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FOREWORD

TuE literature concerning the embryology, later develop-
ment, and adult anatomy of the nasal acecessory sinuses
is rather abundant, yet the differences in the views expressed
—especially concerning the extent of development during
the years of childhood—seemed sufficiently great to warrant
further study.

The author therefore has collected and carefully studied
this series of preparations of the accessory sinus areas—
which series covers the various stages of development from
the sixtieth day of intrauterine life to advanced maturity—
hoping to supply information regarding some few points
with which we have been imperfectly acquainted, on ac-
count of the seareity of speecimens showing the conditions
present during the years of childhood.

Deductions drawn from a few observations are open to
fallacy, owing to variations in the extent and type of de-
velopment as found in different specimens of approximately
the same age. In this series an endeavor has been made to
obtain a sufficient number of cases showing the various
stages of development to make the general averages of prac-
tical value.

The bodies of children between the ages of two and six-
teen years being seldom obtainable in the dissecting rooms
of European institutions as well as in America, it was neces-
sary, in order to complete such a series, to develop a technic
by which the accessory sinus areas could be removed en
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masse at the time of postmortem examinations, and still
allow reconstruction of the face without marked disfigure-
ment. Ninety-six of the eases in this series were thus ob-
tained from the postmortem room of the Friedrichshain
Krankenhaus, Berlin, for which privilege and for courtesies
shown me while using the laboratories of that instifution
I wish to express grateful appreciation to Dr. Ludwig
Pick, Professor of Pathology, University of Berlin.

The material for the other post-natal preparations was
furnished by the Daniel Baugh Institute of Anatomy of
Philadelphia. For this material, for laboratory faeilities,
and for many valuable suggestions regarding the work, I
am under obligations to Professor Edward Anthony Spitzka,
Dr. H. E. Radasch, and Dr. Howard Dehoney.

For the embryologic and fetal material I wish to thank
the Gynecological and Obstetrical Departments of Jeffer-
son Medical College, also Dr. Wilhelm Bode, Assistant
Pathologist to Friedrichshain Krankenhaus.

The illustrations, which are natural size, unless other-
wise stated in the legends, are from the very accurate draw-
ings made by Miss Dorothy Peters, who has given the most
careful attention to detail.

The majority of the dissections will be permanently
mounted and placed in the museum of the Daniel Baugh
Institute of Anatomy.

WarreN B. Davis
1700 WaLnvT STREET, PHILADELPHIA.
February, 191,
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THE DEVELOPMENT AND ANATOMY OF THE
NASAL ACCESSORY SINUSES IN MAN

ANATOMIC MATERIAL USED

The anatomie material upon which the observations given
in this report are based consists of the following specimens:

(a) Serial sections for mieroscopic study of the nasal
areas of 14 embryos and fetuses, the ages of which were
reckoned as closely as possible by estimates based upon the
measurements of total length (Diihrssen’s method), and also
upon length from vertex to buttocks, The ages expressed
in days of embryonal life were as follows: 60, 63, 65, 85,
01, 95, 98, 100, 115, 117, 118, 121, 126, and 133 days.

(b) Sagittal and coronal sections for maeroscopie study
of the heads of 8 fetuses, aged respectively 137, 139, 151, 188,
196, 202, 224, and 246 days.

(¢) Sagittal and horizontal sections of the heads of 4
full-term fetuses.

(d) Sagittal, coronal, and horizontal sections of the nasal
and accessory sinus areas of 101 postnatal heads, the mucosa
remaining intact in each case. The exact ages of cases from
which specimens were obtained are given in the following
table:

Series ID AGE BEX PLANE OF SECTIONS

Case Number Years Months Days

e, : 5 Female Sagittal
o, 1 8 Male Coronal
3. 3 15 L ik

4, 4 h Female Horizontal

11



12 THE NASAL ACCESSORY SINUSES
SERIES 1D AGE EEx
Case Number Years Months Days
T, WG 4 27 Male
K e 5 i it
TR 6 15 Female
8. 5 ol Male
" 10y ) it
L 2 10} (5] -
11. 1 ot 4 4
| 1 2 3 Female
13. . 1 2 15 i
14 . 1 4 T Male
| e 1 i (5] i)
] i T LR N 1 fi 26
| b7 1 = 1 L)
| b Bt S 1 b 14 Female
DO s 1 0 S Male
20 . 1 10 13 Female
21 2 2 14 Male
e VB 2 3 o gk
e a R e 2 5] 20 e
) il e AL 2 (] T L
T e s 2 (H] 12 Female
e 2 T 5 =
e 2 3 24 Male
T T 2 11 21 g
IR 3 2 Lo Female
i | e 5! 4 6 “
e A 3 4 i L
T DR e 3 5 = Male
TR a 0 10 e
ad . 3 11 i Female
39 4 e 5 i
o] [ 4 2 i Male
i 4 3 2 i
a8, 4 5 a Female
39 . . 4 51 5 Male
Ayt e 4 7 19 A
41 . 4 10 4 7
42 4 10 5 Female
R 5 E 17 :
L 5 (H] 3 Male
o 5 10 22 a
S A et 6 s i
L L (i 1 Female
e (] 2 G Male
44, (] (i 15 Female
Al . (i 7 7 i
Lo e SR £ 8 28 Male
52, 6 0 a4 Female
Lt R f 10 20 Male
51 7 1 - Female
Il g 7 2 2 Male
56 . . T (] 4 Female

IN MAN
PLANE OF SECTIONS

Sarittal
Horizontal
Coronal
E:lf.'}i‘t tal

Coronal

Sagittal
ik

Coronal
Sagittal
Coronal
Horizontal
Coronal
Sagittal

13

1

Coronal
1

Sagittal
i
(1

Coronal
Horizontal
Coronal
Sagittal
Coronal
Sagittal

Cas

i

{Inl'pll al
Sagittal

Coronal
13
19

Sagittal
Coronal
Sagittal

i
i
id
i

Coronal
Sagittal
Coronal
Sng{i{t-tu]

i
i




ANATOMIC MATERIAL USED 15

=EnriE= D AGE Sex FPraxe oF 2ECTIONS
Case Number Years Months Days
Y e ¥ T 20 Female Coronal
5?1' T 0 IE £ 1
50 5 2 10 Male Sagittal
Gl . . T = 2 12 £ e
[ [ = 2 25 Female A
62, . e = T a3 Male Coronal
PR ey e o 1 Female Hapittal
64 . - 0 | 0 . et
63 . 0 10 14 Male Coronal
B e 1) | 7 E Sagittal
e e 11 i 27 T £
B 11 e Female A
i1 [ ara 12 0 12 Male Coronal
L 13 e 4 . Sagittal
7. .. g 13 2 - t ik
b e b 135 [} 149 L Coronal
i e 14 T i Female sagitial
PN R 15 y Male Horizontal
70, . o 15 5 A3 £ Coronal
T e 15 9 26 A sagittal
i e 16 I Kz 1! Horizontal
i 16 2 17 A Sagitial
i 16 5 2 | Female £
R R 16 8 2 & Coronal
S e 17 e s Male Sagittal
L 17 - W & Coronal
L 17 = s i Sagitial
T s 17 11 e Female i
T | 15 11 10 Male ot
| 19 1. 28 Female i
SR 19 i 15 Male i
o el [ 19 7 15 Female Ex
T e 20 e hA Male 3
L i [ 20 5 wot Female Coronal
[ b R W (] 29 s Sagittal
e, NG i it o i
9-3. A | 22 "5 l!- 4i i
R 23 7 13 Male 3
o L st SRR e e it Ly
06 = 25 3 = Female E
T ol e 2 i Male i
98 ... 50 - i g 4
| S Al e L7 Female o
%, 1 i [ s s Male e
1 1 . (it . e Female £
Males .. .59 | Sagittal. . ... ... 4
Females .42 | Coronal. . . . ....31
Horizontal . . . . .. [

(e) Eighteen macerated skulls were prepared for study



14 THE NASAL ACCESSORY SINUSES IN MAN

by sectioning in the various planes, the majority being hori-
zontal. The skulls were evidently those of middle-aged
individuals, but the exact ages could not be obtained.

Thus the total number of cases studied was 145, or 290
lateral nasal walls and accessory sinus areas. The speeci-
mens in each case were prepared by sectioning and dissecting,
so that the nasal eavities and all aceessory sinuses on each
side eould be thoroughly examined.



METHODS USED IN OBTAINING AND PREPARING
SPECIMENS

(a) Method Used in Removing the Nasal Accessory
Sinus Areas en Masse at Postmortem Examinations With-
out Producing Marked Disfigurement of the Face.—The
skull having been opened by the usual cireumferential saw-
cut and the brain removed, further detach the skin and sub-
cutaneous structures from the frontal area to the level of
the nasion. With the saw make in the sagittal direction
cuts through the frontal bone just lateral to each supra-
orbital noteh, and extending through the supra-orbital
plates. Remove with bone-foreeps the portion of supra-
orbital plates lying lateral to the sagittal cuts, thus obtaining
room to detach the eyeballs posteriorly and turn them for-
ward. Dissect the skin and musecles from the nasal, lacrimal,
and maxillary bones; then from the anterior end of the nasal
bones cut through the nasal septum and lateral nasal
cartilages to the anterior nasal spine of the maxilla. With
a chisel cut through the basi-oecipital bone; thence lateral
to the body of the sphenoid extend the cuts to the spheno-
maxillary fissure. With a saw or with a costotome cut
through the maxillary processes of the malar bones and
remove the specimen en masse.

To reconstruct the face, fill the oral cavity and the space
previously oceupied by the specimen with cotton packed
firmly to the level of the orbital floor. Turn the eyeballs
back into place, and pass two sutures through the sub-

15



16 THE NASAL ACCERSORY SINUSES IN MAN

cutaneous structures just posterior to the inner canthi, and
tighten them until the eyes are held the proper distance apart.
ack cotton anterior to these sutures to form a bridge
for the nose, and by pressure and adjustment of position of
cotton mold the nose into its original shape. Fill the re-
maining portion of the ecranial cavity with cotton or oakum
and make the interfrontal area smooth and firm by means of
plaster-of-Paris. Replace the calvarium in the usual way.

The above-deseribed method was devised by the author
for obtaining anatomic and pathologic specimens from cases
in which it was necessary to avoid undue disfigurement of
the face. The majority of the figures illustrating this work
were drawn from specimens obtained in this manner from
the postmortem rooms of Friedrichshain Krankenhaus,
Berlin. In only one out of 97 cases was the disfigurement
sufficient to eause eriticism or dissatisfaction on the part of
parents or other relatives of the individuals. In that case
it was necessary to replace the specimen.

(b) Methods Used in Preparing Specimens.—1. Serial
sections for microscopic study were made of the youngest
14 embryos and fetuses of the series. Specimens were fixed
in 10 per cent. formalin. Those in which ossification had
advanced sufficiently to interfere with sectioning with
microtome were decaleified in a solution of 10 per cent.
nitric acid in 4 per cent. formalin. The usual technic for
celloidin infiltration and blocking was used in 9 cases and the
paraffin method in the remaining 5. The celloidin sections
were more satisfactory. Hematoxylin and eosin staining
was used for all sections.

2. The heads of fetuses prepared for macroscopic study
and the 96 postnatal specimens from Friedrichshain Krank-
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enhaus were placed in 10 per cent formalin immediately
after removal from the bodies and allowed to harden in this
solution for a period of from eight to ten weeks, at the end of
which time they were sectioned in the desired plane by means
of very small, narrow saws. Jewelers' saws were used for
sectioning through the teeth, and small seroll saws were
used for other parts. The mucosa remained perfectly
attached in nearly all instanees, and in no case were the
relations of the delicate bones of the ethmoid areas disturbed.

3. In 5 cases frozen sections were made at various levels
in the horizontal plane.

4. In the 18 skulls from which the soft parts had been
removed by maceration all accessory sinus areas were com-
pletely filled with paraffin before sectioning with a thin saw,
thus avoiding fractures of the delicate plates of bone in the
ethmoid area. The paraffin was removed by placing the
specimens in hot water. This method is of great value in
obtaining nearly perfect bony specimens,

The ostia of the accessory sinuses, however, can be ac-
curately studied as to size, location, and exaet communi-
cations only when the mucosa is intact. Thus these 18
osseous specimens were used only in the study of size, ex-
tent, and relations of the sinus eavities and their walls, and
were not included in any of the estimations regarding the
ostia.

From the previously given lists it is seen that the stages
of development shown by these preparations form a con-
tinuous series from the sixtieth day of intra-uterine life up
to maturity, and then a few specimens from the aged.

The development of the nasal areas earlier than the

sixtieth day of embryonal life will be considered only in the
' 2






EMBRYOLOGIC CONSIDERATIONS

During the third week of embryonal life there is evidence
of beginning development of the nasal areas as shown by
inereasing thickness of the ectoderm on the anterolateral
portions of the forebrain. At the end of the third week, or
during the fourth week, the nasal area appears as a depression
which is brought about by the increased thickness of the
surrounding mesenchyme. In the mesenchyme investing
the anterior portion of the notochord is the first appearance
of the primordial eranium; this then extends dorsally to
inclose the anterior portion of the medullary canal, which
will later become the cerebral part of the central nervous
system. The primitive nasal capsule develops as a part of
the primordial cranium. From that part which extends
forward beyond the anterior portion of the notochord a core
1s formed for the frontonasal process—a relatively broad
mass of tissue separating the nasal pits. The nasal pits are
symmetric depressions, at first pyriform in outline, with
the small ends toward the primitive mouth cavity. As the
processus globularis on the lateral portion of the medial
nasal process approximates the lateral nasal and maxillary
processes, there is a deepening of the primitive nasal foss®
and a change in their form, which becomes oval and bordered
by broad folds. The broad median process separating the
depressions later becomes narrowed and forms the septum
nasi. By the approximation of the nasal processes inferiorly,

their ectodermal coverings are brought into contact. The
' 19



20 THE NASAL ACCESSORY SINUSES IN MAN

intervening ectoderm is resorbed, and the processes become
united by mesoderm, which forms the floor of the primitive
anterior nares. In the fifth week, or shortly thereafter, by
the partial resorption of ectodermal cells filling the remain-
ing interspaces between the median and lateral nasal proe-
esses, there is formed behind the os intermaxillare the
primitive ductus nasopharyngeus. Posteriorly, there per-
sist for a short while the membrans bucconasales, which
break through and form the primitive choans at a time
somewhere beween the twenty-eighth and fortieth day—the
observations of the different embryologists varying to that
extent.

The basal part of the primordial eranium develops into
chondroeranium. Laterally, the basal plates develop as the
periotic capsules; ventrally they form the mesethmoid
plate (from the lower portion of which the vomer later
develops), and anterolaterally they enter into the formation
of the nasal capsule. In the second month the nasal capsule
becomes clearly differentiated from other mesoderm and
shows beginning cartilaginous development.

The palatal ridges appear on the medial sides of the
maxillary processes from the forty-fifth to forty-eighth day
of embryonal life (J. P. Schaeffer), and by their approxima-
tion the palate is formed.

Concerning the early development of the conchea, Schaeffer
records in his very thorough studies of the embryologie
development of the lateral nasal wall that the concha
nasalis inferior appears in embryos of thirty-eight to forty
days as a bulging of the inferior portion of the lateral nasal
wall immediately superior to the portion from which the
palatal processes develop. From the fortieth to the forty-
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FiG. L—Dl.*.GH;M Drawx From a CoroxaL SEcTiON THLH'I.'}UGH ANTERIOR
PorTiox oF NasaL AREA OF A SIXTY-DAY EMBRY0. (Series A, No. 1, slide
2, section 4. X 1623.)

Cart.cap.na., Cartilago eapsule nasalis, showing the portion which later
forms the anterior extremity of the nasal bone; Epithelial plug, a mass of epi-
thelial cells completely filling the anterior naris: Proc.na.front., antero-inferior
portion of the processus nasofrontalis; Lab.sup., labium superius.

Fro. 2.—Diacram Draws From A CoronNaL SEcTion, 0.82 my, PosTERIOR TO
THAT SHowx 18 Fic. 1. (Series A, No, 1, slide 4, section 12, X 1624.)

