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I DENTAL HISTOLOGY

surrounded by a capsule, and apparently associated very
closely with the translucent layer of the membrane. Tomes"'
has repeatedly seen this condition. How these encapsuled
cells get into the pits or fissures is not quite clear. There is
an occasional appearance noticed in teased or spread-out

Fig. 3.—A thicker portion of Nasmyth’s membrane than in Fig, 2, ?'uf:.'l.i:'ﬂi-
fied 200 times. A, Hexagonal impressions of the enamel rods.

pieces of the membrane of the cells being arranged con-
centrically round certain tiny spaces, and it may be that these
represent in some way the spots where encapsuled lacune may
be deposited. A lacuna may perhaps represent a persistent
retained and imprisoned cell of the sfrafum infermedium of

1 ¢ A Manual of Dental Anatomy,” p. 100, 1808,





















FHIE IENAMEL 21

When isolated by means of the careful application of dilute
acid solutions, the prisms have their cementing substance
dissolved, and can then be examined critically (Fig. 14).

N

)

I

Fig. 11.—Sagittal section of the incisive ed
Ground thin, Unstained,
pigmented appearance of the enamel, 1, Enamel : 1, Dentine,

ge of a Human incisor tooth,
Magnified 45 times. Shews the general

They are absolutely solid in the adult or mature state, z.¢.,

when fully completed, rather flexuous or curved in contour,
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ha
I

Kolliker in « A

and measure ‘005 mm. (51) in diameter,
1860, gives their

Manual of Human Microscopic Anatomy,”
breadth as 6-4u to 51

Their length may attain to 2 mm.

Fig, 12,—Sagitlal section of the incisive edge of a Human canine Inr.rth.
" - Lt i - i r B e :
Ground thin, Unstained, Magnified g5 times, E, Enamel ; . Dentine,

; 1 111 5 r -

The outlines of the prisms, in addition to being curved, are

beaded, or very slightly varicose. Their long axes are,
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L

or degenerated conditions of 1;111::' hard tiﬁ:ﬁ}lﬂs : thﬁ}r, rrjay hf;

very indistinct, or even absent, 1n the region of the ename
3 e dentine.

m’?’:c:r:tording to Bodecker the enamel is traversed by fibres of

living matter located in the interstices between the eners,mel

rods. The fibres are connected with one another by Fleilf?atc:

fibrillee, piercing the enamel rods in a vertical direction.

Fig, 16,—Section of enamel from Hnoman tooth,
Dark pround illumination,

show the ;_;!'mm'lﬂr calcified p[:‘LFal'n-Hl_ri:ngr;_

Magnified 2,000 times,
Focussed in the middle of the section Lo

The transparency of the
cement-substance between the enamel rods is perfectly demonstrated
in this illustration, FPhotomicrograph by Leon Williams.

Besides these rectangular unions, the basis-substance con-

tains a minute network of living material which pervades it

throughout its whole extent. The enamel fibres send conical

thorns toward the enamel rods, and such thorns are visible
in all interstices between the enamel rods,
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The enamel fibres are continuous on the outer surface with
the covering layer of flat epithelium, and on the inner surface
with the dentinal fibres. The connection with the latter is
either direct or indirect through a network of living matter, or
through intervening protoplasmic bodies in the interzonal
layer (Fig. 19).

Magnified 330 - times.
ed by Howard Mummery. The transverse markings of
E The enamel-rods are everywhere
Photomicrograph by Leon

Fig. 17,—Section of enamel from Human tooth.
Section prepar
the enamel-rods are very pronounced.
ceen to be united by projecting processes,
Williams,

ctf. p. 05) has further given a draw-
the light reticulum within
lateral off-shoots of

And also Abbott (g,
ing showing the enamel-rods,
them, the intervening fibres, and the
the fbres.

The researches of Tomes, Leon Williams, and others, have,









THE ENAMEL 29

Iig, 21.—Longitudinal section of enamel from outer surface of Human
incisor. Magnified 3,000 times, The structure of the calcified enamel-
globules of which the rods are composed is very finely shewn in this illus-

tration, This section represents normal human enamel of the hinest tvpe,
Photomicrograph by Leon Williams,
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by plasmic strings of granular origin which traverse the
entire length of the rods; that they are also united to thi;
bodies of contiguous rods by radiating processes, or cw}‘n
touch one another at the points of the greatest diameter of
the rods; that there may be as many as fifteen or twenty
calcified plasmic strings in each enamel prism ; and that their
ultimate structure is most suitably revealed by the action of

Fig. 22.—Longitudinal section of enamel from Human tooth. Magnified
1,000 times,  Shows enamel-rods passing through Retzius bands with-
out break of continuity, The rods are ceparated by rather more than

substance, and show imperfect formation

Photomicrograph by Leon Williamss.

the normal amount of cement.
in lower right-hand comer.

weak acids, such as citric in lemon juice, which first removes
the connecting threads.

The Cementing substance

amount. In the majority of cas
ess in actual contact throughout their

or matrix varies considerably in
es, in the teeth of man, the

prisms are more or ]





















THE ENAMEL 37

Fig. 25.—Vertical section of Human enamel shewing the lines of Schreger,
section ground thin, Unstained. Magnified 45 times. . Free surface
of the enamel ; s, Schreger’s lines; ©p. Dentine,

Fig. 26.—5ame as preceding figure.  Magnified 250 times,
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Fiag 25,

'
FiG,. 20,
Figs. 28 and 29,—Vertical sections through cusps of Human molar,. Stained
with. Golgi’s rapid process, Magnihed 45 times. E. Enamel ;
D, Dlentine; F. Fissure with clear structureless margins,
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THE DENTINE .

