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Abstract

The study of the developing human mandible was performed on more than a hundred subjects (fetuses, neonates
and young children) by means of all the modern techniques used to study the histology of calcified tissues.
Qualitative microradiographic analysis of 80 um-thick undecalcified sections is the most suitable to underline all
the particular aspects of this growing bone. The growing mandible was divided into three parts: the body, the sym-
physeal region and the ramus. The body develops alongside or in opposition to and within the Meckel’s cartilage.
It has been divided into a basilar part and an alveolar part, in close relation with the teeth buds. It is built of woven
bone in which Haversian bone appears very soon; it also contains remnants of the condylar cartilage that are visible
at least up to birth. During the fetal period, the symphyseal region contains several soft tissues including the chon-
driola symphysea which are the remnants of the Meckel’s cartilage. They do not have any influence on the forma-
tion of the synostosis and they progressively disappear by a process very similar in this aspect to arthrotic cartilage
unrelated in time to the development of the synostosis. The most striking feature corresponds to the fact that both
hemimandibles are covered with chondroid tissue, a third class of tissue different from bone and cartilage. The
presence of chondroid tissue clearly indicates the existence of a stretching process corresponding to the develop-
ment of the tongue and explains the similarities between the mandibular symphysis and the metopic sutural area of
a growing skull. From this observation, it appears very clearly that the growth of the tongue is determining the
development of the mandible. The condylar cartilage is not an epiphyseal cartilage but a centre of endochondral
ossification comparable to a growing epiphyseal nucleus or to the so-called unfertile extremity of a small long bone
(Dent. Med. Probl. 2004, 41, 3, 395-402).
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Streszczenie

Badania rozwoju ludzkiej zuchwy byty prowadzone u ponad stu oséb (ptodéw, noworodkéw i matych dzieci) za
pomocg wszystkich nowoczesnych technik stosowanych w pracach histologicznych nad tkankami zmineralizowa-
nymi. Mikroradiograficzna analiza jakosciowa odwapnionych preparatéw o grubosci 80 pum jest najbardziej wia-
Sciwa do wykazania wszystkich szczegdlnych aspektéw wzrostu tej kosci. Wzrastajgca zuchwa zostata podzielona
na trzy czesci: trzon, rejon spojeniowy i rami¢. Trzon zuchwy rozwija si¢ wewnatrz chrzastki Meckela i dzieli si¢
na czes¢ podstawng i zgbodotowa, Scisle zwigzang z zawigzkami zgbdw. Jest zbudowany z kosci splotowatej,
w ktérej bardzo szybko pojawiajg si¢ kanaly Haversa. Zawiera réwniez pozostatosci chrzgstki ktykciowej widocz-
ne przynajmniej do urodzenia. W okresie ptodowym rejon spojenia zuchwy zawiera tkanki migkkie, w tym chrza-
stke spojenia, ktéra jest pozostatoscig chrzastki Meckela. Nie majg one wptywu na formowanie kosciozrostu i za-
nikajg stopniowo w wyniku bardzo zblizonego w tym aspekcie do chrzastki stawowej procesu niezwigzanej w cza-
sie z rozwojem kosciozrostu. Najbardziej znamienng cechg wynikajaca z pokrycia potowy zuchwy tkankg chrzast-
kopodobng jest to, ze trzecia kategoria tkanki r6zni si¢ od kosci i chrzastki. Obecnos¢ tkanki chrzastkopodobne;j
wskazuje na zachodzenie procesu rozciggania odpowiadajacego rozwojowi jezyka i ttumaczy podobieristwa mig-
dzy spojeniem zuchwy a obszarem szwu czolowego rosngcej czaszki. Z obserwacji tej wynika, ze wzrost jezyka
jest zdeterminowany rozwojem zuchwy. Chrzastka ktykciowa nie jest chrzastkg nasadowa, lecz osrodkiem kost-
nienia wewnatrzchrzastkowego zblizonym do rosngcego jadra nasadowego lub tzw. unfertile extremity matej kosci
dtugiej (Dent. Med. Probl. 2004, 41, 3, 395-402).

