—The constitutional treatment is in the domain of pedia-
trics and will not be discussed. Heliotherapy and ultraviolet rays or arti-
ficial heliotherapy undoubtedly have a beneficial effect on the process, in-
dependent of diet, and should be routinely emploved. In severe cases, while
the process is active, the child should be held in the recumbent position on

a Bradford frame or hard surface until the x-ray demonstrates that the
Ia2
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structure of the bone is approaching normal. This requires from three to
six months. Recurrence of deformities may be expected if operative
measures are instituted before the active process has entirely disappeared
and the structure of the bone has become normal. Dow-leg and knock-

Fic.134-A—X-Ray Suowine Erteny-  Fic. 134-B—5Sase as FIGure 134-A,

SEAL DMSTURBANCE CUHARACTERIS- Laterarn View,
ric oF RICKETS, ANTEROPOSTERIOR
View,

knee are the most common residual deformities, requiring special treatment
and consideration.

Bow-Leg (Genu varum).—Bow-leg, or genu varum, is an outward
bowing of the shaft of the tibia and fibula through the upper and middle
thirds, with an inward rotation or twist of the lower third. The term
varum is used to indicate an inward deviation of the leg. If the condition



Fie. 135—X-Ray or Bow-Lec Fourowixe Rickers.
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is observed before there is consolidation, or when the process is active,
correction may often be accomplished in mild cases by simple manual manipu-
lation. Grasping both extremities of the leg and bending outward for a
few minutes three or four times a day are sufficient. In addition, a simple
bow-leg splint, consisting of an inner bar extending from foot to thigh,
with a broad strap making pressure over the highest crest of the curve may
be applied. This splint should be worn during rest periods in the day and
at night. If the deformity is severe, walking braces on the same principles,
which make a definite pull or pressure over the curve, may be emploved.
Adfter the subsidence of the process, if the deformity is exaggerated, opera-
tive procedures are required. Fracture by chisel or special apparatus known
as an osteoclast is induced at the greatest prominence of the tibia, which
is usually in the upper third: the fibula is then fractured by manual force,
after which a plaster cast, extending from the toes to the groin and re-
taining the limb in slight knock-knee or overcorrected position, is applied.

Prognosis—As the process subsides and normal growth is instituted
in the epiphyses, there is a tendency to spontaneous correction, which is un-
doubtedly of frequent occurrence. However, this does not always occur,
and when an unsightly deformity is permanent, there will be unequal dis-
tribution of weight on other joints, which may induce arthritic changes
and symptoms in later vears,

Knock-Knee (Genu valgum).—IKnock-knee, or genu valgum, is an
outward deviation of the leg, as the term valgum indicates. An angle is
formed with the femur at the knee-joint, and in exaggerated cases there is
also outward rotation. The feet, in walking, usually turn in (pigeon-toe)
in a compensatory effort to clear the knees. However, flat-foot, instead of
pigeon-toe, may be a complication, especially in those who develop the
habit of outward rotation of the hips in clearing the knees.

Prognosis—The prognosis for spontaneous recovery is not so favorable
as in how-leg, though material improvement may often be observed after
normal growth has continued for a number of years.

Treatment.—As in genu varum, daily manual manipulation is indi-
cated during the active stage. This consists in grasping the lower extremity
of the femur with one hand and the ankle with the other, then bending the
leg inward with the internal condyle of the femur as a fulcrum. Corrective
splints are also applied during rest periods in the day and at night. In
progressive deformities, steel braces are required for ambulation, extending
from the foot to groin, with straps holding the knee outward and the leg
inward. Deformities existing after the active process has subsided are
corrected by operative procedures. The femur is fractured just above the
epiphysis by a type of chisel known as an osteotome, or a special apparatus
known as an osteoclast, by which force can be directed or controlled so
as to produce a closed fracture at the desired point.



Fi16. 136.—SaME As FIGUure 135 Arter OperaTion, Snowise OsreoToMIES oF BorH FEMURA,
TipLEe aA¥p IFIBULE,
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Late Rickets.—Late or latent rickets is a process with manifestations
similar to rickets, occurring about adolescence or puberty. In many, there
is a history of rickets in early childhood, which has apparently remained
quiescent for years. The treatment is the same as in rickets.

Fi6. 137-A—Punotocrarn Suowine  Fio, 137-B.—Same as Ficure 137-A,
Deroryiry FoLrowixe RICEETS: AFTER CIPERATION.
RicaT GENU vaLcuM, Lert GENU
VARUM,

Dyschondroplasia.—Dvschondropasia is an affection of the bones
occurring rarely in childhood, characterized by the development of bone into
osteoid tissue, which 1s a mixture of bone and cartilage, with a diminution
of lime salts. The epiphysis is not involved, and actual growth is apparently
normal ; there is, however, marked shortening in the bones due to longi-
tudinal pressure on the softened bone structure, with consequent distortion.
Fracture from slight trauma is common, but usually unites as readily as
in fractures of normal bone. In children, the process may be local or
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Fig. 138—X-Ray Snowing Tyrican Dyvs-
CHONDROPLASIA oF FEMmur wiTen MEeTa-
rPLASIA . aLso IxvorvemEesTt oF Tisia,

diffuse throughout the skeleton. When
diffuse, defective nutrition may be a
factor, as observed recently in several
Furopean countries where children
have been on a starvation diet; or
there may be no apparent canse, in
which case the condition is known as
idiopathic.  When local, one of the
lower extremities may be involved.
However, as other portions of the
skeleton are normal, and the children
are apparently healthy, the nutritional
theory is untenable. The process
usually subsides when full growth is
obtained.

Prognosis and Treatment.—In the
diffuse type, the prognosis is unfavor-
able, as there may be extensive dis-
tortion and deformity throughout the
entire skeleton. No form of treatment
has proved beneficial. Retentive ap-
paratus should be employed for the
prevention of deformity.,

Scurvy.—Scurvy, or scorbutus, is
caused in children by the lack of raw
foods and may be observed in families
of the highest class, especially in in-
fants whose food has been thoroughly
sterilized by heat.

As an orthopedic problem, scurvy
is manifested by painful epiphyses
and subperiosteal hemorrhages which
cause lameness. On examination, the
child shows other well-known mani-
festations, such as petechial hemor-
rhages of the mucous membranes
and skin. The x-ray may demonstrate
changes in the epiphyses somewhat
similar to rickets. The treatment is
entirely in the domain of the pediatri-
cian and consists in the regulation of
diet with sufficient raw food, as fruit
juices, etc.
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CONGENITAL DEFICIENCIES IN QUALITY OF BONE

In this class there is an inherent congenital abnormality of quality in
osseous tissue, which may be apparent at birth or during early childhood.
These affections are rare, but the knowledge of each is deemed advisable
for the general practitioner.

A I
Fic. 139-A.—Puorockarn oF Cump, I 130-D.—5AME AS Froure 130-A,
Suowing Dwarrism anp Typr- LATERAL VIEW,

CcalL DEForRMITIES oF CHONDRO-
DYSPLASIA FETALIS, Ace Tem
Y EARS.

Fragilitas ossium.—[Fragilitas ossium, idiopathic osteopsathyrosis, os-
teogenesis imperfecta, are the terms employed to describe an affection in
which the bones fracture repeatedly from very slight injuries. Undoubtedly,
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this condition 1s often observed mm mild form, as many children are sub-
ject to repeated fractures. The etiology is obscure, though a history of the
same affection may occasionally be obtained in the ancestry.

From the pathology, 1t would appear that the process of growth is not
normal, osteogenesis, or bone production being too rapid. Normal bone is
derived from bone-cells, whereas, in fragilitas ossium, bone apparently is
produced directly from cartilage. These individuals are often of peculiar

Fig. 140.—X-Eay or Boxes oF Lecs, SHowixG CHaNGES 18 CHONDRODYSPLASIA FGITALIS.

appearance, suggesting endocrine disturbance. The x-ray findings are rather
indefinite, technical, and not of practical diagnostic importance.

The first symptom is a fracture from a very slight force, as turning in
bed, and subsequently repeated fractures occur. Deformities are unavoid-
able and the individual usually becomes a hopeless invalid. The only treat-
ment 15 the prevention of deformity by appropriate apparatus. Neither
organotherapy nor any other remedy which has been suggested has a bene-
ficial effect.

Hereditary Type.—There is also an hereditary type of brittle bone,
which results in multiple fractures and is associated with an abnormal blue
appearance of the sclera and deafness. The direct hereditary transmission
differentiates this condition from osteogenesis imperfecta and osteopsathy-
rosis. The etiology is supposed to be due to a congenital hypoplasia of the
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mesenchymal tissues. Fractures and dislocations may be caused from slight
trauma. They unite promptly, but often result in shortening and deformity.
The treatment of the fractures does not differ from that of a fracture in a
normal individual. There is no known treatment of value for the underly-

Fic. 141.—X-Ray or Bongs oF ForearMs, Swowineg CHANGES 1IN CHONDRODYSPLASIA
FETALIS.

ing condition ; but, fortunately, fractures do not occur so frequently after
adolescence.

Osteosclerosis,—(ongenital osteosclerosis, or marble bones, is a con-
genital status of the bones, in which the x-ray demonstrates an increased
density. The condition has been observed in father and son and therefore
heredity is given as a factor. No cause is known. Destructive and prolifera-
tive changes in the joints occur in childhood, hut the condition is of such
rare occurrence as to deserve only mere mention,
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Dyschondroplasia.—Dyschondroplasia, or multiple osteochondroma, is
evidenced by the formation of hard, dense tumors in the region of the
epiphyses, which may interfere with locomotion or cause pain by pressure.
The condition may be hereditary. Removal by operative procedures of the
enlarged process when causing symptoms by mechanical interference, is in-
dicated ; otherwise, no treatment is necessary. Dyschondroplasia is also
manifested by the formation of osteoid tissue in the shait of the bone (see
p. 187).

Chondrodysplasia fcetalis (Fetal Rickets).—This affection is ap-
parent at birth and has been erroneously called fetal rickets, but it has

been found that the process is a complex embryological condition and has
no relation to rickets. The child 1s dwarfed, does not attain full growth;
the head 1s square, the forehead prominent, and the body or trunk is
out of proportion in length to the legs. The epiphyses show enlargement
and there may be multiple deformities.

Apparatus for prevention of deformity is indicated, but 1s not very
effective. No other measure is of value.

ENDOCRINE DISTURBANCES

Manifestations in the bones resulting from lack of balance of the endo-
crine glands may occur. The spine and joints may rarely be ivolved in
such a process, which may permanently impair function and induce de-
formity. There are typical changes in the epiphysis of the eretin which
are characteristic, and also in those with hypopituitrism. Organotherapy
may be administered in the early stages, but when the process 1s advanced,
no treatment is of any value.

NECPLASMS OR BONE TUMORS

Tumors of or adjacent to bone in children may be classed as: (1) be-
nign, which are those that do not recur locally after removal and have no
tendency to metastasize; (2) locally recurrent, or those which often recur
locally after apparent removal but do not metastasize; (3) malignant, those
which not only recur locally, but metastasize to distant parts.

The benign tumors observed in children are: (a) osteochondroma,
(b) chondroma, (¢) giant-cell tumors.

Benign Tumors.—Osteochondromata—OQOsteochondromata are also
called exostoses and osteomata. They are usually composed of bone at their
base, or arigin from the bone, and cartilage at the periphery. This type of
tumor occurs most frequently near the epiphyses at the lower extremity of
the femur and upper extremity of the tibia. They arise from the bone by a
broad base continuous with a slender neck, which terminates in a broad
clubbed or cauliflower-like process. The growth is slow and there are no
symptoms except those due to mechanical pressure or interference with
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function of an adjacent joint. Large bursie may develop over the tumor
irom constant muscle play and become filled with fluid. On palpation, the

tumor can be outlined, if superficial. If there is mechanical irritation, ten

=

Fig. 142—FPnomocerarE oF Twin Boyvs, Sumowine ExpocriNe DMSTURBANCES.

derness is present. The x-ray findings are characteristic, from which the
diagnosis can be confirmed.

The treatment 1s excision from the base outward, including a small area
of normal bone. Since malignant degeneration or metaplasia may rarely
occur all tumors of this type should be removed unless multiple, as in
dvschondroplasia.

Chondroma.—Chondromata, or tumors of cartilages, are rarely observed
in children. They usually arise {rom the bone in the region of the epiphysis,
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or in the central canal, as evidenced more often in the metatarsal, metacarpal
and phalanges of the hands and feet.

Treatment consists of complete excision of the new growth without in-
terfering with the continuity of the parent bone.

Giant-Cell Twmors.—Giant-cell tumors of bone are erroneously termed
siant-cell sarcomata, but for the benefit of future progress in this field and

F1c. 143—X-Ray or OsteocHoxproMa oF Lower Exp or Femur, Snowine TUMOR
witTH PEDICLE.

for the conservation of extremities, the term “sarcoma’ should be carefully
avoided. There is a difference of opinion as to the nature of the pathologi-
cal entity known as giant-cell tumor, as some authorities regard the lesion
as a low-grade inflammatory process closely related to osteitis fibrosa cys-
tica. However, the consensus of opinion 1s that the lesion is a new growth.
Giant-cell tumor rarely occurs in young children, and is more often ob-
served in late childhood or adolescence.

This type of tumor occurs practically always on the interior of an ex-
tremity of a bone as a central tumor, The symptoms are pain and slight
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tenderness on pressure. A definite enlargement may be detected on pal-
pation, but cannot be differentiated from the parent bone. In children, the
x-ray shows a cavity or cyst within the bone adjacent to the joint. Rarely
there may be a multilocular cystic appearance. - ;

Fic, 144-A.—X-Ray SHowinGg GIANT- Fic. 144-B.—SasMe as FIGURE 144-A,
Cerr. Tusor ofF Tiela WITH LaTERAL VIEW,
MurTiocvLar Cyst, witH Ex-
pamsion oF Boxg CoRTEX.

Pathology.—The pathological process of giant-cell tumor is one of
destruction, and unless arrested, may destroy an entire extremity of a bone.
An incision into the tumor discloses the cavity filled with a red substance
resembling currant jelly, which, on microscopical examination, is found to
be cellular, similar to low-grade inflammatory tissue, with many giant-cells,
from which the name is derived.



106 AFFECTIONS OF THE BONES

Diagnosis.—Differentiation cannot always be made from osteitis fibrosa
cystica, nor is this essential, as the treatment of the two conditions is prac-

tically the same (see Osteitis fibrosa cystica, p. 142). The diagnosis is
made by the climical manifestations and the x-ray. According to Blood-

good ! central lesions of bone occurring under fifteen years of age are
benign, which fact 1s valuable evidence in reaching a diagnosis and also in
preventing the erroneous diagnosis of malignancy which induces surgeons
to perform unnecessary amputations.

Prognosis and Treatment.—When the diagnosis is made before there
iz extensive destruction, the results of efficient treatment are excellent.
When the process is not arrested, there may be such an extensive dissolution
of continuity of bone that permanent disability or amputation is inevitable.
In the early stages, operative measures are indicated, which consist of
opening the bony cavity and erushing in the wall so that small bony particles
partially fill the cavity. Particles of bone should be removed from normal
adjacent bone and placed in the operative area. Particles of bone may
also be transplanted from elsewhere in the skeleton, as the tibia.

X-ray treatment may undoubtedly reduce the size of the tumor or arrest
the process, but as the permanency of results so obtained 1s uncertain, opera-
tive procedures are advisable in the early stage. The x-ray shouid be em-
ploved in those with extensive destruction as a pre-operative and post-
operative measure,

Recurrent Tumors.— Tumors of bone which recur locally are very rare
in children. They are often composed of fibrous tissue cells and are called
recurrent fbroma. Rarely, chondroma may recur. These tumors may oc-
casionally undergo malignant degeneration or become malignant by metas-
tasizing. The treatment is complete removal, followed by x-ray therapy.
The probable cause of recurrence is the difficulty encountered in complete
removal.

Malignant Tumors.—The nomenclature of malignant tumors of bone is
so confusing that the general knowledge of the subject is vague and indef-
nite. In fact, there are over one hundred different combinations of cells
by which various classifications are made, and in addition there are many
clinical varieties. Such terms as myxoma, round-cell sarcoma, etc., are
merely descriptive of a type of sarcoma—just as one would describe a
man as being a red-headed man, but he would still be a man. All osteo-
genetic malignant tumors are sarcoma, but differ to some extent in degree
of malignancy. However, much advance has been made in the knowledge
of this subject by the Sarcoma Registry, and too much praise cannot be
given their untiring and unselfish efforts. From a practical point of view,
all osteogenetic malignant tumors may be considered under the general

* Joseph Colt Bloodgood, “Benign Giant-Cell Tumor,” Am. J. Surg., 1923, 37: 105,
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term, osteogenetic sarcoma, of which only three types will be mentioned :
(a) periosteal sarcoma, (b) endothelioma, (c) myeloma.
Pertosteal Sarcoma—In children, by far the most frequent malignant

e

Fig. 145—X-Ray or OsteocExeric Sarcoma oF Humerus, Swmowing Comrrere Osteo-
LY5IS oF SHAFT oF Boxe

hone tumor observed is periosteal sarcoma, a clinical type of osteogenetic

tumor ; endothelioma and myeloma are of such rare occurrence as to be

negligible, In adults, carcinoma most frequently forms metastases to the

bone, but carcinoma practically never occurs in children. Periosteal sar-
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coma apparently arises from the periosteumn and is characterized by osteo-
genesis, or bone production. Periosteal sarcoma in children occurs more
frequently in the upper and lower thirds of the shaft of the long bones,
though the middle third is not exempt. The lower third of the femur is
more frequently affected, though any bone in the body may be involved.
Pathology.—As in all malignant
tumors, the microscope demonstrates

a riotous or disorganized arrangement
of cells, which are rapidly proliferat-
ing, but the histopathology, the types
cof cells and their significance, is in
the domain of the most expert patholo-
oist and will not be considered further.
Metastasis from bone to bone is rare,

the lungs being the most frequent seat
of secondary metastatic deposits.
Trauma 1s probably a predisposing
cause, as a definite history of injury is
frequently obtained. There is much
speculation as to the etiology of tu-
mors, but few conerete facts.
Symptoms of Clinical Manifesta-
tions,—The onset is slow, the first

symptom being enlargement of bone
with pain and tenderness, which may
increase rapidly. In the early stage,
there may be no effect on the general
health, but later, as metastasis oceurs,
there is a marked cachexia, with ele-
vation of temperature.

P16, 140.—CASE 0F USTEOGENETIC SARCOMA M=Fav.—The =x-rav demonstrates
of Husmervs oF Wmicn X-Ray ls s P ot i
SHowy 1N FIGURE 145, extensive prohiferation of bone over

the affected area, which radiates at
right angles from the shaft, from which the diagnosis can nsually be made.
Diagnosis.—The diagnosis is made by the clinical manifestations and
the x-ray, but rarely beftore the neoplasm is well advanced in growth.
N-ray pictures should be made of all suspicious tumors in bone and inter-
preted by an expert roentgenologist. If the diagnosis is still in doubt, a
specimen may be procured while the patient 15 under anesthesia, a frozen
section examined and the decision then made as to the operative procedure.
The diagnosis should be confirmed by tissue examination before amputa-
tion or radical operation. No pathologist can make a definite diagnosis
in all cases from tissue examination alone.
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Prognosis.—In children, death is inevitable, though marked improve-
ment may be observed for a time after excision or amputation. Possibly
an earlier recognition might give opportunity for arrest and eradication
of the tumor by surgery and x-ray. This can be accomplished only by an
x-ray picture so soon as a bone lesion is recognized, and an expert inter-
pretation of the roentgenogram.

Treatment.—Amputation offers slight, if any, hope, and therefore
should not be performed unless the diagnosis' is certain, for many limbs

A I3
Fic. 147-A—X-Ray oF Periostear Fic. 147-B—5amE as Fioure 147-A,
SarcomMa ofF Lower Exp oF LATERAL VIEW.

FEMURr, ANTEROPOSTERIOR VIEW,
Note radiating bone striz and
pathological fracture.

have been needlessly sacrificed. Amputation after extensive invasion, or
even metastasis, is often indicated for relief of pain. X-ray treatment re-
tards but does not arrest the growth, and may possibly relieve pain to some
extent.
Endothelioma.
cell known to the pathologist as endothelium, and is also known as Ewing’s
tumor. The x-ray manifestations resemble osteomyelitis. There is general

Endothelioma is a hone tumor composed of a type of

enlargement of the bone with pain and tenderness, and no elevation of
temperature in the early stage.

The process is markedly retarded, but not arrested by x-ray treatment.
Metastasis occurs as in osteogenetic sarcoma. This type of tumor is of
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ifrequent occurrence, but deserves mention. The termination i1s always
fatal.
Myeloma.

Myeloma is a tumor originating in the marrow cavity from
cells very similar to plasma cells, which may be either lymphoid or myeloid.
The process in the bone is extensive, being usually diffuse throughout the
entire skeleton. The x-ray may retard, but does not arrest the progress of
the disease. Death is inevitable.



CHAPTER XII
AFFECTIONS OF THE SOFT TISSUES

In addition to the pathological processes in the bone and cartilage, de-
formity of joints may also be caused by pathological changes in the sur-
rounding soft tissues. The tissues involved are the skin and subcutaneous
tissue, the muscles and tendons and their sheaths, and the burse about the
joints.  The etiology, of course, varies greatly with the structures involved,
as do the symptoms and treatment. Only the more common affections will
be discussed.

SCAR CONTRACTURES

Deformities due to the contracture of scar tissue are of very frequent
occurrence. Through a knowledge of the fundamental principles of joint
mechanics and wound healing, many of these deformities can be prevented
and milder ones which have formed can be corrected without operative
procedures. The severer ones usually require some type of plastic operation.

Etiology.—The most common causes of scar contractures are: (1)
burns, (2) lacerated wounds, and (3) mmfections.

1. Burns—"These are the most common cause of scar contracture in-
volving the skin and superficial tissues. They may be caused by fire, scald-
ing solutions, chemicals, electricity or excessive friction of the skin surface.

2. Lacerated Wounds—Lacerated wounds, with direct loss or subse-
quent sloughing of the skin and superficial tissues, are second in the causa-
tion of scar contractures.

3. Infections.—Deep-seated abscesses located in such places as the
axilla or popliteal space may produce sufficient scar tissue to form fixed con-
tractures. Infections of the hand, particularly when invalving the tendon
sheaths or located under the palmar fascia, may cause sufficient stiffness
and contracture of the fingers to impair permanently the function of the
hand. Osteomyelitis involving superficial bones, as the tibia or skull, may
produce extensive scars which are very painful and which uleerate from
the slightest trauma.

Location of Tissue Loss.—The location at which the loss of skin or
soft parts occurs determines to a great extent the process of healing and
the formation of subsequent contractures. If the loss of skin surface is
small, or even of moderate degree, and located over the broad areas of the

back, chest, abdomen or thighs, there is usually sufticient mobility of the
201
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surrounding parts to allow the wound to heal satisfactorily. If the wound is
extensive, healing can easily be promoted by small skin-graits. When, how-
ever, the wound 1s near a joint, particularly on the flexor surface of such
joints as the elbow, knee, wrist, fingers or ankle, contractures frequently
occur. 1f the wound is located where contiguous skin surfaces are normally
in opposition, as the axilla, adhesions between the surfaces of the chest and
arm readily form. [t 1s not uncommon, following extensive burns, to see the
axilla obliterated and the arm adherent to the chest as far down as the
elbow. Loss of skin over superficial tendons, such as those at the wrist or
ankle, or over exposed bone, as the tibia or heel, causes wounds which are
difficult to heal.

Depth of Tissue Loss.—The depth of the tissue loss also plays an
important part in the formation of scar. DBurns are classified into three
types:

1. First-degree burns, when there is only a reddening of the skin
surface. These heal without loss of the skin surface.

2. Second-degree burns, when there i1s blistering of the skin and loss
of the superficial layers of the epithelium. The deeper layers of the skin
with the papillee are preserved and healing rapidly follows if the wound is
kept clean and infection prevented.

3. Third-degree burns, when there is a loss of the entire thickness of
the skin with varying amounts of the underlying soft parts. If the area
is extensive, or if small and in an unfavorable location, skin-grafting of
some type 1s usually necessary.

The same principles apply to loss of the full thickness of the skin from
other causes,

Prevention of Contractures.—The formation of scar tissue with its
subsequent contracture is nature’s method of closing wounds. Ordinarily,
it serves its purpose very well, but at times the location and extent of the
wound make this contracture undesirable, 1f deformity i1s to be prevented
and function preserved. Scar tissue begins to form in a granulating wound
about the tenth day. The amount of scar which forms is largely de-
pendent upon two factors: first, the extent and depth of the wound;
second, the amount of infection which takes place in the underlying soft
tissues.

Certain definite principles should be followed in order to prevent the
formation of scar tissue:

1. Early removal of necrotic or sloughing tissue, and sterilization of
the wound surface: This prepares the granulating surface for skin-graft-
ing and prevents infection of the underlying soft tissue. Sterilization 1s
best effected by continuous irrigation with Dakin’s solution, Extensive
burns are most successfully treated with medicated paraffin.

2. Secondary closure: If the loss of the skin is not too great, many
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wounds can be sutured together after the surface has been thoroughly
sterilized.

3. Skin-grafting: Covering the raw area of a wound by one of the
various types of skin-grafts removes both the opportunity and the necessity
for the formation of scar tissue, It should be employed as early as possible
when scar tissue is undesirable.

4. Separation of contiguous surfaces: Granulating surfaces, if allowed
to remain in contact, will rapidly become adherent. Surfaces such as those
of the axilla should be kept well apart during the process of healing.

5. Splinting to prevent deformity: During the formation of a scar
there is constant contraction, but once the scar tissue has fully developed,
this drawing together ceases. Many contracture deformities can be pre-
vented by proper splinting ot the part during this formative period. It
should be remembered, however, that the process of scar formation is often
not complete for months after the wound has healed, and the utmost care
must be used not to remove the splint too early. Certain well-recognized
rules should be observed in regard to splinting.

(@) In infections or burns about the axilla, the arm should be kept
well abducted.

(b) In wounds at the bend of the elbow, the arm should be kept
in full extension.

(¢) In wounds on the flexor surface of the wrist, the hand should be
held in dorsiflexion. This can be done by a splint either on the back or
front of the joint.

(d) With infections of the hand, the “position of function” should
be maintained at all times. This position is slight dorsiflexion of the
wrist, slight flexion, about 20 degrees, of the metacarpophalangeal joints,
and abduction of the thumb to almost full extent. A hand with hyperex-
tended metacarpophalangeal joints and a thumb drawn in against the palm is
useless,

(e) Wounds on the flexor surface of the hip should be treated with
extension and abduction.

(f) Ininfection or wounds around the popliteal space, the knee should
be held in full extension. A posterior splint extending well up the thigh
and down to the foot can be used until the wound 1s healed, when a walking
brace with a knee cap may be substituted during the day and the splint re-
applied at night. Many contractures occur because the use of a splint at
night is overlooked.

(¢g) In wounds of the front of the ankle, the foot should be in plantar
flexion ; when the region of the tendo achillis is involved, the foot should
be at a right angle.

Return of function will be hastened, the absorption of inflammatory tis-
sue aided, and adhesions loosened by the early institution of motion to the
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affected joints. This should be carefully directed and accompanied by mas-
sage and baking so soon as the infection has fully subsided.

Treatment.—The treatment of scar contractures is (1) mechanical
and (2) operative. Contractures and deformities resulting from the forma-
tion of scar tissue may vary in severity from those very mild cases, which
are quickly corrected by simple mechanical means, to the extremely resistant,
which require extensive operative procedures. In many, a combination of
both mechanical and operative treatment will give the best results.

Mechanical Treatmment —Whenever possible, joint deformities should be
corrected gradually by splints before plastic operation on the overlying scar
tissue 1s begun,

Experience has shown that many deformities can be completely and
often permanently corrected by gradual stretching of the scar. This is par-
ticularly true in the larger joints, such as the hip and knee, where there is
good leverage and where the weight of the limb itself helps the corrective
process.

Forcible stretching of scar tissue under anesthesia is rarely ever ad-
visable, and when attempted, only a moderate degree of force should be
used. Usually, there is so much reaction in the soft tissues that there fol-
lows an increased amount of scar, resulting in further contracture. It must
also be remembered that the bony structures composing the joint have, in
all probability, undergone considerable atrophy from disuse, with accom-
panying softening, and serious injury by crushing of the articular surfaces
may result from overstrenuous manipulation. There are times, however,
when careful manipulation is very helpful in stretching the joint capsules
and breaking up light intra-articular adhesions. This should be followed
by a splint holding the parts in the corrected position. Preliminary stretch-
g also prevents undue tension on the soft parts following the plastic
procedure and enables the operator to determine more accurately the amount
of healthy skin necessary to be transplanted.

