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INTRODUCTION

The manner in which the human mandible develops

has interested Anatomists for many years.
to

Previous

the beginning of the present century the published

work was beset by many conflicting statements and so
great had the controversy become that our knowledge
of

the morphogenesis of the mandible was shrouded in

mystery and misunderstanding.

With the advent of the precision methods of
histological technique and refinements in optical
equipment the microscope replaced the naked eye in the

examination of human foetal tissue.

This exactness,

in observation and methods of recording the same, was
to a

major degree responsible for our first definite

knowledge of the way in which the mandible develops.
It is difficult for the present day worker in the

field of developmental Anatomy to fully appreciate the

difficulties which faced his predecessor of a hundred
or over fifty years ago,.

The armamentarium of

scientific equipment which is universally available
in the anatomical laboratories

of

the world today make

us further realize the limitations of the past century.

Therefore it may be said in defence of the early

workers that they laboured under a handicap not

altogether /

altogether of their own making but rather due to the
scientific limitations of the time.

My interest in the histogenesis of bone generally
and in the morphogenesis of the mandible in particular

resulted,with the advice of Professor J. C. Brash, in
the selection of this

subject for study and if possible

further investigation.
A comprehensive investigation of the morphogenesis
and morphology of the mandible of man demands a study

extending from the somite period of the embryo to the
birth of the foetus and on through the postnatal life
to the

death of the individual.

As bone is a plastic

medium its state of equilibrium depends upon environmental and physiological processes, and so the architecture of the mandible is subjected to constant
change, and at no stage in the life cycle of the

individual is static form held for any period of time.
This constant physiological change necessitates a

study of the morphology at all stages in chronological

sequence so as to interpret normal developmental

growth processes.
A classification of what may be termed the life

history of the mandible can be indicated by dividing
it into six stages.

Stage
the /

I.

Precartilaginous.

The development of

the first branchial arch and the histogenetic elements

which it supplies to initiate the development of the
mandible.

This would extend from the somite period

until approximately 10 mm. C.R.
Stage II.

Developmental.

Commencing with the

appearance of the primordium of Meckel's cartilage,
the development of Meckelts cartilage,

the develop-

ment of osseous tissue until the mandible attains

definitive form.

This form is attained at the

200 mm. stage.
Stage III.

Foetal growth.

The foetal mandible,

having attained typical form,enlarges by normal
growth until it reaches the size exhibited at the

birth of the foetus.
Stage IV. would relate to the osseous changes

which occur concomitant with growth changes in architecture to accommodate the deciduous dentition.

This

stage extends from birth to the period when the

deciduous dentition has attained full occlusal
function at the age of about two years.
Stage V. relates to changes in architecture

-

external in form and size, and internal to accommodate
the development of the permanent dentition and their

eruption,
of the

event /

and would cease with full occlusal function

third molars at 21 to 24 years of age.

In the

event of the third molars being impacted or missing,
this stage would cease twelve years after eruption

to

full occlusal function of the second permanent molars.

Stake _VI

.

The final or stage of regression

would commence with the first signs of occlusal wear
of the third molars or fourteen years
of the

after eruption

second molars to full function and would cease

with the death of the individual.
In this

investigation, Stage

scope of the work because,

I.

was outside the

although it concerns the

site of future development of the mandible,

the first

branchial arch is only indirectly concerned with the
actual morphogenesis of the bone.

True,

this arch

supplied the histogenetic elements for the initiation
of the growth processes,

but its external configuration

and its cellular elements do not bear directly upon
the

subject,

if,

as is necessary,

we assume develop -

ment to be of a normal character.
Stages III

IV.,

V.,

and VI. relate to secondary

physiological changes brought about in response to
normal growth processes.

They are not concerned with

any fundamental process to portray recognisable mor-

phology which was not present at the end of the second
stage.

Therefore this investigation deals entirely with
the /

the developmental processes initiated and carried

through the second stage, extending from the first
appearance of the cellular differentiation

to form

Meckel's cartilage at the 12 mm. stage and proceeding
until the mandible exhibits definitive form at the
200

min.

stage or 24th week of intra- uterine life.

REVIEW
The first available

OF

LITERATURE;

information concerning the

development of the human mandible was contributed by

Kerkringus (1670) in his "Osteogenia Foetum"

.

He

observed and reported that the coronoid process

developed from an independent centre of ossification,
and remained as a separate entity until

the

third

foetal month when it fused with the remainder of the

inferior maxilla.
Nothing worthy of mention was contributed to the
subject during the following one hundred and thirty

years until Autenrieth (1801) gave three or four
centres of ossification for the genesis of the

mandible.

Autenrieth agreed with Kerkringus with

regard to the coronoid centre but added one for the
condyle, one for the horizontal portion, and

occasionally one for the angle.
in his Cephalogenesis

(p.

20)

Spit (1315) writing

admits the four osseous

nuclei described by Autenrieth but he adds and
describes a fifth which is placed internally to the
other four.

From this fifth centre a long thin

spicule of bone develops which closes the alveolar
edge internally.

The internal plate remains as a

separate element until the fourth foetal month when
it joins

known

,/

with the remainder of the bone.

It became

7

known as the "piece of Spix" and is analogous to the
splenial of Reptilia and Pisces.
The workers up till this time were mostly

concerned with the number of centres of ossification

which the developing mandible claimed as its genesis.
Meckel (1820) carefully described a cartilaginous.
rod which he found developed in association with the

bone of the lower jaw.

The dorsal extremity of this

rod he observed to be related to the cartilage of the

malleus, whilst the ventral extremity joined with

another cartilage in the region of the symphysis.
This was the first observation upon this cartilage
and so it was named Meckel's cartilage.

Meckel

differed with Spix in regard to the piece of Spix
;claiming that the dorsal point of fusion of the

splenial was not a limiting

line but in reality a

groove to accommodate the mylo- hyoid nerve.

Meckel

also reports the appearance of one or two ossicles in
the region of the symphysis.

Although Meckel was the first to report and draw'
attention to the cartilaginous bar which bears his
name, he failed to recognize its true morphological

significance.

Serres (1822) redescribed Meckel's

cartilage and attached more importance to it as a

preformative element of the lower jaw.
Quain (1848)

Anatomy /

in the fifth edition of "Elements of

Anatomy" comments on the unsatisfactory state of

knowledge concerning the development of the Mandible
and concludes that in all probability it will be

found to develop from several centres as in the
crocodile.

Cruveilhier (1840) admitted the presence of the
"piece of Spix" as he had observed a thin bony

along the internal aspect of the

spiculum passing

body and ramus of the mandible in a foetus 50
days of

ap;e

.

-

60

He does not admit the three complemen-

tary centres described by Autenrieth and claimed that
each half of the mandible develops from one ossific
centre.

According to Humphrey (1858) ossification
commences in the membrane from which the inferior
maxilla is formed.
commences at 30

-

The primary ossification

35th day, which date be obtained

from Béclard (1820)

.

By two months osseous growth

has developed considerably.

He reported various

.

parts óbservable at this early stage and likened them;
to the five parts

into which the jaw of the crocodile'

is permanently divided and concluded:

lity,
jaw,

however, is that in this bone,

"The probabias

in the upper

there is usually only one nucleus on either side

and that the various processes are merely outgrowths "!.

Magitot /

Magitot and Robin(1862) claimed that according
to their observations Meckel's cartilage was not

related in any way to the osseous development of the

human foetal mandible.

The dorsal extremity of the

cartilage persists as the malleus, the remainder
atrophies and disappears after the sixth month of
foetal life.

Rambaud and Renault (1864) claimed that the

mandible was developed from six points of ossification,
the first of which was apparent at the 50th day of

intra- uterine life.

follows:-

(1)

the bone.

The points he named are as

A point along the inferior border of

An incisive point situated one on

(2)

each side of the symphysis.

(3)

A supplementary

point which assisted in the formation of the mental
foramen.
point.
ßpix"

(4)
(6)

A condyloid point.

a point

(5)

A coronoid

which will form "tine piece of

.

Callender (1869) claimed that the

mandible

,developed partly in Meckel's cartilages and partly
in the membrane which covers them.

He gave four

centres for each half of the bone.

"(1) by the

cartilage which tips the condyloid extremity.
(2)

by the layer of membrane in front of Meckel's

cartilage.

extremity /

(3)

by the ossification of the anterior

10.

extremity of Meckel's cartilage.

(4)

by deposits of

bone in the perichondrium of the anterior and middle
thirds of the same cartilage, from which is derived
the plate of borie which forms the base of the dental

canal."

Callender accurately reported the form of
Meckel's cartilage, especially its expanded ventral
extremity.

foetus

.9

He first observed

ossification in a

at a site

inches in length,

"along the

He was the first to recognize

lower middle border".

the part played by the anterior extremity of iîeckel's

cartilage in the ossification of the mandible.

His

series of embryos and foetuses ranges in size from
.9

inches to 4.7 inches.

of obtaining these

He did not give his method

measurements or the methods used

for making his observations.

Strelzoff (1873) observed the condyloid, corovoid and symphysial cartilages and from them assumed
that the whole lower jaw was preformed by cartilage

and that

Ieckel's cartilage played no part in its

ossification or development.
Parker (1874), Brock (1876) and Baumuller (1879)
each observed and recorded the development of the

lower jaw in pigs.

Parker considered the condyle

and angle to be separate cartilages and the body

membrane

11.

Brock discredited the view that

membrane bone.

Meckel's cartilage plays any part in the bone formahe believed that it is formed from a slender

tion;

neriosteal lamella.

He admitted, however,

that

cartilaginous centres later appear in the region of
the angle and that this cartilage extends into the

condyle.

Baumullr stated that the main portion

the lower jaw develops as membrane bone,

of

and that the

mental part of Meckel's cartilage is ossified,

the

two joining at a later date.

Mäsgü elfin (1878) studied the development of the
mandible in a foetus of
the 5 cm.

5,

7.5,

9.5 and 17 cgs.

In

stage, Meckel's cartilage is entirely

surrounded and in embryos of 17 cms. there are only
slight calcified remains of cartilage except in the

lower ends near the symphysis, where as stated by

Kölliker, cartilage participates in the formation
the mandible.

of

Masquelin observed the coronoid and

condyloid cartilages in foetuses of 7,5 and 9.5

cros.

In the 9.5 cm. stage he observed cartilage along the

alveolar borders.
of

the

The three

cartilages on each side

mandible undergo: direct ossification.

Masquelin's observations confirmed those of Kölliker
who had previously claimed that membrane bone

developed on the outer side of Meckel's cartilage,
and /

12.

and that the forward extremity of the cartilage
Kölli ker

entered. into the formation of the jaw.

also stated that the bony condyle was preceded by a

cartilaginous condyle.
Julin.(1880)
of the

in his research on the ossification

inferior maxilla confirmed the findings of

Masquelin and Kölliker.

.

Bland

Sutton (188) notes the conflicting

opinions held by anatomists on the development of the

mandible and he especially refers to the controversy
regarding the number of ossific centres and _states
"there is sufficient explanation why such diverse

statements have gained currency from

the fact

that

matter for the lower jaw is deposited very early in
embryonal tissue, and the various centres tend to
fuse whilst the embryo is yet very small.

These

circumstances combined render accurate observation

anything but an easy task ".
on

Bland Sutton then goes

to describe six centres of ossification,

given by Snix,

five as

the sixth being the mento -meckelian

centre of Callender.

Bland Sutton tabulates the

sequence of events as

"(1) Meckel's

appears,

(2)

for condyle,

dentary centre is seen below,
coronoid process,

meckelian centre a.Dpear,
tissue /

cartilage

(4)

(3)

centres

and angle and mento-

a network of

osseous

13.

tissue connects them together,

(j)

the splcnial centre

appears as a ledge of bone supporting the teeth,
(6)

disappearance of Meckel's cartilage from the jaw

and fusion of the sp1enial."
--Tork

Bland Sutton in this

also compounds the laws of Serres,

especially

9loi de conjugaison" and uses it in his own investi-

gation to account for the formation of the mental and

mandibular foramina, these separating

two or more

His observations depend upon

osteogenetic centres.

macroscopic methods and are mainly based upon studies
in Qomparative Anatomy.

Following Bland Sutton's observations, renewed

vigouur was shown by many workers upon this subject
as the literature of the next twenty years is prolific

both from the morpho- and histogenetic standpoints.
Schaffer

(1888)

examined the developing lower

jaw in foetal sheep.

He claimed that

mandible was composed of membrane bone,

The body of

the

and that there

were separate cartilages for the condyle and angle.
He gave a detailed account of the histology of the

cartilage and showed the cellular transition from

connective tissue to hyaline cartilage.

This work

was based upon the microscopical examination of

histological sections.
Quain (1890) in the 10th edition of "The Elements
of !

14.

of _anatomy"

the following description of the develep-

ment of the mandible is given.
"The inferior maxillary bone is developed
principally in the fibrous tissue investing Meckel's
cartilage (see development of the head in Vol. I.),
but to a less extent the cartilage itself participates!
At.birth it consists of the
in the ossification.
lateral parts united at the symphysis bu fibrous
the osseous union takes place in the first or
tissue:
The process of ossification commences
second year.
very early, being preceded only by the clavicle, and
it takes place from several centres,
proceeds rapidly:
The largest
which are united by the fourth month.
part of each half is formed from a deposit (dentary)
in the membrane on the outer side of Meckel's cartiand to this there is added a second smaller
lage;
plate (splenial) which forms the inner wall of the
tooth -sockets, terminating behind in the lingula.
A small part of the body by the side of the symphysis
results from the direct ossification of the anterior
and, posteriorly, the
end of Meckel's cartilage;
condyle and a portion of the ramus, including the
angle, are developed from another ossification in
The last, however, is not connected with
Meckel's cartilage, which can be seen in a foetus of
the fifth or sixth month to be prolonged up to the
fissure of Glaser, where it becomes continuous with
the slender process of the malleus, surrounded by
fibrous tissue which eventually forms the so- called
internal lateral ligament of the jaw.
(Callender,

Kölliker, Toldt, Sutton).
Testut

(1889)

states under the heading of

development of the inferior maxilla (p. 188) that
each half of the bone establishes itself on the
external aspect of Meckel's cartilage, opposite which
!

it acts essentially like the bones of the lining of
the

brain,

opposite the primitive chondrocranium.

Testut quotes the researches of Brock, Masquelin,
Julin /

Julin, van Beneden and Kölliker.

mandible is a mixed bone,

He agrees that the

developing partly from the

embryonic connective tissue and partly from pre- exist -,
ing cartilage.

Henneberg (1894) presented as an inaugural dissertation his observations of the development of the

lower jaw in human foetuses ranging from 40 to 240 mm.
crown -rump measurement.

This was the first serious

observation based upon the histological examination
of human material,

and it inspired other workers to

attempt the solution of the development of the lower
jaw by using the microscope in place of the macrosco-

pic methods which had mainly been responsible for the
state of the

problem at the close of the 19th century.

Cleland and Mackay (1896) described the lower jaw
as developed round Meckel's cartilage,

outside it.
the lingula,

but mainly

Additional centres have been noted at
at the angle,

at the condyle.

the coronoid process and

The condyle is laid

down in carti-

lage before its ossification begins, but the supposition that Meckel's cartilage is in any way converted
into the osseous

tissue of the jaw, is erroneous.

Minot (1892) stated that the mandible in the
adult is a compound bone, for it includes both the
dermal bone and the ossified lower ends of Meckel's

cartilage

16.

cartilage.

Most of the latter, however, is resorbed,

It is further peculiar

in having cartilage developed

at the ends of both the coronoid and

the condylar

processes.
Fawcett

(1904) published his work on the ossifi-

cation of the lower jaw in man, based upon the examination of serial sections of human embryos.

He

reviewed the literature at some length and devoted

considerable space to the publication of Bland Sutton.
Fawcett's work is of especial interest to me, because

many of his observations were made on series from the
Harvard Embryological Collection.

1

Fawcett gives

mm. crown -rump as the earliest age for the appear-

lance

of the

primary centre of ossification.

The

mandible develops from one centre which is in membrane
situated ventral to the mental nerve and lateral to
the incisor nerve.

This strip of bone quickly

develops in a dorsal direction and passes under the
mental nerve which grooves it.

This groove is the

site of the future mental foramen.

When first formed

this plate of membrane bone is single, no internal

alveolar border can be observed.

The internal

'alveolar wall develops from this single plate,

and

grows inward as a shelf just behind the mental nerve,
and it inserts

nerve /

itself between the inferior dental

.

17.

nerve and Meckel's cartilage.

At no period is this

internal alveolar wall a separate structure.

The

internal alveolar wall,in the incisive region, grows
in and then over the superior border of

cartilage.

Meckel's

Therefore the internal alveol ^r wall

is

:formed by two ingrowths 'from the single mass of

membrane bone.
Fawcett further explains how the bone in the
region of the coronoid process and the angle becomes

reticulated and thickened.

This he believes caused

Bland Sutton to misinterpret these regions as separate
centres because Sutton used a clearing method in order,
to make his observations.