Stowa kluczowe: zuchwa ludzka, mikroradiografia, tkanka chrzastkopodobna, chrzastka ktykciowa.
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At the end of his book, still quoted today as
a reference and dealing with the organization of
bone, Lacroix [1] pointed out that the papers deal-
ing with facial and skull growth were only descrip-
tive. The sagacity of this illustrious author was
such that he understood that classical sections,
obtained after decalcification and paraffin embed-
ding, were unable to detect and to highlight the
pecularities of a bone like the mandible. This also
means that, at that time, the described types of
ossification, intramembranous (dermal) and endo-
chondral, were inadequate, as basic knowledge
about calcified tissues, for understanding the ways
in which the mandible and the other bones of the
head are different from those of the appendicular
skeleton.

Very soon after this, Amprino [2] described
a X-ray procedure applicable to thick undecalci-
fied bone sections furnishing radiographs detailed
up to the level of cytology. For that reason, this
procedure was called microradiography. It deter-
mines the level of calcification of the different
constituents present in a section of bone.

The use of this very simple new technique was
immediately combined with calcium® autoradiog-
raphy [3] and with the staining with toluidine or
methylene blue of the section allowing three differ-
ent aspects of the same microscopic field to be
observed. This new approach of the morphology of
bone immediately led to the discovery of the pre-
osseous layer in the depositing osteons [4] clearly
indicating the existence of a gap between bone
matrix deposition and its calcification. The author
and co-workers also very soon applied these tech-
niques to the growing skeleton [5] as well as study-
ing the acute osteoporosis induced in the calca-
neum by resection of the Achilles tendon [6].

When some time later on, it was obvious that
the tetracyclines, visible under fluorescent light
microscopy, were incorporated into the bones at
the level of the calcification front following osteo-
genesis [7], it became easier to study bone and cal-
cified tissues because other fluorescent markers,
like uroporphyrin and alizarin red S, were rapidly
identified, enabling more sophisticated research
programmes. The author and co-workers used
these markers to bring a new contribution to the
growth of long bones [8] and to measure the rate
of osteoclastic bone destruction during the produc-
tion of Haversian canals in the compact bone of
dogs [9, 10].

Meanwhile, while these techniques were lead-
ing to a complete renewal of the knowledge about
bone and calcified tissues present in the appendic-
ular skeleton, many papers dealing with the grow-
ing mandible appeared without reference to the
recent progress in histology of calcified tissues

and without consideration of orthodontic prob-
lems. For example, a review of the literature [11],
summarized knowledge about the growth of the
condylar process as follows: “The contribution of
the condylar cartilage to the growth of the
mandible has been debated for a considerable
length of time with very little progress being made
towards a total concept, leaving many questions
unanswered or debatable”. Indeed, contradictory
accounts have been written about the condylar car-
tilage and postulated even by the same author.
Again as an example, let us take the overlong dis-
cussions about primary or secondary cartilages: in
fact, they are of little importance in understanding
mandibular growth. Let us also note the paper [12]
that concludes, without any evident reason, that
the growth behaviour of the human growing tem-
poromandibular joint is analogous to a membra-
nous suture.

In the present paper, the author shows how
applying a modern morphological technique —
microradiography of thick undecalcified sections
embedded in methyl methacrylate — can bring
a better understanding of the phenomenona occur-
ring in the growing mandible.

Material and Methods

About 120 human mandibles falling to in four
categories: embryonic, fetal, neonatal and young
children were sampled. Fetal age was determined
either by measuring the maximal length of the
fetus or the cranial perimeter of the subjects
according to the methods used in pediatrics [13].

The bones were dissected with care to pre-
serve the periosteum and muscular insertions and
were embedded in methyl methacrylate without
previous decalcification [14]. The bones were sec-
tioned in the three orthogonal planes, frontal,
sagittal and transverse, into slices about 120 pm
thick using an automatic saw (type 32, Safag,
Bienne, Switzerland). The thickness was thereafter
reduced to a uniform 80 um by manual grinding on
a ground glass plate under methanol.

A contact microradiograph was prepared for
each section by placing it on a fine grain Kodak
spectroscopic plate 649-0 and exposed to long
wavelength X radiation produced by a Machlett
tube connected to a Baltograph BF-50/20 genera-
tor* (Balteau, Liege, Belgium) at 13 kV and 18 mA.
The exposure time was 15 or 45 minutes depend-
ing on the film-focus distance, which varies
according to the dimensions of the section. After

* Donated by the Fonds National de la Recherche
Scientifique (F.N.R.S., Bruxelles, Belgium).
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exposure, the sections were stained by a 1% aque-
ous solution of methylene blue buffered at pH 4.8
by 0.1 N potassium biphtalate according to the
method the author published earlier [15].