Operative Treatment.—"The ideal operative treatment aims at the com-
plete removal of all scar and its replacement by normal tissue. If the scar
is not too extensive, this can usually be done, the dissection being continued
until healthy tissue is exposed throughout the wound, the resulting raw
area being covered by the appropriate tvpe of skin-graft. When operating
in and around scars, it should always be remembered that the vitality of
scar tissue is very low, the blood supply poor, and that the slightest dis-
turbance of nutrition will result in sloughing.

Transplantation of Skin.—In a large proportion of all scars removed,
skin-grafting of some type must be used to cover the defect. Autografts
are those removed from the same individual and should be used at all
times, when possible. Tsografts are those removed from other persons.
As a rule, they are not satisfactory, most of them failing to “take,” and
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those which do take often gradually disintegrate. Satisfactory results have
been obtained occasionally when the proper precautions were employed.
The donor and recipient should be grouped, as in blood transiusions, or
failure is certain to result. Zoografts are those transplanted from animals
to human beings. Occasional successes have been reported, but it has been
the experience of most operators that, even though an initial “take” is
secured, the grafts are eventually absorbed.

Types of Grafts—Reverdin Grafts (small, deep grafts, Davis).—
These graits are about 1 centimeter in diameter and consist of the epidermis
and a small amount of the dermis. They are best removed under a
local anesthetic by inserting the tip of a small needle into the epidermis,
raising up a small cone, and removing it with a scalpel. The graits are
placed upon the area to be grafted about 2 centimeter apart. On healthy
granulating surfaces, almost 100 per cent of “takes” can be expected. This
is a most useful and dependable method for covering even large areas where
only the skin has been lost or where there 1s a sufficient amount of soft
tissue beneath.

Ollier Thiersch Grafts.—These grafts are much larger, often being
several inches in each dimension, but they include only the upper layer of
the corium. They are particularly suitable for covering large fresh opera-
tive wounds where it 1s not necessary to supply any soft tissue.

Whole Thickness Grafts { Wolfe-Krause ). —These include the whaole
thickness of the skin and a small amount of the underlyving fat. They may
be of almost any size desired, but an elipse of about 2 by 34 inches has
proved most satisfactory. The fat is entirely removed by a scalpel before
the graft is applied. The area to be grafted must be thoroughly aseptic
and free from blood-clots. It may be a granulating area or a fresh wound.
The advantage of these grafts is that they cover large areas without the
formation of any scar and that they supply the whole skin thickness,

Pedunculated Skin Flaps.—Where it is necessary not only to cover a
large skin defect, but also to supply enough healthy soft tissue to permit
mobility and streching, the pedunculated skin flap is the method of choice.
This necessitates a two-stage operation, as the flap cannot be completely
severed from its original site until it has become sufficiently attached in its
new location to insure its blood supply. These flaps include the whole
thickness of the skin and subcutaneous fat down to the fascia. If only a
small flap 2 or 3 inches long is desired, it may be cut loose at one
end, dissected up the desired length, and sutured directly into the area to
be covered. After about ten davs or two weeks, under a local anesthetic,
the remaining pedicle may be gradually divided, cutting about one-third of
the pedicle on succeeding days.

If a very large flap is to be used, it is better to leave it attached at
both ends to prevent sloughing of the distal end, which often occurs when
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there is only a single pedicle. The edges of the flap are sutured together
immediately to form a tube, and are left for about two weeks to allow the
development of an mcreased blood supply through the pedicles. One end is
then cut loose and the flap transplanted in the usual manner. Variations of
this technic may be used when the part to be covered can be brought
directly under the flap and a primary suture effected, as in passing the hand
under a flap from the abdomen.

Fic. 148-A.—Pnomcrarr o Crip  Fio. 148-B—5Same as Fouee 148-A.
wiTH ExtExsoN Scar 1w Lurr
AXILLA. distal

A pedicled tube of skin from right  sotured (o new location on left chest.
abhdomen and chest has been formed.

Second stage of operation, showing
end of graft detached and

It may at times be necessary to “step” the flap from one part of the
body to another, allowing it to attach at one or more places before finally
reaching its permanent focation. A flap may thus be transferred from the
thigh to the axilla.

Treatment of Special Deformitiecs—When operations are contemplated
on bones or joints over which there 1s an adherent scar, it is usually advis-
able to remove this scar, filling the defect with normal skin, before the
principal operation is done. In this way, failure due to sloughing of the
scar and exposure of the operative field mav be prevented.

Arm-Chest Adhesions.—When the axilla has been obliterated and the
arm bound down to the chest by adhesions and scar, no mechanical stretching
is of any benefit and operation offers the only hope of relief. If the skin
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over the chest and back is not destroyed, flaps may be shifted from their
locations after the arm has been freed and the scar tissue removed from the
axilla. The essential point in the operation is to place sufficient healthy
skin in the axilla to allow abduction of the arm. Where there is no normal
skin in the vicinity of the axilla, a flap must be brought up from some
other area.

Contractures of the Wrist, Hand or Fingers.—Disabling scars about the
wrist are usually on the anterior surface and are accompanied by contrac-
tures and adhesions of the flexor tendons,
resulting in flexion deformity of the wrist
and fingers. If the scar is not too deep
or extensive, a useful hand can often be
secured by gradual extension on a sphnt,
accompanied by massage and baking. A
combination malleable cock-up splint
with banjo attachment for traction on
the fingers has been found most useful.
The splint is applied in the position of
deformity, the finvers gradually drawn
out by attached rubber Lands, and dorsi-
flexion of the wrist 1s then begun, hend-
ing the splint up each day as the deform-
ity is corrected. Progress is often very
slow due to swelling and pain through-
out the hand. The splint may be re-
move:d each day for physiotherapy, if
this is available. After the deformity
is well corrected in both finzers and
wrist, the finger extension mav he
eradually discontinued and active func-
tion encouraged, leaving the cock-up FI“-E‘;E+E§“':;T“E‘:I:RF“E::‘;};SET{:;
splint on the wrist. Support in the cor- OF AXILLA.
rected position should be maintained
until all tendency to recurrence has passed, this often being months after
correction has been accomplished.

When the metacarpophalangeal joints are hyperextended and the thumb
adducted against the palm, which so often follows infections of the hand,
the same type of splint may be used, but the pull made to flex the fingers
and abduct the thumbh.

When the scar is too dense and adherent to permit stretching by mechan-
ical means, a plastic operation with removal of the scar and transplantation
of a pedicle flap will he necessary.,

Removal of a wedge-shaped area from the carpal bones is occasionally
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necessary to correct the flexion deformity when the condition has persisted
for many years.

Scars of even moderate severity involving the palm of the hand and
fingers usually require excision and transplantation of skin to insure suffi-
cient mobility for good use of the hand. Simple excision is usually a
failure, as the scars reform.

Scar Contractures Involving the Knee.—"The deformity of the knee 1s
usually a flexion contracture and is due to infection in the popliteal space

A 5
Fic. 1530-A.—PHoToGrArH  SHOWING F1. 150-B.—5aME As FIGURE 150-A,
Scar CoxTrRAacCTURE o0 Dorsus ZWFTER  UIPERATION BY PEBCLED
or Foor, FoLLowing EXTENSIVE SKiw Frap.

AURN, WITH TALIPES CALCANEUS
DEFORMITY.

or burns involving the thigh and leg. Most of these affections can be
corrected by mechanical means, as the leverage on the joint is great and
the amount of surrounding soft tissue sufficient to allow considerable stretch-
i'”g, {‘1J1-]-l:l1[i|3” i"'- IH".“'[ hL'[‘l!l.L'ﬁE !F}' M f‘-l]t'fi.,l”:'n' [[t'“ig”{"‘i L'}\I_L"l]“-.i'll'll ;iir]ml;[il_]-..
(p. 60). LEven very resistant deformities can be corrected in four to
eight weeks’ time. The Martin knee extension apparatus, which is incor-
porated into a cast, also secures excellent results.

A method that 1s slow but always available is the correction by successive
plaster casts, which are cut at the knee and gradually wedged apart. Simple
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traction on the leg, as by Buck's extension, rarely accomplishes the desired
result. When correction cannot be obtained by apparatus alone, removal of
the scar, tenotomies and fasciotomies of the contracted soft parts and trans-
plantation of healthy skin must be done. Either method must be followed
by careful after-treatment to prevent recurrence of the deformity. Walking
braces extending well above the knee must be worn during the day and a
straight posterior splint at night for

several months. I

Contractures about the Elbow.—

The same principles apply here as to
the knee, the apparatus being modified
to suit the location,

Adherent Scars over the Tibia.—
Adherent scars over the tibia are
quite common following osteomyelitis,
compound fractures, burns, and lacera-
tions of the soft parts. These scars
hecome firmly attached to the under-
Iving bone, their nutrition 1s poor,
and they are in a location which is
constantly subject to injury. Slight

trauma causes a slough and ulcer
which is difficult to heal. The only
satisfactory method of treatment is

complete removal of the adherent scar
and the shifting over of the adjacent

3 5 ] Fic. 151.—Praotosrara oF Fixncers Ex-
normal skin. 1f normal skin on the TENDED BY Bamjo TRACTION SPLINT TO
PrEvENT Scar CoNTRACTURE,

same leg is not :H-Ei”ﬂhllc_" 2 i}_L*tluliL‘u- Also used in other affections of hond
lated flap from the opposite thigh may  and fingers.

be used instead. Shifting of the ad-

jacent skin by the following method has been used m a large number of
cases with excellent results.

The entire scar is dissected from the bone and the thickened bone over
the front of the tibia is chiseled off. A second incision, usually about
2 inches to the inner side of the calf, is made parallel to the wound and the
<kin and subcutaneous fat dissected up, making a flap attached at both ends.
This flap is displaced outward to cover the raw area over the tibia and
sutured firmly to the lateral skin edge, completely covering the exposed
hone. The raw area on the inside of the calf from which the flap was
removed is allowed to heal by granulation or may be grafted with small,
deep grafts.

Sears over the Heel and Ball of the Foot.—These are usually due to
pressure sores or to traumatic injuries or burns. When painful enough to
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Fig., 152—Series oF PHoToorAPHS SHowine Tecaxic axp REsuLt oF Prastic ProcEnURE
(as Exmeroven By THE AvtHow's CoLLeacuk, J. 5. Seeep) ror ULcen or Lec FoLLow-
186G DSTEOMYELITIS,

interfere with walking, they should be excised and the defect filled with a
pedicle graft.

MUSCLES

Trauma may cause rupture of a muscle, or the muscle may be involved
in an acute or low-grade inflaimmatory reaction. Muscle tissue does not
regenerate; consequently, when muscle fibers are destroved, they are re-
placed by fibrous connective tissue, fat and, at times, bone. The con-
tractile function of the muscle is thus diminished and as the fibrous tissue
contracts, motion of the joint may be limited and deformity occur.

Rupture of Muscles.—Muscles may be ruptured by violent contractions,
by sudden elongation of a contracted muscle, or by contusion of a con-
tracted muscle. The muscles usually affected are the extensor brevis of the
toes, the gastrocnemius, the plantaris, the tibialis posticus, the rectus femoris,
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the biceps femoris, the adductors, the pectoralis major, the biceps cubiti, the
deltoid, the trapezium, the sternomastoid, or the abdominal muscles.

Pathology.—The tear usually occurs at the attachment of the muscle
belly to its tendon. It may be complete, partial, or fibrillar, in which only a
few fibers are torn. A hematoma forms, which is gradually absorbed, and
the gap replaced by scar tissue.

Symptoms.—During an unusually violent movement, the patient feels
a sudden sharp pain, accompanied by the sensation of “something giving
way’ and, in some instances, by an audible snap. There is pain on move-
ment, swelling, and ecchymosis at the point of rupture. A gap may be
palpable in the muscle, and if the rupture is complete, the corresponding
movement of the joint may be lost.

Diagnosis.—The diagnosis is made from the history and the symp-
toms. An x-ray may be necessary to exclude iracture,

Treatment.—The treatment is immobilization of the limb in a position
to relax the muscle. In the incomplete variety, this may be all that is
needed. If the rupture 1s complete, however, immediate suture is indicated,
followed by immobilization and physiotherapy.

MYOSITIS

Inflammation of a muscle may occur during the course of an acute
infectious disease, as typhoid fever or scarlet fever; or a low-grade inflam-
matory process may occur in tuberculosis and syphilis. The pathology and
course of such affections do not differ materially from that of similar
mfections elsewhere in the body. The treatment is immobilization and the
prevention of scar contracture deformities with appropriate measures for
the eradication of the systemic infection.

There are, however, two forms of low-grade inflammatory processes in
muscles which require special consideration. These are ischemic myositis
and myositis ossificans.

Ischemic Myositis (Volkmann's Paralysis).—Ischemic myositis is a
condition in which there i1s progressive degeneration and death of the
museles (necrobiosis), due to an obstruction of the arterial blood supply.
The muscle tissue is replaced by fibrous tissue and characteristic paralysis
and deformity result,

Etiology—The paralysis usually involves the muscles of the forearm,
but the leg may rarely be affected. Tt occurs most often between the ages
of four and twelve vears, following fractures in the region of the elbow.
The great percentage undoubtedly occur as the result of constriction of the
arm by splints that have been too tightly applied, or which have become
too tight from subsequent swelling of the arm. However, deformity has
been known to follow fracture of the arm when no dressing has been used
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except a sling. Here, the cause has been assumed to be pressure of the
fragments on the brachial artery, or the intense swelling of the extremity,
which results in the skin and deep fascia becoming tense and compressing
the underlying muscles. The damage occurs in a very short time. If the
arterial flow is arrested for from three to six hours, myositis is practically
certain to develop.

Pathology.—The greatest injury is sustained by the muscles on the flexor
surface and ulnar side of the forearm. The nerves may also be affected,
but the nerve symptoms are usually late and appear to be due more to
constriction of the nerve by scar tissue than to the primary anemia. Follow-
ing the edema and swelling, the muscles degenerate. Infiltration with small
round cells occurs and the muscle is replaced by fibrous connective tissue.
The muscles are matted together in a dense scar, and as contraction de-
velops, the wrist and fingers become flexed.

Symptoms.—The symptoms during the stage of onset are intense pain,
swelling, cyanosis or blanching of the finger tips, loss of motion and sensa-
tion. The cardinal symptoms of constriction, discussed in Chapter 1T, must
always be kept in mind. [If constriction has occurred and the splints are

removed twenty-four hours later, the arm is edematous; the skin is covered
with blebs and there may be areas of pressure necrosis at the point of
greatest constriction (usually just below the elbow). The muscles feel
hard and swollen. The child cannot move his fingers. Later, the typical
deformity i1s a claw-hand. The elbow is flexed, the forearm pronated, the
wrist flexed, the metacarpophalangeal joints extended, and the interphalan-
geal joints flexed. The thumb is usually adducted under the palm. The
temperature of the hand 1s lower than that of its fellow. The skin is thin,
shiny, and may show trophic lesions. Trophic ulcers occur usually at the
tips of the fourth and fifth fingers. There may be diminished sensation.

The muscles of the flexor surface are hard and board-like in consistency
and stand out prominently on attempts to straighten the wrist and fingers.
Active motion in both flexion and extension is greatly diminished or entirely
absent. Passive movement of the joints is usually normal; the fingers can
be extended when the wrist is flexed, and the wrist can be extended when the
fingers are flexed. This fact is made use of in correcting the deformity.

Diagnosis—The diagnosis of ischemic paralysis is made from the
history of onset associated with a fracture and from the characteristic
symptoms and appearance. The board-like feel of the muscles is almost
pathognomonic. Other conditions with which it might be confused are
spastic paralysis, obstetrical paralysis and anterior poliomyelitis. Spastic
paralysis and obstetrical paralysis are differentiated by the duration of the
affection since birth. Anterior poliomyelitis is to be distinguished by the
flaccid character of the paralysis.
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Prognosis—The prognosis is favorable when treatment is instituted
early. The milder cases may be greatly benefited, but as a rule there is
always permanent impairment of function.

Treatment —IPreventive Treatment.—The most important form of
treatment is, of course, the preventive. Much caution is required in
the use of arcular dressings after trauma to the forearm of children.
The fully flexed position universally used in the treatment of fractures
about the elbow is particularly dangerous. The limb must be inspected
frequently during the first forty-eight hours. [f undue pain or other
cardinal symptoms of constriction are present, the dressings must be
removed, the arm massaged, the joints passively moved, and the dress-
mgs loosely re-apphed. This treatment may be repeated every two hours,
if necessary. If the manipulation is too painful, an anesthetic may be
administered.

If it is thought that the arrest of circulation is due to pressure on the
brachial artery, the fragments may be shifted blindly. If constriction is
due to edema of the structures below the deep fascia, multiple incisions
through the skin and deep fascia down to the muscles may relieve tension,
and is indicated in rare instances.

Corrective Treatment.—The corrective treatment consists of gradual
extension of the contracted structures. As has been mentioned, the distal
joints can usually be straightened when the proximal ones are flexed. Metal
splints are applied to hold the interphalangeal joints in extension while the
metacarpophalangeal joints and wrist joint are flexed. The splints are
changed daily and bent so that the metacarpophalangeal joints are gradually
straightened. When the fingers become straight, the wrist is gradually
extended in the same manner until it can be hyperextended. TDhysiotherapy
is of great value and should include baking, hot-water baths, massage, and
active and passive exercises. Surgical treatment offers little chance of im-
provement. The plastic lengthening of the muscles i1s perhaps the most
rational procedure of the various operative methods which have heen
emploved. Resection of a portion of the shafts of the radius and ulna has
been advised but is rarely necessary.

Mpyositis ossificans.—Myositis ossificans is a low-grade inflammatory
process characterized by the formation of bone in or in contact with a muscle.
Three types are described : (1) the progressive; (2) the circumscribed; and
(3) the traumatic.

Etiology—The cause is not known. Various theories have been ad-
vanced to explain the condition, the most important of which are: (1) 1m-
plantation of periosteum into a muscle; (2) escape of osteogenetic cells from
the periosteum; (3) ossifying hematoma; and (4) metaplasia. Males are
affected more frequently, and trauma plays an important part in almost
every case. The progressive form usually begins in the muscles of the back
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and steadily involves practically ail the muscles of the body. Death occurs
finally from interference with respiration,

In the circumscribed and traumatic forms, the hone production i1s limited
to one muscle. The brachialis anticus muscle is most often affected. Other
common sites are the quadriceps muscle, the adductors and the biceps
brachii. Dislocation of the elbow is the most common predisposing factor.

' ._-ﬂ: 9 .'.:‘:I;
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CoNTUSIONS.
Wote bridge of bone connectling transverse processes of lumbar vertebrz to the ihium.

Bone may also form in muscle following fractures, muscle contusions and
muscle rupture.

Fathology—The pathology in the different forms is essentially the same,
varying only in distribution and degree. In the rare progressive form, as
mentioned above, the process may be almost universal. In the circumscribed
and traumatic type, the bone production is limited. The bone is found in the
muscle tissue, in the tendon, muscle sheath, or along the fascial intermuscular

planes. In the circumseribed form, the onset is slow, but in the traumatic
form, the muscles may rapidly undergo ossification. Specimens removed at
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operation show degeneration of the muscle fibers, replacement by fibrous
tissue, cartilage cells and normal appearing bone. There may or may not
be an attachment to the skeleton.

Symptoms—The symptoms are those of interference with muscular
function. The mass is palpable and gradually becomes larger and firmer.
Fain is rarely a prominent symptom. The roentgenogram shows the mass
in the muscle, which becomes gradually denser until it casts a shadow
similar to normal bone. The entire process in traumatic myositis ossificans
may occur in three months.

Diagnosis—The diagnosis is made by the history of the injury, pro-
gressive limitation of motion in a joint, palpation of the bony mass, and the
X-Tay.

Treatment.—The treatment of the circumseribed lesions is purely sur-
gical.  As there is a strong tendency toward recurrence if the excision is
not complete, it is wise to observe the tumor for a time and repeat the
x-ray. When complete ossification has occurred, wide excision should be
done. No treatment is of value in the progressive type.

TENDONS

Tendons, like muscles, may be ruptured or torn from their insertions by
violent muscular contractions. The symptoms and treatment are identical
with rupture of the muscles. Tendons may also he displaced from their
anatomical positions. This 1s most frequently seen in the peroneal tendons.

Displacement of Peroneal Tendons.—The peroneal tendons may be
displaced forward from their normal position behind the external malleolus.
The cause may be traumatic, or due to congenital malformations of the
groove in which the tendons lie. The dislocation is also seen in paralytic
fat-foot. The displacement occurs when the foot 1s dorsiflexed and abducted.
The symptoms are local swelling and ecchymosis.

The treatment consists of replacing the tendons in their groove and
holding them in position by maintaining the foot in dorsiflexion and inver-
sion, If recurrence follows, open operation may he necessary. An artificial
groove can be constructed by turning up an osteoperiosteal flap from the
hibula.

Tenosynovitis.—The tendon and its sheath may be involved in inflam-
matory processes. Because of their intimate association, the inflammation
usually involves both coincidently., Any of the classical types of inflamma-
tion may occur, as plastic, serous, purulent or proliferative. Tuberculosis
is often the causative agent. Tenosynovitis occurs usually in the tendon
sheaths of the wrist and ankle.

Pathology.—The tendon sheath is thickened. The synovial fld is
increased and may be normal in character, serous or purulent, depending
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upon the nature of the infecting organism. In tuberculosis, rice-bodies are
frequently found.

Symptoms.—The symptoms are swelling about the ankle or wrist joint,
pain on motion, and impairment of function.

Diagnosis.—The diagnosis is easily made, but must be differentiated
from arthritis and simple traumatic affections.

Treatment—"The treatment is rest by immobilization and aspiration or
incision, if the symptoms become exaggerated.

Ganglion.—A ganglion is a cyst containing a clear, colloid material,
developed from the synovial membrane of the tendon sheath or joint.
Ganglia are situated generally on the dorsum of the wrist. They appear
gradually and are usually associated with some slight strain, as practicing
on the piano. The ganglion does not move with the tendon, but becomes
tense on flexion of the wrist and fingers. The symptoms are usually mild,
but may persist indefinitely.

The classical method of treatment, by breaking the ganglion with the
corner of a book, is to be condemned. Aspiration of the colloid material
followed by the injection of a few drops of tincture of iodin, phenol or
mercurochrome, 1 per cent, may cause a slight inflammatory reaction and
disappearance. [f this 1s not successful, excision should be periormed.

BURSZE

A bursa is a sac enclosing a small amount of serous or synovial fluid
designed by nature to prevent the ill effects of pressure, to facilitate gliding
movements, and to diminish friction. Bursa are usually located near joints
and over bony prominences, and are subject to irritation by trauma and
infection. As they are in close communication with the lymphatic system,
they are frequently infected from distant foci. DBursa react to irritation by
an increase in the amount of serous fluid and by thickening the walls;
this causes pain and swelling. There may be calcareous deposits formed
after prolonged irritation. There are about one thousand bursz described
in the human body, but only the ones most frequently causing symptoms will
be discussed. These are the one beneath the os calcis, the one about the tendo
achillis, the prepatellar, the subacromial, and the one under the insertion of
the pronator radii teres muscle. Like tenosynovitis, bursitis may be acute or
chronie, serous or purulent, and may be due to tuberculosis or syphilis.

Calcaneobursitis.—Calcaneobursitis is an inflammation of the bursa
beneath the os calcis, between the bone and the fatty tissue of the heel.
The symptoms are pain and tenderness on pressure. If the condition is
associated with flat-foot, the latter should also be treated. A felt or rubber
heel pad will remove the jar of walking. In obstinate cases, the bursa may
be excised through a lateral incision.
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Achillobursitis.—Inflammation may occur within the bursa between
the insertion of the tendo achillis and the overlying skin, or in the bursa
between the tendon and the os caleis. The symptoms are pain and swelling
about the back of the heel. The patient may walk on the toes to relax the
tendon, The treatment is rest and removal of the counter of the shoe, as
mentioned in the treatment of epiphysitis (p. 145). In more severe cases,
drainage or excision may be necessary.

Prepatellar Bursitis (Housemaid’s Knee).—Prepatellar bursitis is
commonly due to excess kneeling. The symptoms are similar to those of
bursitis elsewhere, and the diagnosis, as a rule, presents no difficulties. It
must, however, be clearly differentiated from arthritis of the knee with
effusion. The treatment in acute cases is strapping with adhesive tape.
If there is much effusion, the sac may be aspirated. In persistent chronic
cases, excision is the best method of treatment.

Subacromial Bursitis.—Subacromial bursitis is rare in childhood. Tt
is manifested by swelling, pain and tenderness on the anterior aspect of the
joint; motion of the shoulder is limited chiefly in abduction and internal
rotation, as these movements compress the bursa under the acromion process,
This sign is therefore of value in differentiating subacromial bursitis from
arthritis of the shoulder joint. Calcareous deposits are more frequently
observed in subacromial bursze and adjacent tendons than in other burse.
The treatment is conservative in the acute stage and surgical removal in
the chronic stage.

Tennis Elbow.—Chronic bursitis of the elbow is frequently seen after
repeated mild injuries, as in athletics. The symptoms are pain on the
medial side of the elbow joint when using the arm, and tenderness over the
insertion of the internal lateral ligament and the common tendon of the
flexor and pronator muscles. The bursa over the head of the radius may
be inflamed. This may be associated with tenderness and swelling over the
insertion of the pronator radii teres into the radius, probably due to in-
flammation of a small bursa at this point. The treatment consists of rest,
counterirritation and, later, massage.



CHAPTER XIII

AFFECTIONS OF THE NERVOUS SYSTEM

ANTERIOR POLIOMYELITIS

Anterior poliomyelitis, or infantile paralysis, 1s an acute infectious
disease involving the cerebrospinal system and usually associated with
peripheral paralysis. As in other infections of the central nervous system
(meningitis ), 1t may occur in epidemics or sporadically.

Etiology.—The etiological factor has not vet been proved. Anterior
poliomyelitis may occur as a sequela of acute infections, as measles, whoop-
ing-cough, and during the clinical course of acute intestinal infections, and
also sporadically and in epidemics, and it is probable that several organisms
may induce the same pathological phenomena. Since the infection in the
epidemic type can be induced in monkeys by the injection of a solution of
infectious material from the central nervous system or elsewhere, which
has been passed through filters sufficiently fine to retain all known bacteria
visible through the microscope, i1t is believed that the causative agent is
possibly ultramicroscopic and filtrable. No age is exempt, but the most
frequent period of occurrence is from two to five vears.

Pathology.—The infection apparently has a selective action for the
motor cells of the anterior horn of the gray matter in the cervical and
lumbar enlargements of the spinal cord; other portions of the central
nervous system may be involved, though the posterior portion of the cord
is seldom invaded. The muscles whose nerve-cells have been destroyed in
the area of infection undergo metamorphosis until all muscular fibers may
be substituted by fat. Some or all of the nerve-cells may be destroved or
only temporarily impaired: in those destroyed, no restoration to normal
will occur; in those partially or slightly impaired, a return to normal or
approach to normal may be expected.

Symptoms and Clinical Course.—There are a number of clinical varie-
ties which may be enumerated, as follows: (1) abortive; (2) cerebral; (3)
medullary; (4) meningitic; (5) spinal (the common type).

The abortive type is recogmized only during epidemics. TFever is
present for a number of days, but the condition subsides withount paralysis.
In the cerebral type, there are symptoms of an acute encephalitis.  In the
medullary form, the cardiac or respiratory centers may be involved, with
death before diagnosis is made. This variety is also recognized only during
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an epidemic. The meningitic type presents symptoms identical with cere-
brospinal meningitis, which can only be differentiated by the examination of
the spinal fluid. The cerebral, medullary, or meningitic types may be
complicated by a peripheral paralysis. The spinal, or common, type occurs
with such preponderant ‘frequency that the other types above mentioned will
not be further considered.

There are clinically four different stages: (1) acute, or febrile; (2)
nervous; (3) resolution or functional improvement; (4) residual paralysis.
In the first, or febrile stage, the onset 1s sudden, with a range in temperature
in proportion to the intensity of the infection. In the epidemic form, the
range is usually high, but (when probably due to some other type of infec-
tion, as measles, intestinal infection, etc.), there may be no elevation of
temperature. It is generally conceded, however, that fever is always present,
even if not detected. The fever persists from three to five days, during
which time the child may be exceedingly nervous; or there may be no symp-
toms suggestive of involvement in the central nervous system. As these
acute febrile symptoms subside, flaccid or loose paralysis in the extremities
is apparent. In mild infections, the paralysis may be slight and may be
passed unnoticed until walking 1s attempted, or months or years later, when
deformity may ensue from deficient muscle balance. Spastic paralysis is
rarely if ever observed as a sequela of anterior poliomyelitis.