Fig, 41,—Vertical section of dentine, coronal portion, shewing the
arrangement of the primary curvatures of the tubules, Unstained,
Magnified 40 times, E, Enamel; bp, Dentine; . Interglobular

Spaces,
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Fig. 42.— Vertical section of dentine, radicular portion, shewing the
branthing and terminations of the tubules, Prepared by grinding, after
staining by impregnation with coloured collodion, Magnified 240 times,

. Dentine ; ¢, Cementum.
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Fig, 43, —Transverse section of dentine, radicular portion, shewing the
ridiation of the tubes from the pulp cavity, Prepared by prinding.
Unstained. Magnified 40 times, D, Dentine; ¢, Cementum,






DENTINE

THE

Prepared by giinding.

Magnified 100 times,

Nearly transverse section,

Fig. 45.—Dentine,

Stained by Weil’s process,

Oblique section, shewing the branches of the tubes.
Magnihed 420 times,

Prepared as in last figure,

Fig, 46,—Dantine,













































"2 DENTAL HISTOLOGY

Fig, 5-.—Schreger’slines in dentine, From the ivory of the tusk of a walrus,
Prepared by grinding, Unstained, Magnified 45 times, €f, Figs 25.

Fig. 58.—Same s the preceding. Magnified 420 times, Cf. Fig. 20,
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THE CEMENTUM

Fie. 62,—Incremental lines. Prepared by grinding, Unstained, Magnified
=% - !
. 4oo times,

Fig. 03,—Perforating canals and fibres in cementum. Prepared by
grinding. Stained with chloride of gold, Magnified 4o times. c.
Cementum ; H, The homogeneous layer; 1, Dentine,
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Fig, 64.—Cementum, Frepared as in last figure. Incremental lines and
homogeneous layer well defined, Magnified 400 times, 1. Incremental
lines ; H, Homogeneous layer,

|."" LE N g 4

. A 1
EA r“hll"} "! -l L"a'.rl:'t [ -
L.'.ﬂ Y - g Ll .
W o ﬂin"ﬂi g e, il 5 - - o
— - il #“*FMWM'
-~ B PRI o i g diiten <
AR e >

¢ O SRR « ol B R e S 5 A
L 2 " -
4 u T/ ,.,ﬁ\. ".hm—h.ul.l-‘i....:ﬂ.:“r-
e WA g i 71
. b ) e e
%
. ey NS "
gt '3 ‘TR
AT g AW
i ! e g

/e

Fig, 65.— Longitudinal lamelle of cementum, sliewing numercus varicosi-
L -1 (L o 0 a B £ il : :
ties, Magnified 1,000 Limes, Photemicrograph by Norman Broomell,
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has also been observed by Otto Walkhoff (af. cif. pp. 142, 143)
and figured by him in Plates v. and ix.: both statement and

photographs having been brought to the notice of the writer
since the preceding lines were penned.

But one of the after-effects of a morbid change or a series
of morbid changes in the alveolo-dental periosteum—however

Fig. 67,—To shew partial calcification of the incremental lines, Magnified
1,000 times, Photomicrograph by Norman Broomell,
slight, is the stimulation of the otherwise quiescent osteo-
blasts,todeposit osseous material on the periphery of the tissue:
and lacuna are then formed, imprisoning the osteogenetic
cells. A single lacuna may not infrequently be observed
situated near the granular layer of Tomes; and this would
‘ndicate abnormal processes going on about the time the












28 DENTAL HISTOLOGY

in some sections of cementum where the hard and soft parts
have been prepared and preserved i sifu. They are very y
short straight or slightly curved bundles of fibrils, the main
characters of which agree with white fibrous tissue, while
some may be of the nature of elastic tissue. They are
identical with the perforating fibres in the lamellse of bone.

E . Bl .
Cemental § el iranilar
fibres -

1‘\- Dentinal
._\“\ tubes
o

Fig, 71.—Perforating fibres passing from the outer margin of the first-
deposited cementum  outwards ‘*unlil the next incremental line is
reached, at which point they gradually disappear, but recur in the
succeeding lamelle,” Magnified 1,000 times, A. FPrimary or oldest

layer of cementum, Photomicrograph by Norman Broomell,

In cementum they occupy the interiors of slightly truncated

canals.
As will be seen, Sharpey’'s fibres are entirely distinct
structures compared to the perforating fibres described above.
Normal cementum is non-vascular ; but there would seem
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to be, in the majority of cases, fine protoplasmic {ibrils which
traverse the boundary line between dentine and cementum.
Norman Broomell, in the excellent study already men-
tioned, would recognise in the tissue under consideration
three zones or layers, not always discernible but fairly con-
stant. The inner, first-formed, is granular, unbroken, and
continuous with the granular layer ; the intermediate con-

emental

il fibres

Fig, 72.—Fibres passing in a direction almost parallel to the surface, and
towards the apex of the root. Magnified 300 times Photomicrograph
by Norman Broomell,

tains many lacuna; and the outer or youngest exhibits
many sinuous incremental lines. As the tissue becomes more
fully calcified the lacun disappear, and the zone possesses
many of the histological characters of the oldest layer.
Tomes describes this last layer in thick cementum as a
“ glassy film, denser than the subjacent portions,” and
considers it closely similar to the globular formations
characteristic of dentine in an early stage of development,

Oldest zone
of

| Cementom
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Granular
layer.

Dentine

Figy43.—Tibres springing from the granular layer of Tomes, at regular
intervals, and penetrating the cementum at right angles to the incre-
mental lines, Magnified soo times, A, The circumferential fibres

of Broomell, Photomicrograph by Norman Broomell,

Fig, 74.—Struttureless cementum of a deciduous tooth,  Prepared by
grinding, Unstained, Magnified 200 times, n, Dentine ; ¢, Cementum,
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Fig. 75.—Verlical section of the bone of the canine fossa: from a dried
specimen, . Magnified 45 times, Unstained. - Shews its peneral
histological features,” The darle masses are crowds of lacunme, (he

lighter portions the ground substance,

Fig. 76.—Granularity of the osseous matrix of the floor of the canine fossa,
Magnified 750 times. Unstained. A few canals can be seen at the
sinister corner,
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larity. AMany are spherical in shape and absolutely unlike
those of well-constructed compact bone, the majority being
provided with short coarse offshoots, though great numbers
are quite inermous. This last fact is- of great interest, and
probably has also some patholegical significance. These
lacunee, as is well shown in Fig. 77, do not possess, and they
probably never did possess, canaliculi; their outlines are

sharply defined rounded or oval contours, and under low

Ferli 1 " the rosE o b e wo maxillary
I:'ig. 1-51_‘!.,-,_.1.“{‘“] section ol lh_-:.. |:-.l-;:-tll_'t .hl,_.|'||.1.1[I'I'.|.:ILt'-‘-LLI1 WD Iv b
premolars, Magnified 4o times. Unstained,

magnifications rather simulate dentinal tubes cut transversely.