Results

According to their embryological develop-
ment, bones may be classified as large or small
long bones, short bones and flat bones. The large
long bones have two epiphyseal cartilages, the
small long bones only one. Short bones are similar
to an epiphyseal growth centre and flat bones have
several ossification centres but no epiphyseal plate.

From this point of view, the mandible occu-
pies an unique situation for several reasons. This
bone consists of two bodies united anteriorly by
soft tissues at in the symphyseal area and separat-
ed posteriorly where they continue into a ramus.
Moreover, the body of the mandible is divided into
a base and an alveolar one containing the teeth
buds. The ramus mandibulae has also two process-
es: the condylar process and the coronoid process.
Up to now, it has not been established whether or
not an angular cartilage exists at the level of the
gonion in the human fetuses as observed in some
other mammals [16].

Microradiographic analysis alone is able to
characterize the different calcified tissues
observed in a growing mandible. They are repre-
sented, at the same magnification, in Figure 1.
Woven bone is presented in A; it is made of irreg-
ular trabeculae, having a very uniform mineral
content. They are separated by vascular spaces.
Calcified cartilage is visible in B (asterisk); it is
incorporated into lamellar bone (L). Its degree of
calcification is always higher than that of bone [5]
and except enamel, always the highest in a micro-
radiograph of a section containing calcified tissues
[17, 18]. The half of the figure located at the right
hand side (C) contains only chondroid tissue.

The Body of the Mandible

As opposed to the long bones of the appendic-
ular skeleton, which are formed by the transforma-
tion into bone of a cartilaginous model, the body
of the mandible develops alongside and not within
the Meckel’s cartilage. Endochondral ossification
occurs only in the condylar cartilage (Fig. 3), pro-
ducing cartilaginous pillars which are incorporated
in the posterior part of the mandibular body. These
pillars are easy to identify in microradiographs
owing to their calcium content [5] always higher
than that of bone (Fig. 1B). They are still present
in neonates.

The Base

The base of the mandibule is less transparent
to X-rays than the alveolar part [16]. In the early
stage of its development, the mandibular body has
an U-shaped configuration with a groove dividing
in two superposed compartments: the alveolus and
the mandibular canal. The different calcified tis-
sues present in the base of the mandible during
fetal life were illustrated by a combination of his-
tological and microradiographic techniques [17].
The author’s observations showed that in addition
to the classical description of the mandibular body
[19], where only intramembranous ossification is
mentioned, the participation of endochondral ossi-
fication in condylar cartilage is also taking place.

The trabeculae of woven bone are easy to rec-
ognize; they have a random arrangement and
irregular osteocytic lacunae, sometimes confluent.
Lamellar bone was also observed under the perios-
teum in two aspects, described by [20], as slow
and rapid subperiosteal apposition. Moreover, the
presence of typical osteons originating from true
Haversian bone remodelling were observed as
early as 5% month of fetal life [17].

The Alveolar Part

As known for a long time [21], the existence
and the development of the alveolar part of the
mandible is closely related with the presence and
growth of dental germs. As perfectly summarized
by [22]: “I’os alvéolaire nait et meurt avec la dent”.

At first, alveolar bone is only built of woven
bone which is then used as a support for lamellar
bone apposition [23]. There is a close relation
between alveolar bone growth and the increase in
volume of tooth germs. This may be compared
with the effects of cerebral growth on the develop-
ment of the skull [24].

Later, during premolar eruption, as the author
and co-workers have shown in an experimental
study on the mandible of the dog [25, 26], the
growing body of the mandible has the same char-
acteristics as the diaphysis of a growing long bone:
periosteal activitity varies, at any time, from place
to place, stopping or shifting from osteoclastic
resorption to osteogenesis leading to bone deposit
either by a slow or rapid process, as early
described by Lea and Ponlot [20], for the diaphysis
of a growing long bone.