Fawcett stresses the early

importance of Meckel's cartilage and considers its
importance

disappears as soon as bone is formed on

its outer side.

Meckel's cartilage is in precarti-

lage form in 12 to 13 mm. embryos, and anterior to the

mental foramen the expanded part is incorporated

within the bone of the jaw.

The site of endochondral

ossification begins opposite the mental foramen.

The

Meckel's cartilage, posterior to the mental foramen,
persists, it does not become the internal lateral

ligament.

Later the cartilage atrophies and

disapp.

The coronoid and condylar accessory
cartilages are

present and ossify at the third month.
series

Fawcett's

18.

series ranged from 19 mm. to over 100 mm. crown-rump

measurement.

The series, which is specifically

mentioned in his paper, are those having crown-rump

measurements of 12 to 15 mm., 19 to 21 mm., 21.8 mm.
and 42 mm.
To summarize Fawcett's work,

I

take abstracts

from his section devoted to "conclusions".
is not so

"The jaw

complex as some would have us think, but it

is for all that complex,

involving (a) Meckel's carti-

lage at its anterior extremity,

the membrane on

(b)

the outer side of Meckel's cartilage,

(c)

at least

one accessory cartilage which is found in the condyle,

neck and base of the coronoid process of the jaw".

Ossification occurs in membrane

,

the centre

being situated between the mental nerve and midline.

Ossification commences in Meckel's cartilage at the
10th week in the region of the mental foramen.

That

part of the jaw between the mental foramen and the

symphysis is compound in origin.

The condylar

accessory cartilage ossifies at the 3rd foetal month
(Fawcett inserts a foot-note stating that he had seen
the accessory cartilage of the coronoid process,

his paper had been written).

after

There are no separate

centres in the membrane for the coronoid process,
angle or so called splenial

from /

-

these are all outgrowths

19.

from the main mass of bone.

The inner alveolar

border is developed in two parts by ingrowth from the
main mass
foramen,

-

one behind and one

in front of the mental

the former appearing first.

Meckel's cartilage, behind the mental foramen,
gis not

incorporated within the jaw.

It atrophies

and so does not persist as the internal lateral

ligament.
Low,

in 1905,

presented the results of the

researches on the development of the lower jaw in man,
This work includes an excellent review of the literature on the subject and gives a detailed account of

his observations on human embryos and foetuses,

ranging the measurement from 10 mm. to 230
He treated his material by making complete

sections of head or the lower jaw.
made in three planes, via. coronal,
horizontal.

He was

F3

rim.

C.

R.

seri -,.1

His sections were

sagittal and

not able to observe Meckel's

cartilage earlier than the 15 mm. stage.

Bone

developed from a single centre of ossification which
was present as a delicate lamella of membranous bone
on the outer aspect of Meckel's cartilage.

This

extended in the 28 mm. stage so as to map out each

half of the lower jaw.

He describes how the inner

alveolar wall forms from the outer.
the /

He describes

20.

the development in form of the bone at each successive

.stage and shows how the membrane bone approaches

Ileckel's cartilage in the 60

involve the cartilage and

min.

stage so as to

esteiblish endocliondral

ossification in the region between the lateral incisor
and canine tooth germs.

He shows how the condyloid

process is mapped out in hyaline cartilage in a 72 mm.
stage.

He reports two small nodules of hyaline

cartilage immediately behind the anterior extremities
In the 80 mm. stage,

of Meckel's cartilage.

a

cartilaginous nucleus is present on the anterior
border of the coronoid process.

Meckel's cartilage

between the central. incisor and the canine tooth germ
is

taken up in the membrane bone of this region.

In

the 95 mm. stage, he describes strips of cartilage

along "the upper edge of the outer alveolar margin,
and in the region of the inner alveolar margin ".

These cartilages, Low claims have no relationship to

Meckel's cartilage.
is

In the 130 mm. stage, the bone

considerably larger, Meckel's cartilage persists

behind the canine tooth germ, cartilaginous nuclei
along the alveolar margins of the incisive teeth are
still present, and in addition there is "a cartilagi-

nous nucleus along the front of the lower border of
the jaw in this region ".

Low's /

-

21.

Low's observations confirm those of Toldt

(1884)

with regard to the porous type of bone which makes up
the condyloid process.

From the 200 mm. stage onward, the accessory
cartilaginous nuclei are ossified from the adjacent
bone

-

they do not have separate and distinct centres

of ossification.

and atrophies.

Meckel's cartilage becomes smaller
Low,therefore, showed that the

mandible developed from one ossifie centre.

The

so called splenial was an extension of the outer

plate of membrane bone

-

main'

The flattened!

the dentary.

ventral extremity of Meckel's cartilage

-

anterior to'

the canine tooth germ was ossified and incorporated

;within the membrane bone of the mental segments.

Certain accessory cartilaginous nuclei develop
in relation to superior alveolar walls of the incisive

region.

There are two definite cartilaginous masses=

one for the condyloid process and one for the coronoid

process which appear and are then ossified from

adjacent membrane bone.

Meckel's cartilage, dorsal

to the canine tooth germ,

atrophies and disappears.

Low reports his observations on embryos and

!foetuses measuring 10, 15, 18, 28, 31, 36, 43, 60,
72,

80,

95,

103, 130, 210, 230 mm.

This excellent

paper by Low is very clearly illustrated and leaves

little

22.

little to the imagination.

The thorough and pains-

taking manner in which the research was conducted left
no room for doubt as to the true manner in which the

human mandible developed.

Low (1910) amplifies his work of 1905 by the
publication of further observations on the ossification
of the lower jaw.

He utilized serial sections as in

the previous paper, and the range of C.R. measurement
in this later work was from 12 mm.

230 mm., with

to

more specimens in the lower age group.

Meckel's

cartilage is in a precartilaginous state in the 12 mm.
stage, it is cartilaginous in
at 15 mm.

the 14.5 mm.

stage and

the cartilage is well formed.

Ossification first appears in the 18 mm. stage.
The remainder of this work supports his previous

investigation.

The C.R. measurements of the stages

comprising this series examined were
15 mm., 16 mm., 18mm., 18 mm.
31 mm.,

36 mm.,

43 mm.,

-

(2nd), 24 mm., 28 mm.,

55 mm., 60 mm., 72 mm., 80 mm.,

95 mm., 103 mm., 130 mm., 210 mm., 230

addition

to the

12 mm., 14.5 mm.,

rte.

In

study of the serial sections, Low

constructed five wax plate models of the mandible and
show four to illustrate his paper.

from 18 mm. stage
from 24 "
"
from 43"
4 from 95 "
1
2
3

The /

X 50 times
X 50
"

X30

"

X 33

"

2

.

The illustration of these models are excellent and

very instructive, and serve as a valuable contribution
to

the subject.

Henneberg, Fawcett and Low had, by the utilization
of

the precision methods of histological

technique,

lifted the subject of the development of the mandible,
on to a scientific basis.

The human factor,as a

source of error, was removed.

Although the micros-

cope had largely replaced the naked eye examination
of embryonic material, Mall

(1906) by the use of

,transparent specimens which he had prepared by the

method of Schultze (1897) was able to clearly demonstrate the form of the mandible in specimens from 15
to 110 mm. C. R.

Mall did not present his method as

an alternative to the study of histològic serial

sections but in preference thereto, as he claimed to
be able to determine ossification centres and time

more accurately than by any other method.

He observe

the primary centre of ossification in a 15 mm.

(C.R.)

embryo (39 days) saying it is "present as a finely

granular or reticular mass, half millem+aetre long
immediately below the epidermis towards the free end
of the first arch,

of the jaw ".

representing, of course, the body

At 16 mm. (40 days) compact bone present
long
1 _gin. reaching nearly to the mid- ventral line.
On
b
the

/

24.

the 42nd day, bone 2 mm, long,

and also shows the
The

'beginning of the ramus and alveolar process.

mandible assumes its characteristic shape 70 mm.
(83rd day).

Mall reported on 28 specimens, his

photographs are excellent and illustrate the form of
the mandible at different ages very clearly.

From 1904 to 1910 the works of Low and Fawcett
cleared the subject of the controversy which had been
¡waged over the morphology of the mandible.

It had

-

been definitely established by irrefutable evidence
that the mandible was developed from membrane bone

which generated froma single centre of ossification.
It was generally admitted that endochondral ossifica-

tion occurred in the ventral expanded extremity of
iMeckel's cartilage and that this part was taken up
the mental segments of the bone.

i

Anatomists and

histologists admitted the presence of the coronoid and
condyloid accessory cartilages, but were all were not
in accord as to the presence of the accessory symphy-

seal cartilages.

Von Bardelben (1905) and Fuchs

(1905) maintained the plurality of skeletal segments
of the human mandible,

and Bardelben claimed that the

chin developed as a separate piece

-

the os mentale.

The researches of Gaupp (1905) and Dieulafé et

Herein

2

Herpin (1907) agreed substantially with the recorded
observations of Low (1905

-

1910) and Fawcett (1905).

Fawcett (1910) described the reconstruction of
the head of a 30 mm.

embryo and showed that the

anterior end of Meckel's cartilage terminates in an
"upward projected swelling, whilst behind,it ends in
the malleus which articulates with the incus carti-

lage".

"The mandible is

of enormous relative

size,

shows a ventral foramen, inner alveolar border,
incisor, canal and commencing coronoid process.

condyle is as yet visible ".
of

No

Fawcett shows drawings

this model to illustrate the text.

Keith (1910) showed two cases of abnormal ossifi
cation of Meckel's cartilage.

-'.

One was from a deformed

foetus and the other from an anencephalic foetus.

Meckel's cartilage is shown as a shelf running along
the inner aspect of the body and ramus.

This bony

shelf juts considerably at its dorsal extremity.

In

the specimen from the anencephalic foetus there are
i

'three ossicles at the symphysis.

Keith remarks

"Evidence of these specimens is in favour of those who
regard the tempro- maxillary joint as

a late acquisition

in the evolution of vertebrata ".
1

Fawcett (1923) writing in Tome

's

"Dental Anatomy"

states that Meckel's cartilage develops as a conden-

sation /

26.

condensation of the me3oblast of the mandibular arch
stage the ventral extremity of the

and by the 24 mm.

cartilage is wedge- shaped.

The base of the wedge is

upward and the inner basal angle forms a growing point
which lying in the loose connective tissue in the
symphyseal region,

comes in close contact with its

fellow of the opposite side and in some cases they
fuse together.

Meckel's cartilage increases in

length more rapidly than the jaw and so it tends to
buckle up behind the fifth tooth germ.

Fawcett (1924) states that the dorsal extremity
of

Meckel's cartil=age becomes transformed into the

incus and mallcus cartilages, and the ventral extremity
is flattened and expanded.

Ossification first

appears at the 17 to 18 mm. stage, in the dense
cellular tissue which lies in the angle between the

.incisor and the mental branches of the inferior dental
nerve.

Fawcett describes and illustrates the develop-

ment of membrane bone and the manner in which the

mental

foramen and the internal alveolar wall is

formed.

He shows drawings of one half of the

mandibles from human embryos and foetuses with

measurement of 19 and 55

The remainder of the

mils.

observations recorded are similar to those of his
previous paper (Fawcett 1905)

.

He does, however,

doubt the presence of the symphyseal accessory

cartilages

/

27.

cartilages described by Low (1905 and 1910) as he
states

"I

have not seen this particular form myself

.

These cartilages are ofthenature of accessory cartiIt is

lages and are not ossified independently.
possible, however,

that that part of the cartilage

which covers the symphyseal end of the bone below the
level of the alveolar walls may ossify independently
to

produce the so called ossa mentata ",

by Von Bardelben).

The stages specifically mentioned

in this publication are 17 to 18 mm.,

40 to 42 ma.,

50 mm.,

(as described

55 mm.,

80 mm.,

19 mm.,

30 mm.,

and 10 mm.

Sydney Smith (1925) stated that he had seen
evidence of a separate centre of ossification at the
symphysis of foetal mandibles.

It was present in

twelve of the fifty specimens examined.

He remarks

that the appearance presented by this centre varies
in different specimens, sometimes as a distinct

ossicle "attached to each half of the mandible at the

lower margin of the symphysis", and at other times
"

a small process of bone passing across the

symphysis

A third form presented as a "rounded bar of bone

enclosed in the ordinary bone of the jaw on the
internal aspect, in a position occupied by Meckel's

cartilage

".

Sydney Smith believes that this centre

appears late in foetal life because he had never

witnessed /

j

witnessed it in "any premature infant ".
Fawcett (1930) showed a model of the left half
of the mandible

of a 17 mm. C. R. human foetus.

The

sections from which the model was constructed had been

stained with Mallory's stain because of its sensitivity
in

staining early osseous tissue.

The model illus-

trates the relationship of the lingual and inferior
dental nerves to Meckel's cartilage.

The

mental

nerve is shown but the incisor nerve had not
developed, although signs of its early development
are present.

The site of junction of chondrified

and unchondrified portions of Meckel's cartilage is
shown.

At a site between the ventral extremity of

the chondrified portion of Meckel's cartilage and

mental nerve an ossified lamella of membrane bone is
shown.
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MATERIA.L

AND

NETHODS

In this investigation human material was used

The observations are based upon the

throughout.

examination of histological sections made from human
embryos and foetuses with crown -rump measurements of
10 m.m.

to 200 m.m.

or from the 6th week to the 24th

week of intra-uterine life.
In all fifty -six series were examined.

The

series included those from Harvard Embryological

Collection, the Harvard University Dental Research
Collection,

and a number of series made by the author

at Edinburgh, Harvard and McGill,

The embryos of

were collected,

the Harvard University Collection

recorded,

sectioned and stained

according to the technique advocated and practised by

Minot (1903).

This method demands the immediate

fixation of the embryo in Bouin's solution.

Following fixation the embryo is photographed and
drawn to scale,

the plane of section being indicated

on the photograph and drawing.

The method of procedure adopted and practised

throughout by the author in the collection and
preparation of his own series was as follows:
(1)

and

-

With the helpful cooperation of obstetricians

JC.

and gynaecologists specimens resulting from inevitable

abortions and the therapeutic termination of pregnancies were obtained.
(2)

Specimens showing any signs of pathology were

discarded.
(3)

The specimen was classified, by the method

advocated by Streeter (1920), as I, II, or III,

according to the excellence of the specimen, its
freedom from distortion, maceration,
injury.

Only those in Class

logical study.

I

or instrumental

were used for histo-

Specimens in Class II were those in

which a part was injured or distorted.

These were

used for the examination of the mandibular region
when the injury or distortion did not involve this
region.

Material from specimens in Class III were

sometimes utilised for measurements of the mandible,
and occasionally for cleared specimens.

Clearing

was accomplished by the Spalte'r_olz or Miller method.
(4)

The specimen was placed immediately

within 30 minutes) in fixative.

(i .e

.

Bouin's solution,

formol bichromate, 105 formol and Zenker's solution
were the most commonly used.
(5)

Measurements and weight of embryos and

foetuses were obtained by the methods devised by
Streeter (1920) and Schultz
was

(1929).

Established age

31.

was checked and recorded with menstrual age.

Estab-

lished age was obtained from graphs compiled by
Streeter (1929) and where possible weight and C.R.
(crown rump) measurement were both used in determining
In this work the size of embryo or foetus is

age.

designated by C.R.
of

(crown rump) measurement in terms

millimetres and not in days or weeks.

The smaller

embryos were measured photographically, i.e. photo-

graphed with a standard millimetre rule and the
resultant photographic enlargement of the embryo was

measured and then reduced accordingly.
embryos were measured to an accuracy of

The smaller

1

m.m.,

the

larger ones and the foetuses were measured and recorded
to the

nearest millimetre.

(6)

Decalcification was not employed with embryos

of less than 30 m.m. C.R.;

above this size it was

accomplished by the use of 5% solution of trichloracetic acid.

This solution was found to be the most

satisfactory decalcifying solution available.

The

completion of decalcification was tested
chemically
by combining the solution in use with
a 5% solution
of potassium oxalate,

a precipitate indicating that

further decalcification was
necessary.
the constant changing of
the decalcifying

The advantage

necessity /

This entailed

solution.

of this method is that it obviates the

necessity of "poking" needles into the tissue to see
if

it is

decalcified and

so

ensures against the muti-

lation of the cytological picture.
(7)
(a)

Embedding.

paraffin,

(b)

Three methods were used

celloidin,

celloidin and paraffin.
18 m.m. C.R.,

(a)

-

a combination of

with embryos of less than

the whole was blocked in paraffin,

according to the technique advocated by Minot

(1903)

(The Harvard Embryological Collections were prepared

according to this method).

For transverse sections

the notochord was orientated

so as to be vertical

the plane of the mounting block.

to

It must be noted

that transverse sections of smaller embryos are in

reality frontal sections of head and neck, because of
the neck bend which carries the plane of the face to a

transverse plane of the body.

The plane of sections

is therefore in the smaller embryos,
a frontal

of

the face, but the line of progression in

sectioning is dorso- ventral,
a reversed

cut transversely,

so that it is

in reality

frontal.