In addition to the granular matrix, the substance of the
bone, thin though it is, contains number_.a' uflhmud :.‘]mnnelﬁ_
of great leng'th, which may perhaps, during llﬂi‘..‘ﬂl’_‘t as vcm:lu.:a
carriers of the blood or give passage to lymphatics. Possess-
ing no histological or 1:11:,'1~'iﬂlugi(.:al interest, they ﬂ{jj:‘.ul‘
sufficiently commonly in this situation to warrant a passing

reference.
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(v) Angle of Mandible

Examination of the structure of vertical transverse sections
exhibits, best of all, the pervious parts of the hone.t;,——thf-a
regular disposition of the Haversian systems, and the perl
pheric and intermediary lamellz. The first are not yeny
numerous, and are seen mainly in Cross .-::‘:ctmn.l I'he
peripheric lamella are comparatively long, and the line of
demarcation between the individual lamellee very marked.

Fig, 8r,—Perforating fibres running lengthwise through the matrix of
the bony wall of the maxillary sinus, Magnified 800 times, Unstained,
The cut extremities of descussating fibres appear as white, round dots,

(Fig. 83). Strong lines of calcified connective tissue fibres
can be observed, here and there, closely welding together
the intermediary lamellze even in bones of adult life (age
thirty-five years). Internal to the free surface of the jaw, the
cancellated tissue follows very much the lines already laid
down.

Vertical lateral preparations of the same, show absence of
Haversian systems, but multitudes of lacuna and canaliculi,
and many radiating bands of calcified fibres.
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iy e o

Fig. 82.—Inermous lacun® amongst perforating fibres. Bone of antral
wall. Magnified 250 times. Unstained.

Fig. 83.—Vertical section of the angle of the mandible ; from a dried
specimen. Magnified 50 times, Unstained, The section shews the
general structure, At the upper part of the figure the long peripheric
lamell are seen at the free edge of the bone, with intermediary
lamelle between the Haversian systems. At the lower part of, the
figure the commencement of the cancellous diploi-like portion is,
separated from the external surface by the dense Jayer of dark compact

bone.
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I"ig. 5.[,—“&!‘11:“1] stiucture of the bone of the :lh'{_'uhh; fram a recent
specimen.  The cancellous spaces ancd contents are too darkly Stained
toshow any structure,” Magnified 4o times, " Stained with fuchsin,

Fig, 85.—Transverse section of the alveolus in s/t : from a dried specimen,
Magnified 40 times, Stained with borax-carmire, In the upper part
of the photograph is the free edge; below, the dentine and cementum,

with the periodonkal membrane intervening,
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Figz, 86,

Perforating fibres of the alveclus, passing into the periodontal
membrane, Magnified §0¢ times, Unstained.

Fig, 87, Lacupx and canaliculi in the bone of the alveolar process.
Magnified 250 times, Unstained
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STRUCTURAL MODIFICATIONS OF THE HARD TISSUES 117

convexities of which are outwards. Dried sections some-

times show thorn-like processes, running laterally from the

vascular canals. (See Fig. g6). :
The matrix of the dentine itself is slightly laminated.
Vaso-dentines are found in many fishes—hake, cod,

Sargus, flounder, haddock, &c., in the former of which the

canals are numerous, in the latter scanty. The dentine of

Fig. g6, —Vertical section of tooth of Merfucins vulgarie (Hake), Prepared
by Weil's process, with the substitution of Golgi’s method ol staining,
Magnified 250 times. Shews the vascular channels in the dentine, with

their so-called °f thorns,! and the laminated matrix of the dentine,

the first-named is tubeless. The teeth of manatee and
Megatherium possess vascular canals as a normal charac-
teristic,

(Osteo-aentine

In its general histological configuration, osteo-dentine
closely approximates to that of compact bone, but the inter-
mediary and peripheric lamellee are wanting. Its irregular
spaces are analogous to the IHaversian canals of true bone.
They contain, however, in this case, not medullary tissue, but
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pulp with round osteoblastic cells lining

) ; the walls in young
aeveloping specimens,

Fig, g5, —Vertical section of base of tooth of Chreharias.  Osleo-dentine,
Magnibed 50 times,

Osteo-dentine is found in the teeth of fishes, of which it may
form the whole or part, as in the photomicrograph (Fig. g7).
In typical instances, when longitudinally cut, it is made up
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In the osseous matrix lacunze are sometimes found, and the
dentine is more or less permeated by minute canaliculi. Many
variations from this type exist. The structure of the teeth of
Lamna (Porbeagle Shark) may be cited as an example.
Tomes (0p. c2t. p. 8o) describes it as follows:—“In the osteo-