Carl.cap.na., Cartilago eapsule nas_nl}a;_ Sept.aa., septum nasi; Cuinf., concha
nreruor.
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FiG. 3.—Diacram Drawx Froym A CoroxaLl SEcTion THROUGH NASAL AREA
OF A SIXTY-DAY EmBrYo, 0.45 My, POSTERIOR TO THE SECTION SHOWN IN
FiG. 2. (Series A, No. 1, slide 6, section 6. % 1624.)

Sepl.na., Septum nasi; note relative thickness at this stage of development;;

C.inf., concha inferior; Proc.pal., processus palatinus of maxilla; Org.rom.,

organon vomeronasale (Jacohsoni); Cart.cap.na., eartilago eapsul® nasalis.

Cartcapra

Sapt. na

Fig. 4. —Disaraym Drawx From a CoroNaL SEcTion THrovGH Nasan AREA
OF A S1XxTY-pAY EMBRYO, 0.25 MM, PosTERioR To SEcTION SHOWN 1N Fia. 3.
(Series A, No. 1, slide 7, section 4. X 1624.)

(".med., Concha media (note that ecartilage has not yet developed in this
portion of concha); C.anf., concha inferior; Proc.pal., processus palatinus of
maxilla; Sepl.na., septum nasi; Cart.cap.na., eartilago eapsule nasalis,
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third day the ethmoidal fold appears superior and slightly
dorsal to the fold representing the concha inferior, and from
this ethmoidal fold the ethmoidal concha are developed as
the nasal eavity inereases in its supero-inferior diameter.

Coming now to the conditions shown in the sixty-day
embryo (the yvoungest studied in this series), we find the
cartilaginous development in the nasal capsule well ad-
vanced. The anterior nares are filled by the masses of
epithelial cells (Fig. 1), a condition persisting in some
specimens up to one hundred and fifteen days. The lateral
nasal wall shows two distinet folds (Fig. 4), the lower being
the concha nasalis inferior and the superior one the ethmoidal
fold, which is beginning to assume the form of the concha
nasalis media. In its posterosuperior portion, the ethmoidal
fold shows a further differentiation, indicating the early
formation of the concha superior (Fig. 5). The conchsm,
in their earlier stages of development, do not contain ecar-
tilage, but are folds of mesenchyme covered by nasal epi-
thelium. In the sixty-day embryos (Figs. 1-5) the central
portion of the concha inferior and the concha media shows
condensation of the mesenchyme and its transformation
into cartilage. In the concha superior, however, cartilagin-
ous development has not yet begun. As the central por-
tion of the mesenchyme entering into the formation of the
conchz becomes more dense and is transformed into carti-
laginous struetures, it appears as an extension of or a pro-
jection from the cartilage forming the lateral portion of the
nasal capsule.

As the conch@® become more prominent medially, there is
also a lateral deepening of the grooves immediately beneath
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the concha, each groove becoming a meatus which is named
in accordance with the concha beneath which it lies.

A sixty-day fetus further shows on the anterosuperior
portion of the lateral nasal wall, just anterior to the eth-
moidal fold, a smaller prominence representing the early
formation of the agger nasi or nasoturbinal. From the
posterior portion of the agger nasi there is seen in the sixty-
five-day embryo (Fig. 6) a ridge of mesenchyme extending
in a postero-inferior direction along the superior curved
border of the concha inferior.

This ridge, which has its free edge directed postero-
superiorly and slightly medially, is the early processus un-
cinatus, in which there soon appears a thickening or con-
densation of the mesoderm in its central portion, followed
by transformation into eartilage (Fig. 9). The agger nasi
with the processus uncinatus together form the * Krste
Hauptmuschel” of Killian. However, in this work it will
not be listed as one of the concha, for, although comparative
anatomy shows these structures to be the homologue of the
inferior olfactory concha as found in lower mammalia, vet
the form and position which they have assunmied in the human
type are such that we deem it best not to consider them
as forming one of the true nasal conchz.

Shortly after the appearance of the processus uncinatus
there 1s seen, just inferior to the attachment of the middle
portion of the eoncha media, another projection, which also
develops from the lateral nasal wall, with its free border
facing in an antero-inferior and slightly medial direction
(Fig. 9). This fold is the early bulla ethmoidalis, which
develops from the lateral ethmoidal mass as one of its see-
ondary folds,
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FiG. 5.—Dacram Drawx From A CoroxaL Secriox, 0.97 My, POSTERIOR TO
(Beries A, No. 1, slide 10, section 6. > 1623.)

THAT SHOWN IN Fia. 4.
Cart.cap.na., Cartilago capsule nasalis; Csup., concha superior (note
that at this stage of development there is no eartilage in this concha);

(".med., concha media; C.inf., concha inferior.

Fio., 6.—Diacram Drawy From Coroxan SectioN THROUGH ANTERIOR
THirD oF NasaL AREa oF A SIXTY-FIVE-DAY EMBRYO, SHowiNG THE DE-
VELOFMENT OF THE Processvs Uscivarvs, Waicn ar Tais Periop Ap-
PEARS A8 A RipGe Avoxn e Surerior Curvep Borper oF o CoNcna
IxrFERIOR. (Series A, No. 3, slide 5, section 11. X 16.)

C.omed., Concha media; Septna., septum nasi; C.nf., concha inferior; [In-

frmd eth., mfumhhulum ['l;hmm:ﬂ.lp Proe. H‘i"tt.‘ proeessus uncinatus,
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ATl caP A,

L.omad

Fic. 7.—Diacram oF CoroNaL SEctioN THrRoOUGH Nasan Area, 0.45 mm.
DorsaL To SEcTioN SHOwN 1N Fia. 6, Ssowineg ReEvations or DEVELoPING
Coxcue. CoNcHA SUPERIOR SHOoWS IN 118 CENTRAL ArEa A THICKENING
oF THE MEesopErM WHicH LAaTER BEcoMES CarTiLAGE. (Series A, No. 3,
glide 7, section 3. % 16.)

Cart.cap.na., Cartilago capsulae nasalis; Sepl.na., septum nasi; C.inf., concha
inferior; C.med., concha media; C.sup., concha superior.
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C.meda:

Fig. 9.—Diacraym or Coroxarl SecrioN THrouGH THE ANTERIOR THIRD OF
THE NAsSAL AREA OF A NINTY-FIVE-DAY EMBRY0, TO SHOW THE EXTENT
ofF |DeveLorMexT axp Rerations ofF THE Processus UNCINATUS AND
THE BuLra ErasMoipavis.  (Series A, No. 6, slide 11, section 6. > 10.)
Cr.gal., Crista galli; B.eth.,, bulla ethmoidalis; Proc.une., processus un-

cinatus; Infund.eth., infundibulum ethmoidale; Canf., concha inferior;

C.med., concha media; Septna., septum nasi.
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Between the free antero-inferior surface of the bulla and
the posterosuperior surface of the processus uncinatus is a
narrow interval, the primitive hiatus semilunaris, which is
the opening or means of communication between the meatus
medius and the infundibulum ethmoidale, the imfundibulum
developing as the gutter-like channel lateral to the processus
unecinatus (Figs. 9, 12, and 14). It is these structures which
make the lateral wall of the meatus medius rather compli-
cated. Their variations in form and type of development
give rise to different locations of the ostia of the anterior
ethmoidal cells, and thus influence the manner in which the
frontal sinus communicates with the middle meatus.

The bulla ethmoidalis in some instances appears as a
smooth bulging fold in which the cartilage, developing as an
extension from the lateral nasal capsule, is evenly rounded
in its outline,—thus making a single oval fold (Fig. 9). In
other cases the cartilage shows a double fold or a deep groove
in the single fold, and in some instances two such grooves
are seen (Fig. 12). Evidence of this type of formation is
sometimes seen in early childhood as a slight groove in the
overlying mucosa along the middle portion of the bulla,
but in no case did we find the ostium of a bullar cell located
s0 as to indicate that it had its origin in such a furrow.

The number of ethmoidal conch® into which the lateral
ethmoidal mass becomes differentiated varies from three to
five. The majority of fetuses examined had three ethmoidal
conch@—four were not uncommonly present; but only on
one side of one specimen were five demonstrable (Fig. 16).
Killian would eount such a specimen as having six ethmoidal
conchee, since he counts the agger nasi plus the processus
uncinatus as the first ethmoidal concha,— Erste Haupt-
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muschel,”—and believes that such a condition represents
the typical number of conch@ originally possessed by all
ethmoidal areas at some time in early fetal life. He con-
cludes, therefore, that specimens showing fewer concha
do so because of the fusing of two or more of the
primitive ethmoidal folds. However, since his own large
series of fetuses showed only two specimens in which so
many conchae were distinetly differentiated, and sinee such
specimens are so seldom found by other observers of embryo-
logic and fetal conditions, it seems more probable that the
number found in any given case depends more upon the
extent to which differentiation was earried than it does upon
the fusing of concha already formed. Zuckerkandl gives
three ethmoidal eoncha as the typieal number, but found
four present in 6.7 per cent. of cases. Seydel found no speci-
mens showing more than three, while Schaeffer found four
to be rather common. . Kellius believed the development
of five to be very seldom. The nomenclature for the conchae
nasales should be applicable to adult conditions and also
cover the highest number found in fetal life (Fig. 16). This
is satisfactorily done by the terms used by Schaeffer, which
are as follows:

(Concha nasalis inferior

i “  media

& ““  superior

& “  suprema 1l
& “  suprema II
[ [

suprema I11

The meatus beneath each concha is similarly designated.
In my own series of 202 postnatal lateral nasal walls having
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Frc. 10.—Diacraym Draws From A CoroxaLl Secrioxy THrovGH THE MIippLe
THigkD OoF THE NasAL AREA oF A ONE-HUNDRED-DAY EMBRYO. (Series A,
Na. B, slide 14, section 4. 3 10.)

Sepl.na., Septum nasi; Clacees., concha aceessoria, a fold which bears a
relation to the meatus superior somewhat =imilar to that which the bulla
ethmaoidaliz bears to the meatus medius. The eoncha aceessoria, however,
i2 not always so distinetly marked. B.eth., posterior end of bulla ethmoidalis;
Clanf., concha inferior; Clmed., concha media (note the inferior and medial
grooves in the cartilage of this concha); ('.sup., concha superior.
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Fic. 11.—Diaceam Draws From A Coronan SEcTioN Just DoRsSAL TO THE
RECES2US SPHENO-ETHMOIDALIZ OF A (ONE-HUNDRED-DAY EMBRYO, SHOWING
THE DEVELOPMENT OF THE SINUS SPHENOIDALES INTO THE PostErior Pog-
TION OF THE CARTILAGINOUS NasaL CarsvLie. (Series A, No. 8, slide 18,
section 6. ¥ 10.)

Cart.cap.na., Cartilago capsule nasalis, posterior portion; Osf.sph., ostium
sphenoidale; Sepl.na., septum nasi, most posterior portion; Pal.anel., palatum

molle.
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Emlund @b h ==

Fia. 12 —Diacram Drawx From A CoroNaLl SectioNn Near THE MinproinT
ANTEROPOSTERIORLY OF THE LATERAL Nasan Wann., (Series A, No. 12
(one-hundred-and-twenty-one-day fetus), slide 8, seetion 1. X 6.)

Beth., Bulla ethmoidalis; .med., concha media; Proc.une.,, processus

uneinatus; Clinf., concha inferior; Infund.eth., infundibulum ethmoidale;
Sept.nd., septum nasi.
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mucosa attached, four ethmoidal conch@® were present in
2 per cent. of the cases, three in 92 per cent., and two in
only 6 per cent., yet two is the number most frequently
deseribed in anatomie works.

All ethmoidal ecells, the frontal and maxillary sinuses,
have their origin from preformed grooves or furrows between
the folds which develop on the lateral nasal wall. The
meatus nasi medius soon becomes the most complex portion
of the nasal cavity, and developing from it and extending
into the surrounding areas are extensive processes of pneu-
matization which are termed the cellulz ethmoidales anterior,
the sinus maxillaris, and the sinus frontalis.



THE CELLULZE ETHMOIDALES

The cellul: ethmoidales are often considered as forming
anterior, middle, and posterior groups of cells. However,
we believe a classification more satisfactory from an anatomie
viewpoint, and more practical from the elinical aspect to be
one which divides them primarily into anterior and pos-
terior groups, each of which is further subdivided.

All ethmoidal ecells having their ostia inferior to the
attachment of the concha nasalis media belong to the an-
terior group, while those having their ostia superior to the
concha media belong to the posterior group (Fig. 43). This
classifieation holds good regardless of how far the more dis-
tant portions of any irregularly developed cell of either group
may invade the region ordinarily occupied by cells of the
other group. In considering the cells entering into the
formation of these two primary groups the following classi-
fication will be used:

Cellulze frontales.
Cellule infundibulares.
Cellule bulle ethmoidales,

[
: : |
Cellulee ethmoidales anterior: |
5

f - i . .
' Cells communicating with
the meatus superior,

Cells communicating with
(_-:'BHLIIEE Etllﬂlﬂidﬁlﬂﬂ IJUStEI’iDI’: . t,he meatus supremaus I

Cells communicating with

~ the meatus supremus II.
44
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Sevdel observed that an ethmoid cell, having its origin
from any given meatus, did not communicate with any cell
having its origin from any other meatus. Zuckerkandl
took exception to this statement, but certainly every speci-
men in this series supports Seydel’s view,

DEVELOPMENT OF THE CELLULZE ETHMOIDALES

In the latter part of the third month of intra-uterine life
the conch@® nasales assume approximately their definitive
outlines, and the corresponding meatuses become well
marked. In the meatus medius two accessory folds are
distinetly demonstrable,—the previously mentioned proe-
essus uneinatus and the bulla ethmoidalis,—which, by their
variations in types and positions, play such an important
part in determining the locations of the ostia of the cellula
ethmoidales anterior. In the meatus superior there is
often found an accessory fold (Fig. 10), which, though smaller,
resembles in general outline the bulla ethmoidalis. In no
instance was such an accessory fold found in any of the
supreme meatuses,

The cellulie ethmoidales develop as invaginations of the
nasal mucosa, extending into the lateral masses of the
ethmoid from the primitive grooves or furrows in the lateral
nasal wall. These invaginations, representing the primitive
ethmoidal cells, appear in the fourth fetal month as eylindrie
extensions of the mucosa, in which the epithelial surfaces
are in contact. As the diameters of the invaginations in-
crease there gradually develop lumina within the eylindrie
processes (Fig. 13), which, by the sixth fetal month, usually
show distinet cell formation.
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CELLULZE ETHMOIDALES ANTERIOR

Primitive cells of the anterior ethmoidal group develop
earlier and more rapidly than those belonging to the pos-
terior group. In the anterior group the bullar cells are
usually the first to be distinetly demonstrable. It was
found that in this series 81.7 per cent. of the bullar cells had
their origin from the suprabullar furrow, and 18.3 per cent.
from the infrabullar furrow. In a small percentage of fetal
as well as postnatal cases a shallow groove or furrow was
found on the inferomedial surface of the bullar fold, but in
no such case was the invagination sufficiently deep to be
indicative of actual cell formation.

During the fourth fetal month there is also demonstrable
an expansion of the meatus medius which extends in an
anterosuperior direction, forming the recessus frontalis of
Killian. We believe that the study of the cellule eth-
moidales anterior and the relations of the ostia frontalia
is simplified by subdividing this recess as follows: (a) That
portion of the recess lying lateral to the processus uncina-
tus is the anterior portion of the infundibulum, and will be
termed the recessus infundibularis. From this recess
smaller invaginations are demonstrable in late fetal and in
early childhood specimens. These invaginations are the
primitive cellulee infundibulares. (b) That portion of the
recessus frontalis lying medial to the processus uncina-
tus forms a concavity beneath the extreme anterosuperior
attachment of the concha media, and will be termed the
recessus conchalis.  On the superior portion of the antero-
lateral wall of the recessus conchalis a large majority of late
fetal and early childhood specimens show from one to three
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Fic. 13.—Diacram Drawx From A Horizoxran SectioN Just ABOVE THE
ANTERIOR ATTACHMENT OF THE (CCONCHA SUPERIOR. (Series A, No. 13
(one-hundred-and-twent y-six-day fetus), slide 10, section 1. x 3.)