Embryos measuring 18 to 30 mm. had the head
removed from the body and blocked alone.

Orientation

was according to the method devised by the author
(Matthews,

1932).

Embryos measuring 30 to 50 mm. C.R. were decapitated

33

decapitated and the calvaria removed by a transverse
cut at the

supra- orbital margins.

The brain was

removed and the remainded embedded and orientated

according to the above method (Matthews, 1932).

Embryos and foetuses having a C.R. measurement
greater than 50 mm. were treated by the removal of a
"face block"

(Matthews, 1932).

The smaller embryos were embedded in paraffin;

those of 18 to 30 mm. were embedded in a combination
of

paraffin and celloidin.

The face blocks from

foetuses were embedded in celloidin.
Series were cut in varying thickness,

5 -

25 mu,

the thickness being constant for each series.

All

series were mounted in serial sections.
(8)

In the Harvard Embryological

Staining.

Collection staining is in toto as a general rule, the
stains usually used being borax- carmine or alum

cochineal, followed by a counterstain of orange
eosin or Lyons blue.

G,

Specimens which were prepared

personally were stained chiefly with haematoxylin and
eosin.

However,

special stains were used on certain

series for one reason or another as enumerated in the

following text under personal observation.
special stains and counterstains used were

The
-

Mallory's

phosphotungstic acid haematoxylin stain (Zenker
fixation

34.

fixation), Mallory's acid fuchsin stain, Perdrau's

modification of Bielschowsky's method (as given by

Bailey and Heller), Weigert's method for elastic
fibrils, Verhoeff's elastic tissue method,

orcein method for elastic fibres.

and Unna's

The technique for

using these stains was as given by these authors or as
outlined by Lee, McClung and Romeis.
(9)

Photomicrographs.

All photomicrographs

were made by the author and those selected for use

illustrate a particular point under discussion.

An

attempt has been made to restrict the number of

photomicrographs to a minimum compatible with an
adequate explanation of the various phases of development.
To demonstrate more clearly the morphological

significance of the several components of the developing lower jaw,

certain series were used for the con-

struction of wax -plate models.

These models were

made by the Born wax -plate reconstruction method.
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Explanatory Key to Abbreviations used in the
"Table of Material Examined ".

H.D.S.

=

Harvard Dental School Collection

H.E.O.

=

Harvard Embryological Collection (Minot
Collection)

G .M.

=

Author's Collection

Formol

=

10% Solution of 40% Formol

Form. Bi.

=

Formol bichromate Solution

Bouins

=

Bouins Solution

T.

=

5% Aqueous Solution of Trichloracetic

Acid
=

2% Aqueous Solution of Hydrochloric Acid

& E.

=

Haematoxylin and Eosin

Iron_H.

=

Iron Haematoxylin and Orange G.

Mallory

=

Mallory's Connective Tissue -Stain

Azan

=

Heidenhain's Azan Stain

A.C.

=

Alum Cochineal

O.G.

=

Orange G.

L .B.

=

Lyon's Blue.

H.

H

.

NOTE.

With the exception of G.M. 39 all series
showed the complete mandibular region or mandible.
Other specimens,not listed above, were used
for the removal of a part of the mandibular
region.
This procedure was adopted when it was
not possible to treat a whole series by complicated staining methods.
These special staining
methods were utilized to portray certain cytological changes associated with development where
the desired information could not be obtained by
routine methods.
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INTRODUCTION

TO

PERSONLL

OESERV:.TIONS

The most satisfactory method of expressing the
age of a human embryo or foetus is in terms of its

Crown Rump measurement.

The manner in which this

measurement is obtained is described by Streeter
(1920) and Mall

(1910)

.

A ventral view of the head

with a C.R. of 5.5 mm.
illustrated in Fig. 1.

/ c7/eit7b6,rJ54/Ykess
Fronfo-/JdSa/
/7ed49n

ess

(5 weeks)

end of a human embryo

shows the form

That which may be termed the

-

iOceK-

raX///d

y kocc55.

-Nandi6u/dr77Z7ce5g,

Fig. 1.

Drawing of wax reconstruction model of
Human Embryo C.R. 5.5 mm. showing the
primary processes which are concerned
with the formation of the face.
face /

-

a/FacforJr Alf
Lacr1frraf groorc.

Fig

Laferd//Yasa//6. orrss.
/ /C'dJ,^, :s_,.d/rocNSS.
Maiv/Ls.q/roccss.

/717t,di6a/ar75rocess

2.

Drawing of wax reconstruction model
of Head end of human embryo C.R. 11 mm.
showing the progress and development of
the facial processes since the preceding
The median nasal process
stage Fig. 1.
lies in apposition to the maxillary and
lateral nasal processes, and with the
frontal nasal processes completes the
upper middle segment of the mouth.

fsrq

41.

face is made up of a series of bar -like ridges

-

the

branchial arches and several other rounded processes.
In the human embryo there are five pairs of branchial

arches.

The first branchial arch,

the head end of the embryo,

arch,

i.e.

that nearest

is known as the mandibular

shown by Fig. 1, its two medial ends having a

space between them.

From the upper lateral part of

each mandibular arch a smaller arch splits off and
grows medially.
His

This is the maxillary process and

(1881) showed it to be present as a separate

From the frontal

entity in embryos of 2.6 mm. C.R.

bulge of the forebrain a process, the fronto -nasal
process, develops and grows downwards toward the

maxillary and mandibular processes.
of the

Specialization

inferior lateral portions of the fronto -nasal

process soon occurs and each divides into two
processes, a medial and a lateral process, between

which is the olfactory pit.

At the time of develop-

ment of the medial nasal and lateral nasal processes
the embryo has attained a C.R. measurement of 11 mm.,

Fig. 2,

and the lateral nasal process is lying in

apposition to the superior surface of the maxillary
process but not fused with it.

The external

boundaries of the mouth of an embryo of this age are
therefore the fused mandibular processes below and
the /

42.

the

two maxillary processes above and laterally.

The superior middle segment of the mouth is made up of
two median nasal processes between which is the fronto-

nasal process.

Between the lateral nasal process and

the maxillary process the naso- lacrimal

duct develops

along the line now occupied by the lacrimal groove.
The fusion of the lateral nasal process with the

maxillary process and the further growth of the median
nasal process causes the face of the human embryo to

assume "human" form.(Fig. 3).

Fig. 3.

Drawing of wax reconstruction model
of Head end Human embryo C.R. 14.5 mm.
A further stage in the formation of the
face.
Definite human facial characteristics
are apparent as the median nasal processes
have fused with lateral nasal and maxillary
processes.
The /

43.

The stage of development reached by an embryo of

C.R. 11.7 mm. is shown by Fig. 4.

The flexion of the

embryo is greatest at the neck which brings the face

against the large ventral protuberance which is
occupied by the heart.

The limb buds show

-r%andióuvrkrocess

-ofubrdc
j fjean:

Gose4

fX.

Fig. 4.

Drawing Human Embryo C.R. 11 .7 mm.
Showing the marked degree of ventral
flexion and how the face is in apposition
to the large protuberance caused by the heart.

considerable development in length but there is no
evidence of foot or hand specialization.

The ventral

curvature of the caudal extremity of the vertebral
column

44-

column is at its maximum.
The difficulty of removing the head from an

embryo of this size without injuring the various

facial processes is apparent.

For this reason

embryos of this age group (i.e. those having marked

anterior flexion of the head) were blocked and
sectioned without previous mechanical manipulation.
The embryo

is

blocked as outlined in Fig.

5,

the

B.

Fig.

5.

The
Photograph of human embryo 14 mm.
photograph shows the embryo magnified four times.
The plane of section is transverse as A.B.
The first
20 mm.
D.
is
;section cut is at C.
The optic vesicle
from C.
section
each
Therefore if the thickness of
is 10
20 X 1000
= 500th section will pass through
4

10

the optic vesicle.
In this way we can place a
histologic section in terms of its gross relationship.

transverse /

transverse plane being used for frontal sections.

Ventral flexion lessens slightly as the age
increased (Fig. 6) and more of the mandibular process
can be seen from the front, because the upper part of
the face is carried further away from the pericardium,

The drawing of the

allowing space for its growth.

Fig. 6.

Drawing of Human Embryo C.R. 14.2 mm.
Showing degree of ventral flexion of
This illustrates how a transverse
head.
section of the embryo is in reality a
frontal section of face.

face of an embryo of 14.1 mm.

while /

is shown in Fig.

7,

Fig. 7.

Drawing of a wax reconstruction model
of the head of Human Embryo C.R. 14 .1 mm.
This drawing was made directly from the
embryo by the use of a dissecting microscope.
The head end was removed from the remainder
of the body by micro -dissection.

while a median section of the same embryo is shown in
Fig. 8.

In Fig. 8 note the way in which the ventral

extremities of the mandibular processes are locked
"behind" the fronto-nasal process and the pericardium.

Fig. 8.

A median section of Human Embryo with
a C.R. measurement of 14.1 mm. showing
how the mandibular process is shut in
by the medial nasal process above and
the pericardium and the heart below.

The bone of the mandible develops in the

substance /

4

.

substance of the mandibular process.

The mandibular

process is composed of an embryonic tissue
chyme

-

-

mesen-

cells of which may specialize to form

cartilage or bone.

The bone of the mandible does

not develop immediately'f rom this mesenchyme as it is

preceded by another histogenetic element known as

Meckel's cartilage.

This cartilage develops before

the bone and it reaches a definite degree

ment before osseous tissue forms.

of develop-

The manner in

which Meckel's cartilage develops, the first site of
ossification, how the bone extends and the form it
assumes is the subject matter of this thesis.

Fig, 9.

.x

15.

Transverse section Human Embryo 12 mm.
showing the condensed mesenchymal cells
forming a "core" which is the primordium
of Meckel's cartilage.
This section is
through the dorsal third of the mandibular
arch.

Fig. 10.

,r 250.
X

A photomi crograph transverse to the primordium
of Meckel 's cartilage, showing the compact
core of c ells.
The limiting circumferential
layer of cells is also shown.

PERSONAL

OBSERVATION

Histogenesis of Meckel's Cartilage

The first observations recorded relate to

embryos of C.R. 11.1,.11.5 and 11.7 mms..

examination

of these

An

three series failed to reveal

any evidence of precartilaginous cellular specialization in the region where Meckel's cartilage was to be

expected within the substance of the mandibular arch.

12 mm.

stage series G.M. 42.

Transverse

10,4.

H & E.

Shows a condensation of the mesenchymal cells to

form a compact core (Fig. 9).

The mesenchymal cells

comprising this core have lost', their protoplasmic
processes and their nuclei have become larger and more
granular in appearance.
is ovoid

in shape

confined by an

This core in cross section

and the cells comprising it are

outer layer of cells whose long axies

run circumferentially.

This outer layer acts as a

limiting membrane to the compacted cells and separates
them from the surrounding mesenchyme
This limiting layer of cells is

perichondrium.

(Fig. 10).

the primordium of the

The compacted cellular core is the

primordium of Meckel's cartilage.

The "core" at

this stage is only to be found in the dorsal
the /

third of

49.

the mandibular arch,

it passes dorso -ventrally,

ventral ends inclining slightly medially.

the

The

ventral ends of the core contain cells which show very
little differentiation from those of the surrounding

mesenchyme.

13.6 mm.

stage series H.E.C.

82

.

Transverse 10

A.C.

The cellular "core" has increased in diameter due
to an

increase in the size of cell and also to an

increase in the intercellular space.

The primitive

perichondrium shows a greater degree of demarkation
from surrounding mesenchyma.

The core has developed

further ventrally and these (ventral) extremities have
a more medial

inclination.

14.1 mm. stage series G.M. 28.

Transverse H & E, and

14.2 mm. stage series G.M.

Sagittal H & E.

32.

The cells of the core reach their maximum size
and the primitive perichondrium contains additional

layers of cells.

The diameter of the core in these

stages is greater than in the 13.6 mm.
is due to

the

stage.

This

increase in the size of the cells which

lessens the intercellular spaces.

Sagittal section

along the core shows the cells to be arranged with
their long axies longitudinal whereas the cells of the

primitive /
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10a

X

500.

Photomicrograph from centre of "core" of
Section was toward the
15 mm. stage.
dorsal extremity of the core.
Shows the
irregular arrangement of the cells, the
homogeneous intercellular matrix and
numerous mitotic figures.

j0.

primitive perichondrium have their long axies at
right angles to the axis of the core.

15.0 mm. stage series G.E.

2.

Transverse

The core has increased in diameter,

10A

Azan.

the cells of

the dorsal part separate but remain in contact with

each other by delicate protoplasmic processes.

The

whole ovoid core enlarges in cross section, and the

primitive perichondrium is stretched out so that it is
not so distinct as it was in the 14 mm.

stage.

The

intercellular spaces in the "core" are occupied by a

homogeneous matrix.

Because of its refractive indéx

this homogeneous matrix partially obscures cytological

detail.

By the use of polorized light it is possible

to observe the fine

fibrillar str..Icture within the

substance of the matrix.

Staining with iron haema-

toxylin shows the granular nature of the nuclei.
10a).

(Fig.

In the author'sseries this was the

earliest date in which the "matrix of hyaline cartilage
could be found.

16 mm.

stage series H.E.C. 2095. Transverse

104

r

The cells of the dorsal part of the "core" are

still connected by thin drawn out protoplasmic
processes embedded in the homogeneous matrix.
cells /

The

.C.

1

Fig 11

.

X 100.
16
mm.
C.R.
Section
Transverse
Showing cross section of Meckel's
cartilage at its dorsal extremity.

Sect.

506.

70;73Lre

arcf

defdi/N.

urff

Pre c-.4e/..1=Crl-trfiryc-

Fig. 12.

X 100.
Photomicrograph same series and same
magnification as Fig. 11, but at a site
ventral.
Sect.

517.

.1

mm.

51.

oval or bean shaped.

cells are round,

The homo-

geneous matrix of the previous stage has undergone a

further stage of chondrification so that the fibrillae
in the matrix can be observed without any special

lighting or optical equipment.
13 and 14 stages has,

of 12,

The cellular "core"

at its dorsal

one fifth

been converted into embryonic hyaline cartilage which

exhibits a typical basophilic staining reaction.

In

cross section the cells in the centre are older histo-

genetically, whilst those at the periphery merge with
the innermost layers of the perichondrium which

sustains the belief of the chondrogenetic properties
of

the innermost cells of

the perichondrium (Shipley

The cellular core is converted into hyaline

1928).

cartilage in 16 mm.

,This cartilaginous rod is

stage.

older, histo -genetically,

in

the dorsal part and

becomes markedly younger passing ventrally where it

merges with the cellular core which is its ventral
prolongation.

Fig. 11 represents a transverse

section in the region of the branching of the mandibular nerve and the mylohyoid nerves.
the

In Fig. 12

section shown is one -tenth millimetre further

ventral.
is of

Fig. 11 is of section No. 506 and Fig. 12

section No.
Note.

517.

In sectioning embryos of this age group
a transverse plane of section represents
a reversed frontal plane because of neck
flexion.
Therefore from section 506 to
section 517 the line of progression is

dorsoventral.

In

In this stage

(16 mm.)

the ventral extremity of

the cellular core has reached the anterior third of

the mandibular arch.

It is

interesting to note that

preceding chondrification the cells of the core are
arranged in a concentric manner, they are large and

i

show numerous mitotic figures (Fig. 13).
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Fig. 11.

X 450.

High power photo- micrograph. of centre
of mesenchymal core.
Note the concentric
arrangement of the cells and the mitotic
figures.
The large round cells are in
the centre.
There are no intercellular
spaces.

until the formation of a definite layer of encircling
cells /

53.

cells

(primitive perichondrium)

that these cells of

the core move apart and exhibit the marked inter-

cellular space which is present immediately preceding

chondrification.

In this series Meckel's cartilage

and the cellular core together extend dorsoventrally

through 151 sections which at 10,1 (thickness of
section) gives a total length of 1.51 mm. or 3/32 of

crown rump measurement, which reduced to a ratio of

mandibular length to C.R. measurement,

equals .107.

16.4 mm. stage series H.D.S. 16. Transverse .Mallory's

.

The hyaline cartilage has developed until it now

occupies the dorsal third of the combined cellular
core and cartilaginous rod.

12.0 mm. stage series.

Total length 1.68 mm.

G.M. 19. Transverse. Iron Haem.

Hyaline cartilage now occupies the dorsal two
thirds of the combined cellular core and cartilaginous
rod.

The ventral extremity of the cellular core has

taken on a slight upward inclination and is approaching
the symphyseal region.

Therefore what

wEis

a short cellular core,

formed

by a condensation of mesenchymal cells, and situated
in the dorsal

region of the mandibular arch, chondri-

fied at its dorsal end.

cartilage /

The formation of hyaline

4.
cartilage progressed ventrally converting the cellular
core into cartilage.

This cartilage

(

Meckel's)

continuous with the malleus primordium dorsally

terminates ventrally by its cellular continuation
which now occupies the anterior segment of the mandibular arch.
The junction of hyaline cartilage with cellular
core is medial to the branching of the inferior dental

nerve into the mental and incisive nerves.