Fix, . —Vertical section of tooth of Béor tucius, Prepared by ﬂr:tillm-
~ fication. Pulp tissue not retained in sifu. Stnined with borax-carmine,
Magnified 4o times. 0. Osteodentine; B. Tone of attachment.,
- L=}

dentine medullary canals of varying size run, with a direction,
roughly speaking, parallel to the long axis of the tooth,
ana-f-.:tomn:nsing with one another; and from their sides wavy

bundles of fine tubes radiate but do not run far ; that is to
say, its dentinal tubes do not radiate from any one central
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Fig, tor.—Longitudinal seclion through the cornual region of a young adult molar,

the dentogenetic zone of which is on the point of calciheation. The pulp is in situ,
Prepared by the Author's process, Stained with Ehrlich’s acid hematoxylene,
Magnihied So times. D. Dentine ; P, Pulp tissue in cornu of tooth ; . Dentogenetic

zone ; o, Odontoblasts 5 5,1, Basallaver of Weil : n. Blood vessels @ 5, Nerve bundles,
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Fig, ro2.—Transverse section of an adult canine, with the pulp in sitw.
Prepared by the Author's process, Stained with rubine, Magnified
45 times. D. Dentine; P, Pulp tissue proper; 0,, 0., O,, adonta-

blast layver: A, Arlery; V. Veimm:; M. Medullated nerve bundle,

[he narrowest diameter of the

p in the section of which Fig

L

102 il- i ||.||||l.||-|

35 mm,
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Fig, 1o4.- The stiucture of the pulp tissue. Prepared by Weil’s process,
Magnified 250 times

Fig, 105.—Same as the preceding, Prepared by the Author's process,
Magnified 250 times, €, A Capillary.
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Fig. 106.—0Odontoblasts on the surface of the pulp, Prepared by fixing
and hardening in formalin and alcohol, and cutting on an ether-freezing
microtome. Stained with chloride of gold. Magnified 250 times,

To shew the enormous length of the dentinal processes of the cells,

Fig, 107. —Young odontoblasts from a developing tooth germ. Magnified
250 tmes, 0. Odontoblasts,
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Fig. 108,—Similar to Fig. 102, The odontoblasis marked O, in that
photograph, Magnified 750 times, To shew the penipheral processes
extending into the dentival tubes az the dentinal fbrils,

Fig 100.—5Similar to Fig. 102, The odontoblasts marled 0, in that
photograph.  Magnified 750 times.
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() In séructure, the odontoblasts possess a coarse degree of
granularity, which does not disappear on the addition of a
weak acid, and is apparently unaffected by glycerine, and
certain other chemical re-agents. The distal ends of the cells
when young are apparently clear and homogeneous, the granu-
larity being confined to the lower four-fifths. In transverse
5&-‘:1.:'1{311, this granularity is due to either (i) a coarse, deeply-
staining reticulum or spongioplasm, or to (ii) the presence of
numeroustranslucent globules (? of first-formed calcoglobulin).
The author has failed to see the clear zone in adult odonto-
blasts, and considers that the spongioplasm becomes

Fig. 110.—Section of tooth germ before the surface cells of the pulp have
undergone any differentiation, Magnified 250 times, Photomicrograph
by Paul,

coarser through thickening of the nodes of the network as
time goes on, and the amount of the hyaloplasm is propor-
tionately diminished. Hence he again differs from Professor
Paul in his belief that the clear zone is due to calco-
globulin.

The nucleus of an odontoblast is large, oval, and prominent,

1 In this connection a remark by Professor Schiifer (** Quain’s Anatomy " vol. 1.,
part 1I., p. 174, 1898), is of profound significance : **It would seem that the
presence of certain inorganic substances, and especially calcium, is essential to the life,
and therefore to the functions of protoplasm ; but in what manner the lime may be

combined with the r1|'_1;;'|r|i-:: basis of the living material, remmuns as vet quite unde:
termined,"”

PRS- —— e

e



THE DENTAL FULP

Fig. 111, —A later stage than IFig. 110, Shews surface pulp cells becoming

arranged in a fairly regular layer, with their chiel processes directed to

wards the ameloblasts. Magnilied 250 times, Photomicrograph by
Paul,

Fiee, 112 5 e lebe ey fean of envlEp } T
ST hews I:“.“I.Ill."ﬂ evolulion of surface JELEEY cells, '||'|I.'fu Liave pro-
duced a superhcial hbrous laver, and their nuecler are now ina* restine™
state.  Theodontoblas ave not yet appeare Lernifi o dimas
[ } -.-hh |'|..l_".|_, not yet appeared. Magniied 230 times,
Photomicrograph by Faul.
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Fig. 113.—5hews the line of * transitional tissue ™ along the top of. the
odontoblasts. At one place it stretches across a gap belween two cells
caused by the intervention of a blood-vessel undergoing degeneration

Magnified 250 times, - Pholomicrograph by Paul,

Fig, 114.—A very thin section of odontoblasts, shewing the pulp |-.I1.1'r~; in-
vesting them, and ending in the * transitional tissue' forming the

| » -
shonlder or collar of each cell, DMagnified 340 times, Photemicro-

graph by PPaul,
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|‘_[g. iz1.—Medullated nerve fbres, teased out.  Stained with osmic acid,
Mapnified 830 times, R, A node of Ranvier,

Fig. 122, —Similar to the preceding. Magnified Soo times,
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DENTAL HISTOLOGY

Fig. 148.—A small area of a transverse section of the root of a tooth, and a
portion of the periodonial membrane, shewing glands, D. Dentine ; ¢,
Cementum ; GL. and GL%, Tubular glands (7} winding among the
fibres of the membrane, Photomicrograph by permission of G, V.

Black.