Specimen shows the processes of pneumatization developing superiorly into
the lateral masses of the ethmoid, thus forming the primitive cellule eth-
moidales., Sepina., Septum nasi; [afund.eth., infundibulum ethmoidale;
Cel.eth.ant., cellule ethmoidales anterior; Cel.eth.post., cellule ethmoidales
posterior; E pi., epithelial invagination from meatus superior.

Fi. 14 —Diacram Draws From a HorizoNtan Section Just BELow THE
AxteErior ArTacHMENT OF THE Concaa MEDia oF A FeTus One HuxprED
AND TwesTY-81X Days Oup. (Series A, No. 13, slide 14, section 1. X 3.)
Shows well the relations of the developing infundibulum, the hiatus semi-

lunaris, and the bulla ethmoidalis.  Ag.ea., Agger nasi; I'nfund.eth., infundib-

ulum ethmoidale; H.semi., hiatus semilunaris; H.eth., bulla ethmoidalis;

(' sup., concha superior; C.med. concha media; Procoune., processus uncinatus;

Sepl.na,, septum nasi,
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Cap.nas.post.
Hy popl.

O=st. tub.avud.

Fic. 15.—Sacreran SecrioNy 35 s To THE Riger oF MEepiax Lixve Ax-
TERIORLY AND 114 sy 1o Ricur or MEepiax Lixe PosteEriorLy THrROUGH
THE Bopy oF THE SPHEN0ID. (Fetus one hundred and thirty-five days old.
Series B, No. 1. X 113.)

Shows the lateral nasal wall and the developing sinus sphenoidalis which ex-
tends into the remnant of the posterior portion of the eartilaginous nasal
capsule. The concha sphenoidalis (ossiculum Bertini) develops in that
portion of the eartilage which forms the antero-inferior boundary of the primi-
tive sinus sphenoidalis. Cap.nas.post., Capsula nasalis posterior; Hypoph.,
hypophysis; Ost.tub.aud., ostium tube auditivie; Vest.na., vestibulum nasi;
f?.inﬂj concha inferior; Lob., lobulus; Ag.na., agger nasi; C.med., concha
media; C.sup., concha superior; C.supr.f., concha suprema I; S.sph, sinus
sphenoidalis.
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Cmedius(cut surface)

Ag na._4 ' : S.sph.
Beth - : _—-' — ‘ e i Cap.nas. post.

Ost.4ub.aud,

Fig. 16.—Sacirran Section, MEpian ANTERIORLY, POSTERIORLY 115 MM,
10 THE RiGHT oF MEpian Ling. (Fetus one hundred and eighty-eight days
old. Series B, No. 4.)

The greater portion of the concha media has been removed in order to show
the relations of the recessus conchalis, processus uncinatus, hiatus semilunaris,
and bulla ethmoidalis. This specimen shows the presence of five conche
ethmoidales, the only specimen in the entire series having so great a number,
Note the extent of development of the sinus sphenoidalis.  C.med., Concha
media (eut surface); C.sup., concha superior; C.supr.l, concha suprema I;
C.supr.fi, concha suprema II; C.supr.fl, concha suprema III; S.sph.,
sinus sphenoidalis; Cap.nas.post., ecapsula nasalis posterior; Ost.tub.aud.,
ostium tubz auditive; Ton.pal., tonsilla palatina; C.nf., concha inferior;
Proc.une., processus uncinatus; B.eth., bulla ethmoidalis; Ag.na., agger nasi.
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small ridges developing from the posteromedial surface of
the processus frontalis of the maxilla. These small ridges
are the conch@ frontales, and from the furrows or depres-
sions between them, or between them and the surround-
ing walls of the recess, the cellule frontales develop. In
Killian's studies of a large number of specimens from late
fetuses and infants three conchse frontales were found to
represent the complete number; thus four cellul@e frontales
may develop. This type of development is shown in Fig. 36.
However, the development is usually not so complete (Figs.
20, 21, 38, 43, 51, and 53). Two conch® frontales are
usually found in postnatal specimens, though in some cases
only one, and in still others none, is demonstrable.

All the furrows between the frontal conchz (whatever
number may be present) do not necessarily develop into
cells. Specimens from older children, as well as from adults,
show that some form distinet cells, some persist as simple
concavities in the anterolateral wall of the recess, and others
have disappeared or else were never present. These cells
are important factors in the development of the sinus
frontalis, 59.4 per cent. of the sinus frontales in this series
having had their origin from one of the cells lying medial to
the processus uneinatus.

The manner in which the processus uncinatus 1s attached
to the agger nasi, its relations to the bulla ethmoidalis, and
the character of the attachment of the anterior portion of
the concha media, exert the greatest influence upon the pro-
portion between the number and size of the cellulz frontales
and the cellule infundibulares. If the processus uncinatus
is attached to the posterolateral portion of the agger nasi
and the anterosuperior attachment of the concha media is
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high up on the lateral nasal wall, then the cellula frontales
are apt to be well developed. However, if the anterior
attachment of the proecessus uneinatus is more medial in
position and the anterosuperior attachment of the concha
media is situated lower on the lateral nasal wall, then the
recess is small, the cellul= frontales are apt to be deficient
in development, and there is usually a corresponding in-
crease in both the number and the extent of development of
the cellulze infundibulares.

In some instances the infundibulum ethmoidale terminates
anteriorly as an expansion into a single cell. However,
there are usually two or three cellule infundibulares present,
and in some instances in which the cellul®e frontales were
poorly developed four were found. In 15.6 per cent. of
cases the sinus frontalis developed directly from the in-
fundibulum ethmoidale (Fig. 35), in which class of cases there
were cells anterior and lateral to the ostium. The adult
cellule infundibulares are usually bordered superiorly by
the frontal bone, and often the lateral extent is such that
they extend well into the supra-orbital plate. Not infre-
quently in specimens from adults and also from older chil-
dren one of the infundibular cells (Fig. 47) forms a projection
into the postero-inferior portion of the floor of the sinus
frontalis, termed by Logan Turner the bulla frontalis.
Observations on specimens showing the conditions present
during the developmental period indicate that the cell de-
veloped into such a position at an earlier period than that
at which the sinus frontalis reached so far in its lateral de-
velopment. Thus the developing sinus frontalis, as its
pneumatization extends laterally, passes around the superior
wall of the cell in a manner which makes the appearance,
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Infund. eth.
Cel.eth.ant.

Siront.
Duct.na.lact

Fic. 17.—SreEciMeENy From Ao CHip Eigar Days Owp. (Series D, No. 1.)

By sagittal sections removing the lateral portion of frontal bone, lamina
papyracea of ethmoid, and lateral portion of maxilla—the sinus maxillaris,
cellulz ethmoidales, anterior and posterior, infundibulum ethmoidale, and the
primitive sinus frontalis are brought into view. S front., Primitive sinus
frontalis; Duet.nadacr., ductus nasolacrimalis; S.mar., sinus maxillaris;
Cel.eth.post., cellule ethmoidales posterior; Celeth.ant., cellule ethmoidales
anterior; [Infund.eth., infundibulum ethmoidale.

Rami desac,
Ca. inc

Fic. 18.—8peciMen From A Cminp Eigar Days Owp.  (Series D, No. 1.)

Sagittal section in median line through frontal and maxillary bones and 3
mm. to left of median line through sphenoid bone. Shows the left lateral
nasal wall, the ascending and the descending rami of the meatuses, also the
extent of Jevelopment of the sinus sphenoidalis.  Note that the antero-inferior
wall of the sinus sphenoidalis (concha sphenoidalis or ossiculum Bertini) is
well ossified. Ag.na., Agger nasi; Ca.inc., canalis ineisivus; Rami dese.,
rami descendens of ethmoidal meatuses; Ost.tub.aud., ostium tubz auditive;
Hypoph., hypophysis; S.sph., sinug sphenoidalis; Rami asc., rami ascendens
of ethmoidal meatuses.
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b= Cel.eth.post.
Proc, Unc,

C.int.

Fic. 19.—SpeEciMEN From A CHiLp Oxng MoxTa axp Eigat Days O, (Series
D, No. 2.)

Posterior view of coronal section eut 16 mm. posterior to the nasion, showing
the extent of supero-inferior and lateral development of sinus maxillariz and
cellule ethmoidales posterior.  Note the proximity of developing teeth to the
orbital floor. Cr.gal., Crista galli; Cel.eth.post., cellule ethmoidales posterior;
Proc.unc., posterior extremity of processus uncinatus; S.mazx., sinus maxillaris;
('.inf., concha inferior; N.infraorb., nervus infraorbitalis; .med., concha
media; (C.sup., concha superior.

Siront.
I dbund. et .

Duct na lace

SPECIMEN FroMm A CuHiLp Four MoxTas AND TWENTY-SEVEN Davs
OLp.  (Series D, No. 5.)

Lateral portions of frontal, ethmoidal, and maxillary areas have been re-
moved to show the extent of pneumatization. S.frond., sinus frontalis de-
veloping from a furrow in the reeessus conchalis; Infund.eth., infundibulum
ethmoidale; Duct.nalacr., duetus nasolacrimalis; Ostomar., ostinm maxillare;
S.nax., sinus maxillaris; Cel.eth.post., cellula ethmoidalis posterior; Ost.b.eth.,
ostium bulle ethmoidalis, opening into the suprabullar furrow; B.efh., bulla
ethmoidalis,

Fic. 20.
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S front.

Infund.ath.

Fos. sac.lacrT.
For optic
Atar. inTt =
Nocul o m—
Ntroch 7
Ost.max.
Ga ng. Seml g
(Gasseri)

M.anduc,
A.car.int

Fic. 21.—SpeciMexy From A CHinp OxeE Year, Four MoxTHSs, AND SEVEN
Days Oup. Lateran ViEw ofF FrownTan, ETHMOIDAL, AND MAXILLARY
Sinvus Areas.  (Series ), No. 14.)

S.fromt., Sinus frontalis developing from a frontal cell; I'nfund.eth., infundib-
ulum ethmoidale; Fos.saclaer.,, fossa sacei lacrimalis; Ost.mar., ostium
maxillare; N.abdue., nervus abdueens; A.carint., arteria carotis interna;
(fang.semi., ganglion semilunare (Gasser1); N.roch., nervus trochlearis;
N .oculom., nervus oculomotorius; For.optic., foramen opticum; Cel.eth.post.,
cellule ethmoidales posterior; Cel.eth.ant., cellule ethmoidales anterior,
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Leh.

1=b5 e A
Ton. phax
Ost.tub.aud,

Fic. 22.—SreciMexy From A Cniep ONE YEAR, TEx Moxtis, AND THIRTEEN
Days OLp. Bacirran Secrion SHOwWING LaTErRAL WaLL oF THE NasaL
CAVITY AND THE SINUS SPHENOIDALIS. (Series D, No. 20.)

Note the overlapping of the concha superior by the anterior portion of the
concha suprema [; also note the accessory furrow on the medial surface of the
concha media. In a plane more lateral than that shown in the illustration,
the sinus sphenoidalis is more extensively developed in the posterolateral
direction, its inferolateral wall being only 1 mm. from the fossa ptﬁ?'gﬂ]}alatlna
and 2 mm. from the foramen rotundum. C.med., Concha media; C.sup.,
concha superior; C.supr. I, concha suprema I; .su{n’. 11, concha suprema I1;
(" .zph., concha sphenoidalis (ossiculum Bertini); S.sph., sinus sphenoidalis;
Hypaph., hypophysis; Ton.phar., tonsilla pharyvngea; Osliub.aud., ostium
pharyngeum t-uEaz auditivae; Clinf., concha inferior; Lob., lobulus.
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as found in some adult specimens, such that the cell might
readily be regarded as having caused the projection into the
floor of a previously developed sinus. Cells of this group
may also extend far anteriorly—sometimes even anterior
to the anterior wall of the ductus nasolacrimalis (Fig. 47).

A majority (65 per cent.) of specimens from cases over two
years of age show a cell or a part of a cell which has developed
so as to produce pneumatization of the prominence termed
the agger nasi or nasoturbinal. The agger nasi appears in
the latter part of the second or the first part of the third
fetal month as a prominence on the anterior portion of the
lateral nasal wall, extending antero-inferiorly from the
anterior attachment of the concha media, approximately
parallel to the nasal bones. As a rule, the agger nasi is
relatively more prominent in late fetuses and infants than
it is in older individuals. Of the 65 per cent. of cases over
two years old showing pneumatization of the agger nasi, it
was found that in 60 per cent. of such cases the pneumatiza-
tion had extended from the anterior eellula frontalis (Figs.
36 and 51), and in 40 per cent. from the anteromedial cellula
infundibularis (Fig. 27). The loeation of these cells is such
as to require careful inspection by operating surgeons, lest
their presence be overlooked when wishing to eradicate frontal
and infundibular ecells.

The bulla ethmoidalis may contain either a single large
cell or else from two to four smaller ones. One bullar cell
was present in 25 per cent. of specimens, two cells in 62 per
cent., three cells in 10 per cent., and four cells in 3 per cent.
of 202 postnatal lateral nasal walls. Of these cells, 81.7 per
cent. had their origin from the suprabullar furrow, and 18.3
per cent. from the infrabullar furrow. Whatever the num-
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ber of cells may be, or from whatever point they may have
had their origin, pneumatization extends from the medial
wall of the bulla to the lamina papyracea; and in many
instances for a variable distance into the supra-orbital plate
of the frontal bone. Ocecasionally there is a less marked
extent into the infra-orbital plate of the maxilla.

The inferomedial wall of the bulla 1s usually a well-
rounded one (Figs. 9, 27, and 36), but in some cases (Figs.
16, 51, and 53) it forms a narrower projection. The varia-
tions in the size and form of the bulla not only influence
the bullar cells, but also, in conjunction with the variations
in the processus uncinatus, determine the width and length
of the hiatus semilunaris,—the interval between the antero-
inferior surface of the bulla and the posterosuperior surface
of the processus uncinatus,—which is the opening by means
of which the meatus medius communieates with the infun-
dibulum ethmoidale. The length of the hiatus semilunaris
varies in adult types from 14 to 27 mm., this wide variation
being due to the manner in which the anterosuperior end
of the processus uncinatus is attached to the bullar fold.
(‘ases In which the hiatus is short show at its anterior
border a wide plate, passing between the bulla and the proe-
essus uncinatus (Figs. 36, 51, and 56).

The width of this plate varies from 11 mm. to complete
absence. In cases in which the plate 1s absent (Figs. 27
and 38) the hiatus extends upward to the level of the eribri-
form plate, thus allowing a closer communication between
the recessus infundibularis and the recessus conchalis than
1s usually found.
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Cr.gal.

S front.

Cael.infund
Celiront.

Fie. 23.—Specimeny From a Cuinp Two YEars, Six MoxTHS, AND SEVEN
Days Oup.  (Series D, No. 24.)

Posterior view of a coronal section 11 mm. posterior to nasion. Note that
the ostia of the frontal sinuses are medial to the uncinate processes, thus do
not communicate with the infundibulum ethmoidale. 8. front., Sinus frontalis;
Ost. froml., ostium frontale; Proc.unc., processus uncinatus; (.med., concha
media; Septna., septum nasi; S.mar., sinus maxillaris; .-"k".infmnrh., nervis
infraorbitalis; C.inf., concha inferior; Infund.eth., infundibulum ethmoidale:
Cel frond., cellula frontalis; Cr.gal., erista galli.

]
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Cel . eth. post.

Fer. eth.post
For.aptic
Aecarint

S.front

Ceal infund.

Intfund.eth.

S sphenopar
Tor rotundum

SpEciMEN FroMm A CaiLp Two Years, Six Moxtas, axp TwWELVE
Days Oup. (Series D, No. 25.)

Lateral view of left frontal, ethmoidal, and maxillary sinus areas. Note
advance of sinus frontalis into the vertical portion of the frontal bone.  Cel.
b.eth., Cellulz bulle ethmoidales; Cel.eth.post., cellula ethmoidalis posterior;
For.eth.post., foramen ethmoidale posterius; For.optic., foramen opticum;
A.car.inf., arteria carotis interna; S.ear., sinus cavernosus; S.sphenopar.,
gsinus sphenoparietalis; Forrofundum., foramen rotundum; S.mazr., sinus
maxillaris; [fafund.eth.,, infundibulum ethmoidale; Celinfund., cellule in-
fundibulares; S.front., sinus frontalis.