Total

dorso- ventral length 1.76 mm.

Primary Ossification
Same series as above viz.
17 mm. stage series G.I. 19. Transverse.Iron Haem.

Ventral to the sitewhere the inferior dental
nerve divides into its two terminal branches,

the

mesenchymal cells show cytological specialization.
The cells enlarge,

become coarsely granular and

exhibit an irregularly arranged series of intercellular
spaces in which faint osteogenic fibres can be seen.
This is the primary centre of ossification and is the

earliest date at which the author has observed it in
his series.

This centre of ossification is in

membrane and lies lateral to Meckel's cartilage and
at some distance from it.

formed /

It lies in the fork

55.

formed by the bifurcation of the inferior dental nerve
into its terminal branches.

The mental nerve is the

main continuation of the inferior dental and the
incisive branch is at this stage a fine short nerve

which passes ventrally through fifteen sections.
Note that opposite this site Meckel's cartilage is
only partially chondrified (Fig. 14).

The total
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100.

Photo -micrograph from section through
primary centre of ossification of
mandible of an embryo 17 mm. C.R.

length of Meckel's cartilage is 1.80 mm.
;date

/

This early

56

.

date as the first appearance of the centre of ossifi-

cation of the mandible, and its association with a

very small incisive branch of the inferior alvtolar
agrees closely with the observation of Fawcett, 1930.
This specimen however is not as young as that reported

by Fawcett although the C.R. measurements are the same.

I

was fortunate in being able to duplicate this

stage viz:
17 mm.

-

stage series G.M. 29.

Transverse.

The specimen was measured photographically and
then immediately placed in fixative.

It was

sectioned to eight and stained with Heidenhain's azari
stain.

A very careful examination of individual

sections was made but no evidence of preosseous
cellular specialization could be found.

The incisive

branch of the inferior dental nerve was longer than in
the preceding series.

Total dorso- ventral length of

Meckel's cartilage was determined as 1.84 mm.

17.5 mm. stage series H.E.C. 2155. Transverse

10-1,,t

At this stage the angle of ventral flexion of the

head with the body has been reduced so that a trans-

verse plane of the body is no longer a true frontal
section of the head.
of

/

In this series coronal sections

>7

of the head are oblique frontal,

so

that instead of

'sectioning through Meckel's cartilage at right angles
to

its long axis the plane is oblique.

Section

No. 622 (Fig. 15) because of this obliquity does not
(show

any appearance of Meckel's cartilage.

The

section is through the centre of ossification.

The
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Fig. 15.

A coronal section of head of 17.5 mm. embryo.
The site is ventral to Meckel's cartilage.
The primary centre of intra- membranous ossification of the mandible is shown.

mental nerve is shown to the lateral side.

The

incisive branch of the inferior dental nerves is not

present /

58

present because it has a medialward path and follows
to the lateral

aspect of Meckel's cartilage.

A

higher power photo -micrograph through this centre of
'ossification is shown by Fig. 16.

.

This is a typical

picture of early intra- membranous ossification.
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X 450.

Higher power photo- Iicrograph of the centre
of ossification shown in Fig. 15.

Specialization of the mesenchymal cells forming
connective tissue fibres along whi-ah osteoblasts are

migrating prepaxatoryto the formation of bone.
relationship of a blood vessel to this centre is
shown /

The
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shown, in the lumen of the vessel some nucleated

erythrocytes can be seen.
The arrangement of these tissues eighteen

sections further dorsally is shown by photo -micrograph
(Fig. 17).

This section passes through the precarti-

-

/ó/aFne
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O. /jecAe/S'

Crny49o.

-- - t%re%/.iny Awe.

Fig. 17.

X

45

Shows the relationship of osseous tissue
to ventral expanded portion of Meckel's
cartilage.

laginous ventral extremity of Meckel's cartilage.
Owing to the slight upward bend of thid extremity and
because of the obliquity of the plane of section,

it

appears more wedge- shaped than it really is as this
stage.

Passing
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Fig. 18.

t

High power photo -microphotograph of the
most dorsal part of osseous tissue.
The relationship of Meckel's cartilage
Meckel's
and blood vessel is shown.
cartilage is only partly chondrified.
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Passing dorsally a further sixteen sections the
developing bone and its relationship to Meckel's
cartilage and blood vessel is shown by Fig. 18.
At a site seven sections still further dorsally
the bone which has continued without interruption from.

most ventral point of its appearance now terminates

;the

An

a fine

lamina of condensed mesenchyme, ventral and

medial to the mental nerve (Fig. 19).

Meckel's

4k/.,,e
P.^ocess

/%er/a/ Ne. ve

Fig. 19.

X 100.

The dorsal termination of osseous tissue..
This tissue is continuous from its ventral
extremity without a break.

cartilage at this point is only partially chondrified.
The /

61

.

The preosseous tissue extends dorso- ventrally through
55 sections.

Forty sections dorsal to Fig. 19 Meckel's cartilage is fully chondrified and is surrounded by a

definite perichondrium (Fig. 20).

The mylo -hyoid

nerve is seen passing beneath the cartilage toward
the muscle which at this stage has differentiated from

Forty sections dorsal to that shown

the mesenchyme.
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X 100.

Showing fully chondrified Meckel's cartilage.
Mylo -hyoid nerve is seen passing to the_
mylo- hyoid muscle.

by Fig.

20,

cartilage

the cross

section diameter of Meckel's

62.

cartilage has decreased (Fig. 21) this is at the site
of the

junction of mandibular and lingual nerves.

The total dorso- ventral length of Meckel's cartilage
is 1.81 mm.

Fig. 21.

X100.

Shows the diameter of Meckel's cartilage
in the region of the junction of the
mandibular and lingual nerves.

17.7 mm.

stage series G.M. 21. Coronal 6)k Mallorys.

In an endeavour to overcome the difficulty of
the misinterpretation of sections which are cut

obliquely to the mandible the head of this embryo
was /

.

Fig. 22.
A drawing of the lateral aspect of a
wax plate reconstruction model of the
area of centre of ossification.
Shows the division of the inferior
dental nerve into its two terminal
branches with bone lying in the "fork"
so formed.

Fig. 23.

A drawing of the same model viewed
Showing the relationship
from above.
blood vessel and
bone
nerves,
of
to
The dotted line
Meckel's cartilage.
indicates the ventral extremity of the
chondrified portion of Meckel's cartilage.

63.

was removed from its body by microdissection and the

head was blocked and sectioned to a true frontal
plane.

The sections were cut to a thickness of

6 AL

and stained with Mallorys connective tissue stain.

A wax plate reconstructive model to a magnification of 180 was made of the region of the centre of

ossification.
Viewed from the lateral aspect (Fig. 22) the

relationship of Meckel's cartilage to inferior dental
nerve,
shown.

its terminal branches,

and osseous tissue is

The mental nerve is the true continuation of

the inferior dental nerve.

The incisive branch is

smaller in diameter and arises from the superior
aspect of the nerve trunk.

The bulk of the bone lies

in the ventral fork of these nerves.

side of

the bone a blood vessel

model viewed from above
ship of these

To the lateral

is shown.

(Fig. 23)

This same

shows the relation-

structures in greater detail.

The

dotted line marks the ventral extremity of the chondrified portion of Meckel's cartilage.

Formation of the Mental Foramen
18.2 mm. stage

series H.E.C. 1913. Transverse.

A coronal section of the head with the plane

passing through the ventral part of the young bone is
shown /

From part of a coronal section of head of
18,2 mm. embryo showing the appearance of
the bone towards its most ventral part.
The mental nerve and incisive branch are
shown.
)

-7,7<rsorN

/Vert 4,/.
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LiloodfresTe1.---

/reclew/

Fig. 25.

X 100.

Fourteen sections dorsal to Fig. 24 showing
how the bony plate is assuming a more vertical
position.
The approximation of mental nerve
incisive branch can be seen.

IRiERAL.

Fig. 26.

X100.

This section is 14 sections dorsal to that
shown in Fig. 25.
This is the site of the dorsal
It is from
termination of the bone at this stage.
this point that the curved condensed cellular membrane
develops and proceeds dorsally along the lateral
aspect of the chondrified portion of Meckel's cartilage.

A Series of Photo -micrographs from Coronal Sections of
The magnification in each
the Head of an 18.2 mm. embryo.
case is the same.
Rÿ

X 100.
Dorsal termination of bony plate.
Meckel's cartilage partially
chondrified.
Fig. 27.

X 100.
Fig 29.
This section is 26 sections
dorsal to that of Fig. 28.
Shows dorsal continuation of
curved condensed cellular layer.

X
Fig. 28.
This Section is '26 sections dorsa
Shows Meckel's
that of Fig. 27.
n
chondrified.
cartilage fully
cellular
lamina:
curved condensed
shown.

X
Fig. 30.
This section is 26 sections dorsal
Note the decreaf
that of Fig. 29.
diameter of M.'s C. at junction of
mandibular and lingual nerves.

65.

shown by Fig. 24.

The bone ,which in the form of a

fine lamella,lies oblicuely between the mental nerve

and incisive branch of inferior dental nerve.

Because of its curvature the ventral extremity of

Meckel's cartilage does not show in this section but
is

seen in a section

.14

mm. further dorsal

where it presents in precartilaginous form.

(Fig. 25),

This

site is ventral to the division of the inferior dental

nerve into its two terminal branches, and these can be
seen approaching one another.
of the nerves

The site of junction

is at a site fourteen sections further

dorsal (Fig. 26), where the bone terminates.

computation the dorso- ventral length
stage

is

.66 mm

By

of bone at this

.

The histological appearance of Meckel's cartilage,
at various places along its length,
a series of

illustrated by

is

photomicrographs (Fig. 27

-

30) which are

each made at the same magnification for the purpose of

comparison.
Fig. 27. Section immediately dorsal to junction
of terminal branches of inferior
dental nerve.

Fig. 28. -26 Sections dorsal fo Fig. 27.
Fig. 29. -26 Sections dorsal to Fig. 28.
Fig. 30. -26 Sections dorsal to Fig. 29.

Fig. 27 is
Total /

.76 mm.

ventral to Fig. 30.

Fig.

31.

X 40.

From a coronal section of 19 mm.Human Embryo.
Plane of section which is ventral to the tip
of the tongue passes through the expanded
symphysial portion of Meckel's cartilage.
This plane is ventral to the developing bone.

66.

Total dorso:- ventral length of Meckel's cartilage
is 1.88 mm.

in Figs.

28,

Meckel's cartilage is fully chondrified
29 and 30.

In Fig. 27 partial chondri-

fication is shown with an indefinite perichondrium.

Meckel's cartilage has a decreased cross- section
diameter as pompared with that shown in Figs. 28, 29.
Lateral to Meckel's cartilage a curved condensed
cellular lamina is observed, it lies below the general
level of the cartilage and the concavity is directed

medialwards (Figs. 28, 29).

This connective tissue

membrane continues in a dorsal direction from the
dorsal extremity of the formed bone,

to the region of

the junction of the mandibular and mylohyoid nerves

30).

(Fig.

It is along this "membrane" that the bone

develops, progressing dorsally from the primary centre
of ossification.

19 mm.

stage series. H.E.C. 819.

Transverse 14

A

The ventral precartilaginous extremity of

Meckel's cartilage undergoes a considerable change
shape.

o

That was a cylindrical core has been "com-

pressed" labio- lingually until its vertical diameter
is increased and it assumes a wedge -like shape.

In

Fig. 31 the section is ventral to the tip of the

tongue and the plane is tangenital to this flattened

expanded /

_

__ P7eche/s

Car// /age.

Ne/nb/dne bone
Yilsndib/e.

Fig.

32.

x 40.

From a coronal section of head of 19 mm.
The plane is 10 sections
human embryo.
The
dorsal to that shown by Fig. 31.
lateral aspect of the bony plate is smooth
while the medial has trabeculae passing
towards the cartilage.

eF

67.

;expanded portion of Meckel's cartilage.
'dorsal to that of Fig.

Ten sections

31 the plane passes through

the tongue, palatal processes, Meckel's cartilage and

!bone (Figs. 32,

33).

Fig. 33

X

45.

,Coronal section through the head 19 mm.
Showing the expanded portion
embryo.
of Meckel's cartilage at its ventral
The obliquity of the plate
extremity.
of bone and its relationship to the
cartilage can be seen.

The bone in this region is as an oblique shelf

sending trabeculae from its medial surface toward

Meckel's cartilage, while the lateral side of the
bone /

rp
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Fig. 34.

x 45.

Showing the relationship of bone to cartilage
12 sections dorsal to that shown in Fig. 33.
The plane of this section passes vertically
through the mental foramen.

4awh
re+.onc.

68.

bone maintains an even compact surface.

Tien

sections

dorsal to Fig. 33, Meckel's cartilage is present in

cylindrical form (Fig. 34) and the simple plate of

bone,shown in Figs. 32, 13, assumes a compound form.
To follow the transition of the form of bone

from that shown in Fig. 33 to that shown in Fig. 34
it is advisable to diagrammatically portray the

manner in which development progresses in this region.
The diagrams shown by Fig. 35 A and

C

are used to

show the stage of bone development in the early 19 mm.
stage (A) and the late 19 mm. stage

(C).

From the centre of ossification bone rapidly
develops in a dorsal direction along the curved
cellular membrane (Figs. 28 and 29).
As the bone extends dorsally it passes beneath
the mental nerve.

The nerve grooves the bone

and from the base of this groove a thin

(Fig. 35A)

shelf of bone develops in a medial direction.

This

'shelf then grows upwards until it occupies a position

between the inferior dental nerve and Meckel's cartilage (S in Fig. 35B).

The single lamella of bone,as in Figs. 32 and

33

would be represented as a plane a -b on Fig. 35A.
The plane

c

-d on Fig.

35A is diagrammatically represen-

t

'ted as Fig.

ventral /

35B in which drawing q.r. is the single
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A.

=

early 19 mm. stage.
Bone developing dorsally
beneath mental nerve.
Mental nerve forms a
groove in bone.
The plane a -b = Fig. 32.

B.

=

from the bottom of the groove bony process
develops medially beneath the inferior dental
nerve.
This plate of bone (S) later develops
Is
to form the internal alveolar wall.
represented on A as c -d.

C.

=

late 19 mm. stage.
The mental foramen has
been formed by a process of bone developing
over the mental nerve m -n.
The internal
alveolar wall (i -a -w) has formed a trough in
which the inferior dental nerve lies. (idn).
The plane a -b = D which is ventral to the mental
foramen.
c -d = Fig. 37 which is dorsal to the
mental foramen.
"
e -f = Fig. 38 which is dorsal to
internal alveolar wall.
g -h = Fig. 39 through junction of
mandibular and lingual nerves
and through dorsal extremity of
bone.
k -1 = Figs. 34 and 36 through the
"
"
mental foramen.
= Mandibular Nerve.
MC. = Meckel's cartilage.
LN = Lingual nerve.
ExMC = Expanded portion
of M's C.

70.

ventral lamella and

S

is

the process or shelf which

has developed from the base of the groove formed by
the mental nerve.

19

-

20 mm,

Bone develops rapidly in the

stages so that Fig. ?5C would represent

the condition in a late 19 or early 20 mm. embryo.
`:'hat

was a groove in the bone has now been converted

into a foramen by the proliferation of a process from

bone ventral to the mental nerve.

the

This process

develops in a dorsal direction, passes above the

mental nerve and fuses with the bone immediately dorsal
to

it.

The shelf of bone

(S

Fig. 35B) has increased in

length by the additional growth at
dorsal extremities.

its

ventral and

This shelf is the primitive

internal alveolar wall.
plane of section ventral to the mental foramen
a -b Fig.

of

35C

is represented by drawing 35D.

h plane

section dorsal to the mental foramen is represented

by the photo -micrograph Fig. 37 which shows in cross

section the inner and outer alveolar walls.

Lying

between these walls or in the trough which they make
is

seen the inferior dental nerve.

The

internal

alveolar wall is curved with a concavity which

approximates the curvature of the lateral portion of
Meckel's cartilage.
wall

Although the internal alveolar

71.

wall is in close apposition to the cartilage, mesenchyraal

tissue intervenes and nowhere is bone in

contact with cartilage.
The plane
of the

e .f

.

Fig. 35C is at the dorsal extremity

internal alveolar wall (Fig. 38) and from this

region to g.h. 35C the outer alveolar wall is continued
as a single unbroken lamella which terminates lateral
to the junction of lingual and inferior dental nerves

(Fig.

39).

A plane passing through the mental foramen k.l.
35C

is

Late.

shown by Fig. 36.

This shows the internal

/.

Fig. 36.

1, 100.

Plane of section passing through the mental
foramen as k.l. 35C.
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Fig. 37.

X 100.

Frontal section of the.bone of the-mandible
of a 19 mm. stage.
Plane of section is as
c-d Fig.

35 C.

Fig. 38.

X 100.

From the same series as Fig. 37 but at a
plane further dorsal as e.f. Fig. 35 C.
The dorsal extremity of the internal
alveolar wall has only grown to this point.