THE ALVEOLO-DENTAL PERIOSTEUM 179

£ M

[ B8

& L

Fig. 149.—Epithelinl bodies in the periodontal membrane, .M,
Cementum ; ¢,n, Osteoblasts lying between the fibres of the mem-
brane close to the cementum ; G,r, Epithelial cells with nuclei ; e.c,
Connective tissue cells,  Photomicrograph by permission of G, V,

Black.
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(B) Osteoblasts are flattened, cubical, or irregrularly-shaped
nucleated cells applied intimately to the external surface of
cementum and bone. This irregularity in shape, in the
former situation, according to Noyes (“ American Text Book

s 10

CM

G 1y
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G I,

1 7 ¥ N
A U g s &.I =7 F
R B o R J“I.'A‘:l. L RN w ".\ﬁ."-lr ILI i ||. ot

S

Fig. 150.—Shewing gland-like epithelial bodies lying between the large
white fibres of the root membrane. D. Dentine ; ¢ Cementum ;
c.p. Osteoblasts ; GL,, GL,, Glands (?); F. Large white connective

tissue fibres, Photomicrograph by permission of G. V., Black,

of Operative Dentistry, p. 144, 19o1), is caused by these cells
“ fitting around the attached fibres of the membrane, 50 as to
cover the entire surface of the membrane between the fibres.”
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Fig, 151.—Supposed duct ol glands of the root membrane, starting from a
group of glands not shewn in the field. c.u. Cementum; DT, DT,
.T,, Duct: F, Fibres of the membrane, &L, Blood-vessels, Pholg.

micrograph by permission of G, V. Black,
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Iig, 152.—The so-called gingival gland, 8.6, 5.6, Gland : ¢.a, Cementum
parted from the dentine ; n.31, MNasmyth's membrane separated from the
enamel by the acid uwsed in decalciheation : BP0, Epithelial column
dividing the gland from the surrounding tissues ; except at its base; k.
|‘:|1iLlu:Ei;|[ cells: H.P, ]".]1il:]1|,:[i|.|:1n ol outer pnrllun of free margin of
the gum ; 6.1, Glands of root membrane ; 1.7, Duct leading from glands
towards the gingivus ; D.7,. Small loop of second duct, ¥ Fibrous tissue

of the gum, FPhotomicrograph by permission of G, V, Black,
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Fig. lﬁr},-‘furtit.ﬂ section of the gum, I"n;]}an.:t] H:imi]:lr]}' to Fip, 1_‘{3. Stained

with Ehrlich’s acid hiematoxylene, Magnified 50 times. A, Oral epithelium ;

B, Papilla of the submucous tissue; ¢. Conneclive tissue fibres interlacing in

all directions; D, Scanty cellular elements ; v, Blood-vessel; 1.7, Parts of the
section torn in cutting : n, Alveolar bone,
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muscular tissue generally, run in various directions, so that
in any and every section some are cut longitudinally, others
tmnﬂ;t:rmﬂ}r, thus forming particularly attractive pre parations
for the microscope.

Greater interest than that of the histology of the muscles,

—

— i

Fig, 163,—Coronal section of the tongue of a Lin;;. Prepaved by hardening
in aleohol. Stamed with bamatoxvlene and eosine. Magnified 12
times, 5, Superior surface or dorsum of tongue; . The epithelium of

the conical papille; B, Blood-vessels injected with carmine; 1.

Inferior surface of tongue,
however, attaches to the mucous membrane and its abundant
supply of eminences or papille of varying size and shape.
The anterior two-thirds of the dorsum presents on its sur-
face, tip, and sides, where the mucous membrane is thin and
closely adherent to the muscular layver beneath, enormous
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cular and nervous supply of the corium, the stratified epithe-
lium which is extremely thick, contains in it several * taste
buds or goblets,” both on the sides of the papilla itself and in
the mucous membrane of the fossa. At the base of the fessa,
which may measure 1-25 mm. in depth, the openings of the
ducts of one or more glands can be seen.

« Taste-buds " are oval in outline, and consist of a collection
of narrow and fusiform gustatory cells, all enclosed by asingle

Fig. 167. “The gustatory cells ina fungiform papilla of the section photo-
graphed in g, 1hs. Magnified 300 times. G, Goblet or gustatory cells,

layer of broader fusiform cells, the encasing cells. A shight
depression in the lingual epithelium over the goblet has at its

base, a group of fine trichinous processes, which are the ter-
mination of these gustatory cells.

[he base of the tongue contains many mucous glands. They
Tu‘v large and broad, their dimensions, in man, being 14 mm.
inwidth, and even 3-omm.in length, They possess the usual
histologi - OUs (F1

gical features of mucous glands generally. (IFFig. 168).
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The intercalary portions, shorter and nnrm“ier than.the pre-
ceding, extend to the alveoli, and are 1.1ned wndh clear
flattened cells, possessing elongated nuclei, at their muf-;t
distal part. As they approach the intralobular ducts, their

Fig, ‘168,—Vertical section through base of the tongue of man, Prepared
by hardening in 3 per cent. nitric acid, and subsequently staining with
methylene-blue. Magnified 235 times. . Mucous gland ; D, Duct of
gland opening on to the surface; r. Conical papilla; M. Muscle fibres,

lumina are lined with cubical cells with small nuclei. I:SL‘E
Figs. 173 and 174).
Alveolt

Alveoli constitute the secreting part of the glands, and are of
two kinds :(A), mucous, (B), serous.
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nuclei, now no longer compressed, occupy the central parts of
the cells. (See Figs. 175 and 176)
B
Serons Alveolt

At rest, these cells, when properly prepared and stained,
are granular, with their nuclei in their centres completely

Fig, 170,—Submaxillary salivary gland of man. Prepared in the usual
way, Stained with Ehrlich’s acid h;l::nmLux:,‘h:ul:_ Iﬁlalgl'llll'n:v;[ 20 times,
Shews several lobules, 5.5, Serous aveoli; M. Mucous alveoli; &,

Blood-vessel : ¢, Connective tissue between the lobules,

obscured by the albuminous material in their protoplasm.
The lumen similarly to that of a mucous alveolus is fre-
quently totally occluded.
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but trabeculse of fibrous tissue surrounded by an open net-

work of fibres more or less densely aggregated.
The cells contained in these are lymphoid cells, which re-

semble white blood corpuscles. They differ, however, in the

Prepared by fixing and

Stained with haematoxylene ; counter-stained with‘msine.
1. ¥, Lymphoid follicle; ¢ Crypt of tomsil ; L.C.
the epithelium of crypt § G. Mucous gland ;

p. Duct of same, opening into the base of crypts

Fig, 179.—Vertical section of tonsil of man,

hardening
Magnified G0 times.
Lymph cells passing through

facts that they have less protoplasm, and a relatively larger

nucleus. ] +
Stratified epithelium extends over the tonsil. Opening on

the free surface of the organ are numerous cryptsor clefts into

































Fig, 185.—Coronal scction of the mandible of an embryonic pig. Stained
with hmematoxylene, Magnified 45 times. IRepresents the stage of
development in man at about the Solh day., ¥ Tooth.band; L.E,
Lip-furrow ; ©0.E. Epithelium of mouth ; M. Meckel's carlilage; &,

Bone of alvealus.