Fic. 24.
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Lam. Perpand.

Cart.sep. na. i Py - cl.eth post
Proc. unc,

Fira. 25.—SpeciMEx Froym a Cuinp, THREE YEars Five Moxtas, axp Eicar
Davs Oup.  (Series I, No. 32.)

Posterior view of coronal section cut 28.5 mm. posterior to nasion, showing
the extent of lateral and supero-inferior development of sinus maxillaris, the
osseous ridge beneath nervus infraorbitalis, cellule ethmoidales posterior,
and small conchal eells developing in each concha nasalis superior. The ostia
maxillaria are larger than usual in the anteroposterior diameter. Note de-
flection of septum nasi and its influence on each concha media. C.sup.,
Concha superior; Cel.eth.post., cellule ethmoidales posterior; C.med., concha
media; N.infraorb., nervus infraorbitalis; C.inf., concha inferior; Proc.unc.,
processus uncinatus; Carl.sep.na., cartilago septi nasi; Lam.perpend., lamina
perpendicularis.
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Cel.front

Cal.h.ath,

Fig. 26.—Specivesy From a Cainp Four Years, SEvEN MoxThS, AND NINE-
TEEN Days Onp.  (Series D, No. 40.)

Anterior view of coronal section, cut 16 mm. posterior to the nasion, show-
ing the lateral and supero-inferior extent of the maxillary sinuses, their rela-
tions to developing teeth, and the relations of the ostium maxillare to the
infundibulum ethmoidale. Note ridge beneath the right nervus infraorbit-
alis. The bullar cells have their ostia in the suprabullar furrow. The ostia
of the cellulw frontales are medial to the processus uncinatus and the bulla
ethmoidalis. Cel.front., Cellule frontales; Cel.b.eth., cellule bulle ethmoid-
ales: Infund.eth., infundibulum ethmoidale; Ostmaxr.; ostium maxillare;
N .infraorh., nervus infraorbitalis; S.mazr., sinus maxillaris; Proc.unc., pre=
cessis uncinatus.
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H. semt.
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Cmed (cut surface)
C.aupmp.
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Celinfund-
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B eth

Proc.unec

Ost.tub.aud.

C.int Ost. max. acces.

FiG. 27.—SpeciMeEN Froum A CaiLp FIvE YEars, TEx MonTas, AND TWENTY-
Two Days Oup.  (Series D, No. 45.)

Sagittal section, *; mm. to the right of median line anteriorly; section
through bod}’ nf the sphenoid 2 mm. to the right of median line. Anterior
rtion of concha ecﬂﬂ. has been removed to show the lateral nasal wall.
edial wall of an infundibular cell was removed with the anterior attachment
of the concha media. Ostium frontale in this case communicates both with
infundibulum and with the recessus conchalis medial to the processus un-
cinatus. Dotted line indieates outline of sinus frontalis. H.semi., Hiatus
semilunaris; Cel.eth.post., cellula ﬂt]nnoidali%poatenur extending into concha
media; C.med., concha media (eut surface); C.sup., concha Eu rior; C.supr.l,
ﬂnncha supremal S. sph,amus sphenoidalis; Hypoph., h sis; Sept.sph.,
um sphénoidale (anterior portion); Ton.phar., tonsilla p aryngeﬁ,. Ost.
l, .aud., ostium pharyngeum tubze auditivee; Ost. ma. acees., ostium maxillare
aceessorium; (anf., eoncha inferior; Froc. um: FOCESEUS unﬂnatus, B.eth.,
hlﬂlaethmmda]m Ag.na., agger nasi; Cei.iﬂ_."um., cellula infundibularis.
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Cel eth.ant.

Cel asn._post.
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=t [ahduc,
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For rotuncdum
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Fig. 28.—Srecimen From A CHiLp Five Years, TeEx MonTHs, AND
Twexnty-rwo Dayvs Owp. Lateran ViEw oF Froxtan, ETasmoipar,
SPHENOIDAL, AND MAXILLARY AREAS To SHow THE EXTENT oF PxEU-
MATIZATION PRESENT anD THE RELATIONS OF THE SINUsEs. (Series D,
No. 45.)

Osseous wall, between sinus sphenoidalis and fossa pterygopalatina, is 14
mm. thick, while from sinus eavity to foramen rotundum is 1 mm. Sinus
frontalis developed from an infundibular cell. Cel.eth.ani., Cellulz ethmoidales
anterior; Cel.eth.post., cellule ethmoidales posterior; S.S]};!., ginus sphenoidalis:
For.optic., foramen opticam; A.car.ini., arteria carotis Interna; N.abduc.,
nervus abducens; Forrotundum, foramen rotundum; Fos pterygopal., fossa
pterygopalatina; S.mazx., sinus maxillaris; Infund.eth., infundibulum eth-
moidale; S.front., sinus frontalis.
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THE CELLULAE ETHMOIDALES

CELLULZE ETHMOIDALES POSTERIOR
The cellulee ethmoidales posterior vary in number from
one to five on each side, the general average in 202 lateral
nasal walls being 2.62. The origin of the posterior cells was
found to be as follows:

S1.1 per cent. from the meatus superior
Lo DR RS S g “ supremus I
1 S - & 3 L1

The ostia of the cells vary from oval openings 0.5 mm. to
3 mm. in diameter, to slit-like openings from 3 to 14 mm.
long and from 1 to 3 mm. wide. The most constant loca-
tion for an ostium is at the anterolateral extremity of the
meatus superior. In only one instance was a superior meatus
found which econtained no ostium for an ethmoidal cell. In
that case posterior ethmoidal pneumatization was entirely
from the meatus supremus L.

The extent of pneumatization shows marked variations.
Posterior cells often extend for variable distances into the
supra-orbital plate of the frontal bone, into the orbital proe-
ess of the palate bone, into the infra-orbital plate of the
maxilla, and in rare instances may invade the body of the
maxilla, forming, when the pneumatization is extensive,
what has been termed a double maxillary sinus. Fig. 50
shows an aberrant cell which had its origin in the superior
meatus, invading the posterosuperior portion of the maxilla,
but the invasion in this case is not sufficient to justify its
classification as a double maxillary sinus.

The most posterior ethmoidal cell frequently develops
dorsally until a portion of it lies superior to the ventral por-
tion of the sinus sphenoidalis, but in no case was there a
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communication found between a posterior ethmoidal cell
and the sphenoidal sinus.

CELLULXE CONCHALES

Pneumatization of the conch® ethmoidales is a rather
common condition, oceurring in from 4 per cent. to 18 per
cent. of cases studied by various observers. In this series
such cells were found in 8 per eent. of cases over ten years of
age, and in 3 per cent. under that age. Observations as to
their possible points of origin are in accord with the studies
made by J. P. Schaeffer. In the majority of instances such
cells developed as extensions of posterior ethmoidal ecells
communicating with the superior meatus, but other cases
showed origins from the posterior extremity of the infundib-
ulum ethmoidale, and still others from the suprabullar furrow
(Fig. 46).

The mucosa lining these cells was similar to that lining
other ethmoidal cells. In none of these cases did the cells
contain fluids or granulation tissue. However, one can
readily see how some of the earlier observers, who found such
turbinates in diseased condition, came to regard the conchal
cells as eysts.

In many instances the stimulus exeiting the development
of these cells seems to have been produced by a deflection
of the septum nasi,—the concha media on the side of the
concavity showing the presence of an air-cell in its anterior
portion,—thus aiding in its compensatory hypertrophy.
Fig. 46 illustrates such a case, but the stimulus in all cases
cannot be attributed to such a cause, since ocecasionally
specimens have been observed in which both middle conche
contained such cells.



THE SINUS MAXILLARIS

The sinus maxillaris is the most constant of the nasal
accessory sinuses., Reschreiter mentions reports of four
cases in which a sinus maxillaris was absent. We have
found no other instances in which complete failure of its
development has been recorded. The extent of its develop-
ment is also more regular than that of any of the other
sinuses, as was shown by comparing the tables of measure-
ments given by the various observers.

In embryos eighty-five days old there is a lateral out-
pouching of mucosa, demonstrable in the inferolateral por-
tion of the wall of the infundibulum ethmoidale, slightly
anterior to its midpoint anteroposteriorly. This is the
primitive sinus maxillaris, which gradually develops as an
oblong recess, extending first into the lateral nasal eapsule,
after the resorption of which it continues its advance and
development into the maxilla. The point of primary lat-
eral pouching persists as the ostium maxillare.

As the expansion in the maxilla inereases anteroposteriorly
much more rapidly than does the diameter of the ostium,
there is thus developed a medial wall, which, by the latter
part of the sixth or early in the seventh fetal month, is
sufficient to make the outline of the pouching demonstrable
as an oblong sinus. The relatively small vertical diameters
of fetal and infantile maxille and the close approximation
of the developing teeth to the orbital floor preclude the

possibility of a rapid increase in the vertical and lateral
70
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diameters of the sinus during these early periods. In the
case of a child eight days old the sinus diameters were found
to be 8.2 mm. anteroposteriorly, 3.3 mm. vertically, and 2.8
mm. laterally (Fig. 17 was drawn from this specimen).
As the body of the maxilla inereases in size there is a cor-
responding increase in the extent of pneumatization. Up
until the eighth year the diameters of the sinus maxillaris
increase at a rate which was found to average approximately
2 mm. each year in both the vertical and the lateral di-
ameters, and 3 mm. anteroposteriorly. After the eighth
year the development of the sinus advances more slowly in
all directions, reaching in the fifteenth to the eighteenth
year a form which approximates the adult type, later changes
being shown chiefly in the postero-inferior angle, which de-
scends as the third molar tooth erupts.

The following table shows the average diameters of the
ostia maxillaria and of the sinus maxillares, as found in the
various ages. All measurements are given in millimeters.
(In considering the relation of the sinus floor to the nasal
floor, measurements preceded by a plus sign indicate that '
the average sinus floor was found to be the given distance
above the level of the nasal floor. Measurements preceded
by a minus sign indicate that the average sinus floor was the
given distance below the level of the nasal floor.)

From this table it is seen that the floor of the sinus
maxillaris, in an average case, reaches a level equal to that
of the floor of the nasal fossa during the eighth year, and
in the majority of older cases is from 1 mm. to 5.5 mm. below
the level of the nasal floor, regardless of the sex of the indi-
vidual. Reschreiter regarded a floor of the sinus maxillaris
below the level of the nasal floor as a male characteristie.
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TABLE OF AVERAGES OF THE SINUS MAXILLARIS

DIAMETERS OF SiNUs

MNuM- et ReLaTiox

AGE BEE OF | SIDE DraMETERS A Antern- | To Nasan
Casgs oF OSTIA  \Vertical Lateral proaste- Froon

rar

8 days-1yr..... 10 Left 1.5x0.6 | 5.7 4.6 | 133 +4.3
Right 1.5x0.6 | 54 4.7 | 154 +4.0
=2 yrs. ......| 10 Left 21x058 5.3 6.7 | 17.9 +3.7
Right 2.0x0.7 8.0 6.6 | 17.9 +3.7
T3 vra. ... S Left 20x08 9.2 7.9 | 202 +3.6
Right | 2.4x0.8 9.3 80 | 203 | +36
=3 ¥T8. ...... 6 Left 39x08 | 11.1 9.1 | 219 +2.6
Right | 41x08 | 113 | 95 | 223 +-2.4
45yrs....... '8 | Left | 27x10 | 123 | 131 | 250 | 427
| Right J.4x1.1 128 13.3 | 25.6 +2.1
L e EEREECE ) B Left G x 1.1 123 14.0 | 26.2 +2.5
Right | 34x1.0 | 12.7 | 13.2 | 27.0 +2.0
1, v 8 Leit 36x1.1 | 17.7 | 168 | 28.5 +-0.6
Right | 4.0x13 | 17.2 | 166 | 283 & +09
-8 vrs 3] Left 39x1.0 | 191 | 152 | 27.2 —-0.2
Right | 3.7x1.0 | 191 | 147 | 267 | —0.1
59 yrs 7] Left 37x14 | 214 | 17.9 | 20.5 —0.6
Right | 32x1.1 | 21.9 | 17.8 | 30.2 —1.4
9-10 yrs. . . 2 Left 4.0x2.5 | 185 | 19.0 | 30.5 +1.0
Right | 238x1.0 | 185 | 165 | 29.5 +0.5
10-11 yrs. .. ... 2 ‘ Left 45x13 | 21.0 | 18.0 | 27.5 +1.0
Right | 50x13 | 215 | 17.5 | 27.7 +0.2
11=12 yrs. ... .. 1 ‘ Left 30x1.0 | 220 | 185 | 200 | —2.0
| Right | 3.0x1.0 | 225 | 19.0 | 29.0 | —2.0
12=15 yr8. . .. .. 1 Left 35x15 | 190 | 150 | 25.0 | +1.0
Right | 25x08 | 175 | 15.0 | 25.0 +2.0
13-14 yrs. . . _ .. 3 Left 37x1.1 | 23.6 | 18.0 | 31.1 -1.0
Right | 3.4x08 | 23.8 | 17.6 | 30.3 —0.5
14-15 yrs. .. ... 1 Left 30x1.0 | 25.0 | 180 | 28.0 —2.0
Right | 2.5x1.0 | 25.0 | 17.5 | 28.0 —2.0
15-16 yrs. . . 3 Left 3.7x13 | 33.0 | 26.2 | 39.2 -7.5
Right | 33x18 | 322 | 26.5 | 39.0 —-7.0
16—-17 yrs. .. ... 4 Left 47x20 | 247 | 208 | 35.0 —0.3
Right | 50x3.0 | 258 | 21.1 | 33.8 —1.5
17-18 yrs. . 4 Left 33x15 | 32.2 | 24.5 | 36.0 —2.0
Right | 3.4x1.6 | 32.0 | 24.6 | 36.2 —5.2
18-19 yrs. . 1 Left 3.0x1.0 | 20.0 | 25.5 | 28.0 | —(}.2
Right | 3.0x1.0 | 300 | 21.0 | 250 | -1.0
19-20 yrs. ..... 3 Left 41x13 | 323 | 21.3 | 323 —-2.5
Right | 45x14 | 321 | 21.6 | 33.6 | —3.6
20-21 yrs. . . ... 2 Left 3.5x1.0 | 265 | 200 | 32.0 | -—1.7
Right | 3.5x1.0 | 26,56 | 20.0 | 325 | —1.7
21-22 yrs. ..... 1 Lett 45x20 | 27.0 | 18.0 | 34.0 —3.0
| Right | 50x15 | 230 | 17.5 | 265 | +1.5
2225 yI8. . .. .. 2 Left 35x17 | 295 | 24.5 | 345 —3.0
Right | 40x22 | 29.2 | 23.8 | 35.0 —2.8
2324 yrs. .. ... 1 Left 25x1.3 | 270 | 150 | 24.0 =2.0
Right | 3.0x1.2 | 20.0 | 17.5 | 31.0 —4.0
O NEW 5 5ns aivas 2 Left 70x1.5 | 278 | 205 | 320 —4.2
Right | 7.5x1.6 | 29.0 | 21.5 | 32.8 —9.9
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However, in this series there was found no definite rela-
tionship between the sex of the individual and the level of
the floor of the sinus maxillaris.

In early childhood the general outline of the sinus is
rather ovoid (Figs. 20, 21, 24, and 25), but in later childhood
it is gradually changed into a pyramidal form (Figs. 28,
30, 33, 37, and 52), which persists as the usual adult type.
The base is directed toward the nasal fossa, and corresponds
to the medial wall, while the apex extends into the processus
zygomaticus.