The Symphyseal Region

During fetal life, the gap between the two
hemimandibles is filled by soft tissues, not visible
in the microradiographs. They mainly consist of
fibrous tissues in which the so-called “chondriola
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Fig. 1. Microradiographic aspects of the calcified tissues observed in a human growing mandible (x 24): A — woven
bone, B — calcified cartilage, L — lamellar bone, C — chondroid tissue

Ryec. 1. Obraz mikroradiograficzny tkanek zmineralizowanych w rosngcej zuchwie ludzkiej (X 24): A — kos¢ splo-
towata, B — chrzgstka zmineralizowana, L. — kos¢ blaszkowata, C — tkanka chrzgstna

Fig. 2. Microradiograph of a transverse section in the
symphyseal region, at the end of fetal life (X 8,2)

Ryec. 2. Mikroradiografia preparatu z obrazu spojenia
zuchwy w koricu okresu ptodowego (X 8,2)

symphysea” [27] or meckelian islets [28] and sec-
ondary cartilages are included. Author’s previous
observations [29] confirm that they really origi-
nate from the ventral extremity of the Meckel’s
cartilage. They disappear very soon by resembling

Fig. 3. Microradiograph of a sagittal section in the ra-
mus of the mandible of a newborn child (X 5). The
dotted line surrounds the osteocartilaginous pillars
originating from the endochondral ossification taking
place in the condylar process

Ryc. 3. Mikroradiografia preparatu z ramienia zuchwy
noworodka (% 5). Linia kropkowana otacza filary kost-
no-chrzestne pochodzace z kostnienia wewnatrzchrzast-
kowego przebiegajacego w procesie ktykciowym

the degenerative arthrotic cartilage. They have no
physiological significance, being only remnants.
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At the end of fetal life, around the 8" month
[30], mental ossicles are also present. They are
seen in the basal level of the symphyseal mes-
enchyme, their disposition dorsoventrally varying
from one case to another. Their constitution is sim-
ilar to the adjacent hemimandible, i.e., woven
bone, chondroid tissue and cartilage [29, 30].
Because of their location and structure, they cer-
tainly do not originate from the chondriola sym-
physea [29, 30, 32]. They fuse with the adjacent
hemimandible soon after birth.

But the most striking feature to mention about
the symphyseal region concerns the extremities of
the mandible bone adjacent to the gap. Each hemi-
mandible is characterized by a cover of a very
peculiar tissue that the author decided to call
“chondroid tissue”. Chondroid tissue differs from
all the other calcified tissues by the composition of
its matrix. As shown by immunofluorescence
techniques, it contains collagen type I, like bone,
and collagen type 1L, like cartilage [33]. However,
its histological appearance is fundamentally differ-
ent from both of them; it also differs from fibro-
cartilage [32]. Electron microscopic examination
also shows that chondroid tissue is clearly differ-
ent from cartilage [34]. This is also true for the
way in which it calcifies. While the calcification
starts elsewhere at the immediate periphery of the
chondrocyte lacunae [5], in chondroid tissue it
starts away from the lacunae as revealed by meth-
ylene blue staining of thick undecalcified sections

[31].

The Ramus of the Mandible

Three different parts have to be considered
separately in the ramus of the mandible, according
to their ontogenesis and evolution: the condylar
process, the coronoid process and the gonion. As
mentioned earlier, no angular cartilage has yet
been detected in the fetal human mandible.

The Condylar Process

Among the regions constituting the mandible,
the condylar process is certainly the most studied
and the results published the most debatable [11]
and subject to discussion. However, by comparing
the microradiographic appearance of the condylar
cartilage (Fig. 3) with the results observed during
appendicular bone development [1, 8], it is very
obvious that the condylar cartilage can never be
compared with an epiphyseal plate [35].

The osteocartilaginous pillars originating from
the growth activity occurring at the level of the
condylar cartilage are isolated by a dotted line in
Figure 3 which represents the microradiograph of
a sagittal section in the ramus of a newborn child. As

the author and co-workers have shown [35], the fea-
tures observed are not those of an epiphyseal carti-
lage but rather to a growing epiphyseal nucleus or to
the so-called infertile extremity of a small long bone.
Appeared after the Meckel’s cartilage, the
condylar cartilage is considered as a secondary
one. But this is not important as discussed later.