Fig, 186, —Further stage of growth, Magnified 45 tlimes, The tooth
germ in the centre of the field represents tliestage of development in
man at about the Goth day. k.0, First evolution of enamel organ,

Lettering as in preceding photomicrograph, ;
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or follicle or investing connective tissue sheath, are now
observed (about 1ooth day).

While the neck of the enamel organ extends more deeply

S RTINS
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Fig. 190.—Structure of enamel organ,  From jaw of a newly-born kitten,

Stained with borax.carmine, Magnified 300 times. o. Odontoblasts;

D. Dentine; A, Ameloblasts ; s.an Stratum intermedium ; S.R. Stellate

reticulum; E.E. External epithelium; n.p. Dentine papilla; D.F,
Roudimentary dental follicle: A, Bone of alveolus,

than ever into the jaw, it becomes still further constricted,
and practically occluded by the apposition of opposite rows of
cells,
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Fig, 191,—Section of incisor of a rat. Magnilied 80 times, A, Cap-
illary loops torn out of the secreting papille; B, Secreting papille
after removal of capillary loops ; €. Ameloblasis 3 £, Enamel; n.

Dentine, E'Imlnmiv:-:,r_(1-:15:]1 by Lean Williams,

Fig, 19z.—Secreting papille and ameloblasts from enamel-organ of rat,

Magnified 600 times, A, Papilla shewing secreting cells: . Shew:

g roots of ameloblasts passing into papilla; c. Ameloblasts contain.

ing oval nuclei; b. Plasmic strings and granules emerging [rom amelo-
blasts, F'||.4::-‘.1:11|.i|_'1'-:=g:;:||h by Leon Williams,
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Fig. 194.—Further stage of evolution. Jaw of kitten. Stained with hrema.
toxylene, Magnified 6o times. Represents the stage of development
in man at.about the goth day, p.p, Dentinejpapilla;  s.r. Stellate

reticulum,

Fig, 195.-—-5Same as preceding, further developed. Same mapgnifica-

Ll

1 0 '
tion, Represmis the stage of development in man at about thejizoth g,

day, k. First trace of enamel: . Caleified dentine ; 1.2, Dentogenetic
“zone; n.p. Dentine papilla ; n.s, Dental sac; A. Ameloblasts.

=
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glycerine or other hygroscopic reagent. Each ameloblast 15
sesses also a delicate reticular structure.

granular, and pos
(See Fig. 21g).
Manv instances occur in which the cells appear to he

Fig. 198.—Section of developing tooth of human fretus near the seventh
month of intra-uterine life. Magnified 175 times, A, Outer epithelial
tunic of enamel-organ in which secreting papille are developed; B, and
¢, Shewing large, round, granular, nucleated cells of reticulum of
enamel-organ, The stellate appearance in this tissue is largely pro-
duced by shrinkage and the washing away of the cell contents, D,
Stralum intermedium ; E, Outer ameloblastic membrane ; ¥, Amelo-
blasts ; G, Inner ameloblastic membrane ; ®H, Dentine ; 1, Odontoblasts,

Photomicrograph by Leon Williams,

bounded at either end by lines of basement membrane. To
these Leon Williams has given the names the “zmner and
the guter ameloblastic membranes.”
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The former had been previously described by Huxley
Raschkow and others as the membrana preformativa. i
Both membranes are structureless basement membranes
and are adherent to both extremities of the ameloblasts, ’
The outer lies between the ameloblasts and the cells of the

Fig, 199 —Section of developing tooth of embryo calf, Magnified ¥oo times,
A. Outer ameloblastic membrane; ©n. Ameloblasts shewing net work
pattern of plasmic cell-contents; c. Strings of plasmic net-work passing
throughinner ameloblastic membrane ; n. Dentine; E. Reticular nuclei
of odontoblasts; F. MNet-wark structure of odontoblasts. Pholo micro.

graph by Leon Williams,

stratum intermedium ;: the inner between the ameloblasts
and the formed enamel.

Leon Williams describes these membranes very carefully
in his contribution to 7he Denfal Cosmeos for 1806, pp. 110
el seq. :—* It is impossible at present (1896) to speak definitely
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with reference to its (the outer membrane) origin, exact
structure, or function. Itsappearance at the ends of the
cells and not between them would seem to argue agai.nst the
snggestion that it is due to a condensation of the peripheral
sone of the cells. But this view is supported by the fact

Fig, 200,—To shew arrangement of parts in the enamel organ, Stained
with hrematoxylene, Magnified 300 times, D, Dentine; ¥, Enamel ;
A, Ameloblasts ; 1, Inner ameloblastic membrane ; o, Quter ameloblas-
tic membrane; 5.3, Stratum intermediumj S.®. Stellate reticulum,

that it is not seen during the earlier periods of the tooth
germ ; but only after the nearly or quite complete specializa-
tion of the ameloblasts.” Under high powers it is composed
of more than a single layer ; and “ it is possible that it plays
an important part in the elaboration of material for enamel
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Fig. zo1.—Section of developing tooth of human embryo. DMagnified 1,000

times, A, Cells of stratum intermedium shewing structure of nuclei,

B, Ameloblasts; ¢, Enamel.globules shewing radiating processes ;