The distribution of the paralysis in frequence of occurrence is: both
lower extremities, one lower extremity, all four extremities and the spinal
and abdominal muscles. The cramal nerves may be involved at times, and
the speech center, as ohserved in one of the author’s cases. There seems
to be a selective action of the organism on those cells in the spinal cord
which affect certain groups of muscles, The paralysis may be of any group,
or part of group, or may involve the entire muscular system.

The nervous stage begins with the onset of paralysis, and may continue
about six weeks, when all pain and nervous manifestations gradually dis-
appear. The child is exceedingly nervous: any noise may cause irritation
and the slightest jar may produce hysterical manifestations. There may
also be photophobia. The stage of resolution or improvement is instituted
as the nervous stage subsides, and there is a gradual return of muscular
function. Muscle power is regained more rapidly for the first six months,
and thereafter very slowly, becoming stationary in about eighteen months.
The stage of residual paralysis is then instituted, and no further improve-
ment may be expected. This stage is in reality a status, the result of a
pathological condition, and does not represent an active pathological process.
Deformity, which may be extensive, resuliing from a lack of muscle balance,
followed by contraction of the soft parts and structural distortions of bone,
frequently complicates this stage. The more common deformities will be
described, beginning with the foot.
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The Foot—Since the foot is the foundation on which the body is sup-
ported, and also the most dependent part, it is obviously more subject to
strain and deformity, especially if weakened by paralysis. Equinus, varus,
valgus, calcaneus, equinovarus, calcaneovalgus and equinovalgus, drop-foot

A B
F1G. 154-A.—PuotoGrRaPH SHowINGg  Fic. 154-B.—SaME As Fioure 154-A,
Eguinvs Derormity oF Foor AFTER CIPERATION,

witTH LORDOSIS 0OF SPIKE.

and flail-foot are the deformities most frequently ohserved. Equinus is
caused by the paralysis of the anterior group of muscles in the leg, or the
dorsal flexors, with active function in the posterior muscles of the leg,
especially the gastrocnemius. The posterior muscles contract as muscle
balance is lost, so that the patient walks on the ball of the foot (equinus).
Farus, or turning in of the forefoot, ensues when the peroneals are paralyzed
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and the tibials are active. Coincidently, there develops an inward twist of
the bone structure of the tarsus and contractions of the soft structures on
the inner aspect of the foot. algus, or turning out of the forefoot, is
produced when the tibials are paralyzed and the peroneals are active. This

3
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obviously depresses the arch, and the condition may also be described as
paralytic flat-foot. Caleancus, or heel-walking, occurs when the posterior
or calf muscles are paralyzed and the anterior group of the leg is active.
In all these deformities, there is usually structural distortion of the bones.

There are also certain combinations of deformities, as E[!tli]lrl\-‘ﬂl’llb‘.,
calcaneovalgus and equinovalgus, which may become fixed from permanent
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contraction of muscles and soft parts and distortion of the bones. Equino-
TAFIS 15 ]1['!!1]I]E'L'ci when there are ]n.'n';[]:. ses of the anterior group of the 11_';_:
and the peroneals, while the posterior group and tibials are active. These
active muscles contract, pulling the foot into equinus and varus. Calcaneo-
valgus 1s induced by paralysis of the posterior group and tibials with active
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Fic. 156-A.—Puotocrara Suwowing  Fia. 156-B.—5aMme as Ficure 156-A,
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peroneals and anterior muscles of the leg. The latter become contracted
from loss of muscle balance and pull the foot upward and outward.
Equinovalgus may be caused by paralysis of the anterior group and tilnals
with active posterior muscles and peroneals, or may follow simple equinus
without paralysis of the tibials by the foot being forced outward by weight-
bearing in an effort to place the sole of the foot on a flat surface in walking.
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Drop-foot occurs when the posterior muscles are active and the anterior
muscles are paralyzed, but without contraction, even though a loss of muscle
balance is present. When the leg is lifted from the ground in walking,
the foot falls downward. Flail-foot, or “dangle-foot,” results from paralysis

Fic. 157-A.—PootocrarE SHowIiNcg  Fic. 157-B—Sayse as Fiouee I57=4,
FLexton DerorMiTy oF KXEE. SuowinG CorrEcTioN oF FLEXION
Derorsity or KxEE.

Osteatomy of femur and drop-foot
i.||J\'._:r.'L[1H]t LMl |Il.l|a-|__

of all muscles of the leg. A flail-foot is also a drop-foot, but a drop-foot is
not necessarily a flail-foot. A deseription of deformities of the foot may
also be found in the chapter on Congenital Anomalies.

The Knee.—Iixed flexion deformity may be produced by paralysis of the
quadriceps.  In addition, there may be associated external rotation and sub-
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luxation of the tibia on the femur by a strong pull of the biceps femoris
muscle on the head of the tibia, previously described in affections of the
knee-joint (p. 359). Genu recurvatum, or exaggerated hyperextension,
occurs when the hamstrings are paralyzed and the quadriceps is active.
Genu recurvatum may also be a natural compensatory measure to fix the

A B
Frc. 1538-A—FProrocrarin Swowine i, 158-B—SaMme as Fioure 158-A,
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knee and enable standing and walking when all muscles of the thigh are
paralyzed and a flail-foot exists.

The Hip—The hip is more frequently fixed in flexion with abduction
by contraction of the flexors and abductors, which may be so extreme that
the thighs touch the chest when the spine is in normal position. Spontaneous

dislocation of the hip is fairly common.
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The Spine—Slight or extreme structural rotary curvature of the spine,
involving the entire trunk, may result from loss of muscle balance. The

abdominal muscles may also he para-
Iyzed, causing extreme visceroptosis,

The Shoulder.—In paralysis of the
deltoid muscle of the shoulder, there
is dislocation by gravity, which is
often erroneously considered of trau-
matic origin. However, in traumatic
dislocations, the shoulder cannot he re-
duced without considerable force,
whereas, in paralytic dislocation, the
head of the bone can be slipped in and
out of place without discomfort.

The Elbow.—The elbow remains
loose and flail, the problem being one
of function and not deformity.,

The Wrist—The wrist may be-
come flexed and subluxated, and the
fingers extended at the metacarpo-
phalangeal joint and flexed at the
phalangeal, a peculiar type of claw-
hand.

Deformities and dislocations are
induced by the force of gravity and by

Fia.

150 —%-Ray SmowixnG Fusiow
Pateria 1o Tinta i18v AvrHor’'s Op-
ERATION FOR (GEXU RECURVATUM.

natural attitudes, as sitting with thehips flexed and abducted, the knees

flexed. and the feet in equinus.

Prognosis.—In the early stage, after paralysis has occurred, the return

Fic. 160.—ProrosrarH SHowine Frexmon CowtracTures oF Hirs amp KNEES WITH
QOuanruren LocoMoTionN.
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of function depends upon the extent of destruction in the spinal cord.
Muscles cannot be restored to action when their cell control in the spine has
been destroyed, but in those muscles whose controlling cells are only im-
paired, there may be a restoration to normal. There is no method by
which one can determine whether there has been destruction or only impair-
ment. In the stage of residual paralysis, much may be accomplished ; in fact,
there 15 very rarely observed any case
which cannot be very materially im-
proved by the institution of efficient
measures. If a slight disability exists,
as a twisted foot, very often approx-
imately normal function may be re-
stored.  If only one limb is affected,
crutches can usually be discarded, and
often braces. If the patient walks on
crutches, his limbs can be straightened

and walking permitted with apparatus,
or occasionally without apparatus. If
the paralysis 1s extensive and the pa-
tient is confined to a rolling chair or
walks on hands and knees, he can be
placed on erutches with apparatus. In
the upper extremity, much can often
be accomplished to increase function
by operations for stabilization and
tendon transference.
Treatment.—During the acute and
nervous stage, the child should be
kept perfectly quiet; no treatment is
necessary except to regulate muscle
balance and prevent deformity. For
the peripheral neuritis, when pain is

severe, immersion of the child in a

F16. 161.—5AME as Fioure 160, Snowixg : . s
Correction oF DEFORMITY. tub of tepid water may give relief.

Child able to stand and walk with aid o e st R
of braces, Recently, serum therapy, the value of

which is sub judice, has been intro-
duced 1n an effort to arrest the progress of the infection. The administration
of this serum is indicated as a possible beneficial agent and should be given
when the diagnosis is made during the febrile stage or shortly thereaiter.
If any remedy is to arrest the process, it must be given at this stage; after
paralysis occurs, no serum treatment is of the slightest benefit. Urotropin
has been administered in the acute stage because of its known antiseptic
effect on the spinal fluid.
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The orthopedic treatment begins so soon as the paralysis i1s observed,
and consists of the prevention of deformity with suitable apparatus, the same
principles being applied as in affections of the joints. For example, if there
15 paralysis of the anterior group of the leg, the foot falls by gravity into
the position of equinus, in which position it may become fixed. In order
to prevent this fixed deformity, the foot is held at a right angle to the leg
by a simple ankle splint or a hivalved plaster cast. This not only prevents
deformity, but also gives the anterior
group a better chance to recover. It
has been found that overstretched
muscles do not recover their tone and
that relaxed muscles recover more
rapidly. It 1s often demonstrated that

an active muscle may apparently be
paralyzed when overstretched. In
hxed equinus, the anterior group may
be feeble or apparently paralvzed un-
til the toot, fr_'l.' severance of (Kl )Sterior
structures, is placed at a right angle
to the leg, relaxing the anterior group,
when muscle power 1s often sponta-
neously regamed and dorsiflexion of
the foot in walking is possible,

The most useful position for the
knee is in full extension. Flexion con-
tractures, extreme hyperextension or
rotary or lateral displacements should
be prevented. The hips should be held

straight and slightly adducted so as

to prevent the common tendency to

flexion and abduction. The spine can . 162—MeTnop oF Procression 1x
= B SEVERE LT AsSE oF Pararvsrs, REsuLnTt-

be most Cr=111.1'1i1.u1|tT:-.' r:uln]:nrl{'{l in the NG FROM  ANTERIOR  POLIOMYELITIS

WITH HMaralysis axp DEFORMITY OF

Sl : Bora Lower EXTREMITIES,

this is not obtainahle, a plaster cast Patient unable to walk or crawl,

early stage on a Bradford frame, or it

may be applied. The spine must be

carefully observed until full growth is attained, as deformity may arise
in later years, due to the increase in superincumbent werght by normal
growth, and loss of muscle balance.

When the nervous stage has subsided, the third stage begins, which is
called for convenience the stage of resolution or ii|1p1'm'rtm'1|l._ for in prac-
tically every case there is some spontaneous return of function. At this
time, in addition to apparatus for the prevention of deformity, physiotherapy
is indicated, which consists of massage, electricity and muscle training. The
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child has frequently forgotten the use of the affected muscles, even though
the neuromuscular system has returned to normal function. Much harm
may be done by ignorant and inexperienced individuals by the use of
massage and electricity ; consequently, physiotherapy should always be in
the hands of an expert. If this is impossible, however, the mother or
attendant should spend sufficient time
to acquire a knowledge of simple meth-

ods of muscle training and massage,
and the proper use of electricity. Phys-
1otherapy is of the greatest beneft dur-
ing the first eight months.

When the lower extremities are in-

=

volved, weight should not be borne on

the affected limbs, as there 1s danger of
overstretching weak and paralvzed mus-
cles, It 15, theretore, better to wait

three to six months to determine the

extent of return of function. It may
be very difficult to keep the parents from
permitting the child to walk because ot

the erroneous idea that exercize of the
affected muscles alone will cause a res-
toration to normal. It 1s most impor-
tant, however, that the muscles be kept
in a state of relaxation, as overfatigue
of paralyzed or partially paralyzed mus-
cles tends to cause further deterioration.

When the residual stage of paralysis
has been reached and no increase in
function is apparent, further improve-
1

ment in muscle power can often be de-

6. 163.—DrawinG Snowine Z-Suarer  yeloped, especially in those who have
[=crsionw For LENGTHENING TENDO : HaTar
ACHILLIS, had no previous treatment. This 15 ac-

complished by re-education and muscle
training of the muscles which possess active motion, even though it he
slight. However, if the paralysis is extensive, no approach of normal can
be expected from treatment after the residual stage has occurred, which is

about two years after the onset of the [r.'ﬂ';i[}'ﬁ'iﬁ_ At this time SUrZery 15

indicated, (1) to correct 1]{‘1-13-['1!15[_\', [_3) to restore muscle power, and

(3) to stabilize loose and relaxed joints,
ﬂl,"!fru.'fn.l.';; for the Correction of Deformity—These consist in forcible

correction, osteotomies for the correction of osseous deformity, and tenot-
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omies, tenoplasties or fasciotomies, for lengthening contracted soft struc-
tures. Tendons are frequently lengthened by plastic measures, For ex-

ample, the tendo achillis is sev-
ered with a Z-shaped incision
which permits of lengthening
(Fig. 163).

Operations for the Restora-
tion of Muscle Power.—QOpera-
tions for the restoration of mus-
cle power consist of : (1) nerve
anastomosis and (2) tendon
transference. Nerve anastomo-
sis consists in transferring por-
tions of normal nerves into those
supplving  paralyzed muscles.
This method has not proved sat-
isfactory and is of historical in-
terest only. Tendon transference
is a valuable procedure, but
should he employved only in se-
lected cases and by those who
have had specialized training and
mastered this delicate procedure,
While brilliant results have been
obtained many failures have also
occurred, probably due to the lack
of correct technic. The tendon of
an active muscle is transplanted
to the point of insertion of a par-
alvzed muscle. The transplanted
muscle must be of sufficient pow-
er to perform the function of the
muscle whose action it assumes,
and be correctly placed and ar-
ranged in the new position so
that it will be capable of assum-
ing the function of the replaced

Frig. 164.—ScueMmaTic Drawineg Snowine TecH-
Nic oF Drop-Foor Oreration, ILLUSTRATING
THE TeExpe AcHiniis LENcTHENED BY Z-
Suaren Ixcision axp Mass o Boxe Chirs
TraxsrLaxten To Urper Surrace oF Os
CALCLS,

IxseErT : ScaEMaTIc Derawixne Ssowing Re-
suLt ofF TrIPLE ARTHRODESIS AND Droe-Foor

(OPERATION.,

Note fusion of calcancocuboid, astragalo-
scaphoid and subastragalar joints and fusion of
mass of bone on os calcis,

muscle or failure will result.

O perations for Stabilization.—These operations consist in arthrodesing
or ankylosing certain loose and flail joints by operative methods to render the
part stronger and more useful. There are certain more or less standardized
operations which combine the three objectives: correction of deformity,
stabilization, and restoration of function. No attempt will be made to men-
tion all of these, but only a sufficient number to illustrate the purpose.
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In any program for the reconstruction of a paralyzed extremity, due
consideration must be given to the planning of surgical procedures along
correct mechanical lines. The part must be considered as a whole and
methods applicable to the individual case devised. For example, in fixed
equinus, the patient may walk quite well by the tense heel cord holding the
knee stable through the gastrocnemius muscle. If the cord 1s made too long,
the foot may become flail and the knee unstable, thus rendering the extremity
weaker, walking difficult, and the individual more disabled than before cor-
rection was attempted. Also, the position of the foot and its relation to other

Fic. 165.—X-Ravy of Foor FoLLowi¥c ARTHRODESIS 0F ASTRAGALOSCAPHOID AND CAL-
caNEOCUROD Joixnts axp Deor-Foor OPERATION.

parts must be considered. Operations which require the removal of bone
for the purpose of fusion, stabilizing or reconstruction, are contra-indicated
in very young children and should not be attempted until there has been
sufficient osseous development; otherwise, failure will ensue. As a rule,
eight years of age is about as early as these operations are indicated, except in
special instances.

The Foot and Ankle—The object of operative procedures on the ankle
is to restore to the body a stable foundation, so that weight may be distributed
on the sole of the foot. Deformity can be corrected in most cases of para-
Iytic feet by excision and remodeling of three joints : the astragaloscaphoid,
the calcaneocuboid, and the subastragalar. This process is known as triple
arthrodesis, and corrects lateral deformity and instability, but does not
correct the falling forward of the foot (drop-foot) when there is paralysis
of the anterior muscles of the leg.
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T']L‘ author has devised an r:lll'T.‘l[il:lI] 1 for the correction of :[l'nm]J foot
which consists in makine an incision into the posterior aspect of the ankle

joint and transplanting a mass of spongy bone into the upper surface of the
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Foor. Note foot blocked at right angle,
Combined with tendon transplanta-
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os caleis in close proximity to the ankle joint. This new hone lives, fuses
with the os caleis, and forms a process which impinges upon the posterior

W, C. Campbell, “An Operation for the Correction r-!‘ Drop-Foot,” J. Bone & JToint
Surg., 1023, 5:815; “End Results of Operation for Correction of Drop-Foot,” J. 4. M. A,
Dec. 10, 1925, 85: 102.
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surface of the tibia and prevents plantar flexion. The method has been
employed in over 150 cases during the past four years and has proved almost
universally successful. The same procedure has also been used in all
varieties of foot affections complicated by equinus or drop-foot. When
combined with triple arthrodesis, it has the added advantage of stabilizing
anteroposterior as well as lateral motion and also conserving the rocker
motion of the ankle joint.

Astragalectomy, described by R. Whitman,” is a very valuable procedure
in flail-foot and calcaneovalgus. The astragalus is excised and the foot

Fic. 167.—X-Ray oF Foor Five YEARS AFTER ASTRAGALECTOMY.
Note backward displacement of foot on tibia.

displaced backward so that the weight of the body is placed over the center
of the foot. Stabilizing operations on the feet may often be advantageously
combined with tendon transference.

The Knee—>Severe deformities of the knee, as contractures with sub-
luxation, should be corrected gradually by apparatus. If some degree of
correction can thus be obtained before operation, much bone may be con-
served. Tendon transference of the hamstring tendons into the quadriceps
and patella in paralyzed guadriceps 1s a very valuable procedure. Even
slight flexion materially weakens the knee, and osteotomy for correction
is often done so that the weight may be borne on a perfectly straight knee,
and walking thus facilitated. A mild degree of genu recurvatum is often of
advantage, but if extreme genu recurvatum is present, the author trans-

*Royal Whitman, Orthopedic Surgery, 1017, Ed. 5, p- 840.
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plants the patella into the upper extremity of the tibia to limit the forward

motion of the leg at the knee.

T'he Hip—In the hip, flexion with abduction is a very common and
disabling deformity, and often prevents walking, especially if both hips are

affected. Transference of the crest of
the ilium is the operation employed by
the author ? in this condition, and con-
sists in chiseling loose the muscular
attachment of the hip flexors to the
anterosuperior spinous process of the
thum, and all of the abductor muscles
attached to the crest, with a small por-
tion of the crest. The entire mass is
stripped downward and attached to
the dorsum of the ilium at a point be-
low, thus releasing the contracted
muscles and correcting the deformity
of extreme hxation and abduction,
This operation enables patients who
have been confined to a rolling chair
to assume an upright posture and
wall.

The &pine.— Paralytic scoliosis
should be corrected as much as possi-
hle by the procedures described in the
treatment of scoliosis (p. 260), after
which the spine may be held in the cor-
rected position by ankylosing opera-
tions, the principles of which are de-
scribed in tuberculosis of the spine as
the procedures of Albee and Hibbs.

The Upper Extremity.— The
Shoulder.—Arthrodesis, or inducing
bony ankylosis of the shoulder, is a
very valuable procedure when the del-
toid muscle 15 paralvzed and the scap-
ula muscles are active. In this manner

Fic. 168.—Protocrare Smowixc MeTHOD
o Procressioxw wiIitH WEAKENED
O UADRICEPS,

compensatory shoulder motion may be developed by the muscles of the scapula.

The Elbow.—Flail elbows with active flexors of the fingers may be
greatly benefited by the mmgenious procedure devised by Steindler * which

-

*W. C. Campbell, “Transference of the Crest of the Ilium for Flexion Contracture of

the Hip,” Southern Med., 1023, 16: 280,

‘A, Steindler, Operative Orthopedics, 1925, p. 302.



234 AFFECTIONS OF THE NERVOUS SYSTEM

Fic. 160.—PHorocrarH SHowing FLexion Derormiry oF Hir, Cavsing Tyrican
{YUADRUPED,

consists in transferring the origins of the flexor muscles which are attached
to the inner condyle of the humerus, with a portion of the condyle, and

e - : - attaching them to the shaft of the
: B humerus higher up. In this manner,
the flexors of the wrist are also
used to flex the elbow, and often con-
siderable power is developed at the
elbow.

The Wrist—The wrist, 1f flail
with no use of the fingers, is beyond

Fic. 170.—S5amE As FIGURE 160, AFTER Fig. 171.—S1miLar 10 Fioure 169.
Correction oF FLEX1oN DEFORMITY OF
Hir By AUTHORS | RANSFERENTE OF
CrEST OF [LIUM.

redemption ; but if there are excellent flexors, the wrist may be arthrodesed
in dorsiflexion and in this position will be restored to a measure of usefulness.
In selected cases, tendon transplantation i1s possibly more efficient in the
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forearm than elsewhere, as weight-bearing is not required. Transplantation
of the radial and ulnar flexors of the wrist is of special value. Dorsal
flexion of the hand is thus restored and drop-wrist overcome.

Braces are used largely in the lower extremities, and may be indicated
until there has been sufficient time to restore muscle tone to enable the patient

Fig. 172—513tag o FIGURE I70. G, 173.—PHoMOGRAPH SHOWING AMOUNT
aE Apbucrion o Arm  FoLoowixe
.".'LII'|'|||-CH|JI-‘-HF LB ,I";lrlfll_"l_l:li-:'l.; | e _"'L_"'C-
TERIOR PoLIoMYELITIS, WITH PARALY-
g15 oF DELToin MuscLe,

to walk; and also to prevent detormiuty. “They should be constructed to
conform to the limh, and regulate the range of motion in the joints. In the
foot, if there is contraction of the heel cord and equinus, the joint at the
ankle must be so constructed that plantar flexion will be prevented, but
dorsiflexion will be free. If the converse is true, the joint is so constructed
that dorsiflexion is prevented, and if the joint is practically flail, motion at
the ankle can be restricted to a very limited range. At the knee, it may be
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necessary to prevent motion by holding the knee perfectly stiff while walk-
ing, by a catch which can be loosened to permit flexion of the knee in the
sitting posture. A stop-jomnt may at times be necessary to prevent over-
extension or hyperextension. Also, a knee strap may be necessary in very
weak knees to further stabilize the knee. The hip should often be held

A

Fic. 174-A.—DetalL oF JoixT aT Kxer, SHowiNG CAatcH To Lock KxNEE 18 EXTENSION.

Fii. 174-B.—DgtaiL oF Joint ot Kxeg, SHowiING STor-JoIixT T0 PREVENT HyYrPEREXTEXSION,

Fig. 174-C.—DEeram oF Jorxt at Kxeg Spowing Coxtron DAL 1o REGULATE AMOUNT OF
MoTtiox BY SET SCREW,

perfectly stiff until there is no likelthood of further contraction. This joint
1s most frequently neglected on account of the difficulty of sitting with the
hip held in extension by a brace. Measurement for braces is described in
Chapter 1I. Unless braces are intelligently constructed, they are so much
weight added to an already defective member. The average commercial
brace shop is devoid of any idea as to the necessary mechanical principles
involved.



CHAPTER XIV
AFFECTIONS OF NERVOUS SYSTEM (Continued)

SPASTIC CEREBRAL PARALYSIS
(Little’s Discase)

Spastic cerebral paralysis is an affection of the nervous system charac-
terized by spasticity and incoordination of the muscles, due to a destructive
lesion in the cortex of the brain. Depending upon the extent and location
of the brain injury, it may involve one extremity, a monoplegia; both the
arm and leg on one side, a hemiplegia: both legs, the arms being normal, a
diplegia ; or all four extremities, a quadriplegia. In the severer quadriplegias,
the muscles of the face and trunk are usually also involved. The disease is
quite prevalent, constituting 1 per cent of all the orthopedic cases seen in a
large clinic.

Etiology.—The spasticity and loss of control of the muscles are due to
disease or injury to the cortex of the brain, resulting in either a partial or
complete destruction of the ganglionic cells in the motor area. With these
control cells destroyed, the muscles are kept in a state of hyperexcitability
or activity by the sensory impulses reaching them through the lower reflex
arcs. The whole cortex of the brain may be, and often is, similarly involved,
as is shown by the frequent impairment of the general mentality, which
varies from normal in the mild cases to complete idiocy in the more severe
types. The cases may be divided according to their cause into three groups.

1. FPrenatal, When Damage Occurs before Birth.—Such cases are due
to known inflammatory diseases, as polioencephalitis, to congenital mal-
formations of the brain, or to primary degeneration of the motor cells, the
exact nature of which is unknown. Spastic paralysis is apparently fre-
quently associated with premature birth. It has been definitely proved that
pyramidal motor tracts are not fully developed until the eighth month of
fetal life; consequently, disturbance of development with loss of motor
control might be expected in six- and seven-month babies. It is also possible,
in fact, more probable that both the brain degeneration and the premature
birth were part of and caused by the same undeternined cause.

2. Natal or Birth Injurics—This group includes by far the larger
percentage and is due either to intracranial hemorrhage, causing destruction
of the brain cells, or direct laceration of the brain tissue. Recent investiga-

tions based on postmortem examinations and careful birth histories have
237
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shown that intracranial hemorrhage in the newborn i1s much more common
than has been previously thought. Slight hemorrhages occur n about 135
per cent, severe hemorrhage with cyanosis, convulsions and permanent brain
injury in 2 per cent, and fatal hemorrhages in about 1 per cent of all
deliveries.

Hemorrhages are caused by rupture of the cerebral vessels as the child’s
head is molded in its passage through the birth canal. They are, of course,
more common in breech deliveries and difficult forceps extractions.

3. Postnatal Causes—These are usually due to inflammatory processes
or to rupture of a cerebral vessel, to trauma or disease. Hemiplegias oceur-
ring in connection with such diseases as measles, scarlet fever, diphtheria,
encephalitis lethargica, and infections of the middle ear and mastoid are
quite common. They usually occur in the first decade of life, when such
diseases are most common. Primary vascular disease, such as arterio-
sclerosis associated with apoplexy in adults, is a very rare occurrence in
children.

Congenital syphilis has previously been considered an important etiolo-
oical factor, but neither clinical nor laboratory investigations have sub-
stantiated this theory. In a recent study of nearly two hundred cases from
the records of the author and his colleague, J. 5. Speed, in which blood
Wassermanns were made, only 4 per cent were positive. In fiftyv consecutive
cases, both the blood and spinal fluid were tested without encountering a
single positive Wassermann,

Summarizing, it may be said that the most common cause is intra-
cranial hemorrhage and that the majority of other cases occur in connec-
tion with the known infectious diseases of childhood,

Pathology.—Grossly, the brain shows a general atrophy, with shrinkage
and sclerosis of the convolutions, or localized areas of softening and degen-
eration. Microscopically, the atrophied cortex shows an absence of gang-
lion cells and nerve fibers, which are replaced by gliosis.

Symptoms.—There is often a history of difficult labor, followed by
cyanosis and convulsions. Many cases, however, give a normal birth
history. The postnatal cases usually appear as a sudden paralysis involving
one or both sides of the body, occurring during the course of some febrile
disturbance or infectious disease. A spasticity of the affected muscles fre-
quently develops, associated with an inability to control the movements of
the extremities. The child is slow in sitting up, walking and talking. In
the severer cases, the legs go into a spasmodic contracture on attempts to
walk, the heels draw up, the knees flex, and the legs tend to cross, due
to overaction of the thigh adductors. This is the typical “scissors gait,”
and may prevent standing or walking alone. In milder cases, particularly
the hemiplegias, perhaps the only symptom will be a slight awkwardness
in the use of the hand and a turning in of the toes, with a tendency to drag
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the foot. These cases are often treated for disease of the hip and knee
unless a careful examination is made. The reflexes are usually exaggerated.
There is often an impairment of mentality, the more severe cases heing
hopeless idiots, dribbling saliva, with expressionless faces and small, under-
developed heads.
When the child is at rest or asleep, the spasticity disappears and the limbs
assume their normal positions, but on any attempt at voluntary movement,

A B
Fic. 175-A—PHorocrarH SHowING [Fi16. 175-B.—SaAME As Ficure 173-A,
Seastic Parpanysis wita Appuce- AFTER SToFFEL (IPERATION AND
TIow oF THIGHS, FLEXIox oF CorpeEcTion oF DEFORMITIES,
KNees AxD  CONTRACTURE OF Child able to stand and walk with
[ExDO ACHILLIS. braces amnd crutches (operation by J.

5. Speed).

such as walking, the spasmodic contractures reappear. In older children,
fixed deformities develop, due to permanent shortening of the overactive
muscle groups ; the most common of these are the drawing up of the heels
and flexion contractures of the knees. In cases of long standing, distortion
of the bones of the foot and leg are often associated.