The form of the sinus maxillaris is usually described as a
three-sided pyramid with irregularly rounded corners. In
such deseriptions the portion overlying the alveolar process
is separately classed as the floor, without giving it a part
in the formation of the triangular pyramid. We believe it
more consistent to consider the form as quadrilateral at its
base, but becoming triangular as the apex is approached.
The anterior and the posterior walls, being more closely
approximated inferiorly than superiorly, as the apex of the
pyramid is approached, the rounded inferior angles are
brought so close together that the resulting single rounded
angle becomes the inferior boundary in the apical portion.
Examples of the usual quadrilateral type of the base are
seen in Figs. 30, 33, 45, and 49. A much less frequent type
is shown in Figs. 50 and 55, in which variety there is a some-
what triangular basal outline. This type is found only in
association with a very deep fossa canina.

In its lateral development the average sinus maxillaris,
at the end of the first year, has come into close relation with
the nervus infraorbitalis. During the second year the most
lateral portion of the sinus passes beneath the nerve, leaving
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. Tun.flsha_

L. phar has,

Fic. 20.—SpeciMEN From A CHitp Six YeEars Ownp. Sacrrran SecTtioN
SHOWING EXTENT OF SPHENOIDAL PNEUMATIZATION. (Series D), No. 46.)

The child from whom this specimen was taken died of nasal diphtheria.
Note areas of submucous hemorrhages. The nasal cavities were completely
filled with pseudomembrane, as were also the frontal sinuses and ethmoidal
cells, while the maxillary and sphenoidal sinuses were approximately half
filled. Also note the enormous tonsilla pharyngea, which nearly fills the pos-
terior naris. C.sup., Concha superior; C.supr.l, concha suprema I; S.sph.,
sinus sphenoidalis; Hypoph., hypophysis; Ton.phar., tonsilla pharyngea;
F.;J&'!:EI'.EM., fascia pharyngobasilaris; C.inf., concha inferior; C.med., concha
medla.
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S tront
[ QT}'E-:I.C.
N.ophthal. el eth post.
M.oculo m. g Cel.infunc

N.troch

A.car.int
W.anduc
Ost.max.

Ga n.q.ﬁe;l'ni.
(Gasseri)

Deg.mMaX. ACCeS.

MJUCous :351:5

MN.mandib.

Fic. 30.—SpeEciMEN From A CHiLp Si1xX YEars, TEN Moxths, axp TweENTY
Days Owp. By Sacrrrarn SecTioNs THE LATERAL PORTIONS OF THE
Frontan, Eramompan, axp MaxinLary Areas Have Beeny Removebp,
(Series D, No. 53.)
The osseous ridges on the medial wall of the sinus maxillaris are unusually
prominent. The largest one overlies the ductus nasolacrimalis. There were
o two lacrimal sacs present, the superior portion of the duet being bifid. Note
presence of ostium manilar& aceessorium and the proximity of the mucous
eyst. S.front., Sinus frontalis; Celinfund., cellule infundibulares; Fos.sac.
i lacr., foss® sacei lacrimales; Ost.mazx., ostium maxillare; Ost.mar.aeces.,

T

mi;mm maxillare accessorium; N.mar., nervus maxillaris; N. mandib., nervus
mandibularis; Gang.semi., g:mglmn semilunare {Gasaﬂn}. N. abdm: nervis
abducens; Acar. inl., arteria carotis interna; N.troch., nervus trﬂ(:hlmms,
N .ocutam., nervus nculnmut[:-rius; N.ophthal., nervus ﬂ])llthﬂlmiﬂl]ﬂ-; N.optie.,
nervus opticus; Celeth.post., cellule ethmoidales posterior; Cel.b.eth., cellula
bulle ethmoidalis,
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Voamer:

Fia. 31.—SpeEciMEN FroMm A CHiLp Six Years, Tex MoxThs, AND TWENTY
Days Owp. LateEran View orF Tuis SpeciMeEN 18 SHOowN IN Fia. 30.
(Series D, No. 53.)

Sagittal section 14 mm. to the left of median line, showing extent of sinus
sphenoidalis and also the relation of the structures entering into the formation
of the septum nasi. Cr.gal., Crista galli; Lam.perpend., lamina perpen-
dieularis; S.sph., sinus sphenmdalm, Hypoph., hy an:lEvsls Ton.phar.,

tonsilla ]}har}rngm Osl.tub.aud., ostium phn.r}'ngeum tube auditivee; Carl.
sepl.nd, -::artlln.gn septi nasi,
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F16. 32 —SrecimeN Froum A CHIL SEVEN YEARS, NINE MoxTHS, AND TWELVE
Days Oup. (Series D, No. 58.)

Coronal seetion through the anterior portion of the body of the sphenoid
bone, to show the relations of the eranial nerves to the sphenoidal area. The
sphenoidal sinuses in this specimen show less extensive pneumatization of the
body of the sphenoid than is usually seen at this age.  N.optic., Nervus opti-
eus: N.froch., nervus trochlearis; N.oculom., nervus oculomotorius; N.abduc.,
nervus abducens: N.ophthal., nervus ophthalmicus; N.mar. nervus maxil-
laris; N.c.pferyg., nervus canalis pterygoidei (Vidii); Ton.phar., tonsilla
pharyngea; Cl.inf., concha inferior; C.med., concha media; S.sph., sinus
sphenoidalis; S.car., sinus cavernosis.






THE SINUS MAXILLARIS 91

Imniund. et v

Fossac.lacr —&

Fos. pterygopal.

Ost.max.acces.

Fic. 33.—8pecimex From A CaHinp Eicar Years, Two Moxths, axp TEN
Days OLp. (Series DD, No, 59.)

Lateral view of frontal, ethmoidal, and maxillary areas. Note that the
ginus frontalis developed from a eell having its origin from the suprabullar
furrow. The right sinus frontalis had a similar origin, these two being the
only such instances found in the entire series. The supero-inferior extent of
the cellule ethmoidales is in this case greater than usually found at this age.
B.eth., Cellule bulle ethmoidales; Cel.eth.post., cellule ethmoidales posterior;
Fos.pterygopal., fossa pterygopalatina; Ost.mar.acces., ostium maxillare acces-
sorium; Ost.mazx., ostium maxillare; Fos.sac laer., fossa sacei lacrimalis; Fnfund,
eth., infundibulum ethmoidale; S.front., sinus frontalis.
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Ost.tub.ooud. F.phar has,
Fic. 34 —SpeciMex From A Cainp Ecar Years, Eicar Moxths, Axp ONE
Day Owp. (Series DD, No. 63.)

Sagittal seetion eut 1 mm. to the right of median line. Pneumatization of
the sphenoid bone is less extensive than is usually found at this age. (Com-
pare with Figs. 27, 29, and 31.)  S.frond., Sinus frontalis; Kec.sph.eth., recessus
sphenoethmoidalis; S.sph., sinus sphenoidalis; Hypoph., hypophysis; Teon.
phar., tonsilla pharyngea; F.phar.bas., fascia pharyngobasilaris; Osi.fub.aud.,
ostium pharyngeum tuba Illl(iiti\"ﬂ!,
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Cel.eth.ant.
S.iront.

Ostfront.

Celinfunec
Fossac. lacr

Ostanax

Sept.max.

Fic. 35.—SpeciMEN FroMm a CHiwp Eicar YEArs, Eicar MonThs, axp ONE
Day Oup. (Series D, No. 63.)

Lateral view of frontal, ethmoidal, and maxillary sinus areas, the lateral
portion of each having been removed by sagittal cuts. Note that the sinus
frontalis developed directly from the infundibulum ethmoidale. Note also
the incomplete septa in the sinus maxillaris. Cel.eth.ant., Cellule ethmoidales
anterior; Cel.eth.post., cellule ethmoidales posterior; N.optic., nervus opticus;
Sept.maz., septule maxillares; Ostimar., ostium maxillare; Fos.saclacr.,
Fossa sacei lacrimalis; Cel.infund., cellule infundibulares; Osf.frond., ostium
frontale; S.front., sinus frontalis.
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Ost.front (a)
Cst.front (b

Proc.unec.

Fig. 36.—SpeciMEN From o Cuiup NiNg YEars, ONE MonTh, anp NINE
: Days Oup.  (Series D, No. 64.)

Ineision through maxilla is 15 mm. to the right of median line; in the frontal
region 1 mm. to the left, and through the body of the sphenoid is 5 mm. to
the left of median line.  The anterior portion of the concha media and a small
portion of the frontal bone have been removed to show the struetures entering
into the formation of the lateral nasal wall, and also the location of the ostia
frontalia. In this case there are three sinus frontales—one in the right side
and the two in the left side here illustrated.  Of the more lateral sinus frontalis,
only the ostium is shown (Ost. front. (b) ); the sinus, however, extends to the
game height as the medial one shown in the illustration. Note that neither
ostium comes into direet relation to the infundibulum ethmoidale. In the
suprabullar furrow ostia of bullar cells are shown. S frond., Sinus frontalis:
(' fromt., conche frontales; Osttub.awd., ostium pharyngeum tuba auditivae;
S.gph., sinus sphenoidalis; B.eth., bulla ethmoidalis; Proe.une., processus
uneinatus; Osf fronl.(h), ostium of the lateral sinus frontalis; Osf front.(a),
ostium of the medial sinus frontalis,
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SPECIMEN Froum A CHiLp NiNeE YeEars, TEx MoxtHs, AND NINE-
TEEN Days OLp.  (Series D, No. 65.)

Anterior view of coronal section, cut 20 mm. posterior to the nasion, showing
the size and relations of the sinus maxillaris, the ostinm maxillare, and its
manner of communication with the infundibulum ethmoidale, the bulla eth-
moidalis, processus uncinatus, and cellule ethmoidales anterior. Cr.gal., Crista
galli; Froc.unc., processus uneinatus; Infund.eth., infundibulum ethmoidale;
Ost.max., ostium maxillare; S.nar., sinus maxillaris; N.infraorb., nervus in-
fraorbitalis; Cel.b.eth., cellula bulla ethmoidalis; Lam. papyr., lamina papyracea,

Fig. 37.
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Fic. 38.—8peciMEN From A CHiLp TEx Years, ONeE MoNTH, AND SEVEN
Days Oup.  (Series D, No. 66.)

Sagittal section 1 mm. to the left of the median line. The anterior portion
of the concha media and a portion of the medial wall of the sinus frontalis have
d been removed. Note that sphenoidal pneumatization has extended beneath
the anterior portion of the sella tureica. S.fronf., Sinus frontalis; Proc.unc.,
processus uneinatus; B.eth.,, bulla ethmoidalis; Cinf., concha inferior; Ost.
tub.aud., ostium pharyngeum tuba auditivae; Ton.phar., tonsilla pharyngea;
S.sph., sinus sphenoidalis; C.supr., concha suprema I; C.sup., concha su-
perior; C.med., concha media; Ost. front., ostium frontale.
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Cel.tront
Celinfund=—

Infundeth—

i Cang semi.

ARt Gasseri)

Fia. 39.—SpeciMeEN Froum A CHinp TeEN YEARrs, SEVEN MoNTHS, AND TWENTY-
SsEVEN Davs Oup.  (Series D, No. 67.)

Lateral view of the left frontal, ethmoidal, and maxillary sinus areas, the
lateral portions of which have been removed by sagittal sections. Note the
relations of the cranial nerves to that portion of the body of the sphenoid
which forms the lateral wall of the sinus sphenoidalis. The nervus maxillaris
is 0.9 mm. lateral to the sinus sphencidalis.  Osf.froni., Ostium frontale;
Cel beth., cellule bulle ethmoidales; Celeth.post., cellule ethmoidales pos-
terior; N.optic.,, nervus opticus; N.eculom., nervus oculomotoriug; N.froch.,
nervus trochlearis; Gang.semi.,, ganglion semilunare (Gasseri): A.ear.int.,
arteria carotis interna; S.mar., sinus maxillaris; Osfonar., ostium maxillare;
Infund.eth., infundibulum ethmoidale; Celinfund., cellule infundibulares;
Cel front., cellula frontalis; S.front., sinus frontalis,
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Tubercuwlous uleceration

0st.tunavd.

Fic. 40.—Srecimex From A CHitp ELevex Years OLwp.  (Beries D, No. 68.)

Sagittal section showing the concha nasales, the sinus sphenoidalis, the
septum frontale, and the portion of the left sinus frontalis extending to the
right of the median line. S.sph., Sinus sphenoidalis; Hypoph., hypophysis;
Ost.tub.aud., ostium pharyngeum tubse auditivie; M.inf., meatus inferior;
M med., meatus medius; M.sup., meatus superior; S.fronl., sinus frontalis,
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Fic. 41.—8Specmmexy From A CHibp TweLve Years, NINE MoNTHS, AND
TweLve Days Oup,  (Series D, No, 6Y.)

Anterior view of a coronal section eut 12 mm. posterior to the nasion, to
show superior and lateral extent of the sinus frontales, also the relations of the
ecellule frontales. The frontal sinuses and all eells shown in this illustration
have their ostia medial to the uncinate proeesses. Note the relations of the
durlu-, nasolacrimalis.  S.front., Sinus frontalis; Sepl.froni., septum frontale;

Cel front., cellule frontales; Fos.saclacr., fossa sacel 'Im'rlmuhs Faor.infraorb.,
foramen infraorbitalis; Duct.na. lacr., ductus nasolacrimalis.
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after that age a ridge on the roof of the sinus, which distinetly
indicates the course of the nerve in its eanal. The degree
of prominence which the ridge may assume varies greatly
in the different specimens (Figs. 25, 26, 42, and 52). In the
vast majority of cases there is thus formed a complete
osseous canal for the nervus infraorbitalis; but in some few
instances its osseous strueture is incomplete, so that the
muecosa of the sinus becomes a part of the immediate sup-
port for the nerve.

The osseous framework of the medial wall of the sinus
maxillaris consists of the thin portion of the corpus maxillae
surrounding the hiatus maxillaris, and also of the lamin®
from contiguous bones partially filling in the hiatus. The
laminz, which form the incomplete portion of the wall, are
the processus maxillaris and the processus ethmoidalis
conchae nasalis inferior, the pars perpendicularis ossis pala-
tina, the processus uncinatus ossis ethmoidalis, and the pos-
tero-inferior portion of the os lacrimale (Fig. 56). With the
mucosa intact, the interstices between these laminm® are
bridged over, leaving normally the ostium maxillare as the
only opening between the sinus and the nasal cavity. The
wall thus covered by mucosa usually forms a rather smooth
surface (Figs. 28, 45, and 49), but in some cases distinct
ridges may be produced by irregularities in the underlying
bone (Fig. 30).

The ostium maxillare is in the anterosuperior portion of
the medial wall of the sinus maxillaris (Figs. 39, 45, and 49),
and is the point of communication between the sinus and
the infundibulum ethmoidale (Figs. 26, 37, and 52). The
ostium varies from a narrow, slit-like opening to forms oblong
or ovoid in outline. The average diameters of the ostia,
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as found in ecases of different ages, are given in the above
table of measurements of the sinus maxillares. The rela-
tions of the ostium to the infundibulum are fairly constant.
The opening is in the inferolateral wall of the infundibulum,
the situation of the midpoint of the ostium corresponding
approximately to the anterior portion of the middle third
of the infundibulum.

Communication between the sinus maxillaris and the
meatus medius 1s via the ostium maxillare, the infundibulum
ethmoidale, and the hiatus semilunaris (Figs. 26, 37, and
53). The distance between the ostium maxillare and the
hiatus semilunaris varies in adult cases from 4 to 12 mm.,
according to the width of the processus uncinatus and also
to the degree of the medial inclination of its free or postero-
superior portion.

Through the anterior portion of the infundibulum the
sinus maxillaris is brought into close relationship with the
cellulz infundibulares, and to all sinus frontales having their
ostia lateral to the processus uncinatus (Figs. 35, 49, and
52). In this series the ostia of 39.6 per cent. of the frontal
sinuses were so located. These relations are important
when dealing with suppurative conditions in this area; also,
as observed by Keen, in those eases of sareoma of the maxilla
in which a portion of the growth has extended toward or
into the frontal region, partially or completely filling the
infundibulum, the cellule infundibulares, or even the sinus
frontalis.