D, Dentine; E. Odontoblasts shewing structure ofnuclei, Photomicro.
graph by Leon Williams;
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reticulum’ on the one hand and the elongated cells of the
dental sac on the other. The ameloblasts reach their highest
degree of development over the cusps of the dentine ge.rm,
and the enamel is being rapidly manufactured. The dentinal
wall of the tooth germ is lengthening towards the base of
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Fig. 204.—Vertical section through jaw of pup at birth, Prepared in the
usual way, Stained with Ehrlich’s acid hrematoxylene,. Magnified 45
times. Kepresents the stage of development in man at about the 14oth
day. o.E, Oral epithelium ; A, Ameloblasts ; E, Enamel ; n, Dentine ;
0. Odontoblasts ; n.r. Dentine papilla ; s.&. Stellate reticulum ; E.E.
External epithelium ; D.5. Dental sac; b Done of jaw; vz Tooth-

band af permanent tooth Ferm ; A, Muscle hbres eut l_l':I'LIH\'EI'}.L:'Il.‘_

the dentine germ, which shews signs of constriction by the

approximation of the cells of the internal epithelium. ;
At the extreme point they suddenly curve upwards and

outwards,and thus form the ¢pethielial sheath of Hertivig. 1
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The cells of the dentine germ possess the same histological
characteristics, except those on the surface of the pulp,

P

Fig. 205.—Coronal section through the maxilla of a feetal pig. Prepared and
‘stained as in last Agure, Magnified the same. Represents the slage of
development in man at about the 12oth day, Lettering as in Fig, 204,

which, as the so-called odontoblasts, are clearly differentiated
in size, shape, and staining properties from the other con-
nective tissue cells.
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Fig, 200, — Coronal section through the mandible of a kitten, Stained with
borax-carmine aftér hardening in formic aldehyde. The bGlood veskels
are naturally injected. R eprésents the stage of development in man at
about the tGoth day, ° Magnified 65 limes.

r, Enamel ! n Dentine .
5.R. Stellate réticulum ; PV, Blood vessels in the pulp; 1. Loops of

capillaries extending to the external epitheliuom of the enamel organ,
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tissues which are epiblastic in origin, including gum ;Em]
certain parts of the enamel organ; the latter to those arising
from the mesoblast, including dentine papilla, dental sac,
and surrounding bone. Thus, the external set of vessels is
distinctly separated from, and has no connection 1.1.:11;}1, the
internal deeper set, except at one part, viz., the periodontal
membrane, where they meet and anastomose freely. (See
Plate I.)

Fig, z08.—A portion af the blood supply of the stratum intermedium of the
enamel organ of the section photographed in Fig, 2eb.  Magnihed 300
times, The staining was unsuited to reveal the stiucture of the
ameloblasts:  but it displays the blood corpnscles which have been

retaimed in situ.

(1) The external set supplies the enamel organ and gum.
On examination of the enamel organ proper, it is found that
its external part 1s absolutely free from any closely-meshed
network of capillaries. The layer of cells, forming the
external epithelium and the thin branching cells of the
stellate reticeelum have no blood supply. One or two large
non-branching vessels traverse the space occupied by the
reticulum, from the thick gum and connective tissues lying

external to the enamel organ. These, having advanced as
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ied to the external peri-

becomes intimately and securely appl
it out as

phery of the dentine, These cells probably pour

a homogeneous ossifying flood.

Fig, 200, —To shew the vascul: i
g b shew the vascular supply of the dentine papilla, Magnified
55 times,

The remainder of the follicle becomes, almost synchron-
ously, transformed into the periodontal membrane.



2bo

DENTAL HISTOLOGY

%
il e

Fig, 210,—Coronal section through the mandible of a human fietus, at

about the ITDLII dﬂ}' ol mira-uterine life, Prepnmi h1l_.' {intﬂlciﬁtaliﬁll,
after fixing in formic aldebyde. Stained with hwematoxylene, and
counterstained with eosine. Magnified 15 times. E. Enamel of decid-
uous tooth ; b, Dentine ; 5.k, Stellate reticulum ; D . Dentine papilla ;
12,8, Dental sac ; r.z. Tooth band of permanent molar tooth on lingual
side; m.v. Blood-vesselsjextending to external epithelium ; G, Oral epi-
tiielium ; B, Bone of jaw; M.N. Mandibular nerve ; vi. A supposed
vestizial perm (prc-mi][-:]-; Vg, A supposed vestigial germ (post per.
manent).




B
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Fig. 211.—The same as the preceding, To shew the *f tults® on the Looth-
band of the permanent germ Magnified 75 times. .z Zahnleiste of
permanent tooth germ; T, “ Tufts"; v, Part of the tooth-band which

might be considered by some authorities to represent the tooth-band of

a vestigial (pre-milk) tooth; v,, That of post permanent tooth; B,

Blood-vessels,
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Fig, 212,—Sagittal section of mandible of kitteny with the deciduous and
permanent teeth dm sifs.  The former s fully erupted, Prepared by
decalcification alter fixing in formic aldehyde, and hardening in alechal,
Magnified 15 times. Represents the stage of development in man about
the 18th month after birth, i+, 7. Dentine of deciduous tooth = P, Its
pulp; P.M. Blood vessel in its root membrane; A.0. Its absorbent
organ: D, Dentine of permanent tootl 3 1.p. Dentine papilla of same ;

#, Bone of jaw ; G, Gum lissue ; M. N, Mandibular nerve,
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It is likely that a special cement organ, which according to
Magitot partakes of the nature of fibro-cartilage, exists over

M N M A

Fig, 213.—The permanent tooth germ of preceding figure. Magnified
65 times. D,r. Dentine papilla; o, Odontoblasts; D, Dentine; E.
EH;LTF.H;‘I; A, .-"l.lnu::lnhhl.ﬁl::i; 5. k. Stellate l'{'l'u:l.ﬂum; E.E. External
epithelium ; 0,5, Dental sac; BV, Blood vessels going down to ex-
ternal epithelium ; BT, Dentine of deciducus tooth; A,0, Absorbent
organ of deciduous tooth ; 8, Bone of the jaw ; 3,A. Mandibular artery ;