-

-

Fig. 39.

I.,,Coa,- den FB/N

-L/typo/ iY

-

/cke/s

X 100.

The
From the same series as Fig. 37.
is
the
junction
of
through
section
plane
of the lingual and inferior dental nerve.
The dorsal termination of the sheet of
membrane bone of the mandible is shown.

/i/ayo.

Car

73.

alveolar wall, which is lying close to the lateral
aspect of Ileckelts cartilage.

The vertical extent

of mental foramen is represented by space between the

roof and floor of the foramen.

Development to Definitive Form
20 mm. stage series G.M.

O.

Frontal 10 ALH and E.

The head was removed from the body and sectioned
in a true frontal plane.

From the series a wax

1ate rec:nstruction model of the right half of the

:=:.hTle was nlae to a mgnification of 100 diameters.
Ths

cartilage and main nerves were modelled.

::ne,

A half scale drawing of this model is shown by
Figs.

and 41.

4C.
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Fig. 41.

Drawing of the model of the right half
of the mandible viewed from above.
The drawing is one half the size of the model.
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The lateral view of Fig. 40 shows the membrane

bone of the mandible as a single sheet, on the

lateral aspect of

Meckel's cartilage.

The bone

extends from the ventral tip of Meckel's cartilage
to a point opposite the junction of the inferior

dental and lingual nerves.

The mental foramen is

oval in form with its long axis placed horizontally.
The mental nerve as it passes outwards through the

foramen, lies above a groove in the outer aspect of
the bone.

The groove is shallow and is elongated in

an outward, downward and forward direction.

The dorsal extremity of Meckel's cartilage is

continuous with the malleus cartilage which was also
modelled.

The cartilage for the incus though lying

medially and somewhat dorsal to that of the malleus
was not

modelled, as it was considered outside the

scope of this investigation.
The model drawn from

above is shown by Fig. 41.

The mental foramen is at a point half way between the

ventral extremity of Meckel's cartilage and the
junction of the inferior dental and lingual nerves.
Medial to the mental foramen the internal alveolar
wall can be seen.

From the ventral end of the

superior border of the internal alveolar wall,a

process of bone passes laterally across the incisive
nerve /

75.

nerve and joins with the medial aspect of the outer

alveolar wall.

This forms the incisor bridge which

roofs over the incisive nerve immediately ventral to
the mental foramen.

This is the commencement of the

incisive canal, which when complete transmits the

incisive nerve.
The Meckel's cartilage has a slight medial bend,
its flattened ventral extremity is closer to the bone

than that of its dorsal part.

This medial bend

occurs opposite the mental foramen.

stage series H.E.C. 2037. Sagittal 10

20 mm.

H & E.

A median section (Fig. 42) shows the absence of
bone,

cartilage and cellular specialization.

The

.1oR6R4

T

Fig. 42.

X 100.

A median section between the two ventral
extremities of Meckel's cartilage.
width /

76.

width of this space is
(Fig. 43)

.1

mm.

A para- median section

shows the flattened symphyseal portion of

Meckel's cartilage with the curved lamella of
membrane bone lying to its ventral side.

The well

V617/-rd/

Fig. 43.

100.

Para -medial section throagh the expanded
symphyseal portion of Meckel's cartilage
and adjacent membrane hone.

marked perichondrium blends_at its inferior border
with the differentiating myofibrils of the genioglossus muscle.

A higher power photo- micrograph of

this region is shown by Fig.

44.

It can also be

noted from this latter figure that the Meckel's

cartilage /

77.

cartilage is fully chondrif.ied.

This cartilage is

growing in extent and all stages of transition in the
process of chondrification can be seen adjacent to
the perichondrium.
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X

450.

high power photo- micrograph.of the region
marked on Fig. 43.
A

As the Meckel's cartilage makes a medialward

bend at the region of the mental foramen,a sagittal
section cuts obliquely across the cartilage and

foramen (Fig. 45)

.

33y

means of micro- projection the

dorso- ventral measurement of Meckel's cartilage was

found

Fig.

45.

X 100.

A sagittal section of Meckel's cartilage
and membrane bone in the region of the
The medialward bend of
mental foramen.
the cartilage in this region causes the
plane of section to cut obliquely across
it.
The mental nerve can be seen passing
outward through the foramen.

78.

found to be 2.2 mm. and by computation from the
number of sections its greatest width was 3.02 mm.

23.5 mm. Stage.

Series G.M. 17.

Frontal .Azan.

The flattened ventral extremity of Meckel's

cartilage has-increased in vertical extent.

The

cartilage has a more pronounced medial bend at the
region of the mental foramen.

The internal alveolar

wall has extended to a point halfway between the

mylo -hyoid nerve and mental foramen.

A definite

angle is mapped out and a thin lamella of bone is

extending upward in the form of a rudimentary ramus

.

The inferior dental nerve lies in the trough so

formed by the alveolar walls.

The incisor bridge has

extended further ventrally until it makes a well defined roof over the incisor nerve.

25.5 mm. Stage.

Series G.M.10.

The median space measures

Sagittal 10)1k

.05 mm.

superiorly

and .19 mm. inferiorly that is the upper approximating

angles of the wedge -like extremities of Meckel's

cartilage are nearer together than the lower angles.

4 mm.

Stage.

Series G.P. 7.

Frontal Iron H.

Cellular distortion and shrinkage rendered this
series unfit for histological
gical study.

28.8

mm. /

.,
:..

..>

..-.

_-__
___G.yZ___

O bone

/7^OCe$S
deve % erreg

/%cke/,}

Veil

over

Grflyye.

fr7 /exp

ndAa'

of /7ecÑe /'c
CerN /aye.
f7d,'f

-

___ _.

_______

-

.UNIfa/td/ra7nd,

fdbl49/47n7 14 d.

/%mbr

bone

OF rarrdrb/e

-

Fig. 46.

Para -median section of head of 29 mui.
Shows the flattened symphyseal
embryo.
The cells
portion of Meckel's cartilage.
The
of the cartilage are enlarging.
membrane bone has a process growing over
the superior aspect of the cartilage.

79.

28.8 mm. Stage.

Series H.E.C. 1598.

Sagittal 12

.w

The para -symphyseal portion of Meckel's carti-

lage is greatly expanded but shows no signs of ossifi-

cation.
The fibres of genio- glossus and genio -hyoid

muscles are blending with the outer cellular layer
of

the perichondrium.

The perichondrium in this

region is composed of more cellular layers than
elsewhere.

29.mm. Stage.

Series G.M.

9.

The mento- symphyseal portion

Sagittal 10

AL

(the flattened

wedge shaped ventral extremity) of Meckel's cartilage
has flattened considerably more than in earlier
stages.

The cartilage cells show the first signs of

enlargement and the plate of membrane bone which lies
on its outer aspect assumes a more plate -like appear-

ance in cross -section.

This plate of membrane bone approaches the

superior part of the flattened cartilage by sending
inwards a bony process which overlies the crest of
the cartilage and is in direct apposition with it
(Fig. 46).

The remainder òf this plate of bone is

Separated from the cartilage by a considerable amount
of cellular

lies /

tissue.

This shelf of bone which over-

Fig. 47.

Diagrammatic representation of the left half
of the mandible of an embryo 29.5 mm.
M.C. = Meckel's cartilage.
Ex.M.C. = Expanded portion of Meckel's cartilage.
oaw = Outer alveolar wall.
law = Inner alveolar wall.
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X 50.

Photomicrograph of the region indicated
as a -b Fig. 47.
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overlies the cartilage is continuous laterally with
the internal alveolar wall.

The process of bone

which connects the two is analgous with the incisor
bridge which was first observed in the region.of the

mental foramen.
Coincident with the formation of this process of
bone the dental lamina grows backwards like a shelf.
The labial lamina shows a disintegration of its

contained stratified squamous cellular core and the
early separation of the lower lip is brought about.

29.5 mm. Stage.

Series G.L. 26.

Transverse head.

In this series the head was orientated so that
the plane of section would pass horizontally through
the body of the mandible as

A -B Fig.

47.

The ventral extremities of the Meckel's carti-

lage are in close apposition with each other only a

dense nerichondrial cellular layer intervening

between them.

The cartilage shows a medial bend

which gives the ventral part of the mandibular arch
a

flattened appearance.

Fig. 47).

(Fig. 48 which is a -b of

The internal.alveolar wall has developed

ventrally to the region of the deciduous lateral
incisor tooth germ, where it blends with the outer
alveolar wall.
continues /

From this point the membrane bone

(24//nr iJ/veo/ar
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Fig. 49.

X50.

Photomicrograph of the region indicated
as

c

-d Fig. 47.

Fig.

50.

X 50.

Photomicrograph of the region indicated
e -f

Fig. 47.

31.

continues forward as a single lamella on the outer
side of the cartilage (Fig. 43).

Dorsally the

internal alveolar wall reaches to the dorsal border
of the rudimentary remus so that a plane
is

c -d

shown by the photomicrograph Fig. 49.

junction of

Fig. 47

The

the internal alveolar wall with the

outer plate is at a site dorsal to Meckel's cartilage.
The forward bend of Heckel's cartilage, in this

region,

allows it to be cut obliquely across.

The

rudimentary ramus slopes dorsally and upward and is
roughly mapped out by two blunt processes which will
later develop to form the coronoid and condyloid
processes.

S transverse section through the

ascending ramus,e -f Fig. 47,shows it to be a thin
lamina of bone lying lateral to the upward bent
dorsal extremity of Heckel's cartilage.

Lying to

the lateral side of remus the developing masseter

muscle is shown Fig. 50.

Between the bone and

IIeckel's cartilage the mandibular nerve is seen

passing downwards to enter the trough formed by the
internal and outer alveolar walls (Fig. 49).

30 mm.

Stage.

Series G.M.

2

Frontal.

The only change .from that pf the preceding

stage

is in respect to the ventral extremities of

Meckel's /
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Fig. 51.

Photomicrograph from a frontal section,
the plane of which passes tangentially
through the united superior angles of
the ventrally expanded portion of
Meckel's cartilage.
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Fig. 52.

.

450.

Photo- haicrograph of the area A of Fig.

51.

82.

Meckel's cartilage.

Previous to this stage the

Meckel's cartilage of each side has been distinct and
not directly related to its fellow of the opposite
side.
It is now observed that the ventral extremities
of Meckel's cartilages come into contact with one

another.

The perichondrium which lies between the

approximating extremities shows great cellular
activity with the result that the cartilages join
one to the other.

This union commences at the

superior angle of the cartilage and progresses downwards,

the process occasionly being arrested before

the inferior angle is reached (Fig.

This union

51).

is not a mechanical one due to the apposition of the

two halves as a higher power photo -micrograph of the

area A Fig. 51 is shown by Fig. 52.

This figure

shows the continuity of the cartilage from one side to
the other.

Further proof that this

is a

histologic

union is presented by the unbroken perichondrial
layer which lies at the periphery of the superior
part of the cartilage (Fig. 52).

Below the site of primary union

(B

Fig. 51) the

cartilage of each side is separated by the perichondrium,

the cells of which are showing marked chondro-

genetic /

83.

chondrogenetic activity (Fig. 53).

The cells of this

interposed connective tissue exhibit all stages of

transition from spindle- shaped fibroblasts to formed
cartilage cells.
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Photo- icrograph of the area B of Fig. 51.

17 mm. Stage.

Series G.M.

6.,i.ß

Frontal.

Azan.

of

To illustrate the stageAdevelopment of bone and

cartilage at this age,

it is advisable to show a

series of photomicrographs Figs. 54 to 60.
The expanded ventral extremities of Meckel's
'cartilages are fused one with the other in the manner

described in the previous stage.

The fusion is still

by the superior angles of this portion of the cartilage

84.

cartilage.

The plane of section .23 mm. dorsal to

the most ventral appearance of the cartilage shows
the relationship of the tissues as Fig.

54.
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X 40.
A frontal

section through the expanded
ventral extremity of Heckel's cartilage
of the 37 mm. stage.

This

figure illustrates the amount of cartilage in

this area as compared with that shown in the other

figures.

All these photo -micrographs (Figs. 54

-

60)

were made at the same magnification, therefore they
can be used for comparison of one with the other.

A section immediately ventral to the mental
foramen (rig.

55)

shows how the neighbouring bone has

invaded the perichondrium of Meckel's cartilage.

Fig. 55

See over page.
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Fig. 55.

X 40.

From a frontal section through the mandible
Plane of section passes
of a 37 mm. embryo.
through the site of endochondral ossification
of Meckel's cartilage.
The plane is ventral to
the mental foramen.
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The cells of the cartilage adjacent

to

the site of

this invasion are enlarged and areas of vacuolizat1_on

From the medial surface of the internal

can be seen.

wall and from the medial surface of the b*dy of

mandible two shelves of bone develop medially
invest the Meckel's cartilage.
one

These two

over and one under, proceed to

the

enH.?le,lth

cartilage from its 3.ateral asipeot

fa;:

In the region of the mental

r.

the

icoone

still lies at some distance from the cartilage.

Ike

perichondrium has not been invaded and the cartilage
cells do not show any change (Pig. 56).
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From a section passing through the mental
foramen of the mandible.

The trough formed by the inner and outer
alveolar walls becomes deeper as we pass dorsally
(Figs./

/Yecfia/

ATERAI_.

7-oyue
.

,

-

Tao, h

-

C/ectcec) c2(/..s /P/110 /07..-

0/ puler.

hur,(er

a/veo/dv- Wol/

kevcv" denfai er- e.

44e% 6raye

.11-1ner

ekeo/dr we,

Are/o/6,n9 A)rej
/47/0!_yeficI

,

Fig. 57.
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From a frontal section through the mandible
Plane of section is
of a 37 mm. embryo.
through the 4th tooth germ.
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(Figs.

55,

57)

56,

.

The internal alveolar wall joins

with the outer alveolar wall at the highest point in
the region ventral

to the mental

foramen.

The dorsal

extremity of the internal alveolar wall joins with
the outer wall at the inferior border of the bone.

Therefore passing dorsally from the mental foramen

aY

the cross section form of the bone changes, from
a.V,

to

the inner arm of the V (internal alveolar wall)

ceasing just beyond the 4th tooth germ. (Fig. 58).
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58.

From a frontal section through the mandible
Plane of section is
of a 37 mm. embryo.
dorsal to the 4th tooth germ.

The mandible at this stage shows the outline of
a

coronoid process and the bone is rapidly developing

in height at this point

(Fig.

59)

.

Marked osteo-

blastic activity is taking place at both the superior
(coronoid process)
The /

and inferior (angle) borders.
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Fig. 59.

frontal section through the mandible
Plane of section is
of a 37 mm. embryo.
through the coronoid process.
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The plate of bone has a marked curve opposite the

Meckel's cartilage.

Toward the superior border of

the bone the fibres of the temporal muscle are

developing.

To

the lateral side of this bone the

fibres of the masseter muscle are well differentiated
(Fig.

Dorsal to this region,

59).

the bone lessens

in height, the curvature of its lower third becomes

more pronounced and the inferior border is thickened

transversely as the angle of the mandible (Fig.

60).
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From a frontal section through the mandible
Plane of section passes
of a 37 mm. embryo.
through the angle of the mandible.

A transverse section of the outer alveolar wall
in the region of the

by Fig. 61.

first deciduous molar is shown

The dental lamina (D.L.) has invaginated,

the underlying mesenchyme and its bulbous end is the

enamel /

83.

enamel organ (E.O.) which will form the enamel of tne
first deciduous molar.

Th.e

common epithelial origin

wr_

groove

th e

(L .G

.

)

cavity

o r al

.h the labial 11ani_na or

The stratif'

.

is

lamina has a

:^:t,a,l

_

quanous eyttneltjulm

..

c o n t i nu o1'ï r7.ri tí

layer of the dental lamina.

40,re

the middle celblaar

The

den-ital laarima

appears to grow downward to a definite lemet"M tWsore
its free edge enlarges into the enamel orgam.
the appearance of the enamel organ as

a

TIIJM

defilmtite

histogenetic structure the me$enchlrmal cells
surrounding it become ar

concentric layers.

t
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ze

in a number of c

the same time there is
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of the enamel
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Fig. 61.

A frontal section through the tooth germ (Enamel Organ - E.O.)
labial groove (L.G.) and bone of mandible (Bn.) of a Human
Foetus, C.R. 37 mm.

A.
B.

- General direction of bone growth
= Change of position of bony plate

L.G. =
X.
Y.

D.L.
N.

_
_
=
_

superiorly.
- due to osteoblast
(Ob.l. and Ob.2.) and osteoclastic activity (0c.1 &
Labial groove - to separate lip from bone.
To represent point on gum crest.
Point at base of enamel organ (E.O.).
Dental lamina.
Inferior dental nerve.

89.

The resultant of these two factors changes

arrow A.

the position to

that indicated by green line in Fig.61,

This increase in the transverse diameter occurs to

accommodate the rapidly expanding enamel organ, which
increases also in a transverse direction Z until it
occupies the line Nm.