Differential Diagnosis.—Spastic cerebral paralysis is more often con-
fused with anterior poliomyelitis, Mongolian idiocy, and lesions of the spinal
cord, as lateral sclerosis and spina bifida.

In anterior poliomyelitis, the history of normal use of the limbs for
several vears, then of sudden flaccid paralysis of one or more extremities,
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followed by a partial return of power in some muscle groups, with complete
paralysis in others, is almost pathognomonic. The reflexes are abolished in
infantile paralysis and hyperactive in spastic paralysis. The muscles are
flaccid and atrophied in infantile paralysis, and rigid or spastic and well
developed in spastic paralysis. The mentality is never impaired, and there
is no incoordination or jerking of the extremities in infantile paralysis.
Sensation is normal in both conditions. In Mongolian idiots, the facial
expression is usually characteristic, the muscle tone is normal, there being
no spasticity or hyperactive reflexes, and the control and use of the extrem-
ities is good.

Lateral sclerosis has much the same physical findings, but the history
of a gradually progressive disease, coming on usually after the first decade,
separates it from spastic paralysis, which 18 present at birth or appears soon
alterward, and which tends to 1mprove as the child grows older.

In spina bifida, if a meningocele i1s not present, the x-ray will show a
defect in closure of the spinous processes of the vertebrae. Sensory dis-
turbance is marked in spina lnfida and absent in spastic paralysis.

The prognosis is good as to improvement, except in those with marked
mental deficiency. Slight mental deficiency may be greatly improved by the
relief of spasticity. In those with mild spasticity, normal restoration of
function may often be secured.

Treatment.—The fundamental cause of the disease is a destruction of
the motor ganglion cells in the cortex of the brain, and nothing can be done
to correct this. However, the function of the extremities can be materially
improved by correcting the spasmodic or fixed contractures which mechan-
ically interfere with function. Certain muscle groups, such as the adduc-
tors of the thigh, the flexors of the knee and the cali muscles forming the
tendo achillis, are more powerful than their antagonists. In conditions of
general muscular spasticity, where voluntary control is lost, these muscle
groups overcome their weaker antagonists, draw the limbs into positions of
deformity and prevent walking.

O perations.—Various operative procedures have been employed to cor-
rect these deformities. The first operations consisted of myotomies and
tenotomies on the overactive or contracted structures. These, by themselves,
were followed by a high percentage of recurrences because the excessive
nervous stimuli were not controlled. Foerster attempted to relieve this
condition by sectioning the sensory nerve roots within the spinal canal as
they emerged from the spinal cord. This operation has been abandoned
because of the high operative mortality and the uncertainty of the resulis.
Sharp for some time advocated decompression with the idea of relieving
intracranial pressure, but, as was to be expected from a study of the true
pathological condition of the brain, very little benefit was derived from the
operation.
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It gradually became apparent that the motor nerves offered the only
logical point of attack, and in 19og, Stoffel ' revolutionized the whole pro-
cedure by demonstrating the cable-like structure of the motor nerves. He
showed that the cables to the various muscles could be identified and re-
sected. This was a distinet advance, as it offered a direct and accurate
method of cutting down the excessive motor stimuli.

An even more accurate method is to resect the desired amount of the
branches to the muscles after they leave the parent t-unk, just before they
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enter the muscles. Only a portion of the motor nerve to a muscle is resected.
Fortunately, practically all of the branches which it is desirable to resect
are easily accessible and this procedure has been almost universally adopted.

The operation of resecting the sympathetic rami, as advocated by Royal
and Hunter, while theoretically very attractive, has not proved to be reliable
or of practical benefit. Tt has been used fairly extensively in this country
with unsatisfactory results in nearly all cases.

Treatment to restore balance between the various muscle groups consists
of : (1) resection of all or part of the motor nerve supply to the overactive
groups : ( 2) muscle re-education and training, both before and after opera-
tion, to secure the hest control of the muscles; (3) operations for the cor-

e

* Adolph Stoffel, “The Treatment of Spastic Contractures,” Aw. J. Orthop. Surg., 1912-
1913, 10: 611,
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rection of osseous deformities and contractions of soft tissues, as deseribed
in infantile paralysis,

Surgical Treatment.—"The operation of nerve resection is based on the
principle that a muscle may be weakened to any desired extent by dividing
all or part of its motor nerve supply, thus equalizing its strength with that
of its antagonist and preventing spasmodic deformities. The operation,
while technically somewhat difficult, is attended by very little surgical risk,
as all of the nerves usually resected are easily accessible. The extent of nerve
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resection depends upon the spasticity of the muscles in each individual case.
The nerves usually resected are, in the arm, the branches of the median
nerve to the pronator radii teres muscle and flexor muscles of the wrist and
fingers ; in the leg, the branches of the obturator nerve supplying the adductor
muscles of the thigh, the branches of the sciatic nerve to the hamstring
muscles, and the branches of the tibial nerve to the calf muscles. The ideal
age for operation is about hive yvears, though marked improvement may be
secured even 1n adults.

Fixed deformities must be corrected by orthopedic appliances or recon-
struction operations on the bones and soft structures. Certain cases with
marked impairment of mentality or extreme general muscular spasticity
and incoordination are not suitable for operation,

The results in properly selected cases are very satisfactory. Many
children who have never stood alone, and who moved about by crawling
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on their hands and knees, are enabled to walk without support of any kind.
Others who walked with the thighs crossed and the heels drawn up are
restored to a much improved or almost normal gait. The results on the
whole are better in the legs than in the arms, as the legs are less complicated
and require less coordination,

Muscle Training.—Much benefit may be derived from muscle training
both before and after operation. Gentle massage, followed by the constant
repetition of the normal voluntary motions of the extremity are the funda-
mentals of this treatment. Electrical stimulation and vibration are contra-
ndicated, as the muscles are already in a state of hyperexcitability and
spasticity.

Medicinal treatment, such as the administration of certain glandular
products, like pituitary and thyroid extracts, has proved of little value.

OBSTETRICAL PARALYSIS
(Birth Paralysis)

Obstetrical paralysis is a flaccid paralysis of the arm due to injury of
the brachial plexus at birth and followed by a characteristic deformity of
the extremity. Clinically, there are two groups: (1) those in whom the
upper arm alone is affected, and (2) those in whom the entire arm and
hand are paralyzed.

Etiology.—The injury is usually produced by tension on the brachial
plexus in the course of a difficult labor, If the head and shoulders are
separated during delivery, especially if the shoulder is depressed and the
head bent toward the opposite side, the brachial plexus is stretched. Should
the stretching force continue, the nerves are torn, hemorrhage occurs, and
the injured nerves are replaced by scar tissue.

Pathology.—Paralysis may result from overstretching of the nerves,
without tear. When this occurs, the paralysis is usually not permanent;
or, the perineurium may be ruptured with hemorrhage into the perineural
sheath. The nerve may be “frayed out™ like a rope which has parted
under excessive tension. The tearing practically always oceurs from above
downward. The fifth and sixth cervical nerves are most frequently injured.
This accounts for the prevalence of the upper-arm type of paralysis. If
the rupture is extensive enough to involve the seventh and eighth cervical
and first dorsal nerves, the entire arm is paralyzed. Rarely, in breech
presentations, the arms are carried above the head and the tear occurs in
the reverse direction, from below upward. [f the lower cords of the
plexus are injured, the hand may be paralyzed but the muscles of the upper
arm normal. The tear may occur in the nerve roots near the spinal cord,
m or below the trunks of the plexus. The suprascapular nerve is almost
universally injured.
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Symptoms.— The symptoms depend entirely upon the location and ex-
Immediately following birth, the arm lies close

tent of the nerve lesion.
The abductor muscles and the external

to the side and is inwardly rotated.

rotators are paralyzed. Later, in untreated cases, the typical deformity in the
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upper-arm type results from unopposed contraction of the subscapularis, the
latissimus dorsi, and the teres major muscles at the shoulders and the pro-

nators of the forearm. The arm is held to the side and cannot be abducted.

The elbow is extended, the forearm pronated, and the whole arm rotated

inward. The child cannot put his hand to his mouth without raising the
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elbow, nor put his hand on his head or behind his back. In paralysis of the
whole-arm type, the hand is also affected. There is often an inequality of
the pupils associated with the paralysis of the hand. The pupil on the
affected side is smaller and the palpebral fissure is narrowed. The eye
symptoms are caused by injury to the sympathetic nerves and are of
value 1n prognosis, as they are seen only in the more severe cases. Sensory
changes, of course, cannot be determined in the infant. In older children,
sensation 1s rarely impaired. There is moderate atrophy of the arm, but not
more than would be commensurate with disuse.

X-Ray Examination.—The x-ray shows lack of development of the
bones of the arm.  The scapula is elevated and the head of the humerus may
be subluxated backward. The acromion process is bent downward more
than normal.

Diagnosis.— The diagnosis should be made immediately after birth, and
if the paralysis is noticed at this time, the diagnosis should be obvious;
later, the differentiation may be more difficult. Obstetrical paralysis is
differentiated from spastic paralvsis by the weakness of the affected muscles
and the diminished or normal reflexes. Anterior poliomyelitis may closely
resemble obstetrical paralysis, but the history of an acute onset in a pre-
viously healthy child and the association of paralysis elsewhere in the body
are usually sufficient to differentiate the two.

Prognosis.—The prognosis is good if the paralysis has been caused
simply by overstretching of the nerves. The prognosis becomes unfavorable
in proportion to the extent of the initial lesion. The decision as to the
extent of the injury, however, cannot always be made immediately after
birth. The prognosis is better in the upper-arm type than in the lower-
arm type. As mentioned previously, inequality of the pupils is an especially
unfavorable sign. Finally, the prognosis is better when the treatment is
instituted early than after contractures have been allowed to develop.

Treatment.—The early treatment consists of rest of the part for three
or four months with the limb in the most favorable position to prevent
contractures of the muscles and ligaments. This position is abduction to
go degrees with full outward rotation and extension, and is maintained by a
.'.1i:|11|r]:: splint to the body and arm. Massage and passive stretching of the
paralyzed muscles are of value. So soon as the child is old enough, active
exercises should be carried out.

The operative treatment consists in: (1) exploration of the plexus with
suture of the injured nerves, and (2) operation to relieve contracture
deformities.

Exploratory operations on the plexus are best deferred until the child
is about one year of age. Little benefit can be expected from the operation,
which, as a rule, is indicated only in the severe whole-arm type.
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Sever ® has devised an operation to correct the adduction and mward
rotation of the arm by dividing the tendons of the pectoralis major and
subscapularis muscles. This procedure is followed by immobilization in the
corrected position and by active and passive exercises and massage.

PROGRESSIVE MUSCULAR ATROFPHY

Progressive muscular atrophy is a disease characterized by degeneration
of the motor nerve tracts, usually involving both upper and lower segments,
but occasionally confined to one, most frequently the lower. Atrophy and
wasting of the muscles are associated with and result from the nerve lesion,

Etiology.— The cause of the disease is unknown. [t must still be classed
in that group of so-called primary neurological degenerations in which the
primary cause is undetermined. Hereditary influences apparently have little
to do with the condition, although several cases have been reported in the
same family.

Pathology.—The pathological process consists of a gradual degenera-
tion of the motor ganglion cells in the anterior horns of the spinai cord and
even in the cortex of the brain. The neurons composing the motor tracts,
particularly the pyramidal tract, atrophy and are replaced by gliosis.

In the muscles, there is the typical atrophy and degeneration which
accompanies any loss of motor nerve supply. Contrasted with gross lesions
of the pyramidal tracts when there is immediate complete paralysis of all
the muscles below the lesions, progressive muscular atrophy develops in-
sidiously, involving first one group of muscles and then another, It most
often begins in the small muscles of the hand, the muscles of the ball of
the thumb, the interossei and lumbricales being first involved. Hollow
depressions between the metacarpals are characteristic of the early stage of
the disease. Rheumatoid pains and muscular twitching may precede the
atrophy.

Symptoms and Clinical Course.—The muscles of the forearm, shoul-
der and trunk may next be affected; the lower extremities and face are
attacked late. In the severer forms, the atrophy progresses until practically
all the muscles of the body have disappeared and the patient is truly noth-
ing but skin and bones. The living skeletons seen in side shows are usually
victims of this disease. The patient gradually becomes bed-ridden, various
deformities and contractures develop, depending upon which groups of
muscles are most involved. Remissions may occur in which the patient will
go for years without further progress of the disease, and a few cases have
been reported in which the process was apparently permanently arrested.

1. W. Sever, A Text Book of Ovthopedic Surgery. T]w Macmillan Co., New York, 192s.
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Fibrillary twitching of the muscles is a common symptom. Sensation
1s not impaired. Muscular weakness is shght at first but becomes extreme
in the later stages, being in ratio to the atrophy. When the upper motor
neurons are chiefly imvolved, there may be spasticity of the affected muscles.

Diagnosis.—Progressive muscular atrophy is a disease of adult life,
usually coming on after the thirtieth year, without hereditary or other
known cause. It occurs very rarely in children. It is characterized by a
gradual muscular wasting, usually beginning in the hands and extending to
the rest of the body. Fibrillary twitchings are common ; there is no sensory
disturbance, and the reflexes are increased.

Differential Diagnosis—In the muscular dystrophies, the onset is usu-
ally in childhood. The majority of muscular atrophies originating hefore
the twentieth year belong to the dystrophy group. Muscular hypertrophy,
so common in the dystrophies, 1s never present in progressive muscular
atrophy. Heredity is a marked factor in the dystrophies, and no signs of
nerve degeneration can be found. In the terminal stages, the appearance
of the two conditions may be much the same, but a careful history should
easily distinguish them.

In anterior poliomyelitis, or infantile paralysis, there is a history of
sudden acute onset of the paralysis, practically always in early childhood,
with a gradual return of power in certain muscle groups. The reflexes
are abolished and the muscles have lost their excitability. This is exactly
the opposite from progressive central muscular atrophy.

The sensory changes in syringomyelia, when present, easily distinguish
it, but when ahsent, the two conditions are very similar.

The various forms of neuritis usually involve only one side of the body
or the muscles supplied by the same peripheral nerve on the two sides,
such as wrist-drop in lead poisoning. Pain is also a more constant symptom
in neuritis.

Treatment.—No treatment is of any permanent value in the majority
of cases and the disease progresses to a fatal termination. Much can be
done, however, to prevent deformities and to prolong the patient’s ability
to walk and to use the hands, by daily massage and the -proper splinting
of the legs to prevent contractures of the knees and feet. Splints may be
worn only at night, allowing free use of the extremities during the day. Tf
deformity has already occurred, the advisability of correction by operative
or mechanical means should depend upon the rapidity of the process and the
extent to which it has progressed. [f the disease is arrested or progressing
very slowly, any reasonable procedure is justifiable to prolong usefulness.

Medicinal treatment has little, 1f any, effect; mercury and iodids, or
arsenic, in the form of Fowler's solution, may be tried.



248 AFFECTIONS OF THE NERVOUS SYSTEM

MUSCULAR DYSTROPHY

Muscular dystrophy is a disease characterized by muscular wasting,
either with or without a preceding hypertrophy, usually progressive in char-
acter, and due to degenerative changes m the muscles themselves, not
secondary to known neurological disease.  Pseudohypertrophic muscular
paralysis is frequently discussed as a clinical entity, but in reality is a phase
of muscular dystrophy.

Etiology.—No definite cause has heen found. Heredity is an im-
portant element, the disease usually showing direct familial transmission,
occurring in several generations in succession or in several members of the
same family. However, 44 per cent of the cases reported in Erb’s series
occurred in individuals whose families show no record of the disease.
Males are more often affected than females.

Pathology.—There is apparently an initial hypertrophy of the individual
muscle fibers, soon followed by degenerative changes consisting of the loss
of nuclei and deposition of fat and fibrous tissue, which gradually replaces
the muscle fibers. During this stage, the muscles appear larger than normal,
but are much weaker than muscles of normal size. Hypertrophic and de-
generative changes are often found at the same time in different fibers of the
same muscle. Atrophy of the fat and fibrous tissue next takes place and
the muscles waste to below normal size. In some muscles, atrophy is the
primary change, there being no initial hypertrophy.

Clinical Forms.—Although there is no sharp division between the vari-
ous types, for convenience of clinical deseription, irb has divided the cases
imto two groups: (1) those which occur in childhood: (2} those which
occur in youth and early adult life. The first group is further subdivided
into (a) hypertrophic type with pseudohypertrophy and with real hyper-
trophy: (b) atrophic type, with involvement of the face and without in-
volvement of the face. The second group includes those cases occurring in
voung adults and the rare cases beginning after the age of twenty-five.

Symptoms and Clinical Course.—The symptoms usually appear in
childhood, before the age of puberty. A clumsiness in walking, accom-
panied at times by an enlargement of the calt muscles, is first noticed. A
careful examination will often reveal hypertrophy of the thigh and gluteal
muscles, and of the deltoid and triceps about the shoulder. Soconer or later
there is marked atrophy and wasting of the latissimus dorsi and pectoral
muscles. This causes one of Erb's diagnostic signs: when the child is
lifted with the hands under the arms, the shoulders are raised to the level of
the ears and the patient appears to be sliding through the shoulders. In
standing, the legs are apart, the shoulders thrown back, the spine curved
forward and the abdomen protrudes. The gait is waddling and awkward.
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On attempting to get up from the floor, the patient will “climb up his
legs,” first putting the hands on the feet, then on the knees, thighs and pelvis,
and thus raise the trunk. The muscular weakness is often in marked
contrast to the powerful appearance of the muscles. There are no sensory
changes, and the neurological examination shows no abnormality.,

The clinical course is usually slow, but steadily progressive ; the wasting
of one group of muscles follows another, either with or without previous
hypertrophy. The patient gradually becomes so weak he cannot stand or
sit alone. The previously enlarged muscle groups gradually shrink until
they are completely atrophied.

Diagnosis.—The typical cases with enlarged calves, thighs and shoul-
ders, weakness in marked contrast to the apparently overdeveloped muscles,
and the loose shoulders and awkward, waddling gait, give a clinical picture
in which the diagnosis is evident. A history of the disease beginning in
childhood, with similar cases in the same or previous generations, can often
be obtained.

During the later stages of the disease, when all the muscles are atrophied,
or in the atypical cases, when atrophy of certain groups is the primary symp-
tom, the diagnosis 1s often very difficult. In fact, it 15 believed that the
muscular dystrophies, the progressive central muscular atrophies and the
progressive neural muscular atrophies may be closely related.

Differential Diagnosis—1. In atrophies due to cerebral lesions, the
paralysis precedes the atrophy and there is no hypertrophic stage,

2. In the atrophies due to peripheral neuritis, the distribution usually
corresponds to that of one or more peripheral nerves; in multiple neurilis,
the paralysis is out of proportion to the atrophy and the history of onset is
different.

3. In progressive central muscular atrophy, the disease usually begins in
the small muscles of the hands, which are rarely, if ever, affected in the
dystrophies. The central atrophies come on late in life and show little
hereditary influence. Neurological changes, such as increased reflexes,
spasticity and fibrillary twitchings in the mwuscles, are absent in the
dystrophies.

Prognosis.—"The final outlook is usually uniavorable, although, in
some cases, the progress is remarkably slow. 5Stationary periods may occur
and the patient go well into adult life before the muscular weakness seriously
affects his activities.

Treatment.—No known treatment has any effect on the outcome of the
disease. The progress may be delayed and the function of the muscles
prolonged by massage and electrical stimulation. Contractures, particularly
of the achillis tendon and the knee flexors, which occur late in the disease,
may be prevented by splints which hold the feet at right angle and the knees
extended.
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HEREDITARY ATAXIA
(Friedreich’s Ataxia)

Hereditary ataxia 1s a peculiar type of ataxia of distinct hereditary or
familial occurrence. Several children in the same family may be affected.
The onset is in childhood, about go per cent occurring before the fifteenth
vear and most of them before the tenth.

The disease is due to an extensive sclerosis or degeneration of the nerve
fibers in both the sensory and motor tracts of the spinal cord, the dorsal
and lateral tracts.

Symptoms.—The symptoms begin in the legs, but the ataxia differs
from the ordinary types, as locomotor ataxia, in that the gait is swaying and
irregular, like that of a drunken man, and there 1s not the characteristic
“stamping’’ of a true tabes. Ataxia of the arms and hands is an early
symptom and the athetoid movements are much like those in chorea. The
hand will sway over an object for a moment and then pounce upon it.
Choreiform movements of the face and head occur. Nystagmus, with con-
stant twitching of the eyes from side to side, i1s a constant and characteristic
symptom.  Speech disturbance is also common, the patient talking in a
slow, scanning manner. The expression of the face is dull, although the
mentality is usually good. Deformities of the feet frequently develop,
usually an equinovarus or club-foot type.

Sensory disturbances are absent. The deep reflexes are abolished early,
this being one of the most constant and characteristic symptoms, and one
which helps to differentiate this disease from chorea or spastic cerebral
paralysis. The pupillary reflex to light is practically never affected, which
helps to distinguish it from locomotor ataxia.

Diagnosis.—Four cardinal diagnostic points, which are practically
always present, make the disease unmistakable: (1) a peculiar, incodrdi-
nated ataxia, involving the arms and legs, beginning in childhood, and often
affecting several members of the same family; (2) nystagmus; (3) a slow,
scanning speech; (4) loss of the deep tendon reflexes and the retention of
the pupillary reflex to light.

Treatment.—The affection lasts for many years and is incurable. The
equinovarus deformity of the feet can be corrected and its recurrence pre-
vented by a stabilization operation and lengthening of the achillis tendon,
followed by the use of braces, as in club-foot.

INJURIES TO THE PERIPHERAL NERVES

Injuries to the peripheral nerves in children are comparatively rare and
usually occur as complications of some other injury. They oceur most
frequently with the following conditions ;
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1. Fractures.—Certain peripheral nerves lie in close proximity to the
adjacent bony parts; injury to the bone also traumatizes or ruptures the
nerve. Usually there is enough mobility to the nerve to allow it to slide
aside and escape injury. In locations where the nerves are bound firmly
to the bone, as the radial nerve in the musculospiral groove of the humerus,
the ulnar nerve over the internal condyle of the humerus, and the anterior
peroneal around the upper end of the fibula, they are frequently injured.
Occasionally, when the nerve has escaped injury at the time of the fracture,
it may later become compressed by the formation of callus or scar tissue.
This may produce a painful neuritis, termed causalgia, or may result in
partial or complete paralysis below the lesion.

2. Injuries to the Soft Parts.—Any of the peripheral nerves may be
partially or completely severed in connection with cuts, lacerations or gun-
shot wounds of the soft parts. The most common sites are the nerves
of the extremities, although the brachial or lumbar plexuses may occasionally
be injured.

3. Excessive Swelling or Constriction of an Extremity.—This usu-
ally occurs in parts that have been immaobilized in a splint or cast, or around
which there is a tight circular bandage.

4. Trauma or Excessive Stretching.—The nerve trunks may be
crushed by direct trauma or ruptured by extreme tension upon them. Ob-
stetrical paralysis, due to rupture of certain parts of the brachial plexus
through excessive traction during childbirth, is an example of this type.
Similar injuries may be caused by the arm being caught in a revolving belt
or wheel, or by heavy objects falling across the shoulder.

Types of Nerve Injuries.—The types of nerve injuries are: (1) single
trauma with edema; (2) hematoma within a nerve sheath; (3) compression
by scar or callus; (4) partial severance; ( 5) complete severance; (6) tumors
involving the peripheral nerves (extremely rare in children): (7) toxic or
inflammatory neuritis (seen in lead poisoning, diphtheria, etc.).

Diagnosis.—As a general rule, the symptoms of nerve injury are so
well marked and so definite that no difficulty is experienced in determining
its presence. However, many nerve injuries go unnoticed because of the
fact that all attention is centered on the primary injury. The observance of a
few simple rules when the patient is first examined may save much embar-
rassment later.

1. In all fractures of the humerus involving the middle and lower
thirds, or in lacerated wounds over this area, it should be carefully de-
termined whether or not the patient can extend the wrist and fingers.
Inability to do this means an injury to the musculospiral nerve.

2. In extensive fractures about the elbow, particularly those around
the internal condyle, the sensation of the little and ring fingers should be
tested. Numbness indicates an injury to the ulnar nerve,
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3. In all cuts across the flexor surface of the wrist, the sensation over
both the ulnar and radial sides of the hand and fingers should be noted.
Roughly, the median nerve supplies sensation to the radial or thumb side,
and the ulnar to the little finger side of the hand. All of the small muscles
of the hand are supphed by these two nerves through branches which are
given off below the wrist. If the patient can fully separate and approximate
the fingers and can accurately touch the tips of the four fingers to that
of the thumb, there is, in all probability, no motor nerve injury. Fractures
about the wrist rarely cause nerve injury.

4. In fractures of the upper end of the tibia and fibula, particularly when
associated with crushing or twisting of the knee, the patient should be re-
quested to dorsiflex his foot. If this is impossible, the muscles on the
anterior and outer side of the leg supplied by the common peroneal nerve are
paralyzed.

Symptoms.—The symptoms upon which the diagnosis of nerve injury
may be made are as follows:

1. Motor paralysis: loss of motion in the muscles supplied by the nerve
below the lesion,

2. Sensory paralysis: Sensation consists of a number of different
sensibilities, any one or all of which may be lost. Usually, in sensory
paralysis due to lesions of the peripheral nerves, all types of feeling are
lost or impaired, depending upon the location and completeness of the
injury. The important sensations to be tested for are subjective sensa-
tions—how the part feels to the patient, mcluding pain, numbness and
tingling. Touch is best tested for by passing a bit of cotton or soft cloth
over the skin. Hard pressure will give deep joint and muscle sensations
and confuse the picture. Pain is tested for by pricking with a sharp-pointed
instrument, and compared in intensity with the opposite side. Temperature
sense 1s the ability to distinguish the difference between hot and cold ; small
glass tubes of hot and cold water are a convenient means of making this
test. Joint sense is tested for by passively moving the joint while the patient
has his eves closed. This is a deep sensation in tendons and muscles, and
usually retained unless all the peripheral nerves are involved or the lesion
is in the spinal cord. When the position of part of the extremity is moved,
the patient should be able to appreciate the new position.

3. Trophic changes: When the nerve supply has been lost, there is a
disturbance of both the circulation and nutrition of the affected part. This
15 evidenced by a slight cyanosis and coldness; by excessive perspiration:
by a glossy and tight appearance of the skin. Small blisters frequently form,
which may exfoliate, leaving ulcers which are very difficult to heal.

4. Contractures: Due to the disturbance of nutrition and to the loss
of function, the muscles undergo atrophy, contracture of the tendons de-
velops, the bones become atrophie, and the joints become stiffened. In the
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hand, this results in the typical “claw-hand,” with the metacarpophalangeal
joints hyperextended, the fingers flexed, and the thumb drawn against the
palm.

Treatment.—1. Conservative —Many nerve lesions are only temporary
in their effects and recover spontaneously, if given the opportunity. Tt is
often difficult or impossible to tell whether a nerve has been divided or
simply bruised. For this reason, unless it is obvious that the nerve has
been severed, conservative treatment should be given a thorough trial
before operation is advised. Simple contusions, hematomata, partial sever-
ance, and the toxic or inflammatory types should be treated conservatively.
When there is doubt as to the extent of the lesion, similar treatment should
be tried for three or four months and, if, at the end of this time there is no
return of sensation or muscle reaction, exploration should be advised.

During the period of conservative treatment, proper splints should be
employed to prevent overstretching of the paralyzed muscles by their active
antagonists, or by the force of gravity. The hand should be in dorsiflexion
on a cock-up splint, with the metacarpophalangeal joints flexed. The knee
should be held in extension and the foot at a right angle by night and walk-
ing braces by day.

Physiotherapy in the form of massage, electrical stimulation of the
paralyzed muscles, and active and passive motion should be employed.

2. Operative—When the symptoms of extreme pain or gradually in-
creasing motor and sensory paralysis make it certain that a nerve is being
compressed by scar tissue or callus, freeing of the nerve by open operation
offers the only hope of relief. The nerve should be freed at the point of
pressure and for a good distance both above and below, in order that it may
be transplanted into a new bed of healthy soft tissue. 1f the nerve has
not been badly damaged, there is usually prompt relief of pain and early
return of function. When the scar tissue has invaded the nerve trunk,
causalgia may persist indefinitely.