Duplication of the ostium maxillare 1s a eondition in which
the sinus maxillaris has two ostia, both of which communiecate
with the infundibulum ethmoidale. Such a condition was
present in only one specimen in this series (Fig. 54). Dupli-
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cation of the ostium is, we believe, due to a developmental
process similar to that producing the ostia maxillaria aceces-
soria, which will be considered below, differing only in that
accessory ostia are located posterior to the imfundibulum
and thus communicate directly with the meatus medius.
Schaeffer found the primitive maxillary pouch duplicated
in some of his fetal specimens, and suggested that this may
explain some of the duplications of the ostium maxillare of
the adult sinus, the two pouches fusing distally, forming a
single cavity with duplicated ostia. To us, however, this
does not seem probable, since we find that accessory sinuses
which have developed from separate ostia do not directly
communicate, except in instances where the intervening wall
has been destroved by a suppurative process. In the de-
velopment of accessory sinuses the pouching mucosa rests
upon a layer of compact bone as the process of pneumatiza-
tion extends into the body of the bone—whether it be the
maxillary, the frontal, or the sphenoid bone. The layer
of compact bone advances as the process of resorption goes
on in the underlying eancellous bone. When two advancing
layers of compact bone are brought into contact by the re-
sorption of the intervening cancellous bone, resorption ceases
and a permanent layer of compact bone remains between
the layers of mucoperiosteum lining the sinus ecavities. Ir-
regularities in the rate of resorption of the eancellous bone
surrounding any individual sinus may be of a character in
which the advanecing layers of compact bone surrounding
different recesses of that sinus are brought into econtact,
in which case a ridge or an incomplete septum persists.
The sinus maxillaris in Fig. 35, and the superior portion of
the left sinus frontalis in Fig. 52, show incomplete septa
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formed in this way. In view of these facts we are inclined
to believe that if two pneumatization pouches were to ad-
vance into the maxilla the result would be a double maxillary
sinus, instead of the only remains being simply the dupli-
ated ostia.  In rare instances double maxillary sinuses are
present, but we have found no report of a ecase in whieh both
of the ostia opened into the infundibulum. Double maxil-
lary sinuses will be considered later.

The ostium maxillare accessorium (Figs. 27, 30, 33, and
48) 1s an opening which i1s sometimes found in the medial
wall of the sinus maxillaris, forming an additional communi-
cation with the meatus nasi medius. Such openings vary
from 0.5 to 15 mm. in diameter, and are most frequently
situated at a point 5 to 10 mm. above the superior border
of the concha inferior, at the junection of its posterior and
middle thirds. The majority of observers have found ae-
cessory ostia present in about 10 per cent. of adult cases.
Schaeffer, in 80 eases, found accessory ostia in 43 per cent.
of them. Inmy own series, 114 lateral nasal walls from eases
between four and twenty-four years of age show accessory
ostia in 15 per cent. of cases. The youngest specimen show-
ing an accessory ostium was from a child four years, three
months, and two days old; thus eases under four years of
age were excluded in estimating the frequency of its oeeur-
rence. Two accessory ostia (Fig. 48) were present in two
specimens.

The ostium maxillare aceessorium evidently has no em-
bryologic significance in its development; neither can it
be considered as a compensatory opening which has de-
veloped because of a deficieney in the size of the normal
ostium maxillare, for in no case showing the presence of an
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accessory ostium was the normal ostium found to be smaller
than the average for the given age. The process of its de-
velopment is apparently a progressive thinning of the medial
wall of the sinus at a point where the wall is naturally thin,
and where there is no osseous lamina between the mucosa
lining the sinus and that lining the meatus medius, the thin-
ning continuing until an actual opening through the mem-
branes occurs. In a great majority of the cases in which
accessory ostia were found there were pathologic processes
present to give evidence of lowered vitality in those im-
mediate areas, and in several Instances the situation of
mucous cysts was such as to interfere with the normal cireu-
lation of the medial sinus wall.

In 76 per cent. of cases showing accessory ostia there were
mucous cysts (retention cysts) in the muecosa lining the
medial walls of the sinus maxillares (Figs. 30 and 33). The
cysts varied from 0.5 to 9 mm. in diameter. In 19 per cent.
of eases the mucosa was distinetly granular in appearance,
but showed no eysts. In the remaining 5 per cent. of cases
the surrounding mucosa was apparently normal.

The cases in this series suggest the possibility of pulmonary
tuberculosis having some influence upon the frequency of
the occurrence of the ostia accessoria, but we do not regard
the series as sufficiently large to establish this relationship
as a definite fact. However, we submit the observation
that in 114 lateral nasal walls from cases between four and
twenty-two years of age, 15 per cent. showed the presence
of accessory ostia. Of the 114 specimens, 42 per cent. were
from patients who had died from pulmonary tuberculosis.
In the specimens from tuberculous cases, 37.5 per cent. had
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accessory ostia, while in all other specimens accessory ostia
were present in only 7.7 per cent. of cases.

Zuckerkandl regarded pressure from septal spurs or from
enlarged middle conchze as oceasional factors in the produe-
tion of ostia acecessoria. In this series no case with an
accessory ostium showed these conditions to be present in a
sufficient degree to exert any apparent influence on the de-
velopment of an accessory opening.

The superior wall, or roof, of the sinus maxillaris is a thin
plate of bone (its superior surface being the facies orbitalis
maxillee), the central and posterior portions of which vary
from 0.5 to 1.5 mm. in thickness. Along two ridges which
project into the sinus and near the anterior margin, the
bone is usually of a greater thickness. The more constant
of the two ridges is the one which forms the inferior wall of
the above-mentioned ecanalis infraorbitalis (Figs. 25, 26,
42 and 52). The second ridge is well marked in the major-
ity of cases, and extends laterally along the roof from the
posterior margin of the ostium maxillare (Figs. 33, 39, 45,
and 54). Its prominence decreases as it passes laterally,
and usually disappears just medial to the ecanalis infra-
orbitalis.

Not uncommonly the cellulee ethmoidales, in their infero-
lateral development, extend for a short distance (2 to 4 mm.)
into the roof of the sinus; and in rare instances the develop-
ment may be such that an aberrant posterior ethmoidal
cell occupies the area which would ordinarily be the postero-
superior angle of the sinus maxillaris (Fig. 50).

The posterior wall of the sinus maxillaris is the most
regular of all its boundaries. In an average case it varies
from 0.5 to 3 mm. in thickness, the portions near the angles
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Fi6. 42 —SpecivMex From A Caiup TrirTeey YEARs, Six Mo~Tas, AxDp NivE-
TEEN Days Orp. (Series D, No. 72.)

Posterior view of a coronal section 31 mm. posterior to the nasion, showing
maxillary sinuses, bullar and terior ethmoidal cells. Note the influence
of septal ridge and deviation of septum upon the form of each concha media;

upon the degree of medial inclination of each processus uncinatus, thus
producing a marked difference in the width of the hiatus semilunaris and the
infundibulum ethmoidale of each side. Cr.gal., Crista galli; Cel.eth.post.,
cellule ethmoidales posterior; C.med., concha media; Celb.eth., cellula bulle
ethmoidalis; Proc.unc., processus uncinatus; C.inf., concha inferior; S.max.,
sinus maxillaris; C.sup., concha superior.
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Fic. 43.—8peciMEN FourTEEN YEARs axp SEven Moxtis Onp.  (Series D,
No. 73.)

Sagittal section, cut 4 mm. to the right of the median line, thus removing
the medial portions of the concha inferior and concha media, and the medial
anterosuperior portions of the concha superior and concha suprema 1. The
relations of the structures forming the lateral nasal wall and the positions of the
ostia of the eellule ethmoidales are thus clearly shown. 1., Probe through
ostium frontale; B.eth., bulla ethmoidalis; Cel.eth.post., cellule ethmoidales
posterior; 2., probe through ostium of most posterior ethmoidal cell; S.sph.,
sinus sphenoidalis; Hypoph., hypophysis; C.supr.], concha suprema I; C.sup.,
concha superior; Ton.phar., tonsilla pharyngea; Ost.tub.aud., ostium thn-
geum tubg auditivie; Clinf., concha inferior; ('.med., concha media; H.semi.,
hiatus semilunaris; f-'mc.unc., processus uncinatus.
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Cel.eth.post

Fus orh.sup.

FiG. 44.—SprECIMEN FIFTEEN YEARS AND FFivE MoxThHs OLp.  (Series D, No.
79.)

Coronal section cut 44 mm. posterior to nasion, showing posterior portions
of the conche and the posterior walls of maxillary sinuses. Fis.orb.sup.,
Fissura orbitalis superior; S.maz., sinus maxillaris; Ton.phar., tonsilla pharyn-
gea; C.inf., concha inferior; mwf concha muh.i C.sup., concha superior;
(".supr.d, concha suprema I.
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Fic. 45.—SpeciMeN Firreey YEears, NINE Monthis, AND TwENTY-81X Davs
OwLp. (Series D, No. 76.)

Lateral portions of the frontal, ethmoidal, maxillary, and sphenoidal areas
have been removed by sagittal incisions. Note the marked extent of the sinus
sphenoidalis into the pterygoid process. The ridge which is seen on the floor
of the sinus sphenoidalis overlies the nervus eanalis pterygoidei (Vidii), The
sinus maxillaris extends 11 mm. below the level of the nasal floor. S.front.,
Sinus frontalis; Cel front., cellule frontales; Celinfund., cellule infundib-
ulares; Infund.eth., infundibulum ethmoidale; Ductnalaer., ductus naso-
lacrimalis; Ost.maz., ostium maxillare; S.sph., the portion of sinus sphenoidalis
extending into the pterygoid area; Arlecar.int., arteria carotis interna;
Gang.semi., ganglion semilunare; A.anom., anomalous branch of earotid
artery; N.troch., nervus trochlearis; N.oculom., nervus oculomotorius; N.

e, nervus opticus; Cel.eth.post., cellule ethmoidales posterior; Celb.eth.,
cellulz bulle ethmoidales.
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(elconchales#
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Fia. 46.—8SpreciMex Firreen Years, Nine Moxtas, axp TwENTY-81x Days
Owp.  (Series D, No. 76.)

Lateral view of this specimen is shown in Fig. 45. Sagittal section, showing
the sinus sphenoidalis and a portion of the lateral nasal wall. There was in
this ease a marked deviation of the septum nasi toward the left, and a com-
pensatory inerease in the size of the concha media.  Note the presence of the
cellule conchales. The anterior conchal eell has its origin as an extension
from a posterior ethmoidal eell, just anterior to the superior meatus, while the

ssterior conchal eell developed from the posterior portion of the suprabullar

urrow. I, Probe through ostium of the anterior conchal cell; 2, probe
through ostium of the posterior conchal cell; C.sup., concha superior; Cosupr.d,
concha suprema I; S.sph., sinus sphenoidalis; Tan.phar., tonsilla pharyngea;
C.med., concha media; Clanf., concha inferior; Cel.eonchales, cellule conchales,
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Fic. 47.—83peEciMEN SIXTEEN YEARS, FIve MoxTes, AND TwENTY-ONE Davs
OLp. (Series D, No. 79.)

Lateral view of frontal, ethmoidal, maxillary, and a portion of the sphenoidal
areas. Maxillary sinus contains mucous cysts. The ridge which is seen on
the floor of the sphenoidal sinus overlies the nervus canalis pterygoidei (Vidii),
Note the extent of sphenoidal sinus into the pterygoid area, also the extent of
an infundibular EL"IF far into the frontal process of the maxilla. Celb.eth.,
Cellule bulle ethmoidales; Cel.eth.post., cellule ethmoidales posterior; S.
sph., sinus sphenoidalis; Lam.lal., lamina lateralis processus pterygoidei;

sl.maz., ostium maxillare; Duect.nalaer., ductus nasolacrimalis; Cel.anfund.,
cellule infundibulares; S.front., sinus frontalis.
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H.semi,
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Fi1G. 48 —SpEcIMEN SEVENTEEN YEARS OLD.  SAGITTAL SECTION 1 MM. TO THE
LerT oF THE MEDIAN LINE. ThHE SErruM NAst AND THE ANTERIOR PORTION
of THE CoxncHa Mepia Have Beex Removep.  (Series D, No. 83.)

Note the presence of two accessory ostian maxillaria.  Similar ostia were
found opening into the left sinus maxillaris of this case. Both sinus maxillares
contained mucous eysts near the accessory ostia. I, Probe in ostium frontale;
2 and 3, probes in the ostia of cellul® ethmoidales posterior; 4, probe through
ostium sphenoidale; ff .semi., hiatus semilunaris; B.eth., bulla ethmoidalis;
C.supr. ], concha suprema 1: S.sph., sinus sphenoidalis; Ton.phar., tonsilla
pharyngea; Ostmar.acees., ostia maxillaria aceessoria; Clinf., concha inferior;
C.med., concha media; Proc.unc., processus uncinatus; S_front., sinus frontalis
(medial portion of left sinus extending slightly to the right of median line).
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being thicker than the central area. The medial portion of
the wall forms the anterior boundary of the fossa pterygo-
palatina (Fig. 33).

The anterior or facial wall of the sinus maxillaris varies
from 2 to 5 mm. in thickness, and is, with the exception of
that portion of the floor which is formed by the alveolar
process, the thickest and the strongest of all the walls. It
faces In an anterolateral direction, with a varying antero-
inferior obliquity. This obliquity, which depends upon the
degree of approximation of the inferior portion of the wall
toward the posterior wall, produces the variations in the
number of teeth which are in relation to the sinus floor, and
greatly influences the capacity of the sinus. The anterior
surface presents, below the infra-orbital margin, the foramen
infraorbitale, beneath which is a variable depression, the
fossa canina (Fig. 55).

The inferior wall of the pyramid, the floor of the sinus
maxillaris, is formed near the medial wall by the processus
alveolaris, and, more laterally, by the well-rounded angle
produced by the approximation of the inferior portions of
the anterior and posterior walls.

The floor of the sinus maxillaris, in all stages of its de-
velopment, is in close relation to the teeth (Figs. 17, 21, 28,
30, and 33), and the increase in the vertical diameter of
the sinus is found to be much more of a process of expansion
as the body of the maxilla increases in size, than it is one
of resorption of cancellous bone previously occupying the
area.

The number of teeth, the roots of which are in close rela-
tion to the floor of the sinus, shows marked variations (Figs.
45, 47, 50, 54, and 55). However, the typical floor may be

9
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considered as one which overlies the roots of all the molars
and the posterior portion of the second premolar. In many
cases only the molars come into close relation, and in a few
cases only the second and third molars are beneath the floor.
It is a very extensive floor, which advances so far anteriorly
as to overlie the first premolar, and in this series no case was
found in which the root of the canine was in relation to the
floor. In a few of the larger sinuses, however, the root of
the canine extended well up into the anterior wall of the
sinus.

Regardless of the extent of the irregularities in the floor
of the sinus produced by resorption of the eancellous bone
surrounding the roots of the teeth, in no instance was the
mucosa lining the sinus found in direct contaet with the root
of a healthy tooth. In all normal cases a thin layer of com-
pact bone was present between the roots of the tooth and
the mucosa; but in a few instances, where there had been
abscess formation at the root of a tooth, this intervening
plate of bone had been destroyed, thus allowing the root to
project into the sinus cavity, in direct contact with the over-
lying mucosa.

Besides the recesses produced by the ridges on the alveolar
surface, pockets may be formed by osseous projections on the
anterior, or less frequently on the posterior, wall, or by folds
of mucosa independent of any irregularity in the underlying
bone, as found in the posteromedial angle of the sinus shown
in Fig. 47. Osseous ridges may, in rare instances, extend
sufficiently far toward the central portion of the sinus as to
form incomplete septa, or septule (Fig. 35). Such forma-
tions have no embryologic significance, and are entirely
due to irregularity in the process of resorption. Ridges and
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folds of any of the above-mentioned wvarieties probably
assume an important réle from a practical viewpoint, only
in the presence of suppurative conditions within the sinus,
when the recesses or pockets make the thorough eleansing of
the cavity more difficult.