The dental lamina and enamel

organ are generally spoken

of as growing down into

the developing alveolar processes of

This is incorrect;

the mandible.

the dental lamina "grows" down a

certain distance, but oncethe enamel organ begins to

form,increase in extent is in a transverse rather than
a vertical direction.

The enamel

organ appears to

grow downwards, but what really occurs is that the
bone grows upward and outward and the mesenchymal

tissues M increase in bulk in the direction of the

Therefore if we take a point X to be on the

arrow M.

crest of the gum and a point Y at the base of the

enamel organ and a third point S at the junction of
the dental

lamina with the oral epithelium, with

increase of age growth moves X from S at a greater ratio
than S from Y.
the dental

lamina
of the

From the 33 mm. to the 35 mm. stage

lamina grows very rapidly while the labial

remains almost stationary.

With the formation

enamel organ at 37 mm. stage, the mandible

widens considerably and then the labial lamina="

develops /

90.

develops rapidly and opens up to form the labial
I

groove

.

It is this rapid growth of the enamel organ

at this stage that is responsible for lateral growth
of

the superior portion of the plate of membrane bone.

Therefore it is opposite the sites of the enamel
organs of the various deciduous teeth that the bony

mandible shows such a marked obliquity (Figs. 55 &

57).

The dorso- ventral length of Meckel's cartilage is

4.5 mm. and of the bone 3.85 mm.

42.E mm. Stage.

Series G.M.

20.ßt...

Frontal

H

E.

This stage does not show any marked change in

form from the previous stage.

The area of perichon-

drium invaded by the adjacent bone has increased.
The two shelves of bone investing Meckel's
in the region of

size.

the mental foramen have increased in

They have further developed_ medially, dorsally

and ventrally.
of

cartilage

Bone has not yet invaded the substance

Meckel's cartilage although there is marked

cellular enlargement and vacuolization.

44 mm, Stage.

Series G.M. 11.

Frontal.

The mandible is definitely mapped out in membrane
bone

.

In the plane ventral to the mental foramen

Meckel's cartilage has been invaded by the bone which
had /
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Fig. 62.

From a frontal section of the head of a
Plane of section
44 mm. Human Foetus.
passes through the mental foramen.
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Plane of section cutting through
coronoid process and angle of mandible.
The cellular activity at these two
sites is illustrated.
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had broken through the perichondrium of this region.

Ossification of Meckel's cartilage has commenced
the process extending from the adjacent bone.

,

Ossifi-

cation is localized to the area of the junction of the

expanded portion with the cylindrical part of the
cartilage.
The cells of the ventral expanded part of Heckel's

cartilage have enlarged and the bone has invaded the
At a plane passing through the mental

perichondrium.

foramen the cartilage is embraced on its outer aspect
by bone which has developed from the internal alveolar
wall

(Fig. 62)

.

At a plane immediately ventral to the mental

'foramina the inner and outer alveolar walls are

bridged across so that the incisor nerve lies in a
tunnel

(incisor canal), as it passes ventrally.

Immediately behind the fifth enamel organ the
internal alveolar wall disappears and the bone, on
cross section, shows as a single curved plate lying
in close apposition to

cartilage.

the lateral side of Heckel's

This plate increases in height and the

superior and inferior borders show histologic change
(Fig.

63).

The inferior border is thick and blunt,

and the adjacent cellular concentration shows very

active osteogenic activity (Fig. 64) with growth

directed /

/Yeo f/
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Fig. 64.
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A higher power photomicrograph of the araa of the
angle of the mandible in a
44 ram. foetus.

Fig.

OD

66..

A higher power photomicrograph
of the area dorsal to coronoid
process.

Fig. 65.

xo

A higher power photomicrograph of a section
through the coronoid process of a 44 mm.
foetus slowing the lattice -like type of bone.
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directed laterally.

This is the site of the angle of

At the superior border of this plate

the mandible.

the bone develops with a lattice -like type of structure

(Figs. 63 and 65) to the tip of which the fibres of
the temporal muscle are passing.

This is the coro-

No cartilage is associated with the

noid process.

A plane of section

coronoid process at this stage.

dorsal to the coronoid process shows that the superior

border has lost its lattice -like appearance and now
has a sharp outline

(Fig. 66).

This is through the

mandibular notch.
At a plane of section dorsal to the sharp border
of the mandibular notch the superior portion of the

bone assumes a globular appearance

(Fig. 67) which is
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Fig. 67.

A plane of section passing through the
globular condyloid cartilage and bone
of a 44 mm. stage.
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Fig, 68.

From a frontal section through the
mandible of a 54 mm. human foetus.
The plane of section is immediately
Shows
ventral to the mental foramen.
ossification occurring in Meckel's
cartilage.

composed of hyaline cartilage.

This cartilage has

developed on the supero- lateral border of the rudi-

mentary condyloid process which was observed in the
37 mm.

stage as a thin lamella of bone.

This condy-

loid cartilage bears no relationship to Meckel's
cartilage.

This cartilage is already the site of

ossification which is progressing from the medial
plate of bone on which it is developed.
The cartilage is shaped like a carrot and lies

obliquely with its dorsal or bulbous extremity higher
than its ventral or pointed part.

The dorsal

extremity lies at a lower level than the coronoid
process.

46 mm. Stage.

Series G.M. 3.

48 mm. Stage.

Series

G.M. 1.

These stages do not contribute any additional

information.

54 mm. Stage.

Series G.M.

5.

Frontal.

Azan.

Endochondral ossification of Meckel's cartilage
is progressing in the region of the junction of the

ventral expanded part with its dorsal cylindrical
continuation.

This site is on a frontal plane which

passes immediately ventral to the mental foramen
(Fig.

68) /

/3'enf/fóe..rea.

Fig. 69.

A drawing of the lateral aspect of a model
The
of the left half of the mandible.
model was made by wax plate reconstruction
method and is of the mandible of a 54 mm.
human foetus.

94..

(Fig.

68).

The process of endochondral ossification

spreads along the cartilage in a ventral direction
until the whole of the expanded portion is involved.
The ossification of this

part of Meckel's cartilage

progresses medially from the point of primary
invasion which is on the lateral aspect.

This

Process of ossification is a direct extension from the
adjacent membrane bone.

A wax plate model of the

mandible and Meckel's cartilage of this series was
made to a magnification of 60 diameters.

Both sides were modelled soas to preserve the
arch and illustrate the structural relationship of
one side with the other.

A drawing of the lateral aspect of the left half
of the mandible is shown by Fig.

69.

The body of

the mandible shows a pronounced "hump" lying above a

slit like mental foramen.

The inferior border,

below

this hump, shows a marked preangular notch.
Note.

In the construction of the model
this point was noticed and the process
of recording and coaption of individual
sections was checked and found correct.

There is a well defined angle immediately above

which is a longitudinal cleft.

There is a tall

coronoid process, dorsal to which is a sharp edged

mandibular notch.

The condyloid process and carti-

lage are shown as a thickened bulbous process.
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Fig. 70.

A drawing of the model of the mandible
from 54 mm. human foetus.
The model
is drawn from above.

%i-

The most surprising and striking feature of this

model is illustrated when viewed from above Fig. 70.
The coronoid processes are splayed outwards and

their tips are further apart than the crests of the

condyloid processes.
Heckel's cartilage has an upward bend below the
root of the coronoid process end a downward and out-

ward bend, opposite the mental foramen.

The ventral

extremities of the expanded portion of Meckel's
cartilage meet at less than a right angle and they
are united at their superior angles.

Heckel's cartilage presents the form of a V
when viewed from above.

The internal alveolar wall

overlies the ventral expanded portion of Meckel's

cartilage and it proceeds dorsally covering less and
less.of the cartilage until it terminates opposite
the root of the

coronoid process.

The inner and outer alveolar walls (ventral to
the mental foramen) are connected across by bridges
of bone which divide

this part of the mandible into

two well defined crypts
a

(in each of which were found

developing tooth follicle).

(Fig

.

71)

Viewed from the front

the degree of outward flaring of the

coronoid processes

can be seen.

Between the root of

the coronoid process and the angle there is a deep

concavity /
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Fig. 71.
of the mandible
A drawing of the model
The model
foetus.
from a 54 mm. human
aspect.
ventral
is drawn from the

96.

concavity on the lateral side of the bone.

Ventral

to the mental foramen another such deparession is also

present.

57 mm. Stage.

ßeries G.M. 25.

Sagittal.

This stage did not present any additional

information.

60 mm.

Stage.

Series G.M. 34

.

Frontal.

The ventral expanded portion of Meckel's carti-

lage is undergoing endochondral ossification adjacent
to the symphysis.

The process of ossification is

¡extending ventrally.

The cartilage dorsal to the

;plane of mental foramen does not show any histologic

change.

71 mm.

See Fig. 72.

Stage.

Series G.M.

3

.

Sagittal.

This stage did not present any additional

information.

!82 mm. Stage.

Series G.I. 33.

Frontal

.

Along the ventral border of the coronoid process
a fine

strip of hyaline cartilage develops.

The

edge of the bone is sharp and the adjacent tissues

show great cellular activity.

developed /

The cartilage is
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Fig. 72.

From a frontal section of a 60 mm. human
foetus showing the stage of endochondrial
ossification in the ventral expanded portion
of Meckel's cartilage.

Fig. 73.

From a frontal section of a 89 mm. foetus.
Plane of section passes through the mental
bend of the mandible and shows the relation
of bony trabeculae to islands of cartilage.
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developed directly on the bone.

Endochondral ossifi-

cation of this cartilage begins immediately following
its appearance.

The condyloid process has extended further
The condyloid cartilage is undergoing

dorsally.

ossification from the encircling bone.

New cartilage

is forming at the dorsal extremity of thé condyloid

process as it develops

.

Ossification of the ventral expanded portion of

Meckel's cartilage has progressed to such an extent'
that the cartilage between the symphysis and lateral

incisor tooth -germ has almost disappeared.

Nobble

islands of cartilage exist on the medial (lingual)
surface.
(Fig. 73)

.A

transerse

section through the mandible

shows the relation of bone to cartilage

in this region.
on the lingual

89 mm. Stage.

An island of cartilage persists
side of the lateral incisor tooth germ.

Series G.M. 41.

Frontal.

The membrane bone of the mandible has,by the
1

development of trabeculae,thi:ck_ened transversely.
The original stem of the

Y,

at a bite dorsal

to

mental foramen, is now the body of the mandible.
(Fig.

74).

periosteum /

The bone is surrounded by a definite
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Fig. 74.

From a frontal section of an 89 mm. Foetus
showing the development of the body ofthe
mandible and the position of ?:eckel's cartilage.
Plane of section passes through the 4th tooth germ.

Fig. 75.
A high power photomicrograph of the area of the
attachment of Meckel's cartilage to the inferior
border of the mandible.
Note that..the perichondrium blends with the periosteum.
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Fig

.

76.

A drawing from the lateral aspect of a
model of the rigit half of the mandible
from a 95 ram. foetus.
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Fig. 77.
A drawing from Kthe medial aspect of a model
of the right half of the mandible of a
95 mm. foetus.
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periosteum which blends with the perichondrium

of

Meckel's cartilage, and so binds the cartilage to the
inferior medial border of the bone (Fig. 7).

95 mm. Stage .Series G.M. 4.

Frontal.

A wax plate model was made of the right half
the mandible.

of

Figs. 76 and 77 are drawings of the

'model-viewed from the lateral and medial aspects
'respectively.

The depth of the bone of the body has

increased considerably, due mainly to the increase in
development of the outer alveolar wall.
wall is higher than the inner wall.
of the

The outer

The upper edge

outer wall (from the 3rd to the 5th) inclines

medially as an irregular border over the tooth germs.
The body of the mandible appears short and

stùnted.

This is mainly due to the relative large

size of the ramus.

The remus, viewed laterally,

occupies a considerable proportion of the total dorsoventral length of the entire bone.

The coronoid and

condyloid processes are well defined and the
"accessory" c:artilages,associated with each, are

marked on the drawings (Figs. 76 and 77).
of the mandible is pronounced,

ascending in an abrupt manner
blunt condyloid process.
The /

The angle

the dorsal border
to

terminate below the
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Fig. 77.A.

From a frontal section of a 95 mm. foetus
showing how the body of the mandible has
moved laterally and superially from Meckel's
cartilage to which it is attached by a process
The plane of section is through the
of bone.
4th tooth germ.
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The inferior border of the body shows a marked
the deepest part of which lies beneath the 4th

notch,

tooth germ.

A section through this region (Fig. 77k)

illustrates the lessened depth of the bone as compared

with a section through the 3rd tooth germ (Fig. 78).
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Fig. 78.

Frontal section through the mandible of
a 95 mm. human foetus.
The plane of
section passes through the 3rd tooth
germ.
The process of bone from the
outer alveolar wall overlies the tooth germe.

When viewed from the lateral aspect the Meckel's
cartilage can be seen, because it lies at a lower
level than the inferior border of the body (Fig.

770).

This latter illustration shows the relation of carti-

lage to bone which is by way of a process extending

from
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from the body.

Ventral to the mental foramen the

bone makes a sharp medial bend.

From the mental

foramen a marked irregular depression runs medially
on the lateral

surface of the bone.

The dorsal wall of the enamel organ of the 3rd

deciduous tooth lies in a transverse plane with the
ventral part of the mental foramen.

The

3rd enamel

organ is covered over by a hook -like process of bone

which has developed from the outer alveolar gall
(Fig. 78).

From the medial aspect (Fig. 77) the position of
the five tooth germs, around which are developing

the

alveolar walls, can be seen, the outer wall being
higher than the inner.
The 1st,

2nd, and 3rú tooth germs occupy the

ventral medially bent portion of the bone,

the 4th and

5th have an increased intervening space and occupy the

straight portion of the body of the mandible.

The

fifth tooth germ lies below the anterior border of the
root of the coranid process.
The 1st, 2nd and 3rd tooth germs are separated by
a bony "floor" from the incisor nerve,

the 4th and 5th

lie directly óver the inferior dental nerve (Fig. 771).
The inferior dental nerve occupies a groove at
the dorsal

where /

extremity of the internal alveolar wall
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Fig. 79.

From a frontal section of a 95 mm. foetus.
Plane of section p asses through the dorsal
part of the mandible and shows how Meckel's
This
cartilage is recessed into the bone.
is the region of the coronoid process, part
of whose accessory cartilage is shown.

rid;

óor76,.
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Meckel's

where this overlies Meckel's cartilage.

cartilage is directly below the root of the coronoid
process (Fig. 79).

This section (Fig. 79) shows the

manner in which Meckel's cartilage is recessed into
the bone.

The cartilage is showing areas of atrophy

and is lessening in diameter.

The tip of the bone in

this section is invested by the coronoid cartilage.
The ventral tip of the condyloid cartilage lies

within the base of the coronoid process and a section
through this area (Fig. 8o) shows the

r

which is undergoing ossification.

cartilage

The pynotic and

;
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Fig. 80.

Section through the right side of the
mandible of a 95 mm. foetus.
The
plane of section is dorsal to the
It shows the condyloid
coronoid process.
cartilage which is undergoing ossification.
shrunken /

10?.

shrunken stage of Meckel's cartilage is also shown.
In a section,

dorsal to Fig. 80,

the condyloid

cartilage increases in diameter and rises toward the
superior border of the bone (Fig. 81).
is undergoing ossification from the

The cartilage

surrounding bone.
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Fig. 81.
The section is from a 95 mm. human foetus.
The plane passes through the dorsal extremity
of the ramus and condyloid process.

A section through the bulbous condyloid process

shows the mass to be composed almost entirely of

hyaline cartilage, with but an encircling ring of
bone (Fig. 82).

Heckel's cartilage passes ventrally from below
the condyloid process to lie beneath the dorsal
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Fig. 83.

From the frontal section of a 95 mm. foetus.
The plane of section passes tangentially to
the inner alveolar wall in the region of
the 2nd tooth germ.
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termination of inner alveolar wall.

From here it

inclines downwards and passes along the lower border
of the body of the mandible and terminates on

border below the 3rd or canine tooth germ.

this

At this

latter point the cartilage looses its rod -like
appearance because as it takes a sharp bend upwards
and medially, it presents an irregular cluadralateral

mound of cartilage.

From

this

mound of cartilage

irregular raised "fingers" of cartilage pass medially
These pass toward the median line and

and upward.

by cartilage, and fibrous continuations blend with
fellows of the opposite side.

treir

One of these finger -

like projections of cartilage runs upwards to the

medial border of the inner alveolar wall and then
follows (the border) it along toward the median line,

Between these raised fingers of cartilage well developed bony trabeculae pass upward and medially
(Fig. 83)

.

These fingers of cartilage are the

surface remains of the expanded ventral extremity of

Meckel's cartilage.

102 mm. Stage.

Series G.M. 35.

Cleared Specimen.

The specimen did not give any additional

information.

110 mm.
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Fig. 84.

From a sagittal section of a 124 mm. foetus.
Plane of section passes through the deciduous
central incisor tooth germ.
Meckel's cartilage
in this region has been ossified with the exception
of small islands that still persist.
The attachment of the genio- glossus and genio -hyoid muscle
to the bone is shown.
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110 mm. Stage.