Complete Nerve Severance.—When a nerve is seen to be divided in a
recent open wound, suture should be performed at once, even though infec-
tion i1s anticipated. Suture prevents retraction of the nerve ends and trouble-
some shortening, which make later operations so difficult. Primary union
or healing, with only slight infection, may occur, and the nerve is then in
the most favorable condition for regeneration. When a nerve is severed, all
the fibers of the distal segment undergo degeneration and never resume
their function; they act only as a scaffold along which the axis eylinders

from the proximal segment may grow. All regeneration then comes through
an outgrowth of fibers from above, and anything which hinders this delays
or prevents regeneration. Separation of the divided ends, interposition
of scar tissue, and the formation of neuromata on the proximal fragment
are the usual obstacles.
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After three or four months of conservative treatment, if there has been
no return of motion or sensation, it is reasonable to assume that the nerve
has either been completely divided or that so much secar tissue has formed
that regeneration is not possible. Ixploration should then be done and the
e nerve sutured together, care being
taken to remove all neuromata and
scar tissue from the nerve ends. Re-
formation after nerve suture is very
slow, at least six months being re-

quired. Many cases do not show
definite return of motion for over a

yvear, but there is often an improve-
ment in the nutrition and sensation of
the part before this time. Successful
results in nerve sutures vary somewhat
with the nerve involved, but on the

average, about 60 per cent are satis-
factory. Some very remarkable re-
coveries are obtained, complete func-
tion being restored. The percentage
of good results is sufficiently high to
justify the operation in all cases. The

longer the period between injury and
suture, the less favorable is the prog-
nosis. Return of function is rarely
observed in cases of complete nerve
severance existing for two years.
Physiotherapy should, of course, be
combined with the operative treatment.

HYSTERICAL PARALYSIS

Hysterical paralysis is a rare af-
fection, usually seen in girls about the
age of puberty. The paralysis occurs

suddenly, especially after some emo-

Fic. 18o0—PuotocraPH oF HysTERICAL
P araLysis.

tional shock, and may persist for va-
riable periods of time, from a few
hours to many weeks or months. The spine, the upper or lower extremities
may be afiected.

The symptoms are characteristic in that the lesion always involves a
functional group oi muscles, without regard for anatomic structure. The
paralysis may be spastic or flaccid in type, but usually differs from organic
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lesions in certain important details, as abnormal posture of the part, loss
of reflexes, presence of abnormal reflexes, etc. Ilysterical anesthesia is
usually of the stocking or glove type.

The diagnosis may at times be difficult, but with close observation the
physician will usually find some detail which will not fit into the picture of
a genuine organic affection. The advance of the affection in response to
suggestion by the physician is a valuable diagnostic point.

The treatment is entirely suggestive, and the paralysis may disappear as
rapidly as it came.



CHAPTER XV
STATIC DEFORMITIES

Static deformities are those which are induced by improper distribution
of the weight of the body on its bony framework. As the bones of the
spine and the lower extremities are the only portions of the human skeleton
concerned with weight-bearing, static deformities naturally oceur only in
these regions. They comprise the largest group of cases with which the
orthopedic surgeon has to deal. Many static affections begin in childhood,
but are not noticed until adolescence, or may cause no symptoms before
early adult life. Towever, if they are discovered early and properly treated,
correction may often be obtained and much disability prevented in later
life. The body weight of the young child is light and occupation plays
an insignificant role.  But as the weight increases and occupations are
assumed which require prolonged sitting or standing in faulty attitudes,
any static deformity may become exaggerated.

The static deformities which are commonly seen in children are weak and
pronated feet, knock-knee, bow-leg, scoliosis, round shoulders and hollow-
back. Such conditions as metatarsalgia, hallux valgus, hallux varus, ham-
mer-toe, and claw-toe are seldom seen in childhood as a result of static
conditions, but may occur following paralysis or scar contracture of the
solt tissues.

DEFORMITIES OF THE FEET

Structure and Function of the Normal Foot.—The normal foot is
described as |1:u'{ng two arches—a transverse and a longitudinal.  The
transverse arch is said to be formed by the inferior surfaces of the heads
of the metatarsal bones. In reality, however, there is no transverse arch
during weight-bearing, as is quite apparent from an examination of the
ball of the normal foot. The longitudinal arch 1s divided into a lateral and
a medial portion; the lateral consists of the os caleis, the cuboid and the
lateral two metatarsal bones; the medial is formed by the astragalus, the
scaphoid, the three cuneiform bones and the medial three metatarsal bones.
When the normal child stands, the entire plantar surface of the heel, the
outer border of the sole and the plantar surface under the heads of all the
metatarsal bones and toes should be in contact with the floor. The mner
two-thirds of the sole of the foot is slightly elevated from the floor, the

highest part of the arch being at the scaphoid bone. The medial border
256
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of the foot is also slightly concave, so that when the feet are placed together,
there is an interval between them opposite the scaphoid bones,

The weight should be evenly distributed on the two feet and the line
of weight-bearing should pass through the crest of the tibia, the center
of the astragalus and into the foot in line with the second toe. The move-
ments of the foot, as described in Chapter I, are flexion, extension, abduc-
tion, adduction, eversion and inversion.

The Weak Foot (Pes planus, Flat-Foot).—Deformity.—\When the
foot gives way beneath the superincumbent weight, the typical deformity is
an outward displacement of the foot
upon the leg. The line of weight-
bearing now falls medial to the line
through the second toe, and in severe

cases, even medial to the inner border
of the foot. The foot is abducted and
everted. The inner portion of the
longitudinal arch 1s forced downward.
The medial border of the foot becomes
convex, mmstead of concave. The foot
rolls inward and downward, the fore-
foot 1s abducted and the internal mal-
leolus stands out pronmnently. A ro-
tation of the leg inward on the foot
also takes place. This results in
stretching of the internal lateral liga-
ments of the foot and ankle, and a
contraction of the tendo achillis and
the structures on the outer side of the . Fi6 8—Fromcears, o Wik on Foe
foot, so that adduction and inversion TUBIN AL ARCH.

may be impossible.

Symptoms.—The symptoms, as a rule, in the young child, are mild,
The parents will usually say that the child is awkward or clumsy, or that
he runs his shoes over on the inner side. There is rarely any pain. In
older children, when the body weight is greater and the activities of the
child are increasing, pain is more often complained of, and in some cases,
may be disabling. The pain is usually located on the inner side of the foot

and ankle.

Examination.—The examination should consist of a careful inspection
of the foot in walking and standing, noting the distribution of the weight,
the general contour of the feet, and the condition of the arches. Active
and passive movements are tested in flexion, extension, abduction, adduction,
eversion and inversion. Special note should be made of limited motion in
adduction and inversion. Muscle power should be tested to differentiate
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from a paralytic condition. Points of tenderness may be located about
the astragaloscaphoid joint, the internal malleolus, under the os caleis, or
in the sole of the foot. The examination of shoes that have been worn for
some time is of value in demonstrating the tendency to run over the heels
and counters to the inner side.

Diagnosis.—The diagnosis is made by the symptoms and examination.
As the foot is the most dependent part of the body, circulation is slower
than in other portions of the body. The foot is frequently the seat of various
infections, such as acute infectious arthritis and low-grade arthritis, and
is also most frequently involved in paralytic conditions. Therefore, pain
in the foot may be due to other causes than flat-foot, even through flat-foot
is present. This must be constantly borne in mind in any routine examina-
tion of the feet. In adults, infectious arthritis is far more frequently the
cause of pain than static deformities, whereas in children the reverse is true.

The x-ray examination is usually negative, but in some cases it may
show associated arthritic changes,

Treatment —The treatment of weak feet may be divided into: (1) treat-
ment by exercises and physiotherapy, (2) treatment by supports, including
proper shoes, and (3) operative treatment; or a combmation of all three
may be necessary in order to restore the affected foot to normal. In every
case, however, the extent of permanent function regained depends entirely
upon muscular development, which can only be accomplished by continuous
exercises of the feet, faithiully carried out over a long period of time.
Exercise, physiotherapy, etc., must be carried out indefinitely.

1. Exercises and Physiotherapy.—Iixercises may be taken either with
or without weight-bearing. In the more severe types of pronated feet, it
is wise to begin with the exercises without weight-bearing and to gradually
work up to those performed with weight-bearing. The exercises without
weight-bearing are for the toes, such as flexion and extension, and for the
foot, as follows: the foot 15 first strongly plantar flexed, the forefoot is
then adducted and inverted and, finally, dorsiflexed. In the exercises with
weight-bearing, the patient stands with the feet together. At the count of
one, he rises on the toes; at two, he adducts and inverts the foot; at three,
he resumes position two: and at four, he goes back to the starting position,
Exercises should be carried out at home twice a day, but will not be persisted
in unless under the direct supervision of the family physician.

Practically all patients with weak feet need to be taught how to stand
and walk properly. FExercises in corrective walking should he practiced
with the foot adducted and its inner horder elevated. In making each step,
the weight should he borne on the heel and outer border of the sole. As
the opposite foot is brought forward, the weight shifts inward on the heads
of the metatarsal bones and the heel is raised. The final act in each step
is a propulsive force given by the great toe. Walking exercises along a
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double inclined plane may be of value by compelling the foot to assume the
proper inverted position,

Alternating hot and cold foot baths stimulate the circulation, and
massage is of value in restoring tone to the weakened muscles,

2. Supports.—The application of a comfortable and efficient foot-
strapping is one of the best methods of treatment and should be done in
all except the very mild cases. The strapping also acts in the nature of a
therapeutic test; if the condition is purely a static one, proper strapping
will usually give immediate relief. If
the strapping does not give relief, it
is often found that there is some other
cause of the pain, such as arthritis,
and a careful search for possible foci
of infection should he made. P

The technic of applying a foot-
strapping is as follows: The foot and
leg should be shaved. The patient is
instructed to hold the foot at a right
angle with the leg and strongly invert-
ed. It may be necessary to have the !
foot held in this position by an assist-
ant, or the patient may help maintain
it by a sling of bandage about the fore-
part of the foot. Zinc oxid adhesive
plaster is used in two-inch width strips.
The first strip begins just above the
lateral malleolus, passes under the lieel
and up the inside of the leg as high
as the level of the tibial tubercle.
This is pulled tightly and held until :

: . FeR . . Fig. 182—Drawine Swowixa Meraon or
it adheres to the skin. The first strip STRAPPING FOR PES PLANUS.

may be reénforced by another strip

placed slightly anterior to and overlapping it. The second strip begins at
the outer side of the foot, passes under the arch, up over the astragalosca-
phoid joint, across the dorsum of the ankle to the outer side of the leg,

and spirals about the leg one complete turn, ending at the level of the tibial
tubercle. A few circular strips are then placed about the leg to hold the
long strips in place. This strapping should be left on for four or six days
and should be renewed as often as necessary until all pain has disappeared.
The period of strapping varies, of course, with the individual case.

When this point is reached, it becomes necessary to prescribe some form
of permanent support. In mild cases, arch supports are applied without
preliminary strapping ; when pain is severe, the symptoms are first relieved
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by strapping, and arch supports then applied. Arch supports must conform
to the foot, of course, and must support, to be of any real value. They must
therefore be made over a plaster-of-Paris mold of the foot. Arch supports
may be made of steel, Monel metal, or alloys of various kinds. The author
prefers and has for many years used a support made from leather and
reénforced with cork. This type of support is resilient and permits muscle
play, whereas, rigid steel supports do not. However, steel supports are
often absolutely necessary where there is extensive deformity. Metal
plates which embrace the heel, as devised by Roberts, are often satisfactory
for young children.

The question of proper shoes is a less difficult one to solve in children
than in adults, as in the former we do not have to compromise so much for
style. Generally speaking, laced shoes are to be preferred. They should
be sufficiently long, the inner border should be straight and the width
ample to avoid crowding of the toes. Ilevation of the inner border of the
heel and sole one-fourth to three-eighths of an inch may be all the treatment
necessary in the young child and 1s often advisable in older children.

3. Operations.—Various operative procedures are employed, but only
the three most generally used will be discussed. Operations are indicated
only in the very resistant cases and are to be advised in practically the same
order named for cases of correspondingly resistant deformity: (1) manipu-
lation of the foot under anesthesia and the application of a plaster-of-Paris
cast in the inverted position; (2) section of the peroneal tendons, as advised
by Sir Robert Jones, followed by manipulation and casts; (3) transplanta-
tion of the tibialis anticus muscle to the scaphoid bone: (4) arthrodesis of
the astragaloscaphoid joint. In many cases when cooperation is absolutely
impossible and satisfactory results from other forms of treatment cannot
be obtained, we should resort more frequently to operative measures in
flat-foot. No child should be permitted to suffer, and if the detormity
cannot be corrected by simple measures, surgery should be emploved.

Knock-knee and bow-leg are usually the combined result of rickets and
static force, and have been discussed in the section on rickets (p. 182).

SCOLIOSIS

Scoliosis, or lateral curvature of the spine, is the fixed deformity of side-
bending associated with rotation of the vertebrie, The normal movements
of the spine have been discussed in the chapter on Orthopedic Examinations.
They are flexion, extension, side-bending and rotation. The latter two
are, however, always associated and occur simultaneously. There can be
no rotation without a certain amount of side-bending, and, likewise, there
can be no side-bending without rotation. This has been well shown by
the experiments of Lovett and others. The rotatory twist in scoliosis may
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be compared to that produced by grasping the ends of a malleable rod and
twisting in opposite directions.

Etiology.—The etiology of scoliosis is obscure. The most generally ac-
cepted theory is that the weight of the upper part of the body, being directed
obliquely on an unstable spine, causes the deviation from the midline. The
spine, being made up of many segments superimposed one upon another,
is freely movable in flexion, extension, side-bending and rotation, and in
scoliosis, each segment is rotated by
the twisting force. Any faulty atti-
tude habitually assumed by the grow-
ing child will result in the weight be-
ing unevenly distributed, and this is
frequently a potential factor in the
etiology of scoliosis.

The predisposing factors are va-
ried. In a group of 100 cases of sco-
linsis observed by the author and his
colleague, Joseph 1. Mitchell, 60
were of the idiopathic or static type.
Nineteen followed anterior poliomy-
elitis, 11 had congenital anomalies of
the hones of the spine, 3 followed
empyema, 3 were associated with de-
structive process in the bodies of the
vertelirae, 3 were seen in cases of spas-
tic paralysis, and 1 followed rickets.
Scoliosis may also be associated with
other congenital deformities, such as
torticollis and congenital elevation of
the scapula.

Females are much oftener affected

Fic. 184.—Puorocrarg SHowinGg Para- . ‘ .
LYTic SCOLIOSIS. than males, and this is especially

marked in the static type of the de-
formity. In a study of 100 cases of all types, 68 per cent were females and
32 per cent were males.  DBut in the 60 cases of the static group, 8o per cent

were females and only 20 per cent were males. The average age at which
deformity was observed was twelve yvears. It is probable, however, that the
onset 15 usually much earlier, as the deformity is, as a rule, well established
when the physician 1s consulted. At this time developmental factors are
active. The reproductive and entire organism of the body is changing from
childhood to girThood.  Softening of the bone may also occur at this time,
as well as inflammatory changes in the epiphyses of the bodies of the
vertebrae (p. 114).
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Scoliosis occurs in anterior poliomyelitis in about 30 per cent of old
cases. It is caused by paralysis of the spinal or abdominal muscles on one
or both sides, and is often associated with paralysis of one arm, or with
shortening of one leg, due to trophic changes.

True scoliosis, however, does not, as a rule, follow mequality in the
length of the legs. It is not uncommon to find an individual with one-half
or even three-fourths inch shortening
on one side, but many cases with ex-

treme scoliosis have no inequality.
Many cases with extreme inequality in
length of the legs, as in infantile pa-
ralysis, where there may be 4 or 3
inches’ shortening, have no fixed de-
formity of the spine. There is a tilt-
ing of the pelvis when the patient
stands and a compensatory lateral
curve of the spine, which disappears
when the patient sits or lies down.
The congenital anomalies of the
spine which predispose to scoliosis are
an extra cervical or lumbar rib, a por-

tion of a supernumerary vertebra,

large transverse processes of the fifth
lumbar vertebra, which may be sacra-
lized, and spina bifida.
Deformity.—The scoliotic attitude
is one of the normal positions of the
spine. It becomes pathological only
when there are changes which prevent
the resumption of the normal attitude
or the diametrically opposed attitude. Ii6. 185.—PHoToGkAPH SHOWING Scollo-
5 4 o sis oF aratic Tyre, RicHt DorsaL,
(siven a case of scoliosis convex to LEFT LUMEAR.
the right, beginning at the upper dor- Note clevation of right shoulder, promi-
I .I . " . 1 I B 1 NETEe O F ]L" tli' !ll]'fl ell Hi 'i['l Cr L‘[LHL"E] il[]H](_"
sal and terminating at the lower dor-  peiween left arm and body.
sal regions, with the apex about the
sixth dorsal segment, the spine is bent sideways to the left and the vertebrae

are rotated to the right. The greatest amount of rotation occurs at the

sixth dorsal segment, and the adjacent regions have correspondingly less
rotation until the normal plane is reached. The spimous processes deviate
from the midline in a curve convex to the right. They, being superficial,
are the landmarks by which the surgeon detects the condition. It must be
remembered, however, that the sagittal plane of the entire vertebrie is rotated
to the right, and therefore the bodies are even farther displaced to the right



Fie. 1B6.—X-Ray oF Scovriosis, Ricar Dorsar, Lerr Lumpar, Suowine Roration of
BomEes oF VERTEBRE.
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than the spinous processes. There may be compensatory curves above
or below the primary curve. These are similar to the first, but are in the
opposite direction. When this condition has been present for a period of
time, the muscles and hgaments on the concave side ot the spine become
contracted and those on the convex side are stretched. This leads to de-
generative changes and fibrosis of the muscles of both sides and will ulti-
mately prevent reduction. The wvertebrie themselves become distorted, in
accordance with Wolff's law, and the bodies assume wedge-shaped and
lozenge-shaped dimensions. The lamina, pedicles and processes are also
distorted. The intervertebral disks are compressed and atrophied. The
ribs, following the rotation of the vertebrae, are distorted. The thoracic
cavity is diminished in size and the viscera are compressed or displaced.

Symptoms.— The deformity is the chief symptom. It is usually first
noticed during the period of adolescence and may be coincident with a time
of rapid growth. A frequent complaint is that one shoulder 1s higher or
that one hip is larger than the other. In the case of girls, this is ofiten
first noticed by the dressmaker. The children, in many instances, are less
robust than their brothers and sisters; they tire easily, complain of back-
ache on exertion and pain in the chest.

Examination.—The points to be noted in the routine examination of
the spine have been brought out in Chapter I. The special points to be
noted in a case of scoliosis are the location and degree of the lateral curves
and the amount of rotation of the vertebrze. When the thoracic vertebrae
are rotated, the ribs become prominent on one side posteriorly and on the
opposite side anteriorly. The shoulder on the convex side is usually higher.
Any tilting of the pelvis should be noted and the length of the legs should be
compared. The strength of the spinal muscles should be tested. Motion
of the spine in the direction opposed to the deformity is usually limited.
The amount of correction obtained by voluntary effort should be noted
and also the improvement by forward bending and by suspension.

A record should be made of the curvature before treatment is begun.
This may hbe done by a tracing of the curve of a lead tape bent to correspond
to the deformity. A roentgenogram of the entire spine should always be
made and is probably the best record available.

X-Ray Examination—The x-ray in the early stage shows the curvature
with narrowing of one side of the intervertebral spaces. In cases of long
standing, there may be marked wedging of the vertebrae and associated
torsion of the pedicles, laminz and processes. In many, the roentgenogram
shows a pathological process in the bone which may resemble, to some
extent, the epiphysitis of coxa vara, discussed under epiphysitis of the spine
(p. 114). The purely destructive lesions, such as tuberculosis, osteomyelitis
and syphilis of the spine, are readily differentiated by the x-ray from the



Fig. 187.—S5amE as Ficure 185, arter CorrEction BY TUurNBUCKLE CAST.
Wote straightening in both dorsal and lumbar areas, also decrease in rotation of bodies
of vertehriv.
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excessive amount of destruction. As destructive lesions usually involve
the bodies of the vertebra, the resulting deformity is a kyphosis, and rarely
a lateral distortion.

Diagnosis.—The diagnosis of scoliosis is evident by inspection of the
spine and rarely will be confused with other lesions. The differentiation
from tuberculosis is perhaps the most
important. It is made by the greater
severity of pain in tuberculosis, with
muscle spasm and rgidity of the spine.
As previously mentioned, the deform-

ity in tuberculosis is usually a kypho-
sis. The x-ray is also an aid in differ-
entiation by showing the erosion of
the adjacent surfaces of the vertebree.

Prognosis.—The prognosis for
improvement is favorable in most
cases, but deformity often progresses
regardless of every form of treatment
When the deformity is well advanced,
normal symmetry of the body can
never be restored, but if the condition
is recognized early, appropriate treat-
ment may arrest the process and pre-
vent severe deformity, or in many
cases the spine may be held practically
straight.

Treatment.— The treatment of
scoliosis consists of @ (1) gyvmmnasium

exercises to develop certain muscles,
and physiotherapy; (2) correction by
casts or apparatus; and (3) operative
treatment. However, all these meas-
ures must often be combined in a given
Case,

Gymnasiunm and Physiotherapy.—
The purpose of gymnasium treatment

; Fic. 188 —Paorocrara oF Scovrinsis Be-
15 to stretch the contracted structures %G CorrecTEp BY TURNBUCKLE (CAST.

and to strengthen the stretched mus-

cles. Daily suspension by the Sayre head traction apparatus, or having the
patient suspend himself by the hands, is of value. Active exercises, espe-
cially those which bend the spine toward the corrected position, are indicated,
as well as breathing exercises. All active exercise is best done mn front of
a large mirror, Massage to the muscles of the back, and general tonic
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measures to build up the natural resistance of the body are useful. In addi-

tion, the patient should spend a part ot each day in the recumbent position.

Corrective Treatment—Corrective treatment in its simplest form is by
recumbency on a Bradiord frame with traction to the head and feet. Side
traction over the ]Hlil!i« of greatest de |-I:H'1'Il1ll_‘.' 1niay be added. A lllfl?‘w!!'l'-"l|--
[*aris cast may be apphed with the patient suspended or placed in the best
possible position in an apparatus such as the Abbott frame. Windows may

___ be cut in the cast, through which sue-
cessive layers of felt padding may be
drawn to press on the convexity of
the curves.

There are numerous methods of
treatment, byt one of the most satis-
factory in suitable cases is with the
turnbuckle cast, as deseribed by Lov-
ett ' and Brewster. This cast is ap-
phed in the following manner: The
patient is suspended. The bony prom-
inences are well padded and a snugly
htting plaster-of-Paris cast is applied.
If the curve is in the lower dorsal or
lumbar region, it 1s well to include the
1]15.',_:']1 on the concave side. The cast
is allowed to set, and is then cut down
the center tront and removed. At the

point of greatest deformity, it is cut

across transversely. An ordinary gar-
Fiz. 180—Protocrari  oF DPLASTER-OF-

trs Cast Mopen oF Bopy, CUTr AxD
ren o DEsikep Deceee, 7o B convex side and two turnbuckles are
1% MANUFACTURE OF LEATHER

den-gate hinge 1s fastened on the

tastened to the concave side.  Straps
and buckles are applied down the
front. When complete, the cast is replaced on the patient. The turn-
buckles are tightened a few times each day and the deformity is gradually
corrected. If necessary, a second and a third cast may be applied in the same
manner until the maximum amount of correction 1s obtained.

Retentive Appliances—In the milder cases and in the more severe ones
after correction has been accomplished, it is necessary to maintain the
correction by some form of spinal brace. Several tvpes of spinal braces
have been illustrated in the chapter devoted to apparatus.  The brace here
described, devised by my colleague, Joseph I. Mitchell, has been built on
the same principle as the turnbuckle cast. A plaster-ot-Faris model 15 made

PR W

. W. Loveit and A. H. Brewster, “Treatment of Seoliosis by a Different Method
from that Usually Employed,” J. Bone & Joint Surg., 1024, 6 847.
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of the patient, extending from the groin and including the shoulders. This
is removed immediately, and when thoroughly dry, is cut across trans-
versely at the point of greatest deformity. The segments are then separated
on the concave side to the same degree that the turnbuckle cast has been
separated. A few more turns of plaster bandage hold the model in the
corrected position. The form is then
filled with plaster cream and a torso

of the patient in the corrected position
15 secured. Owver this torso, a leather
corset 1s made and this is reénforced
with steel strips. This gives a com-
fortable brace, which maintains cor-
rection and is easily removable for
bathing and exercises.

O perative Treatment.—The opera-
tive treatment consists of fusion of
the spine after the deformity has been
corrected as completely as possible by
the other methods. It is especially in-
dicated in paralvtic scoliosis, The type
of operation may be either a Hibb's
fusion operation or an Albee bone-
graft; or an osteoperiosteal graft may
be used.

The treatment of scoliosis is a
highly technical procedure, requiring
the services of an expert. The average

general surgeon is neither competent nR

nor equipped to undertake this work.

Fic. 1go0.—Puorockarn oF Lestner Cog-

The ;_:L'I]L‘I‘EII 1:I'IlL‘tiE{t'=I1tl‘ can codperate SET REINFORCED WITH STEEL, To BE
; R Uszsep arter Maximusm CORRECTION
with the specialist, but he should not HAS BEEN OBTAINED IN TREATMENT

attempt to treat such conditions alone SR ASOLISSAS

unless he has had special training, not

only in orthopedics, but in this particular field. IEmphasis must always be
placed upon the importance of early diagnosis, and the immediate institution
of efficient treatment, by which serious deformity can usually be arrested.

ROUND SHOULDERS; HOLLOW-BACK

Round shoulders and hollow-back, like scoliosis, are most frequently seen
in girls about the age of puberty. The symptoms, as a rule, are negligible,
except for the posture. However, the patients are generally below par
physically.
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In the round-shoulder type, the dorsal region of the spine 1s stooped
and rounded; the normal kyphos is increased. The cervical spine may
also be rounded forward. The scapulie are prominent ; the lumbar lordosis
may be increased. In the hollow-back type, there 1s an exaggeration of
lumbar lordosis.

IExamination may show other associated static conditions, such as flat-
feet. The x-ray in the lateral view shows a narrowing of the intervertebral
spaces, which may closely resemble low-grade spondylitis.  The inter-
vertebral spaces are narrowed and the bodies of the vertebra may be com-
pressed.  This is probably due to a form of epiphysitis (p. 114), and is
also mentioned in connection with scoliosis (p. 262) as a predisposing
factor.

Diagnosis.—The diagnosis is usually obvious on inspection, and must
be differentiated only from tuberculosis. This differentiation is made by
the angular character of the kyphosis in tuberculosis, in which one spinous
process 1s unusually prominent. In round shoulders, the kyphos is rounded
and there is no definite “knuckle.” Pain is rarely present in round shoulders,
and when present, i1s not severe. In tuberculosis, pain is the earliest symp-
tom, is constant, and gradually increases in severity.

Prognosis and Treatment.—The prognosis depends upon the early
recognition of the affection. With the prompt institution of efficient treat-
ment, much subsequent deformity may be prevented.

The treatment is to build up the general health by rest, tonics and out-
of-door exercise. Deep-breathing exercises and exercises to strengthen
the spinal muscles are of value. In those cases in which the deformity is
progressive, a light form of spinal brace may be indicated. In the severe
cases, corrective measures may be necessary, such as traction to head and
feet on a curved Bradford frame, or gradual correction in a modification
of the turnbuckle cast, as used in scoliosis,

SPONDYLOLISTHESIS

Spondylolisthesis, while not, strictly speaking, a static condition, is best
discussed in connection with the other static affections. It is the shpping
forward of the fifth lumbar vertebra on the sacrum. It may occur in child-
hood, but is more often seen in early adult life.

Etiology.—Spondylolisthesis may be divided into two groups, the
traumatic and the congenital. However, as pointed out by Kleinberg, it is
probable that in all cases there is a predisposing element, such as a develop-
mental anomaly, and a direct cause, as trauma. The developmental an-
omalies which might predispose to spondylolisthesis are : enlarged transverse
processes, increase in the normal obliquity of the lumbosacral joint, an-
omalies of the articular processes, lack of fusion between the superior and
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inferior articular processes, and congenital weakness of the spinous
ligaments.

The trauma, as a rule, 1s of such a nature as to cause forced flexion
of the spine. In examining the skeleton, it is easily demonstrated that, with
the fifth lumber vertebra intact, the spine must first be strongly flexed in

Firc. 101.—DRAWING FROM AN Fic. 192—5amE as Ficure 191,
X-Ray oF SPONDYLOLISTHE- Suowing MEtHop oF Frxa-
gls, TION  WITH ALBEE BoNE-

RAFT,

order to disengage its articular processes from those of the sacrum before a
spondylolisthesis can occur.

Symptoms.—The symptoms are chiefly stiffness and soreness in the
lower spine and pain radiating about the iliac crest and down the legs.
Pain may be aggravated by exertion, prolonged standing or walking, jarring,
lifting or stooping. Pain on forward bending is the most common and
characteristic symptom.