A few cases have been reported in which there was a com-
plete osseous septum dividing the sinus maxillaris into two
distinet eavities, each having its independent ostium com-
municating with the nasal fossa. According to Zuekerkandl,
the anterior sinus, in such eases, communicates with the
infundibulum ethmoidale through the normal ostium maxil-
lare, while the posterior sinus communicates with the
meatus superior. Thus it is seen that the posterior sinus
1= in reality an aberrant posterior ethmoidal cell which in-
raded the body of the maxilla and there developed exten-
sively. In this series no such development was found suffi-
ciently extensive to justify terming it a double sinus; but
in one instance (Fig. 50) such an aberrant posterior ethmoidal
cell is shown, and indicates the manner in which greater
pneumatization by such a cell would produce a double
maxillary sinus.



THE SINUS FRONTALIS

The areas from which the sinus frontalis may have its
origin were considered above in discussing the development
of the cellule ethmoidales anterior. (See pp. 45-6, 53—4.)
We found that during the fourth month of fetal life there are
two expansions usually demonstrable in the anterosuperior
portion of the meatus medius. The expanding areas are sep-
arated by the anterior attachment of the proeessus uncinatus.
The recess beneath the anterosuperior attachment of the
concha media and medial to the processus uncinatus is
termed the recessus conchalis. The recess lateral to the
anterior portion of the processus uncinatus is termed the
recessus infundibularis, being the anterosuperior termination
of the infundibulum ethmoidale. From the recessus con-
chalis the cellulz2 frontales develop between the conche
frontales and between the conchse and the walls of the recess,
while from the recessus infundibularis the cellulz infundib-
ulares have their origin. A sinus frontalis may develop
as an anterosuperior extension of a cell originating from
either of these two recesses, as a direct extension of the in-
fundibulum ethmoidale, as a direct extension of a recessus
conchalis in which no frontal ecells have developed, or, in
rare instances, as an extension from a cell originating in the
suprabullar furrow.

Although the primitive recessus conchalis and the recessus
infundibularis are usually demonstrable during the fourth

fetal month, and distinet cellule ethmoidales anterior de-
132
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velop during the latter months of fetal life, vet, in the average
case, one cannot say definitely which of the extending proe-
esses of pneumatization represents the primitive sinus
frontalis until after the sixth month of postnatal life. In
some specimens the probable route of development can be
determined with a fair degree of certainty at the time of
birth or shortly thereafter (Figs. 17 and 20), while in other
cases the distinet beginning of a sinus frontalis is not de-
monstrable until near the end of the first year,

From whichever of these sources a frontal sinus may have
its origin, the process of pneumatization gradually extends
from that portion of the anterior ethmoidal area toward and
into the inferior portion of the frontal bone. The sinus,
surrounded as it is by a thin lamina of compact bone, then
advances toward the ascending portion of the frontal bone,
advancing as the cancellous bone is resorbed. This rate of
resorption, in an average case, is such that the sinus begins
its ascent into the vertical portion of the bone during the
second year, and in the third year is 3.8 mm. above the level
of the nasion.

As the sinus frontalis advances into the vertieal portion of
the bone, its posterior wall is always thin and is composed
almost entirely of compact bone, while the anterior wall, as
found in the different specimens, varies greatly in its thick-
ness and usually contains a considerable amount of diploé.

In the following table we have given the average diameters
and the level at which the ostia frontalia were found, the
origin of the sinuses, the thickness of the walls, the level
reached by the superior border of the sinus, and the vertical,
lateral, and anteroposterior diameters of the average sinus
as found in the given number of cases at the various ages.



=
b e

i

[
o0

- =
o=
= D = 0 = D D= 2000 SO = = O = S

sl

-
.

O e = OO e S0
—

—
'

=l Bl ]

1 =5 =
' '
Lo AE

-
bl .
R B ] ]

]
e

HALH
"RYICT
HOHH
~H LR
-OHAL
- ?. .J'.l

WYL | -INVICT

092 | 0008 | 002+
08T | 00T | OFI+

el | O°L1 G LT+
L) 9El 8¢+
0Tl | 04T | 81+
(. Ll E) oL+
ot ¢'8 ¢a+
01T | 801 | 901+
¥ L'GI £ IL-+
L0 | 0L &6+
811 | L'al 1’01+
6'Y &6 '8+
Y 6 |G
o't Ge G ot
| Y e 98+
L'y s P+
o F e 8P
hH'h L4 e
bale i G T
Lk Lt GEF |
e G | REd
H'E 5 P i+
R 0¥ L i
| il LRl
ul L'a =
LA HALA

"IN TTYLILL
- LV U |

“MOLH], | =M

L O ST i)
) e I | | S 1,
BT L0
L) fured | a0 1 0
i S R Ik
ol g% | ¢ I I
A &G G |0
L0 I'eE | 29 G |
'l QT G| G
[ 9% | 6'F ] [
60 6T o el
80 | ¢ | 85 el | ML
L Fe vk
'L ge | 19 9 1
Ll c'f L5l
'k I'F | €01 | O :
oo e F 2o (L.
'l G0l Fl| AL
g L BT
Gy L T o e
Y Al
| oF | 66 Lot
e (L LI
el | o S /) G
0z | OF L I5G
e 0F i 9 &

TIV 5 M warasc ....w = wl_
HOTH HOL a0 == | o

~BLE0] | ~ALMY | pgoes E =7

SRAN | RAN | ynmy :

LL

TRt
-] [P

KON RIS

SI'TVLNOUHA SANIS HHL A0 SHOVHHAY J0 HTHV.L

LIS N
UOIST N
TGRS
UDIS TN

IALLE)
A0 THAAT

o

R e

=I=1=]=]

Ll
o

S
|

o
o e

e

e

S

P

ko

el = = = e ==

-
=

10000 00 00 e 0021 00 21 00 01 01 20 0 29 2

]

.
-

-
£

e
1870 X O
gL X g
GLOXg
Z30 X &
IS0 X0
¢Lo X0
CLOX g
g X €
CLOXCT

WATLE()

A0 HEIR

B |

1T

I |
o |

Y
a7
WA
1T
Jany
1T
ATy
1]
BNy
_._L " m
LY |
iR
Y3y
iRl
AT
i
A
o
st
130T
|
G |

FILIRE

(=

= B ey |

-

L Es

-
Lu

i

o

01

HUEV)
an
WA
“WAN

sk gl-gl
sk gl-Tl
B i)
sk 016
SRR g 2l

‘sIf Q-

1L 1-n

...-L..mﬁ.—nﬂ.m.l._m._v
sl g

- e

sk 1-sfup

qADY

134



091 | C61 | O'12 80 | OF (6 I c1— | 0gXge )
oIl VOET | 022 0 | ‘#F | Lo = 0 |0 D= grxee ol e R U
0FZ | 008 | 088 01 | 917 0| T | 0 0F— 0OX0N :

0'F% | 028 | 0’88 't o R el el S T o ) 0F— CIxX0g T |77 v sl RE-ag
0gl | 91 B 2. 100 z0+ DCX8T

0T | O'SE Bl | 9F A T T = gTX0¢E A AT i
0'8 | 0% L ol R 1 UoIsEN | LTX(09 .

¢8| (OF Gl A ) L 0g— | oIX0¢8 R
£FL | 271 0zZ+ | L0 | 61 E W T 00— OZXRE | WEY .

8L | 061 B ol e 1 (ol R 14 1 ) ) 9g— | I'gxQ¢ Y| g |7 EaA 1208
eFl | T0E 0FZ+ | 21 L'G i T I'T— | 61XZF | Way .

981 | 99C Crg | LEE | S s R T 0= S ErEne 2 e R S S |
061 | 028 0iggH [EL 81 R L [ e+ | €IX000 | WAy 3

00z | ©8e 098+ i O O - 1 J I 0z— C'[ X G Wor| T |7ttt T TBIA BT-81
L8l | o82 ¥¥c+ | BT 07 R e ey el L= Orxeg | gaEn !

901 | €08 G oo+ 'l 1’6 | 20 L T I = | FIXSE 30 N N R " ' |
06 I'S1 zozd+ | 60 | 9% il 1= | r1X0e | Wery

OFL | 001 14t T [t T A s G 8 00+ OIX6T I o e e L1-91
o'gl | 968 095+ G0 e | F I 1] 0'z— CTXO0F Y

G'1T | 0’82 06+ | 60 | 1 | 90 o e T 05— FIXLE UL [ s a91-¢1
0’11 | 032 o1 01 | T L 0G— CIX08 el ;

00L | 06l o914 | oL | @1 | L0 T 0'z— 0O1LX0E IR T T R e
£er | 801 96+ | 80 | 8% 8 T Tl 0'%— C'TX8G Ay !

22l | 811 2t | 80 | #% | €8 | €| T.l.0 ) e LTXT¥F | g [ttt ek BI-RI




136 THE NASAL ACCESSORY SINUSES IN MAN

All measurements are given in millimeters. The level of the
ostia and the superior level of the sinuses were in all cases
measured from the level of the nasion. Thus measurements
preceded by a minus sign indicate that the average level was
the given distance inferior to the nasion, while those preceded
by a plus sign indicate the given distance superior to the
nAasion.

The resorption of the diploé in the vertical portion of the
frontal bone is seldom such as to make the sinuses of the two
sides quite symmetric. The general outline of the sinuses
often suggests an attempt at symmetry, although one or
more of the diameters may show considerable variation.
Not uncommonly, however, the two sinuses are of an entirely
different form. Irregularity in the rate of resorption on the
two sides often produces a deviation of the septum frontale.
The position of the septum frontale is, in the great majority
of cases, median at its inferior portion, but in a few instances
this portion showed variations of from 2 to 6 mm. from the
median line. The superior portion of the septum, however,
usually shows a slight deviation to one side or the other,
the deviation being away from the more rapidly developing
sinus. Oceasionally a case is found in which one of the
sinuses is poorly developed and the sinus from the other side
has developed so far past the median line that the resulting
deviation of the septum is such that it forms a part of the
anterior wall of the deficiently developed sinus. However,
in cases where the interfrontal suture persisted (metopie
skulls), no instance was found in which a sinus had extended
past the median line, regardless of the extent of pneumatiza-
tion on the opposite side.

In 101 cases (202 frontal sinus areas) having the mucosa
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Fic. 49.—Speciven, Ercnreex Years, ELEvEN MonTas, axp TEx Days Onp.
(Series D, No. 85.)

Lateral view of the frontal, ethmoidal, maxillary, and a portion of the sphe-
noidal areas. Sinus frontalis developed from an infundibular cell. Note
that the ostium frontale is not in the most inferior portion of the floor of the
sinus.  Cel.b.eth., Cellule bulle ethmoidales; Cel.eth.post., cellule ethmoidales
posterior; Ost.sph., ostium sphenoidale; S.sph., sinus sphenoidalis; A.car.ind.,
arteria carotis interna; N.abdue., nervus abducens; N.maz., nervus maxil-
laris; Tub.aud., tuba auditiva (Eustachii); S.maz., sinus maxillaris; 1,
probe through ostium maxillare; Duct.na.lacr., ductus nasolacrimalis; Cel.
;:njm.-,dl., cellula infundibularis; Ost.front., ostium frontale; S.front., sinus
rontalis.
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Ccel.e th.pu st—w
(abherrant)
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S.MAaAX -

FiG. 50.—SreciMEx NINETEEN YEARS axp Twenrty-ElgaT Davs Oup.
LateEran View orF Froxtan, ETHMOIDAL, AND MAXILLARY AREAS. (Series
D, Na. 86.)

Note presence of an aberrant ethmoidal eell which has invaded the postero-
superior portion of the maxilla. The ostium of this eell is in the midportion
of the lateral wall of the meatus superior.  When this type of development s
more extensive, a ““double maxillary sinus" is formed, as deseribed by Zucker-
kandl. = Cel.b.eth., Cellule bulle ethmoidales; Cel.eth.post., cellule ethmoidales
posterior; N.optic., nervus opticus; N.abdue., nervus abdueens; N.oculom.,
nervus oculomotoriug;  N.troch.,, nervus trochlearis; Gang.semi., ganglion
semilunare; S.mazx., sinus maxillaris; Cel.eth post. (aberrant), aberrant eellula
cthmoidalis posterior; Tnfund.eth., infundibulum ethmoidale; Celinfund.,
cellula infundibularis; S.front., sinus frontalis,
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Fi6. 51.—Specimex NINETEEN YEARS, SEvex Moxtas, axp Frrreeny Davs
Owp. (Series D, No. 88.)

Median sagittal section. The anterior portion of the concha media and a
portion of the frontal bone have been removed to show the anterolateral nasal
wall. The hiatus semilunaris is in this instance unusually short. B.eth.,
Bulla ethmoidalis; C.med., concha media (eut surface); C.sup., concha su-
perior; C.suprd, concha suprema I; Ost.sph., ostium sphenoidale; S.sph.,
sinus sphenoidalis; C.inf., concha inferior; Proc.unc., processus uncinatus;
H semi., hiatus semilunaris; Celfront., cellule frontales; Ost.front., ostium
frontale; S froni., sinus frontalis,
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Fra. 52.—speciMEN TweENTY YEARS AxD Frve Moxtas Owp.  (Series D,
No. 90.)

Posterior view of a coronal section 18 mm. posterior to the nasion. The
posterior walls of the sinus have been removed to show the relations of the
sinuses and their ostia. Note that on the right side there are two distinet
sinus frontales present.  The more medial of these two sinuses developed from
a cellula frontalis, medial to the processus uncinatus, while the lateral one de-
veloped from the infundibulum. 1, Probe through the ostium of the medial
sinug frontalis, the ostium being anterior to the cellula frontalis shown in
tllustration; S front., sinus frontalis; Cel front., eellula frontalis; Infund.cth.,
infundibulum ethmoidale; C.med., concha media; Ostonar., ostium maxillare;
inf., concha inferior; S.maz., sinus maxillaris; N.infraorb., nervus infra-
orbitalis; Proc.une., processus uncinatus; B.eth., bulla ethmoidalis (extreme
anterior portion); Cr.gal., erista galli.
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attached, the following were the five ways in which develop-
ment of the sinus frontalis occurred and the percentage of
each variety:

1. By the extension of one of the cellule frontales in 41
per cent. of cases. Such development is shown in Figs.
21, 23, 36, 41, 45, 47, and 51. The development of the
cellulsee frontales, the variations in their number, and the
irregularities in the degree of prominence attained by the
conchz frontales were considered on pages 46 and 53.

2. By the extension of the recessus conchalis—no cellule

frontales being demonstrable—in 18.4 per cent. of cases.
Figs. 38, 43, and 48 show this type of development. In this
class of cases the concha frontales have either failed to de-
velop or else were represented by such slight folds that they
were completely resorbed during the expansion of the recessus
conchalis.

3. By the extension of a cellula ethmoidalis anterior
having its origin from the suprabullar furrow, in 1 per cent.
of cases. Such development is distinetly shown in Fig. 33.

4. By the direct extension of the infundibulum ethmoidale,
in 15.6 per cent. of cases. (See Figs. 35 and 56.)

5. By the extension of one of the cellule infundibulares
in 24 per cent. of cases. Variations in this type of origin
are shown in Figs. 28, 39, 49, and 55.

Summarizing the above classification of origins, we find
that sinus frontales developing by the first three methods—
a total of 60.4 per cent. of the cases in this series—communi-
cate with the meatus medius without communicating with
the infundibulum ethmoidale. Sinuses which develop by
the fourth and fifth methods, however,—a total of 39.6 per

cent. of the ecases in this series,—communicate with the
10
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meatus medius via the infundibulum and the hiatus semi-
lunaris. Thus in these cases there is a close relationship
between the sinus frontales and the sinus maxillares, since
the ostium maxillare in all eases is situated in the infero-
lateral wall of the infundibulum.

SUPERNUMERARY SINUS FRONTALES

Ordinarily only one frontal sinus develops on each side,
but in a few instances supernumerary sinuses are found.
The term supernumerary sinuses must not be used in deserib-
ing sinuses incompletely divided by a partial septum or
septa, but is restricted to cases in which more than one
distinet process of pneumatization from either lateral nasal
wall develops sufficiently to invade the vertieal portion of the
frontal bone—the sinuses being separated by a complete
septum and having independent ostia.

It would be possible to have supernumerary sinuses de-
velop by extensions from two cellul infundibulares, from
two eellul@ frontales, or from any combination of the above-
deseribed five routes of development of sinus frontales.