Series G.M.14.

Frontal.

This series did not present any additional

information.

Series G

124.0 mm. Stage.

.LI.17

.

Sagi ttal

.

H.

& E.

A para-median section where the plane passes
through the deciduous central incisor tooth germ is
shown by Fig. 84.
The remnants of Meckel's cartilage are rapidly

being replaced by bone.

The

attachment of genio-

glossus and genio -hyoid muscles to the mandible is
shown.

Further sections in this series failed to

show any accessory cartilages in the mental region
other than the remnants of Meckel's cartilage.

body of the mandible has lengthened since
stage.

The

.95 mm.

Enamel has been formed by the enamel organ
The coronoid cartilage is being

of tooth germs.

rapidly ossified and shows a great reduction in size.
The condyloid cartilage is still a very definite

structural entity.

160 mm. Sta 6.

Series

G.Q.T.

15.

Frontal

The whole mandible has increased in size.

body is relatively longer.
have increased in height.

deposition

Thé

The alveolar processes
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enfra/.

L/S n/¿9af/lr
dC'nf / /amiita
Free edye oFd. /
/ornino wá,cFi wr//
f°r/n /áoth 9e.vr,

f

--_ _

_

l°
f
,`TrAnes
Cen/ra/ !nc/So.
r

Fig. 85.

From a sagittal section of a 187 mm. foetus.
The plane of section is through the deciduous
This section
central incisor tooth germ.
of
development of the inner
shows the stage
and outer alveolar walls at this point.
The outer alveolar wall is being moved ventrally
to accommodate the developing root of the tooth.
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deposition the bone has widened transversely.

The

length of bone between the mental foramen and symphysis has increased and the deciduous tooth germs of

incisors and canine are not so crowded together.
The angle which the anterior border of the ramus

makes with the superior alveolar border.has increased.
The posterior border of the ramus slopes-dorsally and

upwards, the angle of the mandible being about 130°
as compared with about 100° in 95 mm. stage.

Meckel's cartilage, ventral to the
germ,

has almost disappeared.

4th tooth

Dorsal -to this point

the cartilage has shrunken and its cytological

picture is one of marked atrophy.

Series G.U.

137 mm. Stage.

Sagittal.

.v9.

10)k.

In this series only the ventral segment of the

mandible was sectioned and studied.

The block of

tissue taken extended from the mental foramen of one
side to the mental foramen of the other.

median section through the central

A para -

incisor tooth

germ (Fig. 85) shows that enamel and dentine are

already formed and the process of formation of the
root of the tooth has already begun.

The bone of

the outer alveolar wall, by absorption and deposition,
is

being "moved

developing /

"

ventrally to

accommodate the

r
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Fig. 86.

From a frontal section of a 200 mm. foetus.
Plane of section passes through the internal
alveolar wall in the region of the symphysis
and shows the relation of developing trabeculae
cartilage.
of bone to the remnants of Meckel's
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developing tooth.

The inner alveolar wall is lower

and further away from the tooth than the outer wall.
The disintegrating dental lamina is shown and it is of

interest to note the relative height of the crest of
the enamel with that of the lamina.

The enamel organ

shows a collapsed stellate reticulum and the external
.

epithelium of the enamel organ has lost connection
with the dental lamina.

The tooth germ has moved

ventrally and upward.
There is no appearance of accessory cartilages
on the medial aspect of the

inner alveolar wall,

although islands of Meckel's cartilage persist between
trabeculae of bone.

200.0 mm. Stage.

Series G.M. 24.

X
Frontal 25-11.& E.

Meckel's cartilage; An the region dorsal to the
deciduous canine tooth. germ, shows marked atrophy.
places it is absent altogether.
of

In

There are remains

cartilaginous fingers in the medial aspect of the

inner alveolar wall of the mental region.

A tangen-

tial section of this region shows remnants of cgrti-

lage between bony trabeculae (Fig. 86).
The ventral aspect of the mental segment of the

bone presents,as a smooth surface, The depression

associated with the mental foramen has now
obliterated /

been
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The mental foramen has decreased in

obliterated.
relative size.

The superior border of the outer alveolar wall

still remains higher than that of the inner.

Bony

inter -alveoli partitions are developing and each tooth

germ occupies a bony crypt.
The fifth tooth germ lies ventral to the root of
the coronoid process.

The coronoid cartilage is still

present as a thin strip on the ventral border of the
The condyloid cartilage is a blunt pear -shaped

tip.

structure,

the ventral extremity of which lies within

the coronoid 'process.

The

dorsal or blunt part of

the cartilage is situated at the dorsal extremity of

the process.

Large multi nucleated osteoclasts lie adjacent
to

the ventral borders of the rámus and coronoid

process, showing a cytological picture of active bone

absorption.
Large osteoclasts line the medial aspect of the
outer alveolar wall while large osteoclasts are

present in great numbers on the lateral aspect
same wall.

of

the

The transverse thickness of the outer

wall is much less than the inner wall.
The superior border of the outer wall, dorsal
to

the mental foramen,

ventral

still inclined medially, while
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ventral to the mental foramen the superior border of
the outer alveolar wall has a slight ventral inclina-

tion.
In this stage the tooth germ of the

deciduous

canine appears to have moved ventrally from the

mental foramen.

This makes it appear that the

mental foramen has migrated dorsally.
of this and the preceding series,

1st

From a study

it seems that

the

2nd and 3rd tooth germs have gained additional

,

space in a ventral direction, moving away from the

4th and 5th tooth germs.
A spicule of bone bridges over the inferior

dental nerve and forms the inferior dental foramen.
In the bone the nerve lies beneath the 4th and 5th

tooth germ, and is

not separated from them by an

overlying partition.

In some places the mandibular

canal is forming,as irregular shelves of bone can be
seen roofing over the nerve.

Ventral to the angle of the mandible the inferior

border of the body shows a well marked preangular
notch.

The posterior border of the ramus shows

marked osteoblastic activity.

The two halves of the

mandible are not joined by an osseous union at the
symphysis.

The union here is in part cartilaginous

but is mainly by means of thick tough fibrous tissue.
The /
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The mandible of a foetus,measuring 200 mm. C.R.
or 24th week of intra- uterine life, presents all

the

morphological characteristics of the adult bone.

Some Observations on the Comparison of

Mandibular Development at Different Stages.
In an endeavour to portray the development of
the mandible in breadth and length,

I

selected two

stages (54 mm. and 95 mm.) for comparison.

my investigations

I

During

had noticed that the tooth germ

of the let deciduous molar seemed to bear a fairly

constant relationship to the mental foramen.

It was

therefore decided to use this tooth germ as a land-

mark in plotting the development of one stage against'
the other.

By using the drawings that had been made;

for the models and the serial sections, it was

possible to achieve a fair degree of accuracy.

The

resultant drawings (Fig. 87) are as the bones would
appear when viewed from above.

Every small irregu-

larity of the bony surfaces have not been included,
because,

in the

to smooth these

interests of clarity,
out.

it was decided

Each bone is plotted at a

fraction under twenty diameters.
The line A.B. is the base which is common to the

4th/
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4th tooth germ of both stages, viz.
The line C.D. represents

54 and 95 mms.

the median plane of each

All measurements ventral or dorsal were made

stage.

from the line A.B. and all measurements laterally were
made from the line C.D.

The tooth germs and the

mental foramen were plotted by measurements from both
bases A.B. and C.D.
t?hn

In positioning the tooth germs

centre of the combined enamel organ and dental

papilla was selected as the section which would
indicate the central point.
It will be noticed that the tooth germs of the

second deciduous molars are almost on the sane plane.
The tooth germ of the deciduous canine of the 95 mm.

stage is slightly in advance of that of the 54 mm.
The greatest change in the position of the

stage.

tooth germs is in relation to the incisors, in the
54 mi].

stage they are very close together

,

by the

95 mm. stage they are almost evenly spaced.
The mental foramina of both bones have been

positioned in the

correct position, but in viewing

the models from above they (the foramina) are not seen
as

shown.

The foramina are shown as they would appear

when viewed from the lateral aspect.

Note that the

foramina lie approximately in the same plane.

The

foramen of the 95 mm. stage is smaller than that of
the 54 mm. stage.
If /
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.

If we can regard the 4th tooth germ as our base

line then the greatest amount of development has

occurred in a dorsal direction.

Between the 4th and 5th tooth germs the body of
the mandible of the 95 mm. stage has made a slight

lateral bend and then at the 4th tooth germ made a
bend in the medial direction.

Where the bone makes

this bend, Meckel's cartilage lies at some distance

from the medial wall,

to

which it is connected by a

bony process, see Fig. 77 A.
The interesting features brought to light in

making thé drawings of fig. 87 encouraged me to make
an attempt to portray the manner by which lateral

development occurs.
Four Series were selected for this investigation,

namely 37, 42.5, 44, and 54 mm. Stages.
Commencing with the smallest stage (37 mm.) a
drawing from a section was made by microprojection of
plane passes through the middle of the fourth tooth

germ (1st deciduous molar).

The drawing incorporated

an outline of Meokel's Cartilage, the bone of the

mandible, the inferior dental nerve, the complete tooth

germ and the oral surface of alveolar crest (gum).
The drawing was oriented so that the centre of Meckel's

cartilage of both sides was on a base line drawn on
the drawing table of the ìuiicropro jector.

line/

This base
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line was at right angles to the median plane of the
These precautions prevented an artificial

Section.

rotation of the drawings, especially when one was
plotted on the other.
The outline drawing made in this manner, of the
37 mm. Stage is shown by red in fig. 88.

A Section was selected which passed through the

centre point of the 1st deciduous molar tooth germ of
the 42.5 mm. stage and it was plotted on the drawing

of the 37 mm. Stage.

Before making the drawing of the

second stage the magnification was reduced so that the

circumference of ìeckel's cartilage would coincide with
that of the 37 mm. stage.

shown in black in fig. 88.

The resultant drawing is
The magnification was again

re luced and the drawing of a similar section from the

44 mm. stage was made and plotted in green on fig. 88.
As fig. 88 was becoming complicated by too many

lines

the drawing of the 44 mm. stage was reproduced again
and the drawing of the 54 mm. stage was plotted against
'it in red

fig. 89.

Before an attempt is made to

.

interpret these drawings, emphasis must be laid upon
the fact that they have each been made at a different

magnification.
tion. of

The only factor used in the determina-

the magnification was the circumference of

Meckel's Cartilage.
The Superior border of the outer alveolar wall

develops upwards and outwards in the direction of
arrow/

Fic 88.
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arrow A fig. 88.

This offers confirmatory evidence to

fig. 61 which as described in the text was based upon

histological evidence.
The superior border of the inner alveolar wall

develops upwards and medially over Meckel's cartilage
in the general direction indicated by arrow D

fig.88.

The inferior border of the body in this region

develops downwards and medially in the direction
indicated by the arrow C

fig. 88.

The inferior dental nerve moves outwards and upwards as indicated by arrow B

fig. 88.

In drawing the outline of the tooth germ the dental

papilla was included and the enamel organ was limited

by a line along the layer of ameloblasts.
Y

The point

figs. 88 and 89 was selected as the lowest point of

the tooth germ in the youngest stage (37 mm.) and
it is seen to remain constant for the drawings of the

four series.

In my earlier work

I

thought that if

this point was constant it would lie on the layer of

ameloblasts that is at the base of the enamel organ
as in Y

fig. 61.

This although true for fig. 61 and

the drawing (red) of tooth germ of 37 mm. stage
88 is

not,

true for the later stages.

fig.

In the 42.5, 44

and 54 mm. drawings it shows how the enamel organ

broadens

(also shown by Z

fig. 61) and the layer of

developing ameloblasts rises upward, (M and N, fig.88).

With this upward rise of the ameloblastic layer the
mesodermic/

ied
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mesodermic dental papilla increases in bulk and the

gum crest develops upward as arrow E, fig. 88
Following the 44 mm. stage the gum crest increases in
height but the direction is changed to a medial direc-

tion as arrow E, fig. 89.
The constant ration of the point Y

to the point

X, figs. 88 and 89 is perhaps the most remarkable

feature shown by these. drawings.

Frazer in his Manual

of Embryology shows drawings illustrating the constancy

maintained in successive growth periods between the
lowest point of the dental lamina and Meckel's Cartilage.
The tooth germ appears to be "growing into" the

alveolar trough, but in point of fact it maintains
one of the most constant positions, the bone grows up

around it and the gum crest grows upward.
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Histogenesis of Meckel's Cartilage

The first evidence of the development of a

!mandible in the human embryo is presented by the

;appearance of a regional specialization of certain

mesenchymal cells contained within the first branchial
(or mandibular) arch.

The first appearance of cytological differentia-

tion is observed in an embryo with a.Crown -rump

measurement of 12 mm.
A zone

of mesenchymal cells loose their proto-

plasmic processes and form two elongated compact
cellular cores.

Each core extends ventrally from

above the lateral tubo- tympanic recess to occupy a

longitudinal position in the dorsal third of the

mandibular arch.

These cellular cores are the primor-

dia of Meckel's cartilages,

called precartilage.

which in this form may be

My observations with reference

to the embryonic age in which precartilage

is first

apparent confirms those of Low (1910) and Fawcett
(1905)A cytological study of this core shows it to be

composed of cells which are larger than

surrounding

those of the
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surrounding undifferentiated mesenchyme.

The core

cells have larger nuclei, are more granular, are
ftisiform in shape and their long axies lie parallel

the long axis of the core.

to

The cells of the ventral

extremity of this core show very little differentiation from the surrounding mesenchyme.

Near its

dorsal extremity the cellular core is invested by an

encircling layer of cells whose long axies run at
right angles to the long axis. of the core,this layer:
is

the primitive perichondrium (Fig. 10).

Stump (1925) pointed out that between the peri-

chondrium and the chondrogenetic mesenchyme there is
a layer of cells which differ in appearance from those
of the cellular core and encircling primitive perichond.rium.

He likens this tissue to a syncytium and

remarks about its pale appearance in the stained
section being in marked contrast to the intense basophilic appearance of the tissues on either side.
I

have not observed this condition in the primordium

of Meckel's cartilage, even with the higher powers of

magnification.

In my opinion the first differen-

tiation between the cells of the core and those of
the perichondrium is a 90° rotation of the long axis
of the latter.

The question here arises

-

do

the

cells of the core or those of the perichondrium

undergo this rotation?

determine /

This

I

have not been able to
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determine because in the earliest stages the cells are

arranged with their long axies at right angles to one
another (Figs. 10 and 12).
Should it be that the cells of the primitive

perichondrium are the least specialized, then by a
90° rotation of their axles they become the chondro-

genetic cells of the core.

Cells in this manner may

be added to the core from the perichondrium,

the

transition stage showing as the indeterminate layer

described by Stump.

If this is the manner by which

a.iditional cells are supplied to the rapidly enlarging

core, we can account for the concentric arrangement

which the cells of the core show in cross section
(Fig. 13).
in

Although mitotic division is occurring

the cells of the core,

this is n>t sufficient to

account for its rapid increase in cross section
diameter.

If we accept the importance of the peri-

chondrium as an intermediate tissue between the
;chondrogenetic cells of the core and the outside

undifferentiated mesenchyme, then we can readily
acknowledge the chondrogenetic pronerty,not only of
the inner layer of perichondriur (Shipley, 1928),
of the perichondrium

as a whole.

but

The importance of

the perichondrium,before chondrification,

occurs, was

pointed out by Hass (1914) and the study of the histogenesis /
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histogenesis of Meckel's cartilage confirms this
contention.

From the 12 to 14 mm. stage, the chondrogenetic
cells of the dorsal part of the core, lose their

concentric arrangement, show marked intercellular
spaces across which fine connecting protoplasmic

processes are seen.

In the 15 mm. stage,

the

connecting processes between the cells are obscured by
the chondro -mucin which forms as an exoplasm (Fig.10a)

The writer does not regard this stage as representing
the first appearance of embryonic hyaline

a true histologic entity,

cartilage as

Low (1910) gives 14.5 mm.

as his earliest observation of cartilage.

I

have not

been able to observe true embryonic hyaline cartilage
earlier than the 16 mm. stage.

What

I

prefer to call

the precartilaginous stage is when the chondromucinous

exoplasm is present (Fig. 10a) which occurs at the
15 mm. stage.
Embryonic hyaline cartilage has developed within
the dorsal part of the core by the 16 mm. stage.

Fawcett (1905) reported the late appearance of hyaline
cartilage as compared with the femur.

Cartilage commences development dorsally and
progresses ventrally along the precartilaginous core.
At 16 mm. the ventral extremity of the core is pointed

and /
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and reaches to the ventral third of the mandibular
arch,

Dorsally, Meckel's cartilage is continuous

with the cartilaginous pri mordum

of the Malleus.

The exact dorsal relationship of Meckel's cartilage
to that of the Malleus was not included in this in-

vestigation.

The development of the auditory ossicles

and incidentally their relationship to Meckel's

cartilage was for many years a controversial subject.