Examination.—The objective findings are increase of the lumbar
lordosis, and a prominence of the sacrum, with a depression immediately
ahove it. This is more apparent on palpation than on inspection. The
pelvis appears to be more horizontal than normal ; the anterior superior spines
of the ilia are prominent, and the costal margin is closer to the iliac crest.
The spine is limited in motion in all directions, but especially on forward
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bending. Tenderness may be present over the lumbosacral or sacro-iliac
joints. There may be motor and sensory paralysis in one or both legs.
Kernig's sign may be positive.

The roentgenogram is typical and pathognomonic of the condition.
Stereoscopic plates of the anteroposterior view are to be recommended, as
well as a good lateral picture. On examination of the anteroposterior
roentgenogram in the stereoscope, one’s first impression is the increase of
the lumbar lordosis.  The bodies of the upper lumbar vertebrae are quadri-
lateral in shape. As a rule, the upper four lumbar vertebrae are clearly
seen.  The body of the fifth lumbar vertebra is seen superimposed upon the
shadow of the sacrum. The oval outline of the body is seen, with the spinal
foramen open above it. The spinous process may be the most superior
portion of the vertebra. In the lateral view, the bodies of the upper four
lumbar vertebrie are seen placed one upon the other, their anterior surfaces
forming an unbroken line, slightly convex anteriorly. The fifth lumbar
vertebra is displaced forward and downward on the sacrum.

Treatment.— The treatment of spondylolisthesis 1s supportive, either
by means of a spinal brace or by a fusion operation on the spine.

VISCEROPTOSIS

Visceroptosis is a sagging of the abdominal viscera often associated
with static deformities of the spine, as round shoulders and hollow-back.
Normal posture is described in Chapter I. The intestinal tract is most
frequently affected, but one or both kidneys may also be displaced. Weak-
ness of the abdominal muscles 1s a predisposing cause, and exaggerated
cases are sometimes seen following infantile paralysis.

The symptoms are referable to the organs displaced and usually consist
of digestive disturbances, constipation, flatulence and pain. The diagnosis
may be made from the symptoms but, as a rule, fluoroscopic or x-ray ex-
amination following a barium meal is required for confirmation.

All types of cases, particularly the paralytic, may be benefited by the
application of properly fitted abdominal supports, and close attention to the
restoration of normal body posture.



CHAPTER XVI
CONGENITAL ANOMALIES

Congenital anomalies and deformities are those of prenatal origin, the
cause of which is largely speculative. The theory of prenatal suggestion
through fright or mental impressions is a superstitions invention of the

ignorant which has been passed from generation to generation, but cannot

e N o

FFiG. 103—PuorocrarH  oF CoNGENITAL Vi, 1g4.—Prorocrars SwowinGg IxNTrA-
EQuINovARUS ASSOCTATED WITH (CON- UTERINE AMPUTATION oF FoREARM 0N
sTRicTING Bawps apour LEG  AND Rigut Axp CONGENITAL ABSENCE OF
Hypertrorry oF Great ToEes. ULxa ox LEFT.

be substantiated by scientific facts. However, as this theory has been ac-

cepted for centuries, there are still members of the medical profession who

regard prenatal influence as a factor. There also exists in the mind of the

laity the fallacious impression that syphilis in some ancestor is responsible
273
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for deformities in children. The Wassermann test is positive in about the

same percentage in children with

congenital deformities as in any other
group, and syphilitic stigmata are not
observed more [requently.

Irrors of development may arise
from an inherent abnormality in a
germ cell which does not possess the
normal selective action in reproducing
the normal part. Errors of develop-
ment may also be due to an inherent
peculiarity, weakness or disorganiza-
tion, as evidenced by the transnuission
of certain anomalies through several
generations. Anomalies may also be
due to constrictures -and distortions

Fic. 195—X-Ray SHowING CoONGENITAL
Axosmary ofF Frera Fixcer, Lerr
Haxp, with ATroPHY 0F TERMINAL
Two PHALANGES.

may possibly be a contributing fact
Congenital anomalies are variec
mon interest will he considered.

from ammniotic bands, as evidenced by
circular constrictures about the ex-
tremities, often associated with con-
genital anomalies. Position in utero
or.

1 and numerous, but only those of com-
For

convenience in description, congenital
anomalies may be classified as follows:
(1) atrophic, (2) hypertrophic, (3)
those with numerical variation, and
(4) those with deformities, or distor-
tions of normal structures. However,
all these conditions may be more or less
associated in the same individual. There
seems at times to be a lack of organiza-
tion in growth, which is manifested by
these abnormalities,

Atrophy may be local or general.
General atrophy 1s evident in dwarfism.
There may be local atrophy of a finger,
toe or extremity, without defect in the
component parts. Hemiatrophy, or uni-
lateral asymmetry, is deficiency in
agrowth of one lateral half of the body,
so that when full growth is attained,

A B

Fics. 196-A axp B—Coxcexrrar Hy-
PERTROPHY oF LEG BEFORE AND
AFTER  Excrsion or REMINDANT
Tissve anp Stapinization oF Foor.

the face on one side is much smaller and the extremities much shorter. No
treatment is of any practical value, except to compensate by prosthetic

appliances.
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Fic, 198-A —Protocrare oF Feer, Fic. 108-B.—5amE as Ficure 198-A,
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Hypertrophy may be diffuse in oversized individuals, but is of no special
significance ; or there may be a local hypertrophy of one part, as a finger,
toe or hand, or an entire extremity may be involved until it becomes three
or four times normal size. This may be due apparently to rapid proliferation

' R

e ——

F1e. 100.—X-Ray ofF Haxp, SHowineg SixtH FINGER ARTICULATING BY RUDIMENTARY
SixtH METAcarran 10 Firtha METACARPAL.

Same patient az in Figures 197-A and 197-B.
of embryonic tissue, or tissue which has not fully matured, and 1s in a meas-
ure related to tumors.  Hypertrophy may also be caused by actual neoplasms.
Neurofibromata may induce a condition which closely resembles, or, in
reality, i1s, congenital hypertrophy.’ |
There are also distortions of hypertrophied parts, particularly if
the affected part 1s a lower extremity. Amputation may at times

e — ——

*“Congenital Hypertrophy,” Surg., Gyn. & Obst.,, May, 1923, p. 600.
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be indicated, but much can often be accomplished by excision of hyper-

trophied tissue and reconstruction operations on bone (Fig. 196).
Numerical variation is an increase or decrease in the normal number

of anatomical parts. There is often observed complete absence of a part,

Fic. zo0—2-Ray or Foor, Snowise Ruptvmestary Meratarsal Boxe Arrtacuen to First
Metatarsal Boxe axp Cosmrerere DurLication orF Grear Toes
Same patient as in Figures 197-A and 197-1.

as congenital amputation of a limb, or there may be partial absence ; or there
may be supernumeration, or increase in number. There may be absence of
one of the phalanges of the toes or fingers, or of the metatarsal or metacarpal

bones.
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In the leg, the entire tibia may be absent; this is of frequent occurrence
and produces a characteristic distortion. The foot is usually clubbed and
folded against the inner aspect of the leg. The fibula becomes markedly
hypertrophic and bowed outward, and at the upper extremity is displaced
upward ; the leg may also be folded against the inner aspect of the thigh.
The leg below the knee 1s much shorter than normal and may be a mere
appendage.  The only treatment for such conditions is surgical, which con-
sists in shifting the fibula by a two-
stage operation to articulate with the
knee and ankle. Compensatory hyper-
trophy of the fibula then occurs, but
the limb is always much shorter and
an approach to normal is never to he
expected. Prosthetic apparatus is al-
ways necessary. Absence of the fibula
is not so disabling as the absence of
the tilna, because the entire knee-joint
and a greater portion of the ankle is
present. Congenital absence of a bone
1s always associated with contracted
muscles and soft structures. In the
thigh, there may be partial or complete
absence of the femur with the leg at-
tached as an appendage at the hip.
In such cases, only prosthetic appli-
ances are of benefit; surgery offers
very little hope of improvement.

Congenital absence of an entire
vertebra or part of a vertebra may be
observed in the spine (Fig. 183), or
there may be supernumerary vertebrze,

Fic. zor.—Pnrotograrn oF CHiLD wiITH i :
Birateral ConcexitaL ABsexce ofF  as six lumbar vertebra, Again, there

Fieura witeh EXTREME  TALIPES

e may be a hypertrophy of certain proc-

esses, as the transverse process of the
seventh cervical, the so-called cervical rib, which may cause serious pressure
symptoms in young adults, though never in children, as the process 1s com-
posed largely of cartilage. Also, the transverse process of the fifth lumbar
is often enlarged and may in later life press upon the wing of the sacrum
and possibly cause low hack pains. Scoliosis is often associated with anom-
alies oi the spine, or is caused by them, as the superincumbent weight
increases,
In the upper extremities, congenital absence of the radius is more fre-
quent. The hand is deviated outward, the so-called club-hand. The ulna is
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bowed inward and the radial muscles shortened; supernumerary digits
are often associated, or there is an absence of thumb or fingers. Congenital
absence of the ulna is exceedingly rare and the deformity is the opposite
of that observed in congenital absence of the radius. The extremity is ma-

3

A B
IF16. 202-A.—X-Ray oF Ficure 201, Fic 202-B.—SaME As” FIGure 202-A,
SHowIxG BiLaTEraL CoNGENITAL LateraL VieEw.

ApsexNce o FisvLa, wita Ex-
TREME TALIPES VALGUS AND
CoMPENSATORY HYPERTROPHY OF
Tivra, ANTEROPOSTERIOR YIEW,

terially shortened. No treatment is of any value until the child is two years
of age, when operative procedures along the same principles described in
the ahsence of the tibia are carried out. The final result is 2 much shortened
and defective member.

Deformities or distortions of normal structures are deformations or
distortions of a member that has all its component parts, and are probably
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more common than atrophyv, hyvpertrophy, or deficiency. For example, in
congenital club-foot all the bones and soft structures of the foot are present,
but are distorted. These conditions may be due to deficiencies or contrac-
tions of the soft parts from position in ntero. Heredity plays a part, but
many deformities are observed in healthy parents from whom no family
history of former occurrence can be obtained. However, people are often
sensitive regarding congenital anomalies, and their reticence may have pre-
vented such knowledge from passing to their descendants. Congenital
anomalies may also be due to deficient growth or overgrowth of an epiphysis.
The description of congenital deformities will begin with the feet.

DEFORMITIES OF THE FEET

Congenital deformities of the feet are called talipes, and may be classed
as equinus, calcaneus, varus, valgus, and the combined forms, as calcaneo-
varus and calecaneovalzus, ete.

Congenital Club-Foot (Talipes).—The most common deformity oc-
curring in the feet is congenital equinovarus, or club-foot, also termed reel-

e ——

A B
Ifi.  203-A.—Puotocrarey Saowineg Fie. 203-B—Poomocrard SHOWING
BrLATERAL CoMGENITAL Crun- CorrECTION oF BriATERaL Cox-
Foor 1x InrFancy. GENITAL Crue-Foor vy PLASTER-

or-Faris CasT.
MNote window cut out to prevent
pressure on dorsum of foot.

foot. As in other congenital anomalies, congenital equinovarus may be
single or double. As the term implies, the forefoot is turned in and is
known as varus; the heel is drawn upward so as to fix the foot in plantar
flexion, or equinus. The bones of the tarsus are distorted, being twisted
inward so that the outer side of the foot is prominent and overdeveloped;
the inner is concave, compressed, or underdeveloped. The small bones of
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the tarsus are distorted to conform to this position, which becomes more
pronounced and fixed as age advances, The leg is often twisted or rotated
inward from the knee down to conform to the position of the foot. When
walking begins, the weight is borne on the outer aspect, or dorsum of the
foot, which adds pressure to increase and fix the deformity. Walking often
develops large bursa on the dorsum of the foot, which may become inflamed
in older children or adults. There is marked atrophy of the leg in vntreated
Cases.

Diagnosis—The diagnosis of this condition is apparent at birth and re-
gquires no differentiation, but later in life there may be a close resemblance to
acquired equinovarus (paralytic or traumatic). In hoth, there is atrophy
of the leg. In paralytic club-foot, there is usually a history of normal mem-
bers at birth and, after birth, a definite onset. In some children, however,
especially orphans, no history is available, when differentiation must be made
by the determination of muscle power. In congenital equinovarus, there
is voluntary action in all muscles, though there is weakness in the dorsal
flexors and peroneals from overstretching, and in the posterior muscles of
the leg and tibials from inactivity. In paralytic equinovarus there is definite
paralysis and usually associated evidence of paralysis elsewhere in the
affected limbs or other portions of the body. Also, paralytic club-foot is
not so frequently bilateral as congenital. In acquired equinovarus from
other cause, there is a history of definite injury of muscle or nerve severance,
or, rarely, a burn may cause destruction of muscles or nerves with charac-
teristic deformity. In addition, in lesions of the central nervous system, as
in spina bifida and such affections as muscular dystrophy, progressive muscu-
lar atrophy, or so-zalled chronic anterior poliomyelitis (a confusing term),
there may be equinovarus or other distortions of the feet, but differentiation
can always be made by the characteristic symptoms of the central lesion.

Prognosis—"The prognosis in congenital equinovarus or club-foot is ex-
cellent if treatment is instituted early. In early childhood, the deformity
can be corrected; normal function should be secured in every case, but
slight atrophy of the calf muscles may persist throughout life, as denoted
by the decrease in circumference of the leg and, to some-extent, the thigh
on the affected side. This may be quite noticeable, though in no way inter-
fere with the activity of the individual. Growth is not arrested and length
1s rarely appreciably affected. In middle and late childhood, or at any age
after fixed structural changes occur in the bones, the foot can be made per-
fectly straight, so that walking on the sole is permitted ; but there is greater
arrest in development, and appreciable deficiency in length may be apparent.
Also, walking on the affected side is never normal and is of the flat-sole
type. There may be a slight limp, but if no actual limp, the normal resiliency
or elasticity in gait is lost. In bilateral equinovarus, the gait is a peculiar
waddle, which is quite characteristic. However, the deformity can be
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corrected, regardless of age, though the earlier this is accomplished, the
more nearly perfect will be the restoration of function,

In those rare instances when equinovarus is apparently due to an irregu-
larity in epiphyseal growth, deformity may repeatedly recur after operative
procedures, but finally correction can be maintained permanently. Re-
currence of deformity is so common from inefficient reduction and in-
efficient retention after reduction, that a general impression prevails among
the laity that correction of this deformity is impossible.

Treatment.—The treatment indicated depends upon the age and re-
sistance of the deformity. The treatment in congenital equinovarus of mild
degree should be mstituted at the end of two weeks; prior to this time, the
mother or child obviously should not be disturbed, although there is no
conitra-indication to the beginning of treatment on the first day. In very
mild deformities, when no bony deformity exists and when the foot may
be passively held straight, correction may often be accomplished by simple
passive movements. The forefoot is grasped between the fingers of one
hand while the other hand fixes the tiny heel. With the midtarsal region as
a fulcrum, the forefoot is turned outward. When varus disappears and the
forefoot can be held in the overcorrected position, the forefoot is forced
gently in the direction of dorsiflexion. This procedure should be carried
out three or four times daily for five or ten minutes for a period of three to
six months, or until the foot remains in the normal position and does not
assume the position of equinovarus when relaxed. In addition to the
corrective movements, the foot should be held in the overcorrected position
by a simple apparatus. In a vast majority, there is structural deformity of
the bones and fixed contractures of soft structures, and full correction
cannot be made by passive motion. These require retention apparatus and
more complicated treatment, which may be deferred until the child is one
month of age, if it is not convenient to the mother to begin at an earlier time.

Methods of Treatment—There are many methods by which congenital
equinovarus may be corrected, but only the routine procedures of the author
will be described, as an illustration of the general principles involved by all
methods.

At one month of age, two methods may be instituted: (1) gradual cor-
rection by successive plaster casts; (2) operation, or forcible correction
under anesthesia.  The tyvpe of treatment selected depends entirely upon
the social and financial status of the family. The first method requires about
six weeks to two months of constant observation and repeated changes of
cast, and therefore may entail considerable expense or otherwise work a
hardship upon a mother with a large family, if not living in a vicinity where
such treatment can be secured. The second method requires only a few
days, when the mother and child may return to their home to be observed
only at varving intervals,
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Correction can be accomplished by successive plaster casts in the follow-
ing manner : A snug bandage of outing cloth, about 2 inches in width, 1s
applied from the toes to the groin. The knee 15 flexed at a right angle, while
firm pressure is made to overcome as much varus as possible, after which a
plaster cast is applied from toes to groin. When the plaster has consoli-
dated, the cast 15 trimmed out over the toes so that each toe 1s distinetly
visible at its tip. The cast should extend on the inner aspect to the tip of
the great toe. Each week, or as often
as every five days, a new cast should
be applied in the same manner, for-
cibly correcting the varus, or the turn-
ing in of the forefoot. When the varus
1s overcorrected, but not before, up-
ward pressure is made on the fore-
foot to gradually dorsiflex the foot
and to stretch the heel cord and the
posterior structures of the ankle joint,
thus correcting the equinus. When
varus and equinus are overcorrected
and the foot is held in valgus, calca-
neus and dorsal flexion, a cast is ap-
plied, to be changed at intervals of one
month for a period of two to four
months, or until the foot remains in
the overcorrected position. At this
time, passive motion is instituted, as

above described, and the foot is placed Fre.  204—Puorocrarn  oF  RETENTION
in a simple retention brace, which is ?LLL::T]&:PL 'L::“‘u?'h";]'::‘:”ﬁ}_’:ﬁ"ﬂ"“
continued until the child is able to
walk. When walking is begun, a simple club-foot brace is applied, which
limits plantar flexion and also varus: or, in many cases, the shoe is simply
elevated about one-fourth of an inch on the outer aspect. If there is the
slightest tendency to the relapse of deformity, retention splints should be
worn at night and during rest periods in the daytime. As relapse is apt to
occur in congenital club-foot, the patient should be observed at intervals
until at least two years of age.

Correction of equinovarus can be accomplished just as satisfactorily in
a much shorter length of time by a very simple operation. The child 1s
given just enough ether to prevent kicking and to relieve pain; complete
narcosis is never required. The foot is grasped with both hands, placing
both thumbs over the dorsum of the tarsus, when the forefoot can be forced
into valgus, after which the equinus or plantar flexion is slowly forced
into a dorsal flexion, thus overcorrecting the deformity. If the tendo achillis
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is resistant, a subcutaneous tenotomy may be required. A small knife,
known as a tenotome, is inserted under the skin from without inward, so
as to avoid injury to the posterior tibial artery and nerve, and the tendo

Fic. zos-A.—Protocrare Saowineg Fic, 205-B.—5ame as FiGure 205-A,
Birateral CoxncExiTal CLUB- AFTER CoRRecTION BY MaNiruLa-
Foor 1x CaiLp, Ace EcHTEEN TION.

MoxTHS.

achillis 1s severed. When this is accomplished, there is a definite snap and
the foot can be forced into dorsal flexion. A plaster cast is then applied,
extending from toes to groin, with the knee flexed at a right angle. The
cast is applied in this position, for casts extending to any point below the
knee often slip downward over the foot, permitting inefficient retention
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and the foot to assume the original position. Unusual care must be exercised
to avoid irritation or necrosis from pressure. The toes must be carefully
watched, especially as to color and motion for the first twenty-four hours.
Opium in the form of paregoric, in doses of five to ten drops every three
hours, may be required at intervals, when necessary; if an excessive amount
is required, the casts should be bivalved for inspection or re-applied, for
there is a possibility of undue pressure at some unexpected point. The first

Fic. 206-A.—Protocrare SHowiNG Br-  Fic, 206-B.—SaME As Ficure 206-A,
LATERAL CONGENITAL Crup-Foor 1w AFTER SURGICAL CORRECTION.
Twins, Ace Tex Years.

cast is removed at the end of one month, and then at monthly intervals for
about three months, when the after-treatment is the same as when successive
casts are employed.

In those observed after the first vear or during early childhood, forcible
correction and tenotomy, as described, are indicated, but a wedge-shaped
wooden block, advocated by Lorenz, or the Thomas wrench, which is a
modification of the ordinary monkey wrench, is required to force the foot
from varus to valgus. The after-treatment is the same as heretofore de-
scribed, except that often intervals of two months may elapse before the
casts are changed. Passive movgments of the feet are employed by the
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mother when the casts are discarded. In middle childhood, from the age
of five to ten years, correction may be accomplished in many by successive
forcible manipulations under anesthesia with application of plaster casts,

In the relapsed and more severe deformities, open operative procedures
are often required, which consist of reconstructing the shape of the tarsal
bones, and especially the subastragalar region, thus correcting varus. The
tendo achillis and posterior capsule of the ankle joint are then made longer
by plastic procedures and the equinus and plantar flexion are corrected.
After operation, the foot is retained in the corrected position by a bivalved
plaster cast for a period of eight weeks, when a simple club-foot brace is
applied to be worn for six months; or in many, elevation of the outer aspect
of the sole of the shoe may be sufficient. After the foot is corrected by
any method, there may be pronounced in-toeing when walking, which is
caused by an inward rotation of the leg. This may often be corrected by
education, but if resistant, correction should be made by a simple osteotomy
of the tibia in the upper third ; the fibula can be manually fractured and the
leg rotated outward, placing the foot and knee in normal relation.

Varus.—Simple varus of the forefoot without equinus is rare, but
can be corrected, as described under club-foot (p. 283). However, it is
unusually resistant to treatment and requires very close observation for at
least two vears after treatment is discontinued.

Congenital Valgus or Calcaneovalgus (Congenital Flat-Foot).—
This anomaly i1s congenital flat-foot and 1s of very common occurrence.
In exaggerated cases at birth the dorsum of the foot approximates the leg,
but can usually be passively held in the normal position. Structural osseous
changes are rarely observed. In those in whom the anterior group of
muscles of the leg and peroneals are resistant, correction can be accom-
phshed by successive plaster casts. In a vast majority, this deformity can
be corrected by a simple splint made of ordinary galvanized iron or aluminum
to conform to the sole and inner aspect of the leg. The foot and leg are
held to the splint with the foot in overcorrection or adduction, by simple
muslin bandages, which the mother can apply. The mother is also taught
to plantar flex and adduct the foot by passive motion three or four times a
day. Correction is usually accomplished in a few months, and there is no
tendency to recurrence. When the child begins to walk, routine treatment
for flat-foot, or pes planus, may be required, as described on p. 257.

Congenital Equinus.—Congenital equinus is a rare anomaly, in which
there is a contraction of the heel cord and posterior structures of the leg,
holding the foot in plantar flexion. When walking is instituted, weight is
borne on the ball of the foot and the arch is usually elevated into cavus, or
abnormally high arch. Unless corrected early, there is extensive compen-
satory shortening of the extremity on the affected side. In infancy, cor-
rection can be accomplished by successive casts gradually forcing the foot
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into dorsal flexion, as in the second stage of the treatment for equinovarus.
Also, the tendo achillis may be severed by subcutaneous tenotomy, after
which a cast is applied holding the foot in dorsiflexion. In older children,
the tendo achillis should be lengthened by the Z plastic method, and if the
longitudinal arch of the foot is too high and cavus exists, the contracted
structures on the sole of the foot must be severed. Usually, this can be
accomplished subcutaneously, but the tendo achillis should be severed only
by open operation, as there 1s a possibility of extensive retraction with loss
of power to the posterior group of muscles. The after-treatment is on the
same principles as congenital equinovarus.

DEFORMITIES OF THE KNEE

Genu recurvatum.—The most common congenital abnormality in the
knee is genu recurvatum, or hyperextension of the knee. The leg is bent
forward instead of backward. This may also be considered a forward
displacement of the leg on the femur. In those in whom the anterior

Fic. 207-A.—X-Ray Sumowine CoNGENITAL DisLocation oF Kxer, Lateran ViEw.
Fig. z07-B.—SaMmE as Ficure 207-A, ANTEROPOSTERIOR VIEW.

muscles composing the quadriceps are materially shortened, the deformity
may be resistant, requiring operative measures when the child is about two
years of age. In many, correction may be obtained by a simple malleable
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posterior splint of sheet metal. The knee is flexed as much as possible when
the splint is applied. Every week the knee is flexed and the splint bent to
conform to the increased flexion, until the knee is held in right angle flexion
for one month, or longer if there is a tendency to recur. This very simple
measure will often correct a very disabling deformity.

Malformation and Rotary Displacements of Knee.—The tibia may
be rotated on the femur so that the surfaces of the femur and the tibia do
not articulate normally, and motion is mechanically blocked or limited.
Often several degrees may be present, but the motion i1s from side to side
mstead of anieroposterior. There miay also be malformation of articular
surfaces, which limits motion. This condition may be of multiple distribu-
tion, occurring in practically all of the joints of the body, and has been
cailed by Stern ® arthrogryposis multiplex congenita, Absence of patella
and other congenital anomalies, as equinovarus, are often associated.
Physiotherapy may be of great benefit in increasing the range of motion
in the joints if instituted early in infancy. In later childhood, surgery is
the only treatment from which relative improvement may be expected.

DEFORMITIES OF THE HIP

Congenital Dislocation.—Congenital dislocation of the hip, congenital
coxa vara, and other rare anomalies and deficiencies may be observed in
the hip, but only congenital dislocation is of material importance. These
dislocations occur more frequently in girls than boys, and may be single or
double. As in other congenital anomalies, there i1s much speculation as to
the origin. Increased flexion in ufero, a llllt'{.‘:]}-' mechanical condition, and
developmental factors, of which there is often evidence from the associa-
tion with other congenital deformities, are regarded as probable causes.
The statement has often been made that injury at birth may produce con-
genital dislocation of the hips, but this is positively untrue, or of exceed-
ingly rare occurrence. Fracture of the femur or pelvis would ensue before
a hip would dislocate,

In congenital dislocation of the hip, the head is out of the acetabulum and
is irregular in shape, being often conical instead of globular ; the neck is often
twisted, and coxa vara is common. The acetabulum is shallow, flat and
triangular in shape and filled with more or less cartilage and fibrous tissue.
The capsule is contracted about the acetabulum and also the head, with
constriction between the head of the femur and the actetabulum, forming
the so-called hour-glass contraction. When dislocations are of long stand-
mg, shallow “false” acetabula, with which the head of the femur articulates,
are often formed on the dorsum of the ilium. This joint may remain intact

*Walter G. Stern, “Arthrogryposis Multiplex Congenita,” Tr. Am. M. Ass. (Ortho-
pedic Sec.), 1923, p. 66
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for some time, but gradually slips out of position and a new “false” aceta-
bulum is formed on the ilium. This may be repeated until there are several
sockets on the surface of the ilium. Rarely, however, there is a deep
socket formed and the patient in this manner develops a fairly functional
joint, and might be said to make a partial spontaneous recovery.
Symptoms and Clinical Manifestations.—The clinical manifestations
are somewhat different in single and double dislocations of the hip. When
one hip is dislocated, usually no abnormality is detected until the child begins
to walk, when a slight limp is noticed, which becomes progressively more
apparent. The hmp is of a pecuhar elas-
ticity, as the trochanter ascends when
weight is placed on the dislocated hip. In
early childhood, no pain or local tender-
ness 15 present.  On examination, motion
may be somewhat increased above normal
in all directions, but is never limited in
any direction. Mensuration will demon-
strate a definite decrease in length on the
affected side, and the trochanter higher
than on the normal side, as indicated by
relation to Nélaton's line (a line drawn
from the anterosuperior spinous process
of the ilium to the center of the tuberosity
of the ischium). On palpation over the
center of Poupart’s ligament and the fem-
oral arterv, a definite lack of resistance

Fig. 208 —Drawixec oF CoNGENITAL
[ Msiocarrox oF Hir, [LiustraT-
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In bilateral dislocations of the hip,
there is a peculiar elastic waddle when the child first begins to walk. The
width of the perineum is increased. As both hips are posterior to their
normal position, there is a compensatory lordosis in the lumbar spine—a
definite sway-back; otherwise, the manifestations are similar to those of
single dislocations.

As age advances, the trochanter, with the head and neck of the femur,
ascends, making the limp more apparent in unilateral dislocation and the
difference in length of the two limbs greater. In bilateral dislocation, the
gait becomes an exaggerated elastic waddle, which is so unusual as to be a
source of derision from others and a pathetic embarrassment to the patient.
Symptoms of pain and disability also appear in single and double disloca-
tions as age advances, as there is no support for the upper extremity of
the femur except muscle and fibrous tissue. In rare instances, a new ace-
tabulum may be developed on the dorsum of the ilium (described under
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pathological anatomy as false acetabula). There is always a degree ol
disability, though in some it may be slight.