M.N. Mandibular nerve,

the crowns of the developing teeth of the ruminating groups
in Arliodactyla. A cement organ, as such, has no existence,
however, in the teeth of man.
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and irregularly-sized masses of calcoglobulin.” ““Enamel rods
are manufactured by successive, rhythmical, orderly deposits
of these enamel globules, the calcoglobular masses fusing

- . e ' . - 1
and torming the interprismatic substance.’
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Fig, 225.—Section of mature human enamel of fine quality, Magnified
3000 times. A.B. Calcified cvioplasmic networlk composed of very
hne granular threads of fibres ;  c.p, Enamel-rods built up of
seclional or plobular arrangement of calcified cytoplasm. Radiating
granular threads pass from a central mass to the border of the sectional

part of the rod, Photomicrograph by Leon Williams,

He finally further adds (7%he Dental Cosneos, p. 477, Fune,
18g6) :—“ There are two distinct products of the enamel-form-
ing organ. One of these products, from' which the enamel rods
are built up, is formed by the ameloblasts, and is probably a
direct nuclear formation. In the enamel cells it takes the shape
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of globular bodies containing granules, sometimes arranged
withmore or less order, so as to resemble the nucleus of the :.:-u-ll.
[n the formed enamel rod these globular bodies are, more or
less, compressed into disc-like - shapes, and are sometimes
nearly, or quite, melted into one another. Simultaneously or
alternately with the deposit of the globular bodies, a trans-
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Fig. 220,—5ection of mature enamel, shewing calcified eytoplasmic network
at A B and ©.  Blagnified 1,500 times, Photomicrograph by
Leon Williams, Compare Fig, 224,

lucent albumen-like appearing substance is seen passing out
of the ameloblasts. -This substance is probably taken from the
blood by the secreting cells of the stratum intermedinm, and
evidently contains the mineral matter of which the com-
pleted enamel consists. As the globular bodies pass from
the ameloblasts they are seen to be connected by plasmic
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The results of this investigation into the growth of teeth
may be thus summarised. There is—

(1) Increase in the length of the tooth by addition of new
dentine at its base.

(2) Increase of diameter by dilatation of the basal formative
ring. In the case of teeth with fangs, these are produced by
the gradual contraction of this ring with or without sub-
division.

Dentinal
tubes

Fig, 228.—To shew an early stape in ealeification of cementum, Aagnified
500 times, A, Granular layer of Tomes partly calcified; B, Young
cementum, FPhotomicrograph by Norman Broomell,

(3) Deposit of new dentine on the inner surface of the

old.
(4) A slight increase in the matrix of the dentine by

interstitial growth.
DEVELOPMENT OF THE CEMENTUM

Of this there need be but little said; mere repetition of
descriptions of phenomena which are probably now under-
stood with the greatest certainty, is needless. Suffice it to
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say, that there is every reason to believe t_ha,t cementum 1s
developed ordinarily after the manner ofmtram_embranu.ua
ossification of bone. Where thick layers of the tissue exist
over the crowns of teeth, Magitot's opinion that dev.elup-
ment and ossification in a cement organ of fibro-cartilaginous
character is most probably accurate.

Fig, 229.—From region of first maxillary deciduous incisor, Magnified
3o times. For description of this and following figures, see Tables A,
and B, on pp, 289 and 2q0,
THE STAGES OF DEVELOPMENT OF THE JAWS AMD TEETH IN A
HUMAN EMERYO OF HALE-TERM

For the purposes of investigation, and in order to put on
record a careful account of the degrees of development
arrived at, at a certain period of growth, the right half of the
upper jaw of a human feetus of about 20 to 25 weeks was
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Fig. 237.—Vertical section throdgh the jaw of a yvoung doghsh, Pre-
pared by hardening and decalcification, Stained with borax-carmine
and Ehrlich’s acid heematoxylene, The vertical lines are markings made
by a dull razer during cutling on an ether-lreezing microtome,  MMagni.
fred 25 times, C, {:ﬁtiii:l.;_':l; of the j.'l'.'.', with semi-ossified external
crust ; »,E, Epithelium of the skin; 0.8, Epithelium of the mouth;
L.7. Lowesl extent of the tooth band'; D.p, Dentine papilla of young
tooth germ 1 ¥, 7, Functional tooth: £ Two teeth about to be shed:
.5, Polp tissue in centre of a dermal spine; A. Aperture at base of

dermal spine for passage of blood-vessels to the pulp,
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Fig, 238,—Vertical section of mandible of voung crocodile, P'repared by

]Lun]l:ning and decalcitheation, Stained with borax-carmine and

Ehrlich’s acid hamatoxylene. Magnified 20 times. 1.F, Denline of

functional tooth : p.s. Dentine of successional tooth: B, Bone of j:l.'n.‘:
a. Mucous gland,
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whole tooth germ is placed as closely as p[}.‘-;.‘:jihl{': to a
concavity in the upper and inner surface of the jaw at the
base of the functional tooth.

The ameloblasts are considerably elongated, and extend
deeply down the sides of the dentine germ. The |:'l}'.a'{“',1' is
continuous, as in man, with the external epithelium. There

"'l\_"l

Al

It

R

[
%
[,

T JE

'.[:'ig[I :31}.-—~\'u1'1i.¢.11 section of jaw of an acrodent lizard,

Prepared as in

]'.-run:-:liu;:_: ﬁgurc, Magmhed 25 times. D.F, Dientine of functional
tooth; n,P,8. Dentine papilla of successional tooth germ ;3 0.8, Oral

epithelium; ¢,z Continnously-crowing toeoth band ;

B, Bone of jaw to
which the functional tooth is ankylased ; ar, Mucous gland,

is no sfellate reficulwe in the otherwise well-differentiated
enamel organ, but the intermediate space is occupied by a
few cells with elongated nuclei. Apparently no cells

analogous to the sfrafum intermedium exist.

The continuation of the zahnleiste is in

il

line with the

deep part of the external epithelium of the enamel organ of
the neighbouring young tooth germs, and in direct conti-
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