Conspicuous amongst those who took part in this controversy were Baumgarten (1893), Siebenmann (1894),

Hegetschweiler (1898)
A.

,

Broman (1899) and Fuchs (1905.

review and discussion of these works was given by

Keibel and Mall (1911).

Jenkinson (1911) satisfact-

orily established the relationship of Malleus to

Meckel's cartilage and by his work shows that the
incus, malleus and Meckel's cartilage are all of

mandibular origin.
By the 17.5 mm. stage Meckel's cartilage has
chondrified from the malleus cartilage to a point
opposite to the junction of the mental and incisive

branches of the inferior dental nerve.

Meckel's

cartilage in its course contains two bends, a dorsal,

with its concavity outwards and a ventral with the
concavity inwards.

These bends were described by

Fawcett (1905) who pointed out that the inferior

dental nerve lies in the concavity of the dorsal bend
and the lingual nerve on its convexity.

considered/

Low (1910)
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considered the course and shape of Meckel's cartilage
to be largely dependent on the course of the nerves.

Meckel's cartilage is fully chondrified at the
20 mm. stage.

The ventral extremities are flattened

and expanded so that it assumes a wedge -like shape

with the base of each side approximated.

The apex

of this wedge shaped portion blends with the rod

like

dorsal portion on a frontal plane which passes through
the distal part of the canine tooth germs.

Chondrification of this ventral expanded portion
of Meckel's cartilage does not occur until the 19-20

mm. stage and the development of cartilage is preceded

by an expansion of the cellular core.

In 1869 Callender

accurately described this flattened ventral extremity
of Meckel's cartilage but we are unable to compare
out findings with his because he did not indicate his

method of determining the measurements of the specimens

upon which he reported his observations.
At the 30 mm. stage the ventral expanded extrem-

ities of Meckelts cartilages meet by their superior
Additional cartilage develops and the

basal angles.

two sides are joined together across the symphysis.
(Figs 51, 52 and 53).

occasionally occurs.
statement but

I

Fawcett (1923) stated that this
My observations confirm his

believe that the union occurs more

frequently than is generally believed.

I

was able to

observe this condition in the 30, 33 and 37 mm. stages.
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The Primary Centre of Ossification.
The number of centres from which the mandible

developed has been, until recent times the main object
in the investigations undertaken to determine the

morphogenesis of this bone.
Kerkringus (1670), Autenrieth (1801), Spix (1915),
Ra.naud and Renault (1864), Callender (1869) and Bland
Sutton (1883) all reported multiple centres of ossi

fication for the mandible.

-

The inadequacy of the

methods which these workers used in the treatment of

their specimens was responsible to a groat extent for
their erroneous interpretations.

The methods applied

in their investigations were either, the clearing of
the foetal tissue by the use of an essential oil, by

patient dissection or by allowing the specimen to

dry and then making observations with the aid of a
lens.

In my opinion the clearing method 13 inadequate

to determine early ossification centres.

Mall (1906)

who had developed the technique of clearing to a high

degree of perfection could not make observations
comparable with those obtained from the microscopical

examination of serial sections.

Bland Sutton's

(1883) method was decidedly inferior to that of 1all'a

and led him to report six ossific centres.

The author cleared several specimens according
to the method advocated by Schultz (1897); the resulte
as/
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as far as an aid to determine the development of the

mandible, were found unsatisfactory.
Patient dissection even with the aid of a modern

binocular dissecting microscope is a tedious and unreliable procedure.

The most delicate touch with the

finest micro -dissector needles breaks down, distorts
and destroys the relationship of fine bony lamellae.

To appreciate this difficulty the author attempted to

dissect the mandibular region of a 35 mm. foetus
(which because of post -mortem change had been discarded
as unfit for histological study).

alone

I

By this method

would have agreed with Spix and reported five

centres of ossification.
As an additional experiment we removed the mandi-

bular region from a 22 mm. embryo by micro -dissection
-

the tissue was placed on a slide and allowed to dry.

Examination by a microscope showed that shrinkage had
so distorted bone and cartilage as to render any

observation worthless.

With the microscopical examination of serial
sections the problem of the morphogenesis of the

mandible was brought nearer to solution.
The works of Low (1905 -1910) and Fawcett (1905 1930) were based upon the utilization of the micro -

scope

and serial sections of human embryos and

foetuses.

They both proved a single centre of ossi-

fication which appeared in membrane lying between the
mental/
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mental nerve and the Meckel's Cartilage.

My observa-

tions concur with theirs as far as the major issue is
concerned, but there are however several minor points
of interest which will bear further discussion.

Fawcett in 1930 reported details of a model of
the left half of a human manidble from a 17 mm. embryo.

This model shows the relationship of the osteogenic

centre to the mental nerve lying laterally and the

junction of chondrified with unchondrified portions
of Meckel's cartilage lying medially.

stages

I

In my 17 mm.

observed this osteogenic centre but my series

were older histogenetically than Fawcett's because in
my sections the incisive branch of the inferior dental

nerve, although of small calibre, had developed con-

siderably in a ventral direction from its point of
junction with the mental nerve (fig. 14).

In Fawcett's

model the delicate osseous lamella lies medial to the

junction of mental and incisive branches whilst in my

specimen the bone lies in and below the fork formed
by these two nerves. (fig. 14).

My observations reveal that this primary ossifio
centre is always associated with a blood vessel of

relatively large calibre.

The blood vessel is tortu -,

ous in its course and lies to the lateral side of the

vertically placed lamella of bone
and 23.
its/

-

figs 16, 18, 22

The blood vessel was not traced to determine
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its course or proximal and distal relationships.

Another constant factor in association with the
appearance of the primary centre of ossification is
the line of demarcation between the chondrified and

unchondrif ied portions of keekelts cartilage.
junction lies medial to the ossifie centre.

This
This was

shown by Fawcett (1930) on the drawing of his model
but he did not draw specific attention to its signi-

ficance.

The relationship of Meckel's cartilage,

nerves and blood vessel to the centre of ossification
is shown by the model illustrated by figs 22 and 23.

Considerable variation of the amount of bone present
in the 17-18 mm. stages is shown by an examination of
the 17, 17.5 and 17.7 mm. embryos.

In the 17.5 mm.

stage the delicate membranous lamella of bone extended

ventrally so that its anterior extremity reached the
mental segment of the mandibular arch.

The bone de-

velops in a ventral direction at a greater rate than
chondrification of Meckel's cartilage.

This means that

in a frontal section where the plane passes through

the ventral portion of the bone, keckel's cartilage
is shown in precartilaginous form - fig.

17.

In the series 17.7 mm. from which the model (fig

22

and 23) was made the bone had not developed as far

ventrally as in the younger stage.
17.5 mm. embryo, histogenetically,

17.7/

The age of the
is older than the
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17.7 mm.

This emphasises the difficulty encountered

in attempting to compare the sequence of development
in two or more embryos of about the same C.R.

measure-

ment.
In the two 17.0 mm. embryos which

I

examined bone

was present in one and absent in the other.
proves it to be present in his 17 mm. stage.

Fawcett
Low(1910)

reports ossification is first observed in the 18 mm.
stage; he examined two series with the same C.R.

measurement, one of which he used to construct a plate
model which clearly shows how quickly bone develops
after its first appearance.

Beclard (1820) gave the

30 -35th day for the first appearance of the ossifie

centre and Humphrey (1858) concurred with this date.

The Extension of the Membrane Bone from the Primary
Centre.
My observations in regard to the manner by which
the intramembranous bone extends from the primary

ossifie centre lend support to, and confirm those of

Low (1905 -1910) and Fawcett (1905 -1930)

.

From the primary centre bone develops in a ventral and in a dorsal direction.

Dorsally the bone

develops along a preformed cellular membrane which
lies as a curved sheet on the lateral side of Meckel's

cartilage/
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cartilage (figs. 27, 28 and 29).

As the membrane

bone extends dorsally from the primary centre in the

form of a vertically placed lamella, it passes beneath
the mental nerve, this grooves the bone and marks the

site of the mental foramen.

From the base of this

groove a shelf like process of bone grows inwards,

passing beneath the inferior dental nerve.

This bone

then insinuates itself between the nerve and Meckel's
cartilage and forms

the.

inner alveolar wall.

It was

this process of bone which Spix (1815) likened to
the splenial

of reptilia.

Cruveilhier (1840) was

also misled in his interpretation of this process

forming the inner alveolar wall.

Humphrey (1858)

rightfully presupposed that the various centres described by his contemporaries would be found to be out-

growths from a single centre.

Humphrey however did

not have the facilities to prove his supposition.

A study of the wax plate models made by Low(1910)
Fawcett (1924) and the author clearly illustrates the

manner and rapidity with which bony development progresses.

Low's (1910) stages, 18 and 24 mm.s.,

Fawcett's (1924) early 19 mm., mid 19 mm. and late.
19 mm. and the author's 20 mm.

(figs 40 and 41).

Fawcett's three models clearly indicate the

;manner in which the inner alveolar wall and mental
foramen are formed.

The amount of bone present in

Low's 24 mm. stage is approximately the same as that

,
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in my 20 mm. stage.

Placing these two models to-

gether one would be led to believe that mine was

frn-)m

an older embryo because of the appearance of an angle
and pre- angular notch.

A closer examination of Low's

model however shows that there is more bone present
dorsal to the mental foramen, therefore what

I

cons-

true to be a definitive angle is perhaps an osseous

irregularity and not of any morphogenetic significance.
By the 37 mm. stage the mandible is definitely

mapped out by membrane bone.

From the medial surface'

of the inner alveolar walls processes of bone embrace

the outer semi-circumference of Meckel

t

s

cartilage in

the region immediately ventral to the mental foramen,

this bone has invaded the perichondrium and the adjacent cartilage shows enlargement of the cells and

mesh -like arrangement of the matrix (fig 55).

It is

at this site that the cartilage is invaded by an

extension of the ossification processes from the
closely applied membrane bone.

Callender (1869) was

the first to recognize the part played by the expanded

symphyseal portions of Meckel's cartilages in the

formation of the mandible.

Baumuller, Masquelin,

Kolliker, and Julin, each recognized and reported that
the ventral extremity of Mieckelts cartilage was

incorporated within the jaw by ossification in the
cartilage.
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Endochondral

Ossification.

Low (1906 and 1910) reported the commencement of
ossification in Meckelts cartilage in the 43 mm. stage.
Fawcett (1924) gave the 40-42 mm. stage as the age at

which the osteoblasts begin to invade the cartilage.
In my series the first evidence of actual endochondral

ossification was in the 44 mm, foetus,

Low (1906)

gave the primary site of invasion of the cartilage
"at a point opposite the interval between the mesial

and lateral incisor tooth germs ".

Fawcett (1905) gave

the primary site of invasion of the cartilage "at a
spot on its outer side corresponding with the site of

the mental foramen ".

In 1924 Fawcett stated "osteo-

blasts begin to invade keckelts cartilage at two spots

corresponding with the first and second incisor toothbuds".

My observations show that Meckelts cartilage

is invaded from the adjacent membrane at two points

but they are not exactly as described by either Low
or Fawcett.

The first region of cartilage involved

is at a position between the mental foramen and the

deciduous canine tooth germ.

This is the site where

the apex of the wedge shaped ventral extremity of

Meckelts cartilage blends with its dorsal rod like
part.

The second point is at a position between the

first and second diciduous incisor tooth germs.

The

process of ossification from the first point extends
along/
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along the cartilage in a ventral direction.

The pro-

cess from the second point at first, extends across

the cartilage and then dorsally towards the first

point, and also mesially toward the symphysis.

Endochondral ossification of Ivieckel's cartilage at
the point ventral to the mental foramen is shown in
the 54 mm. stage by fig. 68.

The process

Els

related

to the incisive point of invasion is shown by fig 72

which is from the 60 mm. stage.
After the Meckel's cartilages joined together by
their superior basal angles at 30 mm. stage, very

little change occurred in the flattened symphyseal
portion up to 54 mm. stage, except an increase in the
size of the cartilage which increased by the formation
of additional cartilage.

Following the 54 mm. stage

a marked change in the size and relationsip of the

expanded portion to the cylindrical portion occurs.
In my 54 mm. model, Fawcett's

(1924) 55 mm. model

and Low's (1910) 43 mm. model, Meckel's cartilage
(rod like portion) is shown to run approximately par -

allel to the inferior border of the body of the bone.

By the comparison of these models with my
(fig. 77) and Low's. (1910)

.95

mm. model

95 mm, model it is apparent

that the greatest development of bone has been above
that portion of the cartilage which lies ventral to the

mental foramen.

From an examination of the 95 mm.

model (fig. 77) it appears as if the expanded ventral

portion

131.

portion of Meckel's cartilage had been bent back over
the cylindrical portion,the point of bending being

t.t

the site where endo- chondral ossification first occur-.
red.

Note: The drawing -fig. 77) gives to the model a foreshortened appearance due to the curvature of the
incisor region, a true linear representation is
shown by the drawing - fig. 87).

The rod-like Meckel's cartilage now passes obliquely
to the inferior border of the body and at some dis-

tance medially to it (fig. 77a).

In the 95 mm. model

(fig. 77) a strip of cartilage occupies the superior

border of the inner alveolar wall adjacent to the
incisor and canine tooth germs.

From my observations

I

do not believe that the

so-called accessory symphyseal cartilages develop in
the same manner as those associated with the coronoid
and condyloid processes.

Low (1906 and 1910) reported and described these
cartilaginous nuclei present in the symphyseal region.

My observations concur with Low's as far as their
presence and position is concerned but

I

believe that

they develop by the additional growth of preexisting

cartilage, or are the temporary remains of the enlarged ventral extremity of Meckel's cartilage. These
cartilages ,as with those of the coronoid and condyloid

processes, are ossified directly from the adjacent bone.
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In

Conclusion.

The works of Professor Low and Professor Fawcett

have so thoroughly covered every phase of this problem
that

I

am at a loss to find any further point upon

which debate or discussion can profitably be made.

Both Low and Fawcett published their initial work

upon this subject in 1905 and

it

is of interest to

note that their later works have not materially changed
the statements made in their first publications.

Although a great proportion of the substance of
this thesis has been

,

duplication of the investi-

gations performed by Low and by Fawcett, the time and

labour has been profitably spent.

Out of this study

other avenues for investigation have been opened and

unanswered questions have been presented.

To name

but a few would be to ask for an interpretation of
figs. 88 and 89.

Also at what regions and at what

periods during the development of the mandible does
the absorption and redeposition of bone most actively

occur.

Brash

showed how growth of the alveolar bone

and its relation to the movements of the teeth occur_'
red in the pig.

It now requires an investigation to

be undertaken to determine the change in shape and

position of the alveolar walls in the later stages
of/
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of development of the human foetal mandible and what

pre- eruptive changes in position the deciduous teeth
undergo within the alveolar walls.
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SUMMARY.
The development of the human mandible is proceeded

by the formation of ileckel's Cartilage within the

substance of the mandibular arch.

This hyaline

cartilaginous rod is in relationship dorsally with
the primordium of the malleus.

It commences

development in 12 m.m. stage is chondrified cornpleteif
at the 30 m.m.

stage and the two sides unite together'

at the symphysis.

The primary and only centre of ossification of
the mandible is present in the 17 m.m. stage.

It is

situated within the fork formed by the incisive and
mental branches of the inferior dental nerve, when

ifirst formed it lies as a delicate lamella of membrane
bone vertically placed on the lateral aspect of
Ieckel's Cartilage.
From this centre a lamella of membrane bone

develops which extends from the region of the symphysis
to that of the dorsal tip of Condyloid process,

recognized in 37 m.m. stage.

The inner alveolar

wall is formed as an ingrowth of bone from this

original lamella lying on the lateral aspect of

Meckel's Cartilage.
The flattened and expanded ventral extremity of

Meckel's Cartilages are invaded by bone at two points
in the 44 m.m. stage, this process of endochrondral

ossification is by direct extension from the adjacent

membrane/
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By further ossification the whole of

membrane bone.

that portion of Meckel's Cartilage lying ventral to
the mental foramina is incorporated within the sub-

stance of the mandible.

That part of Heckel's

Cartilage lying dorsal to the mental foramen is not
ossified,

it atrophies and disappears,

it is not

enclosed or incorporated within the bone of the mandible.

At the 44 m.m. stage a strip of hyaline

cartilage develops on the superior edge condyloid
process it persists for some time and is later ossified

from the adjacent bone.
At 82 m.m.

stage an additional strip of hyaline

cartilage develops along the anterior border of the

coronoid process.

This Cartilage is also ossified

directly from the adjacent bone.
At the 95 m.m. stage islands of cartilage in the

appearance of nodules and strips are seen close to the
symphysis mostly on the inner, lower and superior
aspects of the internal alveolar wall.

These are

regarded as the hypertrophied remnants of the ventrally
expanded portion of Meckel's Cartilage.

They are

later ossified directly from the adjacent bone.

The

human mandible is a compound bone each half of which
has developed from a single centre of ossification.
All the morphological characteristics of the

adult bone is presented in definitive form by the

mandible from a 200 m.m. human foetus.
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