Diagnosis—"The diagnosis can always be made by the symptoms, but
should be confirmed by the x-ray. Paralytic dislocation may resemble
congenital dislocation but shows pronounced atrophy in the neck of the
femur, with coxa valga and definite muscular weakness or paralysis.
Traumatic dislocations give a history of severe trauma, and the x-ray
demonstrates a normal head and neck of the femur and acetabulum; aiso,

A B
Fic. 200-A.—X-Ray or CoxcexitaL Dis-  Fic. 200-B—SaMmMe as FiGure 200-A,
rocaTion ofF Lerr Hrir, SwHowixg AFTER REpuUcTioNn Axp FixaTron
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there is usually adduction contracture with limited motion in the hip-joint.
The only condition which may present almost identical symptoms is a
dislocation of the hip following acute infectious arthritis, or some low-grade
painless process, as syphilis. In these conditions, differentiation can be made
by the x-ray, which shows marked destructive changes in the roof of the
acetabulum. The roof may have entirely disappeared, permitting the hip
to ascend from the pressure of weight-bearing. Such affections as tuber-
culosis of the hip, coxa plana, coxa vara and infectious arthritis present both
subjective and objective symptoms which are significant of the lesion in
question,

The x-ray, in congenital dislocation, demonstrates the pathological an-
atomy above described : the head of the femur dislocated, with anomalous
contour, and the acetabulum flat, but with no destructive process present.

Prognosis—The prognosis depends entirely upon the time the diagnosis
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is made and the age of the patient when reduction is attempted. Tf reduc-
tion is made at the proper age, without undue trauma, a normal hip-joint,
with normal function, may be expected. It is therefore obvious that an
early diagnosis is of the utmost importance. The preferable age for reduc-
tion is from two to four vears. As age advances, the head, the neck of
the femur and the acetabulum become more abnormal and reduction is
increasingly difficult.  For the same reason, the possibility of securing good
function, even after reduction, is also diminished. Anatomical reduction
with good function may be secured as late as eight or ten vears, or older,
but the percentage of successes is far less than in early childhood. Tt is

Fic. 2to—FPraoTocrarH oF BILATERAL CoxceExiTal IDiznocatiox oF Hirs ArTER REDUCTION,
SHowiNG Praster-oF-Paris Cast FroM Pewvis o BeLow Kxees, LokeExz Mositiox.

the duty of the attending physician to make these conditions plain to the
parents and to urge proper ]:li'ru‘u]11t'vrt at the most p]'n!pilirlth time. In
many, the reduction of congenital dislocation of the hip is not difficult,
but in the hands of a novice, there may be irreparable damage. In single
dislocations, the |H'|:_L;'11|-:-i.~; 15, of course, better than in the nlateral form.
Treatment—"The method of reduction chosen depends upon the operator.
After reduction, the hip is placed in a plaster-of-Paris spica cast in that
position in which reduction can be maintained most effectively, and a
sufficient time allowed to elapse for the development of the acetabulum to
such an extent that the head will be retained. This usually requires from
six to eight months, after which physiotherapy i1s often a valuable adjuvant
in the restoration of function. In older children, above the age of eight,
and in some instances below this age, depending upon the development of
the individual, reduction may rarely be accomplished without undue force.
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If too much trauma is necessary, open operation is preferable. In many,
even open reduction may be accomplished only by too much tension on the
soft parts, and under such circumstances should not be attempted. In
those in whom an early diagnosis i1s not made and reduction 1s not possible,
much relief of pain and disability, as well as improvement in function, may
often be secured by open operation and the formation of a new acetabulum
on the dorsum of the ilium on a line with the normal acetabulum. This
procedure may be carried out in adults as well as in older children. If
beyond the age when reduction can be safely accomplished, permanent
disability must be expected in every case.

ANOMALIES OF THE SPINE

Congenital anomalies of the spine are not uncommon, as deficiencies in
the number of vertebrie, supernumerary vertebre, partial supernumerary
vertebrie and hypertrophy of normal processes. Variations are prone to
occur about the junction of the different regions of the spine. Cervical
ribs may be rudimentary or complete; they usually give no trouble during
childhood, but cause symptoms by pressure on the brachial plexus or large
vessels at the root of the neck in early adult life. Spinal anomalies may be
associated with fusion of one or more ribs. There may be six instead of
five lumbar vertebra. The transverse processes of the fifth lumbar vertebra
may be enlarged and encroach upon the wing of the sacrum, and may also
cause symptoms in later life. Spina bifida, due to lack of fusion of the
spinous processes, may occur, and may be of the occult variety or associated
with meningocele and nerve symptoms,

In the cervical spine, there is often a congenital deformity which may be
only postural, but is often associated with bone structural deformity.

TORTICOLLIS

Torticollis is described as congenital and acquired. The acquired type
has been described as a manifestation of such conditions as tuberculosis and
infected glands of the neck. The congenital type, or wry-neck, like other
congenital deformities, is caused by errors in development or position in
utero.  Rarely, myositis of the sternocleidomastoid musele from birth injury
with hematoma may cause torticollis, which, in reality, is not congenital
but acquired.

Congenital torticollis is the contracture of the sternocleidomastoid muscle
in utero, At the birth the head deviates toward the side of the contracted
muscle and the chin toward the opposite side. In a large number, the muscle
only is contracted, but not infrequently there may be associated structural
deformity in the cervical vertebrae and also congenital anomalies. When



TORTICOLLIS 203

torticollis is of long standing, there is asymmetrical development of the face.
The side on which the sternomastoid muscle is contracted is usually very
much atrophied, the degree of atrophy being increased in proportion to the
duration of the deformity.

Diagnosis.—The diagnosis of torticollis is made from the history and
clinical manifestations, though differentiation from the acquired l}-:pe 15
often necessary. Congenital torticollis is frequently associated with scoliosis
of the entire spine, which, however, is -
not often exaggerated (asymmetry).

The diagnosis of congenital torticollis
is usually apparent, as there are no
local symptoms; acquired torticollis
may require differentiation in those in
whom there is no available history. In
tuberculosis of the cervical vertebr:e,
there 1s torticollis, but all the muscles
of the neck are in a state of spasm and
there are other local symptoms. [If of
long duration, the x-ray will also de-
fine a tuberculous process. Traumatic
torticollis, or an infectious process of
the neck, as in tuberculosiz of the cer-
vical glands, presents definite local
symptoms and manifestations. In oc-
ular or aural affections, with defective
vision and hearing, the head may be
held to one side, but can usually be
corrected by force or under anesthesia.
Hysterical torticollis is not uncommon,
but can 11:“.13“}' be differentiated h}-’ the Fic. z211.—Puotocrarn OF COoNGENITAL
: TowricorLis, SaowiNG DEVIATION oF
nervous status of the child. HEAn T0WARK ASFECIED SIDE  ANG
PI'DgI'l'DEEE and Treatment.— CHIN Towarp OPPOSITE SIDE.
The treatment of congenital torticollis i
should be instituted early—on the day of birth, if possible. This treatment
consists in manipulating the head against contracture of the sternomastoid
muscle : for example, if the right sternomastoid is contracted, the occiput
and chin are grasped with the hands and the chin rotated to the right and
the occiput to the left. This should be carried out three or four times a day
for three to five months, gradually increasing the time of manipulation at
each treatment. In bed, the infant should be placed on the side to which
the occiput rotates; no pillow should be used. An ordinary brick, suitably
covered and placed against the occiput on the side to which the occiput
deviates, will hold the head partially straight when the infant is on its
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back. Dy these simple means, a large percentage can be corrected during
the first year. In those of longer duration, an operation by an expert, with
efficient after-treatment, is required, which consists in severance of the
sternomastoid muscle and overcorrecting the deformity by placing in the
position of torticollis in the opposite direction. The overcorrected position
must be maintained by apparatus for several weeks, and in some instances,
for several months. Head traction at night and manipulation of the head
and neck, as described, should be earried out for some time after the
apparatus has been discarded. Asymmetry of the face disappears entirely
when correction is obtained in early childhood and improves to a marked
degree when correction is made later. Should structural deformity and
congenital anomalies exist, full correction may be impossible, but with
efficient treatment, marked improvement may be expected in the majority.
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—etiology of, 30

— foot management in, 58

— hand and, 67

— hip-joint and, 6o

— joint tuberculosis differentiated from,
7I

— knee and, 50

— laboratory and x-ray observations in,
52

— pathology of, 30

— physiotherapy and, 57

295

Acute infectious arthritis, prognosis of,
54

— psoas abscess and, 6o
— shoulder joint and, 66

— surgery and, 53, 55

— svmptoms of, 31

— treatment of, 54

— wrist and, 67

Acute infections osteomyelitis, diagnosis
of, 131

— etiology of, 128

— local manifestations of, 129

— pathology of, 128
— prognosis of, 133
— symptoms of, 129
- treatment of, 133

— x-ray and, 130

Acute infectious spondylitis, diagnosis of,
04

— prognosis of, 64

— psoas abscess and, 62
— symptoms of, 6z
— treatment of, 66
— tuberculosis

of spine differentiated
from, gt

— x-ray findings in, 64

Acute traumatic arthritis, pathology of,
118

Acute traumatic spondylitis, treatment of,
122

Adhesions,
206

Albee bone graft, scoliosis and, 269

— spinal tuberculosis and, 93, 94

Alpine light, coxa plana and, 110

Ancient dislocations, 177

Ankle, acute infectious arthritis of, 38

— acute traumatic arthritis of, 118

— braces for, 28

— inspection of, 12

— orthopedic examination of, 12

— plaster-of-Paris supports for, 27

— poliomyelitis  affecting,  orthopedic
measures for, 230

— splinting of, 27

— sprain of, 118

— tuberculosis of, diagnosis of, 76

— — treatment of, 78

arm-chest, treatment of,
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Ankylosis, acute infectious arthritis and,
51, 54, 50

— hip-joint, 17

— tuberculosis and, 70, 83

Anomalies, congenital, anomalies of spine,
202

— — classification of, 274

— — deformities of feet, 280

— — deformities of hip, 288

— — deformities of knee, 287

_ l,_‘[i[]]l_'l‘_l-_':_"-' uf, 27

——m'thnpi.':iiq‘ management of, 49, 273

— — torticollis, 292

Anterior  poliomyelitis,
course of, 218

e {:tiulug}' of, 218

— — Little’s disease differentiated from,
250

— — aperative measures for correction of
deformity, 228

— — orthopedic management of, 218

— — pathology of, 218

— — prognosis of, 223

— — progressive muscular atrophy differ-
entiated from, 247

— — seoliosis and, 263

— — S¥IMPLOMms of, 218

— — treatment of, 2206

— — Volkmann's paralysis differentiated
from, 212

Apparatus, orthopedic, 26

— — Calot jacket, 41

— — meneral considerations, 26

— — head and neck. 30

— — low-grade joint affections and, 72

— — measurement of braces, 46

— — Sayre suspension, 30

— — symptoms of constriction, 44

— — time element in use of, 1

Arch, fallen, supports for, 250

— — osteoporosis and, 18

Arm-chest adhesions, treatment of, 206

Arsphenamin, bone and joint syphilis and,
102

Arthritis, acute infectious, ankle mani-
festations encountered in, 58

— — clinical course of, 51

— — diagnosis of, 52

— — ¢lbow and, 67

— — etiology of, 0

— — foot management in, 58

— — hand and, 67

— — hip-joint and, 6

— — joint-tuberculosis differentiated from,

il |

acute, climcal

INDEX

Arthritis, acute infectious, knee and, 59

— — laboratory and x-ray observations
in, 52

— — pathology of, 30

— — physiotherapy and, 57

— — prognosis of, 54

— — psoas abscess and, 6o

— — shoulder joint and, 66

— — surgery and, 33, 55

— — symptoms of, 51

— — treatment of, 54

— — wrist and, 67

— acute traumatic, pathology of, 118

— chronic infectious, clinical course of,
103

— — diagnosis of, 104

ctiology of, 102

— — pathology of, 103

— — prognosis of, 103

— — symptoms of, 103

— — treatment of, 103

— —types of, 103

— — x-ray and, 104

— chronic traumatic, character of, 123

— subacute traumatic, characteristics of,
123

— tuberculous, 68

Arthritis deformans, clinical course of,
100

— treatment of, 107

Arthrodesis, age affecting justification
of, 1

— flat-foot and, 260

— poliomyelitis affecting shoulder and,
235

Arthroplasty, elbow dislocation and, 17

Aspiration, acute infectious arthritis and,
55. 58, 59

— orthopedic examination by, 8

Astragalectomy, 232

Ataxia, Friedreich's, orthopedic manage-
ment of, 250

— hereditary, orthopedic management of,
230

Atrophy, bone, 181

— congenital, orthopedics and, 274

— progressive muscular, clinical course
of, 2406

— — diagnosis of, 247

ctiology of, 246

— — muscular  dvstrophy differentiated
from, 247

— — pathology of, 246

— — symptoms of, 246

— — treatment of, 247




INDEX

Auscultation, orthopedic examination by,
8

Autogenous vaccines, chronic infectious
arthritis and, 1035

Bandages, orthopedic, plaster-oi-Paris, 26

Basket-weave adhesive bandage, 120

Bed-pans, Bradford frame and use of, 38

Benign bone tumors, Bloodgood's, 196

— chondroma, 103

— osteochondroma, 192

Birth injuries, congenital fractures differ-
entiated from, 175

— Little's disease and, 237

Birth paralysis, 243

Blood, dyscrasias of, orthopedic consid-
erations of, 125

Bloodgood's benign giant-celled bone tu-

mor, 190
Bone, acute affections of, osteomyelitis,
128

— affections of, orthopedic, 48

— atrophy of, 181

— brittleness of, 190

— changes shown by x-ray of, 10

— character of early, 1

— congenital deficiencies in quality of,
180

—cyst of, 142

— endocrine disturbances of, 192

— hereditary deficiency of, 190

— low-grade affections of, epiphysitis of
extra-articular epiphyses, 144

— — Garré's sclerosing  osteomyelitis,
139

— — osteitis fibrosa cystica, 142

— — syphilis, 136

— — tuberculosis, 136

— marble, 191

— neoplasms of, 192, 200

— nutritional disorders of, osteomalacia,
187

— — rickets, 182, 187

— — scurvy, 188

— syphilis of, destructive stage of, 138

— — diagnosis of, 139

— — Garré’s sclerosing osteomyelitis and,
139

— — osteochondritis form of, 137

— — osteomyelitis form of, 138

— — periosteal stage of, 137

— — prognosis of, 139

— — symptoms of, 136

— — treatment of, 139

<97

Bone, syphilis of, Wassermann test and,
101

— traumatic affections of, 147

— — dislocations, 177

— — epiphyseal separations, 166

— — fractures, 147

— — malunited fractures, 169

— — osteitis, 181

— — osteoporosis, 181

— — ununited fractures, 174

— tuberculosis of, 136

— tumors of, 192, 200

— X-ray examination of, g

Bone-grafts, age of child and, 176

— congenital fractures and, 17

— massive, ununited fractures and, 174

Bow-leg, pathology of, 183

— rickets causing, 182

— treatment of, 185

Brace, orthopedic, Bradford’s abduction,
110, 113

— — knee, 33

— — measurement of, 46

— — plaster-of-Paris, 28

— — poliomyelitis and, 235

— — spinal, 42

Bradford abduction brace, coxa plana and,
110

— coxa vara and, 113

Bradford frame, acute traumatic spondy-
litis and, 122

— bed-pans and, 38

— emergency use of, 40

— hip-joint and, 34, 37

— rickets and, 182

— scoliosis and, 268

— spinal tuberculosis and, g2

— spine and, 37, g2

— tuberculosis of hip and, 84

Brisement forcé, acute infectious arthritis
and, 57

Brittle bone, 190 _

Buck's extension, description of, 20

— hip-joint dislocations and, 179

— hip sprain and, 120

— spinal tuberculosis and, gz

— tuberculosis of hip and, 83

— tuberculoszis of knee and, 80

Burns, scar contractures following, 201

Burswe, affections of, orthopedic manage-
ment of, 49, 216

Bursitis, prepatellar, orthopedic manage-
ment of, 217

— subacromial, orthopedic management
of, 217
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Calcaneobursitis, orthopedic management
of, 216

Caleaneovalgus, congenital, treatment of,
280

Callus, peripheral nerve injury and, 251

Calot jacket, 41

Calvé's disease, tuberculosis of joints dii-
ferentiated from, 71, 83

Campbell-Mitchner knee splint, 60

Casts, orthopedic, plaster-of-Paris, 36

Cerebral paralysis, spastic, diagnosis of,
239

— — etiology of, 237

— — pathology of, 238

— — symptoms of, 238

— — treatment of, 240

Cerebral poliomyelitis, 218

Chondrodysplasia feetalis, 192

Chondroma, joints and, 126

— treatment of, 193

Chorea, Friedreich’'s ataxia resembling,
250

Chronic  infectious
course oi, 103

— diagnosis of, 104

— etiology of, 102

— pathology of, 103

— prognosis of, 105

— symptoms of, 103

— treatment of, 105

— types of, 103

— x-ray and, 104

Chronic infectious spondylitis, symptoms
of, 104

Chronic traumatic arthritis, characteris-
tics of, 123

Claviele, fracture of, diagnosis of, 163

— — frequency of, 161

— — prognosis of, 165

— — symptoms of, 164

— — treatment of, 165

— — x-ray examination of, 165

arthritis, clinical

Claw-toes, acute infectious arthritis
causing, 58
Club-foot, congenital, description of,

280
— — diagnosis of, 281
— — prognosis of, 281
— —treatment of, 282
Club-hand, congenital, 278
— peripheral nerve injury and, 233
Cod-liver oil, joint tuberculosis and, 72

Colles’ fracture, rarity in young chil-

dren, 151
Compensatory lumbar lordosis, 17, 19

INDEX

Congenital anomalies, anomalies of spine,
202

— classification of, 274

— deformities of feet, 280

— deformities of hip, 288

— deformities of knee, 287

— etiology of, 274

— orthopedic management and, 49, 274

— torticollis, 202

Congenital atrophy,
274

Congenital bone deficiencies, chondrodys-
plasia feoetalis, 192

— dyschondroplasia, 192

— fragilitas ossium, 189

— osteosclerosis, 191

Congenital calcaneovalgus, treatment of,
2806

Congenital club-foot, deseription of, 280

— diagnosis of, 281

— prognosis of, 281

— treatment of, 282

Congenital hypertrophy, 274

Congenital equinus, treatment of, 286

Congenital flat-foot, treatment of, 286

Congenital fractures, 175

Congenital hip dislocation, 288

Congenital laxity, knee showing, 13

Congenital osteosclerosis, 191

Congenital syphilis, bones and joints and,
g3

— splastic cerebral paralysis and, 238

Congenital valgus, treatment of, 286

Constriction, bandage, symptoms of, 44

Contracture, scar, etiology of, 201

— — factors determining extent of, 201

— — prevention of, 202

— — treatment of, 204

— Volkmann’s, orthopedic management
of, 211

Coxa plana, diagnosis of, 110

— etiology of, 108

— prognosis of, 110

— symptoms of, 109

— treatment of, 110

— tuberculosis of joints differentiated
from, 71, 83

— X-ray examination, 110

Coxa valga, etiology of, 114

Coxa vara, diagnosis of, 113

— epiphvseal separation causing, 168

— etiology of, 111

— pathology of, 111

— prognosis of, 113

— rickets causing, 182

orthopedics and,



INDEX

Coxa vara, symptoms of, 112

— treatment of, 113

— tuberculosiz of joints differentiated
from, 83

— x-ray and, 111

Crepitation, orthopedic significance of,
knee and, 13

Crutches, measurement for, 28

Cyst, bone, 142

Cystic osteitis fibrosa, 142

Dakin's solution, scar prevention and,
202

Dangle-foot, 223

Davis' skin-grafts, scar contractures and,
205

Deformities, foot, congenital, 280

— — congenital club-foot, 2Bo

— — orthopedic management of, 236

— — talipes, 280

— hip-joint, congenital dislocation of, 288

— knee, genu recurvatum, 287

— — malformation and rotary displace-
ments of, 288

— spinal, hollow-back, 269

— — round shoulders, 269

— — seoliosis, 260

— — spondylolisthesis, 270

— static, hollow-back, 26g

— — orthopedic management of, 256

— —round shoulders, 26g

— — scoliosis, 200

— — spondylolisthesis, 2

— — visceroptosis, 272

— —weak foot, 2357

Delanginere bone-graft, ununited frac-
tures and, 175

Diphtheria, peripheral nerve injury and,
251

Dislocation, ancient and recent, 177

— hip-joint, congenital, 288

— spontaneous hip, 224

Drop-foot, operation for, 231

Dyschondroplasia, orthopedic considera-
tions, 192

Dyserasias, blood, joints and, 125

Dystrophy, muscular, clinical forms of,
248

— — diagnosis of, 249

— —etiology of, 248

— — pathology of, 248

— — prognosis of, 240

— — progressive muscular atrophy differ-
entiated from, 247, 249

299

Dystrophy, muscular, symptoms of, 248
— — treatment of, 249

Edema, peripheral nerve injury and, 251

Elbow, acute infectious arthritis of, 67

— acute traumatic arthritis of, 122

— dislocations of, ancient and recent, 178

— fixation of, 44

— fracture of, 156

— — peripheral nerve injury and, 251

— malunited fractures of, 171

— poliomyelitis and, 225, 233

— scar contractures of, 209

— sprain of, 122

— tennis, orthopedic management of, 217

— tuberculosis of, management of, g3

Endocrines, bone disturbances and, 192

LEndothelioma, Ewing’s, 199

IEpiphyseal enlargement, rickets causing,
182

Epiphyseal separations, 166

Epiphysitis, extra-articular, generalized,
140

— — Kdhler's disease and, 1435

— —o0s calcis and, 144

— — Osgood-5chlatter’s disease and, 146

— — scaphoid and, 143

— — tibial tubercle and, 146

— tuberculosis of joints differentiated
from, 71

— tuberculosis  of
from, g1

Equinovarus, deseription of, 280

— chagnosis of, 281

— prognosis of, 281

— treatment of, 282 286

Ewing’s endothelioma, 199

Extra-articular epiphysitis, orthopedic
considerations of, 144, 146

spine differentiated

Fallen arch, supports for, 259

Fallen viscera, orthopedic considerations
of, 272

Fascia, affections of, orthopedic, 49

Femur, birth fractures of, 150

— congenital anomalies of, 278

— fracture of shaft of, 149

— malunited fractures of, 170

Fetal rickets, 192

Fibroma, joints and, 126

— recurrent bone, 196

Fibrous osteitis cystica, 142

Fibula, congenital anomalies of, 278
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Fibula, fracture of, peripheral nerve in-
jury and, 252

Fingers, scar contractures of, 207

Flail-foot, 223

Flat-foot, congenital, treatment of, 286

— deformity in, 257

— diagnosis of, 258

— examination of, 257

— symptoms of, 237

— treatment of, 258

Foot, acute infectious arthritis of, 38

— congenital anomalies of, 278

— deformities of, 280

— — orthopedic management of, 256

talipes, 280

— flat, deformity in, 257

— — diagnosis of, 258

— — examination of, 257

— — symptoms of, 257

— — treatment of, 258

— inspection of, 12

— normal, structure and function of, 256

— orthopedic examination of, 12

— poliomyelitis and, 220, 230

— scar contractures of, 209

— tuberculosis of, diagnosis of, 76

— — treatment of, 7

— weak, deformity in, 257

— — diagnosis of, 258

— — examination of, 257

— — symptoms of, 257

— — treatment of, 258

— x-ray of normal, 2

Forearm, fracture of, 151

Formalin, acute infectious arthritis and,
55

— tuberculous abscess and, 76

Fracture, birth, 175

— clavicle, 161

— congenital, 175

— elbow, 156

— femur, 149

— forearm, 151

— fragilitas ossium and, 191

general considerations of, 147

— humerus, 136, 158

— malunited, 160

— osteitis fibrosa cystica and, 143

— osteomalacia and, 187

— peripheral nerve injuries and, 251

— spine, 151

— — tuberculosis of spine differentiated
from, g1

— ununited, 174

— x-ray and, 147

INDEX

Fragilitas ossium, 49, 189

Friction fremitus, knee showing, 13

Friedreich’s araxia, orthopedic manage-
ment of, 250

Ganglia, treatment of, 213

Garré’s sclerosing osteomyelitis, diagno-
sis of, 141

— local manifestations of, 139

— pathology of, 139

— prognosis of, 141

— symptoms of, 130

— treatment of, 141

Generalized extra-articular epiphysitis,
146

Gentian violet, acute infectious arthritis
and, 55

Genu recurvatum, description of, 224

— orthopedic management of, 287

Genu valgum, definition of, 185

— epiphyseal separation causing, 166

— rickets causing, 182

— treatment of, 185

— tuberculosis causing, 78

Genu varum, definition of, 183

— rickets causing, 182

— treatment of, 185

Giant-celled bone tumors, diagnosis of,
196

— occurrence of, 194

— pathology of, 193

— treatment of, 196

(sibney adhesive sprain dressing, 119

(GGonococcus, acute infectious arthritis
and, zo0

Grafts, bone, age of child and, 176

— — homogeneous, congenital fractures
and, 176

— — massive, congenital fractures and,
177

— — — ununited fractures and, 174

— skin, scar prevention and, 203

— — scar treatment by, 204

— — types of, 203

Hand, acute infectious arthritis of, 67

— scar contractures of, 207

Harrison's groove, rickets and, 182

Head, orthopedic apparatus for, 39

Heel, scar contractures of, 200

Heliotherapy, chronic infectious arthritis
and, 106

— coxa plana and, 110



INDEX

Heliotherapy, foot and ankle tuberculosis
and, 7

— joint tuberculosis and, 72

— rickets and, 18z

Hematoma, peripheral nerve injury and,
251

Hemorrhage, petechial, scurvy causing,
188

Henderson shoulder splint, 43

Hereditary ataxia, orthopedic manage-
ment of, 230

Hereditary bone deficiency,

ossium, 190

boneplasty,

and, 94

Hibbs" fusion operation, scoliosis and, 26g

Hip-joint, acute infectious arthritis and,
6o

— acute traumatic arthritis of, 120

— ankylosis of, 17

— Bradford frame and. 34

— compensatory lumbar lordosis of, 17, 19

— deformities of, congenital dislocation
of, 288

— dislocations of, 178

— inspection of, 13

— measurements in examination of, 18

— Nélaton's line and examination of, 18

— orthopedic apparatus for, 34

— orthopedic examination of, 15

— palpation of, 16

— passive motion in examination of, 16

— poliomyelitis affecting, operative meas-
ures for, 233

— poliomyelitis and, 224

— sprain of, 120

— Thomas splint for, 37

— Trendelenburg’s sign, 16

— tuberculosis of, diagnosis of, 82

— — pathology of, 81

— — prognosis of, 83

— — symptoms of, 82

— — treatment of, 83

— x-ray examination of, 18

History card, orthopedic, 5, 7

Hollow-back, orthopedic management of,
269

Homogeneous
fractures and, 176

Housemaid's knee, orthopedic manage-
ment of, 217

Humerus, fracture of, 156

— — malunited, 170, 172

— — peripheral nerve injury and, 251

— — shaft, 133

fragilitas

Hibbs' spinal  tuberculosis

bone-grafts, congenital

301

Humerus, fracture of, supracondylar, 156

Hypertrophy, congenital bone, orthopedic
considerations of, 274

Hysteria, tuberculosis of spine differen-
tiated from, g1

Hysterical paralysis, orthopedic consid-
erations of, 254

Hysterical torticollis, diagnosis of, 23

Idiocy, Mongolian, Little’s disease differ-
entiated from, 240

Ihum, transplant of crest of, tuberculosis
of hip and, 84

Infection, bone, acute, 128

— — low-grade, 136

— — susceptibility ot children to, 3

— joint, low-grade, 68, g8

— scar contractures following, 2o

Infectious arthritis, acute, ankle mani-
festations encountered in, 58

— — clinical course of, 51

— — diagnosis of, 52

elbow and, 67

— —etiology of, 50

— — foot management in, 58

— — hand and, 67

— — hip-joint and, 6o

— — joint  tuberculosis
from, 71

— — knee and, 30

— — laboratory and x-ray observations
in, 52

— — pathology of, 30

— — physiotherapy and, 57

— — prognosis of, 54

— — psoas abscess and, 6o

— — shoulder joint and, 66

— —surgery and, 53, 55

— — symptoms of, 51

— — treatment of, 54

— — wrist and, 67

— chromie, clinical course of, 103

— — diagnosis of, 104

— —etiology of, 102

— — pathology of, 103

— — prognosis of, 103

— — symptoms of, 103

— — treatment of, 105

— —types of, 103

— — x-ray and, 104

Infections osteomyelitis, acute, diagnosis
of, 131

— — etiology of, 128

differentiated
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Infectious osteomyvelitis, acute, local
manifestations of, 129