In 101 eases (202 frontal areas) having mucosa attached,
we found two cases showing the presence of two frontal
sinuses on each side, and three eases which had two sinuses
on one side and the usual one sinus on the other side. Thus
of the 202 frontal areas, 7 of them had double sinuses. In
4 of these instances the double sinuses were on the right side,
and in 3 on the left. The ways in which these 7 double
sinuses originated were as follows:

1. By the extension of two cells medial to the processus
uncinatus (cellule frontales) in three instances (Fig. 36).
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Fiac. 533.—8Specivex TweNTY-0NE YEARS, Si1X MoxTHs, AND TWENTY-NINE
Days Owp.  (Series D, No. 91.)

Sagittal section, 1.5 mm. to the left of median line, Anterior portion of
i coneha media has been removed to show the relations of struetures forming the
lateral nasal wall. 1, Probe through ostium frontale; 2, probe through ostium
sphenoidale; S front., sinus frontalis; H.semi., hiatus semilunaris; Proc.une.,
processus uneinatus; Clinf., concha inferior; Ost.tub.aud., ostium pharyngeum
tubwe auditivee; Hypoph., hypophysis; Csup., concha superior; Comed.,

concha media; Fissupra., fissura suprabullaris; B.eth., bulla ethmoidalis.
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Fic. 54—SpeciMexy TweENTY-TWo YEARS, Si1x MoxTas, AND ELEVEN Days
Orp.  (Series D, No. 93.)

Lateral portions of the frontal, ethmoidal, maxillary, and sphenoidal areas
have been removed to show the extent and relations of the sinuses. Note
that two ostia maxillaria are present, both communieating with the infundib-
ulum ethmoidale. (This is the only instance of this kind found in the entire
series.) Celeth.ant., Cellule ethmoidales anterior; Cel.eth.post., cellule eth-
moidales posterior; S.sph., sinus sphenoidalis; For rotundum, medial wall of
foramen rotundum; S.onar., sinus maxillaris; Ost.maz.(b), ostium maxillare;
Ost.maz. (a), duplication of ostium maxillare; Duct.na.lacr., ductus naso-

lacrimalis; fnfund.eth., infundibulum ethmoidale; Celinfund., cellule in-
fundibulares; S.front., sinus frontalis.
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Siront

Ost.front
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Fic. 55.—SreciMeN TWENTY-THREE YEARsS, SEVEN MoxTHs, AND THIRTEEN
Days Orp. Lateran VIEw oF FronTaL, ETHMOIDAL, MAXILLARY, AND A
PorTioN OF THE SPHENOIDAL ArReas. (Series D, No. 94.)

The dotted line outlines the extent of the sinus sphenoidalis. The sinus
sphenoidalis and the sinus maxillaris are both unusually small for an adult.
(Compare with preceding figpures.) Note also the unuaun{ly large fossa canina.
The sinus frontalis developed from an infundibular cell. Cel.eth.ant., Cellule
ethmoidales anterior; Celeth.post., cellule ethmoidales posterior; S.sph.,
sinus sphenoidalis; N.optic., nervus opticus; A.car.inl., arteria earotis interna;
N.abdue., nervus abducens; Gang.semi., ganglion semiﬁunnr&: Tub.aud., tuba
auditiva; Lam.lal.,, lamina lateralis processus pterygoidei; Fos.ca., fossa
canina; Duet.nalacr., ductus nasolaerimalis; fafund.eth., infundibulum eth-
moidale; Ost.fronl., ostium frontale; S.front., sinus frontalis.
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Beth
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Fia. 56.—S8peciMeEN THIRTY-FIVE YEARS OLD. SAGITTAL SECTIG:_-: FroM WHICH
THE SoFT ParTs Hap BEEy REMovED BY MaceraTion. (Series E, No. 5.)

Concha nasalis media has been removed to allow a better view of the proe-
essus uncinatus and the bulla ethmoidalis. The sinus frontalis dwe!ltl}p-ed
from an infundibular cell. 1., Probe through ostium frontale; 2., probe
through ostium sphenocidale; B.eth., bulla ethmoidalis; C.med., concha media
(eut surface); Lam.crib., lamina cribrosa; C.sup., concha superior; C.supr.d,
concha suprema 1; Forsph.pal., foramen sphenopalatinum; Lam.med.,
lamina medialis processus ptervgoidei; Os pal., pars perpendicularis ossis
palatina; C.inf., concha inferior; Proc.eth., processus ethmoidalis eoncha
nasalis inferior; (s lacr., os lacrimal; Proe froni.maz., processus frontalis
maxille; Proc.une., processus uncinatus; H.semi., hiatus semilunaris; Ag.na.,
agger nasi; S frond., sinus frontalis,
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FiG. 57.—SpEciMEN THIRTY-EIGHT YEARS OLp. HORIZONTAL SECTION FROM
WHicH THE Sorr Parrs Hap Beexy Removep BY MaceEraTion. (Series
E, No. 15.)

Plane of section is 9 mm. inferior to the level of nasion, or 4 mm. inferior to
the level of the sutura zvgomaticofrontalis. 1, Os nasale; 2, lamina per-
pendicularis ossis ulhmﬁi(?uiis: 3, infundibulum ethmoidale; 4, cellule eth-
moidales anterior; 4, lamina papyracea ossis ethmoidalis; 6, sulcus infra-
orbitalis; 7, cellula ethmoidalis posterior; 8, processus orbitalis ossis palatini;
9, fissura orbitalis inferior; 10, fissura orbitaliz superior; 11, foramen opticum
(inferior surface); 12, sinuz sphenoidalis; 13, sella tureica; 14, foramen
lacerum: 14, foramen rotundum; 16, foramen ovale; 17, foramen spinosum;
18, cellule ethmoidales posterior; 19, os zygomaticum; 20, facies orbitalis
maxillzz; 21, cellule ethmoidales anterior; 22, os lacrimale; 23, duetus naso-
laerimalis; 24, infundibulum ethmoidale.
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2. By the extension of two cells lateral to the processus
uncinatus (eellule infundibulares) in two instances,

3. By the extension of an infundibular cell and the direct
extension of the infundibulum ethmoidale in one instance.

4. By the extension of one of the cellul@ frontales and the
direct extension of the infundibulum ethmoidale in one
instance (Fig. 52).

THE FORM AND BOUNDARIES OF THE SINUS FRONTALIS

The shapes of the frontal sinuses, as well as the extent
of their pneumatization, show a wide variation in the differ-
ent specimens of approximately the same age. In average
cases, however, sinuses which have not extended into the
vertical portion of the frontal bone (infantile types of sinuses)
are rather ovoid in outline (Figs. 21, 24, 27, 33, and 36).
When pneumatization has extended into the vertical portion
of the bone (Figs. 49, 51, 53, 55, and 56), the outline of the
average sinus resembles somewhat a three-sided pyramid—
as described by Boege and by Miloslawski in their studies
of adult sinuses. Boege found, in his study of the frontal
sinuses in 203 adult macerated skulls, that in 4.9 per cent. of
cases the sinuses on both sides failed in their superior de-
velopment to reach the level of the supra-orbital margins;
while in 4.4 per cent. of cases the right sinus alone, and in 2.5
per cent. of cases the left sinus alone, failed to reach a height
equal to that of the supra-orbital margin. The average
diameters of the frontal sinuses as found in Boege's 203
cases are 23.6 mm. laterally, 20.8 mm. supero-inferiorly, and
16.1 mm. anteroposteriorly. The average diameters of de-
veloping sinuses as found in the various ages in this series
are given in the table on pp. 134 and 135.
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The anterior wall of the fully developed sinus is formed by
the anterior plate of the vertical portion of the frontal bone.
This 1s the thickest of the sinus walls, different specimens
varying from 1 to 8 mm., but averaging in adult cases 2.5
mim. in thickness. The thicker walls contain considerable
diploé. All observers agree that the prominence of the
superciliary ridges bears no constant relationship to the size
of the sinuses found beneath them.

The posterior wall of the fully developed sinus is formed
by a part of the posterior plate of the vertical portion of the
frontal bone and also, in some eases, by a part of the hori-
zontal portion. This wall is composed almost entirely of
compact bone and averages 1.2 mm. in thickness.

The medial wall is formed by the septum frontale, which
frequently shows deviations toward one side or the other.
The percentage of cases showing deviations toward the right
and the percentage toward the left are approximately equal.
In no instance was the septum frontale found to be incom-
plete. In average adult ecases its thickness varies from 0.5
to 1 mm.

The floor of the fully developed sinus is usually quite
uneven. Laterally it is formed by the orbital roof, while
medially it overlies the anterior ethmoidal cells. In the
posteromedial portion of the floor is the ostium frontale,
which is usually situated in the most dependent portion of
the sinus (Figs. 28, 33, 45, and 52), but is not invariably

so—an antero-inferior recess sometimes being on a lower

plane (Figs. 35 and 49). The average diameters and levels
of the ostia, as found in the various ages, are given in the
table on pp. 134-5. TIrregularities in the floor of the sinus,
due to underlying anterior ethmoidal cells, were considered

on pp. 54 and 63.
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A “duetus nasofrontalis™ is mentioned by many writers,
but we have seldom found one distinetly demonstrable. In
the vast majority of eases the ostium frontale communicates
directly with a frontal cell, with the recessus conchalis,
with the infundibulum ethmoidale, or with an infundibular
cell without the interposition of a duet (Figs. 35, 36, 38,
al, 53, 55, 56). In some very few instances, however,
where the sinus has developed either from an infundibular
cell or from a frontal cell which is pressed upon and narrowed
by the partially surrounding cells of that group, the resulting
constriction may resemble a duct, as in Fig, 39, and in the
right medial sinus in Fig. 52. In the latter figure the probe
shows the position of the narrowed cell, or so-called duectus
nasofrontalis.

The freedom of communiecation between the sinus frontalis
and the meatus medius is often interfered with by an en-
larged concha media, which narrows the opening into the
recessus conchalis, or which comes into close contaet with
the hiatus semilunaris. In other cases a malposed small or
narrowed concha may produce a similar result. In Fig. 42
the influence of pressure from a septal ridge, as exerted upon
the concha media, and the narrowing of the hiatus semilunaris
and the infundibulum ethmoidale, which results from the
change in the degree of medial inelination of the processus
uncinatus, is clearly shown. Slight swelling in such a case
would completely ocelude the communication between the
sinus frontalis and the meatus medius.



THE SINUS SPHENOIDALIS

The sinus sphenoidalis differs in its early development
from the other accessory sinuses in that the primitive sinus
does not have its origin from one of the furrows situated on
the lateral nasal wall, but develops as an invagination ex-
tending from the posterosuperior portion of the recessus
sphenoethmoidalis.

In the narrowed posterosuperior portion of the recessus
sphenoethmoidalis there is demonstrable in sixty-five-day
embryos an invagination of the mucosa extending into the
posterior portion of the nasal capsule (Fig. 8). The site
of this primitive invagination persists as the ostium sphenoid-
ale. Embryos of eighty-five to one hundred days show the
development into the nasal capsule more distinetly (Fig. 11),
the advancement of the pouching process being most fre-
quent in a postero-inferior and slightly lateral direction.
The primitive sphenoidal sinuses thus come to lie posterior
to the nasal capsule and anterolateral to the body of the
sphenoid bone (Figs. 15 and 16). In that portion of the
nasal capsule which forms the antero-inferior wall of the
primitive sinus there develops an ossification center for the
concha sphenoidalis or ossiculum Bertini. Ossification of
this concha sphenoidalis is in many instances well advanced
in term fetuses and infants (Fig. 18), but it is not until the
second or third year that this bone becomes firmly attached
to and continuous with the body of the sphenoid.

The extent of development of the sinus sphenoidales
160
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during childhood has evidently been underestimated.
Many writers quote Toldt’s statement, that in the develop-
ment of the sinus sphenoidalis the resorption process is
noticeable in the third vear, reaches the sphenoid bone In
the sixth or seventh vear, and in the eighth to the tenth year
really becomes a cavity in the sphenoid bone. The seareity
of anatomic material showing the conditions present dur-
ing childhood is probably responsible for such conclusions.
Figs. 15, 16, 18, 22, 27, 29, and 31 show approximately the
average development as found in the given ages in this
series. and the extent of pneumatization is seen to be much
greater than in the cases observed by Toldt.

The average diameters of the sinus sphenoidales as found
in the specimens of the various ages studied in this series
are given in the following table. The average distance from
the superior border of the ostia sphenoidalia to the level of
the eribriform plate of the ethmoid, the average diameters
of the ostia, and the thickness of the sphenoidal septum are
also given. All measurements are in millimeters.

The marked tendency of the sinus sphenoidalis to develop
posterolaterally more rapidly than it does directly pos-
teriorly (Fig. 22) is such that in the average case the lateral
wall of the sinus becomes quite thin (one millimeter or less
in the thinest portion) by the end of the second or during
the third year, while the septum sphenoidale still remains
relatively thick—first reaching an average of one millimeter
or less in the ninth vear. (See table p. 162.) Thus this
early posterolateral resorption of the osseous wall soon brings
the sinus into close relation to those cranial nerves which
pass just lateral to the body of the sphenoid (Figs. 21, 30,

32, 39, 45, 47, 50, and 55), and shows an anatomic basis for
11
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164 THE NASAL ACCESSORY SINUSES IN MAN

the clinical observations of Dr. Greenfield Sluder, of St.
Louis, regarding neuralgias from irritations of the fifth
nerve by infectious processes in the sinus sphenoidalis—such
irritation in some reported instances having first occurred
in early childhood.

In all eases in this series one sinus sphenoidalis was found
on each side, and in no instance was more than the one pres-
ent. The septum sphenoidale was in all cases complete.
The position of the septum was usually vertical and median
in the anterior portion, but deviating slightly from these
planes posteriorly. In some instances, however, the In-
equality in the rate of resorption had been sufficient to pro-
duce a more marked deviation of the septum, even to an
extent which made the septum form the posteromedial
wall of the smaller sinus—a process similar to that described
when considering deviations of the septum frontale.

The extent of sphenoidal pneumatization, like that of all
other nasal accessory sinuses, may show wide variations in
specimens of approximately the same age. The develop-
ment during childhood may be slow, as is shown in Figs.
32, 34, and 36, and marked deficiency in resorption may
persist-x"i'i‘r\adult specimens (Fig. 55). The sinus shown iIn
Fig. 56 may be taken as the form to illustrate approximately
the average adult type. In many instances, however, the
sinuses not only fill the body of the sphenoid, but may ex-
tend far into the eclivus, or recesses may develop into the
processus pterygoideus (Figs. 45, 47, and 54), into the greater
or the lesser wings of the sphenoid, or, in some instances,
into the orbital process of the palate bone. (Pneumatiza-
tion of the orbital process of the palate bone, however, was
found to be more frequently produced by the extension of a
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recess from the most posterior of the ethmoidal cells.) The
extent of pneumatization of the sphenoid bears in no way
a constant relationship to the size of the other ACCESSOTY
nasal sinuses, nor was there found to be any definite propor-
tion between the size of the sphenoidal sinus and the size
of the nasopharynx. In average cases the rate of resorption
of the body of the sphenoid is such that by the eighth to
the tenth year the posterosuperior portion of the sinus lies
beneath the anterior portion of the sella turciea (Fig. 38),
and by the fifteenth year is usually separated from the
hypophysis by a very thin lamina of compact bone (Fig. 46).
Anterosuperiorly, the sinus sphenoidalis is in close relation
to the most posterior of the ethmoidal cells ( Figs. 28, 43,
49, 54, and 57), but in no case was there a communication
between the sinus and such cells. Deficiencies in the lateral
osseous wall of the sinus have been described by Zuckerkandl
and by Craig, but in this series we have found no such condi-
tions present.

Irregularities in the resorption of the bone may leave
ridges similar in character to those found in the frontal and
in the maxillary sinuses. Varying types of such ridges are
seen in Figs. 31, 46, 48, 54, 56, and 57. In addition to these
ridges, when there is a recess extending well into the ptery-
goid process, there is on the floor of the sinus a distinet
ridge (Figs. 45 and 47) which overlies the nervus canalis
pterygoidei (Vidii).
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