— — pathology of, 128

— — prognosis of, 133

— — symptoms of, 129

— — treatment of, 133

— — x-ray and, 130

Infectious spondylitis, acute, diagnosis
of, 64

— — prognosis of, 64

— — psoas abscess and, 62

— — symptoms of, 62

— — treatment, 66

— — tuberculosis of spine differentiated
from, g1

— — x-ray findings in, 64

— chronie, symptoms of, 104

Infraction, metatarsal, 107

Involuerum, definition of, 129

lodids, joint tuberculosis and, 72

— syphilis of bones and joints and, 102

[schemic myositis, diagnosis of, 212

— etiology of, 211

— pathology of, 212

— prognosis of, 213

— symptoms of, 212

— treatment of, 213

Jackets, orthopedic, plaster-of-Paris, 40
Joints, acute affections of, 50
— — infectious arthritis, 50

— — infectious spondylitis, 62
— affections of, orthopedic, 47
— blood dyserasias and, 125

— low-grade affections of, 68, g8
— — ankle tuberculosis, 76

— — arthritis deformans, 106

— — chronic infectious arthritis, 102
— — coxa plana, 108

— —coxa valga, 114

— — coxa vara, 111

— — elbow tuberculosis, 93

— — foot tuberculosis, 76

— — hip tuberculosis, 81

— — knee tuberculosis, 78

— — Kaohler's disecase, 107

— — Legg's disease, 108

— — osteochondritis, 107, 114
— — Perthes’ disease, 108

— — Pott’s disease, 85

— — shoulder tuberculosis, 95
— — spinal tuberculosis, 85

— — 5till's disease, 106

— — syphilis, g8

INDEX

Joints, low-grade affections of, tuberculo-
sis, 68, 85

— —upper extremity tuberculosis, g3

— — wrist tuberculosis, g6

— malignant tumors of, 126

— neoplasms affecting, 125

— syphilis of, concomitant infections in,
101

— — diagnosis of, 101

— — pathology of, g8

— — prognosis of, 102

— — syvmptoms of, g9

— — treatment of, 102

— — types of, g9

— — Wassermann test in, 101

— — X-ray examination of, 100

— traumatic affections of, 118

acute arthritis, 118

— — blood dyscrasias, 125

— — malignant tumors, 126

— — neoplasms, 125

— — subacute arthritis, 123

— — tumors, 125

— tumors affecting, 125

— X-ray examination of, g

Jones® splint, 44

Knee, acute infectious arthritis and, 39

— acute traumatic arthritis of, 119

— braces for, 33

— Buck's extension and, 29

— Campbell-Mitchner splint for flexion-
deformity of, 6o

— congenital laxity of, 13

— crepitation in, 13

— deformities of, genu recurvatum, 287

— — malformation and rotary displace-
ments of, 288

— examination of, 12

— friction fremitus in, 13

— “housemaid’s,” orthopedic management
of, 217

— hyperextension of, 287

— inspection of, 12

— malformation of, 283

— orthopedic examination of, 12

— orthopedic management of, plaster-of-
Paris and, 29

— poliomyelitis involving, 223

— — operative measyres for, 232

— rotary displacements of, 288

— scar contractures of, 208

— sprain of, 119

— subacute traumatic arthritis of, 123



INDEX

Knee, Thomas splint for, 30

— tuberculosis of, prognosis of, 79

— — symptoms of, 7

— — treatment of, So

— x-ray of, 14

Knock-knee, pathology of, 185

— rickets causing, 182

— treatment of, 183

— tuberculosis causing, 78

Kihler's disease, definition of, 107

— joint tuberculosis differentiated from,
77

— symptoms and treatment of, 145

Krause skin-grafts, scar contractures and,
203

Kiammell's disease, osteochondritis and,
115

— tuberculosis  of
from, gi

Kyphosis, acute infectious spondylitis and,
6z

— Bradford frame and, 38

— definition of, 22

— destructive lesions causing, 267

— rickets ecausing, 132

— round shoulders and, 270

— zpinal tuberculozis and, 87

sping differentiated

Lacerated wounds, scar contractures fol-
lowing, 201

Latent bone rickets, 187

Lateral sclerosis, Little's disease differ-
entiated from, 2

Laxity. congenital, knee showing, 13

Lead poisoning, peripheral nerve injury
and, 251

Leg, congenital anomalies of, 278

Legg's disease, diagnosis, 110

—etiology of, 108

— prognosis of, 110

— symptoms of, 109

— treatment of, 110

— tuberculosis of joints differentiated
from, 71, 83

— X-ray examination, 110

Ligaments, affections of,
49

— knee, testing of, 13

Lipoma, joints and, 1206

Little's disease, etiology of, 237

Locomotor ataxia, TFriedreich’s
differentiated from, 250

‘Lordosis, compensatory lumbar, 17, 19

— definition of, 22

orthopedic,

ataxia

393

Lordosis, spinal tuberculosis and, 88
Low-grade joint affections, orthopedic
management of, 68, g8

Malignant bone tumors, endothelioma,

199

— myeloma, 200

— nomenclature of, 196

— periosteal sarcoma, 197

Malunion, orthopedic considerations of,
100

Malunited fractures, 1069

Marble bones, 191

Martin knee extension, 208

Massive bone-graft, ununited fractures
and, 174

Medullary poliomyelitis, 218

Meningitic poliomyelitis, 218

Meningitis, tuberculous, hip-joint tuber-
culosis and, 82

— — prognosis of, 71

Meningococeus, acute infectious arthritis
and, 50

Mensuration, hip examination and, 18

— orthopedic examination and, &

Mercurochrome, acute infectious arthritis
and, 355

Mercury, syphilis of bones and joints and,
102

Mercury quartz light, value of, 75

Methylene-blue, acute infectious arthritis
and, 53

Mongolian idiocy, Little's disease differ-
entiated from, 240

Multiple osteochondroma, 192

Muscle, affections of, orthopedic, 49,
210

— inflammation of, 211

— rupture of, 210

Muscular atrophy, progressive, clinical
course of, 246

— — diagnosis of, 247

— —etiology of, 246

— — muscular dystrophy
from, 247

— — pathology of, 246

— — symptoms of, 246 :

— — treatment of, 247

Muscular dystrophy, clinical forms of,
248

— diagnosis of, 249

— etiology of, 248

— pathology of, 248

— prognosis of, 249

differentiated
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Muscular dystrophy, progressive muscular
atrophy differentiated from, 247,
240

— symptoms of, 248

— treatment of, 249

Myeloma, 200

Myositis, ischemic, diagnosis of, 212

— — etiology of, 211

— — pathology of, 212

— — prognosis of, 213

— — symptoms of, 212

— — treatment of, 213

Myositis ossificans, etiology of, 213

— pathology of, 214

— gprain of elbow causing, 122

— treatment of, 215

— types oi, 213

Neck, orthopedic apparatus for, 39

— wry, orthopedic management of,
292

Nélaton's line, hip examination and, 18

Neo-arsphenamin, syphilis of bones and
joints and, 102

Neoplasms, hone, benign, 192

— — chondroma, 193

— — endothelioma, 199

— — malignant, 196

— — myeloma, 200

— — osteochondroma, 192

— — periosteal sarcoma, 197

— — recurrent, 106

— joint, tvpes of, 125

Nerves, peripheral, injuries to, 250

Nervous svstem, affections of, anterior
poliomyelitis, 218

— — birth paralysis, 243

— — Friedreich’s ataxia, 250

— — hereditary ataxia, 2350

— — hysterical paralysis, 254

— — Little's disease, 237

— — muscular dystrophy, 248

— — obstetrical paralyvsis, 243

— — orthopedic, 49

— — peripheral nerve injuries, 250

— — progressive muscular atrophy, 246

— — spastic cerebral paralysis, 237

— orthopedic management of affections
of, 218, 237

Neuritis, peripheral nerve injury and,
251

Non-union, orthopedic management of,
174

Nutrition, bone disorders and, 182

INDEX

Nutritional bone disorders, osteomalacia,
187

— rickets, 182, 187

— scurvy, 188

Nystagmus, Iriedreich’s ataxia and, 230

Ohbstetrical paralysis, diagnosis of, 245

— etiology of, 243

— pathology of, 243

— peripheral nerve injuries and, 251

— symptoms of, 244

— treatment of, 245

Ollier-Thiersch skin-grafits, scar contrac-
tures and, 205

Orthopedics, acute joint affections in, 50

— affections encountered in, classification

of, 47

apparatus used in, 26

— bone affections and, 128, 147, 182

— congenital anomalies and, 273

— derivation of the word, 1

— examinations in, 5, 7

ankle, 12

— — foot and ankle, 12

— — hip, 13

— — knee, 12

— — sacro-iliac joint and, 20

— — spime and, 22

— — upper extremity, 23

— history taking in, 5

— low-grade joint affections and, 68, 72,

85, o8
—nervous system affections and, 218,
237

— soft tissue affections and, 201, 210

— static deformities and, 256

— traumatic joint affections and, 118

Os caleis, epiphysitis of, 144

Osgood-Schlatter’s disease, symptoms and
treatment of, 146

Ossifying myositis, 213

Osteitis, traumatic, 181

— tuberculosis of spine differentiated
from, g1

Osteitis fibrosa, foot and ankle tuber-
culosis differentiated from, 57

! Osteitis fibrosa cystica, occurrence of,

142

— treatment of, 143

Osteochondritis, intra-articular, 107

— spinal, 114

— syphilitic, 137

Osteochondritis juvenilis, tuberculosis of
joints differentiated from, 71
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Osteochondroma, joints and, 126

— multiple, 192

— treatment of, 192

Osteogenesis imperfecta, fragilitas os-
stum differentiated from, 190

Osteogenetic sarcoma, types of, 197

Osteoma, joints and, 126

Osteomalacia, orthopedic management of,
187

— osteitis fibrosa eystica and, 143

Osteomyelitis, acute infectious, diagnosis
of, 131

— — etiology of, 128

— — foot and ankle tuberculosis differ-
entiated from, 7

— — local manifestations of, 129

— — pathology of, 128

— — prognosis of, 133

— — symptoms of, 129

— — treatment of, 133

— — tuberculosis of joints differentiated
from, 71

— — x-ray and, 130

— Garré’s sclerosing, diagnosis of, 141

— — local manifestations of, 130

— — pathology of, 130

— — prognosis of, 141

— — symptoms of, 139

— — treatment of, 141

— syphilitic, 138

Osteoporosis, 181

Osteopsathyrosis, fragilitas ossium differ-
entiated from, 1go

Osteosclerosis, congenital, 191

Osteotomy, coxa vara treated by, 114

Palpation, orthopedic examination by, 8

— sacro-iliac joint, 20

— spine, 23

Paralysis, birth, 243

— hysterical, orthopedic consideration of,
254

— obstetrical, diagnosis of, 245

— — etiology of, 243

— — pathology of, 243

— — peripheral nerve injuries and, 251

— — symptoms of, 244

— — treatment of, 243

— poliomyelitis and, 219

— spastic cerebral, diagnosis of, 230

— — etiology of, 237

— — pathology of, 238

— — symptoms of, 238

— — treatment of, 240
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Paralysis, spinal tuberculosis complicated
by, 5y, g4

— Volkmann's, diagnosis of, 212

— —etiology of, 211

— — orthopedic management of, 211

— — pathology of, 212

— — prognosis of, 213

— — symptoms of, 212

— — treatment of, 213

Passive motion, hip examined by, 16

— orthopedic examination by, 8

— zacro-iliac joint and, 21

— spine and, 23

Pedunculated skin flaps, scar contractions
and, 205

Periosteal sarcoma, diagnosis of, 198

— frequency of, 197

— pathology of, 198

— prognosis of, 199

— symptoms of, 198

— treatment of, 199

— x-ray demonstration of, 198

Periosteum, syphilis of joints affecting,
100

Periostitis, acute, 128

— syphilitic, 137

— traumatic, 181

Peripheral nerves, injuries to, 250

Peroneal tendons, displacement of, 215

Perthes' disease, diagnosis of, 110

— etiology of, 108

— prognosis of, 110

— symptoms of, 109

— treatment of, 110

— tuberculosis  of
from, 71, 83

— xX-ray examination, 110

Pertussis, acute infectious arthritis and,
50

Pes calcaneovalgus, 222

Pes calcaneus, 221

Pes equinovalgus, 222

Pes equinovarus, 222

Pes equinus, poliomyelitis and, 220

Pes planus, deformity in, 257

— diagnosis of, 258

— examination of, 257

— symptoms of, 257

— treatment of, 238

Pes wvaleus, 221

Pes varus, 220

Petechial hemorrhages, scurvy causing,
18R

Physiotherapy, acute infectious arthritis
and, 57

joints differentiated
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Pigeon-breast, rickets causing, 182

Pirquet test, joint tuberculosis and, 71

Plaster-of-Paris, ankle tuberculosis and,
78

— bandages, 26

— braces measured with aid of, 46

— Calot jacket of, 41

— orthopedic use of, 26

— pressure symptoms from, 45

— reénforcements of, 36

— regrional application of, 27

— — ankle, 27

— — elbow fixation by, 43

— — femur, 150

— — flat-foot and, 260

— — forearm fractures and, 154

— — knee, 29

— — sacro-iliac joint, 37

— — shoulder, 43

— scoliosis and, 268

— types of jackets made from, 40

Prneumococcus, acute infectious arthritis

and, 50

Prneumonia, acute infectious arthritis and,
50

Poliomyelitis, acute anterior, clinical

course of, 218

— — etiology of, 218

— — Little's disease differentiated from,
=39

— — operative measures for correction of
deformity, 228

— — orthopedic management of, 218

— — pathology of, 218

— — prognosis of, 225

— — progressive muscular atrophy dif-
ferentiated from, 247, 249

— — scoliosis and, 263

— — symptoms of, 218

— — treatment of, 226

— — Volkmann's paralysis differentiated
from, z12

Polyarthritis, diagnosis of, 104

— syphilitic, manifestations of, 100

Posture, determination of, 6

— defective, orthopedic affections caused
by, 49

— weight-bearing line and, 6

Potassium iodid, syphilis of bones and
joints and, 102

Pott’s discase, complications of, 88

— diagnosis of, g1

— prognosis of, g2

— symptoms of, 85

— treatment of, g2

INDEX

Pott’s disease, x-ray examination in, 9o

Prenatal deformities, orthopedic consid-
eration of, 273

Prepatellar bursitis, orthopedic manage-
ment of, 217

Progressive muscular atrophy, clinical
course of, 246

— diagnosis of, 247

— etiology of, 246

— muscular  dystrophy
from, 247

— pathology of, 246

— symptoms of, 246

— treatment of, 247

Psoas abscess, acute infectious arthritis
and, 6o :

— acute infectious spondylitis and, 62

— hip-joint  tuberculosis  differentiated
from, 82

— treatment of, 66

Psoas contracture, diagnosis of, 64

differentiated

Radium, joint neoplasms and, 126

Radius, congenital absence of, 278

Recent dislocations, 177

Recurrent bone tumors, 196

Reverdin's skin-grafts, scar contractures
and, 205

Rickets, bone pathology in, 182

— fetal, 192

— latent, 187

— tuberculosis of
from, g1

Rollier's heliotherapy, joint tuberculosis
and, 72

Round shoulders, orthopedic management
of, 269

Rupture, muscle, 210

spine differentiated

Sacro-iliac joint, orthopedic examination
of, z0

— plaster-of-Paris and, 37

— traumatic injuries of, 120

Salicylates, acute infectious arthritis and,
55

— chronic infectious arthritis and, 103

Sarcoma, osteogenetic, types of, 197

— periosteal, diagnosis of, 198

— — frequency of, 197

— — pathology of, 198

— — prognosis of, 109

— — symptoms of, 198

— —treatment of, 199

— — x-ray demonstration of, 198
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Sayre adhesive dressing, application of,
166

— clavicular fracture and. 165

Sayre head traction, scoliosis and, 267

Sayre suspension apparatus, 39

Scanning speech, Friedreich's ataxia and,
250

Scaphoid, epiphysitis of, 144

— Kohler’s disease of, 145

— — joint  tuberculosis
from, 77

— osteitis of, 143

Scapula, motion of, 25

Scar contractures, etiology of, 201

— factors determining extent of, 201

— peripheral nerve injury and, 251

— prevention of, 202

— treatment of, 204

— Volkmann's, 212

Scarlet fever, acute infectious arthritis
and, 50

Sciatic scoliosis, 122

Scissors gait, spastic cerebral paralysis
causing, 238

Sclerosing osteomyelitis, Garré's, diag-
nosis of, 141

— — local manifestations of, 139

— — pathology of, 130

— — prognoszis of, 141

— — symptoms of, 130

— — treatment of, 141

Scoliosis, definition of, 22, 260

— deformity in, 263

— diagnosis of, 267

— etiology of, 262

— examination of, 263

— factors predisposing to, 262

— lateral, Little’s disease differentiated
from, 240

— orthopedic management of, 260

— prognosis of, 267

— rickets causing, 182

— sciatie, 122

— sex influencing incidence of, 262

— spinal anomalies and, 278

— symptoms of, 263

— torticollis and, 293

— treatment of, 267

—x-ray examination of, 265

Secorbutus, 188

Scurvy, orthopedic phases of, 188

Separation, epiphyseal, 166

Sequestrum, definition of, 129

Sever’s operation, obstetrical paralysis
and, 246

differentiated

397

Shoulder joint, acute infectious arthritis
and, 66

— fixation of, 43

— orthopedic examination of, 25

— poliomyelitis and, 225

— — operative measures for, 233

— tuberculosis of, management of, 95

Skin, affections of, orthopedic, 49

— scar contractures following loss of,
2001

— — pedunculated flaps and, 203

Skin-graits, scar prevention and, 203

— scar treatment and, 204

— types of, 203

Soft  tissue, affections of,
manpagement of, 2ol

— peripheral nerve injuries affecting, 251

Soutter operations, tuberculosis of hip
and, 24

Spastic cerebral paralysis, diagnosis of,
230

— etiology of, 237

— pathology of, 238

— symptoms of, 238

— treatment of, 240

Speech, scanning, Friedreich's ataxia and,
250

Spina bifida, Little's disease differentiated
from, 240

Spina ventosa, symptoms of, 76

Spine, active motion of, 24

— apparatus for treatment of, 37

— application of cast to, 41

— congenital anomalies of, 292

— deformities of, hollow-hack, 269

— — round shoulders, 269

— — scoliosis, 260

— — spondylolisthesis, 270

— fixation of, 41

— fracture of, 151

— orthopedic examination of, 22

— osteochondritis of, 114

— passive motion of, 2:

— physiological curves of, 6, 22

— poliomyelitis affecting, operative meas-
ures for, 233

— poliomyelitis and, 218, 225

— range of motion of, 20

— routine examination of, 23

— tuberculosis of, Albee bone-graft op-
eration in, 93, 04

— — complications of, 88

— — deformity in, 87, 270

orthopedic

| — — diagnosis of, g1
i —— Hibbs® boneplasty and, 94
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tuberculosis of. prognosis of,

02

— — symptoms of, 83

— — Taylor brace in, 93

— — treatment of, g2

— — x-ray examination for, 9o

— typhoid, 62

Spinal braces, 42

Splenomegaly, Still's disease and, 52

Splints, elbow, 44

— peripheral nerve injuries and, 251

— scar prevention and, 203

— shoulder, 43

— spine, 41

— traction humerus, 43

— Volkmann's paralysis and, 211

— wrist, 44

Spondylitis, acute infectious, diagnosis of,
64

— — prognosis of, 04

— — psoas abscess and, 62

— — symptoms of, 62

— — treatment of, 66

— — tuberculosis of spine differentiated
from, g1

— — x-ray findings in, 64

— acute traumatic, treatment of, 122

— chronie infectious, symptoms of, 104

Spondylolisthesis, etiology of, 270

— examination of, 271

— symptoms of, 271

— treatment of, 272

Sprain, ankle, 118

— elbow, 122

— hip, 120

— knee, 119

— sacro-iliac joint, 120

staphylococeus, acute infectious arthritis
and, 50

Static affections, orthopedic, 49

Static deformities, hollow-back, 269

— orthopedic management of, 236

— round shoulders, 260

— scoliosis, 260

— spondylolisthesis, 270

— visceroptosis, 272

— weak foot, 257

Still's disease, clinical course of, 106

— infectious arthritis resembling, 52

— polyarthritis and, 105

— treatment of, 107

Stoffel operation, Little’s disease and,
241

Streptococcus, acute infectious arthritis
and, 50

Spine,

INDEX

Subacromial bursitis, orthopedic manage-
ment of, 217

Subacute traumatic arthritis, characteris-
tics of, 123

Sunlight, “canned,” 75

Sunshine, joint tuberculosis and, 72

Supracondylar  fracture, humerus
I_f',ﬁ ¥

Synovitis, syphilitic, 98

Syphilis, bone, destructive stage of, 138

— — diagnosis of, 139

— — Garre's sclerosing osteomyelitis and,

139

gumma formation in, g8

— — osteochondritic form of, 137

— — osteomyelitic form of, 138

— — periosteal stage of, 137

— — prognosis of, 139

— — symptoms of, 136

— — treatment of, 139

— — Wassermann test and, 101

— bone and joint, tuberculosis of joints
differentiated from, 71

— congenital, bones and joints and, g8

— — spastic cerebral paralysis and, 238

— joint, concomitant infections in, 101

— — diagnosis of, 101

— — hip-joint tuberculosis differentiated
from, 82

— — pathology of, g8

— — prognosis of, 102

— — symptoms of, gg

— — treatment of, 102

— —types of, g9

— — Wassermann test in, 101

— — x-ray examination of, 100

Syringomyelia, progressive muscular at-
rophy differentiated from, 247

and,

Tabes dorsalis, Friedreich’s ataxia dif-
ferentiated from, 250

Talipes, description of, 280

— diagnosis of, 281

— orthopedic considerations of, 280

— prognosis of, 281

— treatment of, 282

Tarsectomy, acute infectious
necessitating, 58

Taylor brace, spinal tuberculosis and,
93

Taylor spinal brace, 42

Tendons, affections of, orthopedic man-
agement of, 40, 215

— peroneal, displacement of, 215

arthritis
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Tenms elbow, orthopedic management of,
217

Tenosynovitis, orthopedic management of,
215

Thermotherapy, acute infectious arthritis
and, 535

Thiersch skin-grafts, scar contractures
and, 203

Thomas caliper brace, tuberculosis of
knee and, So

Thomas splint, 30

— application of, 33

— coxa plana and, 110

— description of, 32

— femur fractures and, 150

— hip-joint and, 37

— knee and, 31

— measurement for, 3z

— tuberculosis of hip and, 84

— tuberculozis of knee and, #o

Tibia, congenital anomalies of, 278

— epiphysitis of tubercle of, 146

— fracture of, peripheral nerve injury
and, 252

— scar contractures over, 200

— subluxation of, tuberculosis causing,
79, 80

Tonsils, chronie infectious arthritis and,
105

Torticollis, congenital, orthopedic consid-
erations of, 292

Traction humerus splint, 43

Transplantation, skin, scar treatment and,
204

Trauma, birth, Little's disease and, 237

Traumatic arthritis, acute pathology of,
s

— chronic, character of, 123

— subacute, characteristics of, 123

Traumatic bone affections, dislocations,
177

— epiphyseal separations, 166

— fractures, 147

— — clavicle, 161

— — elbow, 156

— — femur, 149

— — forearm, 151

— — humerus, 136

— — spine, 151

— malunited fractures, 169

— osteitis, 181

— osteoporosis, 181

— ununited fractures, 174

Traumatic spondylitis, acute, treatment
of, 122

309

Trendelenburg’s hip-muscles sign, 16

Tuberculin, joint tuberculosis diagnosed
by, 71

Tuberculosis, ankle, diagnosis of, 76

— — syphilis differentiated from, 76

— bone, osteomyelitis differentiated from,
133

— — symptoms and treatment of, 136

— elbow, management of, 95

— foot, diagnosis of, 76

— — syphilis differentiated from, 76

— hip, coxa plana differentiated from,
110

— — diagnosis of, 82

— — pathology of, 81

— — prognosis of, 83

— — psoas abscess differentiated from,
8z

— — symptoms of, 82

— — treatment of, 83

— joint, ahscess complicating, 76

— — clinical course of, 70

— — complications affecting prognosis of,
w2

— — diagnosis of, 7o

— — — differential, 71

— — etiology of, 68

— — heliotherapy and, 72

— — occurrence, (g

— — pathology of, 69

— — prognosis of, 71

— — surgical treatment of, 75

— — symptoms of, 70

— — treatment of, 72

— — — surgical, 73

— — X-ray examination of, 70

— knee, genu valgum caused by, 78

— — prognosis of, 79

— — symptoms of, 78

— — treatment of, 8o

— relative frequency as a factor in or-
thopedic affections, 50

— shoulder, management of, 93

— spine, Albee bone-graft operation in,
93. 94

— — complications of, 88

— — deformity in, 87, 270

— — diagnosis of, g1

— — Hibbs" boneplasty and, 94

— — prognosis of, g2

— — symptoms of, 83

— — Taylor brace in, 93

— — treatment of, g2

— — x-ray examination for, go

— upper extremity joint, 95
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Tuberculozis, wrist, management of, g6

Tuberculous arthritis, 63

Tuberculous meningitis, hip-joint tuber-
culasis and, 82

— prognosis of, 71

Tumors, bone, benign, 192

— — chondroma, 193

— — endothelioma, 199

— — malignant, 196

— — myeloma, 200

— — osteochondroma, 192

— — periosteal sarcoma, 197

— — recurrent, 1006

— joint, tvpes of, 125

Turnbuckle cast, scoliosis and, 268

Typhoid fever, acute infectious anthritis
and, 50

Ultraviolet rays, rickets and, 182

Ununited fractures, 174

Upper extremity, orthopedic examination
of, 25

— poliomyelitis affecting, operative meas-
ures for, 233

— tuberculosis of joints of, g3

Urotropin, poliomyelitis and, 226

Vaccines, autogenous, chronic infectious
arthritis and, 103

Valgus, congenital, treatment of, 286

Varus, treatment of, 286

Vertebre, acute infection of, 62

— congenital anomalies of, 278

— spondylolisthesis of, 27

Visceroptosis, orthopedic considerations
of, 272

— poliomyelitis causing, 225

Volkmann’'s paralysis, diagnosis of, 212

— etiology of, 211

— pathology of, 212

— prognosis of, 213

— symptoms of, 212

— treatment of, 213

Von Pirquet test, joint tuberculosis and,
71

Wassermann test, bone and joint syphilis
and, 71, 101, 130

Weak foot, deformity in, 257

— diagnosis of, 238

— examination of, 257

— symptoms of, 257

— treatment of, 258

INDEX

Whitman's reduction of epiphyseal separ-
ation of femur, 168

Whaooping-cough, acute
thritis and, 50

Willems’ active motion, acute infectious
arthritis and, 55

Wolie-Krause skin-grafts, scar contrac-
tures and, 203

Wounds, lacerated, scar contractures fol-
lowing, 201

Wrrist, acute infectious arthritis of, 67

— fixation of, 44

—nerve injury and trauma of, 252

— poliomyelitis affecting, 225

— — operative measures for, 234

— scar contractures l']l.I| '_-:'ﬂ?'

— tuberculosis of, management of, gb

— Vaolkmann's contracture of, 212

Wry-neck, diagnosis of, 293

— orthopedic management of, 292

— treatment of, 293

infectious ar-

Manthoma, joints and, 126

X-ray, acute infectious arthritis and, 52

— acute infectious osteomyelitis and, 130

— acute infectious spondylitis and, 64

— atrophy of bone shown by, 181

— chronic infections arthritis and, 1o4

— clavicular fractures and, 1635

— congenital dislocation of hip and,
200

— coxa plana and, 110

— coxa vara and, 111

— flat-foot and, 258

— font and ankle and, 12

— (rarré’s sclerosing osteomyelitis and,
141

— heliotherapy results in joint tuberculo-
sis shown by, 74

— hip examination by, 18

— joint tuberculosis and, 70

— knee and, 14

— Legg’s disease and, 110

—normal foot, 2

— obstetrical paralysis and, 243

— orthopedic examination by, 9

— osteitis fibrosa cystica and, 143

— osteoporosis and, 181

— periosteal sarcoma demonstrated by,
198

— Perthes’ disease and, 110

— Pott’s diseaze and, go

— psoas abscess and hip-joint tuberculosis
differentiated by, 8z
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X-ray, rickets in bone and, 182 X-ray, syphilis of joints and, 100

— sacro-iliac injuries and, 120 — syphilitic osteomyelitis and, 138

— scoliosis demonstrated by, 265

— spinal tuberculosis and, go “Z" plastic operation, acute infectious ar-
— Sull’s disease and, 106 thritis and, 58
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