The Coronoid Process

The coronoid process also originates from
a secondary cartilage, which appears soon after the
condylar one. As shown earlier [36-38], the coro-
noid process is mainly constitued of chondroid tis-
sue, arranged to correspond to the tractions exerted
by the temporal muscle. The influence of the forces
exerted by this muscle are well documented. The
height of the coronoid process is indeed reduced by
the section of this muscle [39] or by the section of
the motor root of the trigeminal nerve [40].

As in other parts of the mandible where chon-
droid tissue is present at first, this tissue is progres-
sively replaced by woven bone and lamellar bone.

Discussion

The previously-quoted remarks of Durkin et al.
[11] about the condylar cartilage are also valid for
the symphyseal region.

The microradiographic aspects of the fetal
mandibular symphyseal region are very similar to
a fracture callus in the diaphysis of a long bone
a few weeks after trauma. However, when a frac-
ture callus is at this stage of development, fusion
occurs in a very short time, about two weeks,
unlike the symphyseal region which persists for at
least one year or even more. This clearly indicates
that the hemimandibles are unable to fuse because
they are distracted by the development of the
tongue. This also explains the great similarity
between the mandibular symphyseal region and
the growing metopic suture [24] where the parts of
the frontal bone are kept away from each other by
the growth of the brain.

All the data published about chondroid tissue
clearly indicate that this tissue represents a third
type of hard tissue, differing from bone and carti-
lage. From a physiological point of view, the pres-
ence of chondroid tissue always coincides with the
existence of a tractive effort. This is the case not
only for the symphyseal region of the growing
mandible but also for the cranial sutures as shown
for the metopic one [24] or the cranial vault [41].

The significance of the presence of chondroid
tissue is very obvious today [42]. It always devel-
ops when bone fragments are stretched whereas
cartilage is laid down when they are compressed.
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Previously given more than 30 different names
[43], this tissue, very difficult to identify in classi-
cal paraffin sections, was clearly identified by
microradiographic analysis combined with meth-
ylene blue staining of thick undecalcified sections
[31]. It has also been characterized by electron
microscopic study [34] and by immunofluores-
cence, which detects different collagen types [33].

The early occurrence of Haversian remodel-
ling [44] in the body of the mandibule has to be
related to the fact already pointed out by Enlow
[45] that the mandible is submitted to mechanical
activity primarily resulting from sucking and swal-
lowing. However, more recently, the author and
co-workers have shown that typical osteons,
which are formed of concentric lamellae circum-
scribed by a cementing line, appeared prior to
osteoclastic resorption of old bone, being present
in the long bones of the appendicular skeleton as
well as in the ribs of the human fetuses aged
between 23-30 weeks [46].

The absence of Haversian bone remodelling in
the skeleton of the normal rat [10, 47] is an addi-
tional reason to avoid this animal as experimental
model when the aim of the study is to understand
human clinical problems.

The condylar cartilage is obviously not an epi-
physeal cartilage as stated earlier by several
authors [48-51]. However, the results of an acci-
dent of the nature in which the answer is very
clearly indicated seem to have been ignored:
whereas the anatomical aspects and shapes of the
long appendicular bones are deeply and tremen-
dously altered by achondroplasia, no apparent
deformity of the mandible is observed in this con-
genital disorder due to absence of activity because
of epiphyseal cartilage. As the author stated a long
time ago, the microradiographic and histological
aspects of the condylar cartilage are more similar
to the so-called unfertile extremity of a small long
bone, like a phalanx, or to a growing epiphyseal
nucleus [35]. It appears after the Meckel’s carti-
lage and is considered as secondary for this reason.
But this is not really important as indicated by the
following comparison. According to its position

into the cartilaginous bud of a long bone, a chon-
drocyte would disappear very soon to make place
for the bone marrow cavity or after acting for
some time in the epiphyseal cartilage or persisting
all the life in the region of the articular cartilage.
By analysing the effects of the cutting of the rat
lateral pterygoid muscle by counting the number of
mitoses, identified by tritiated thymidine labelling
administered one hour before sacrifice, Petrovic
and Stutzmann [52] concluded, from the reduction
of the number of mitoses, that the section of the
muscle results in a decreased of the growth of the
condylar cartilage. On the basis of their experi-
ment, these authors also concluded that the condy-
lar cartilage is incapable of spontaneous activity.
However, when the growth rate is measured,
like the author and co-workers did [53, 54], by
means of double labelling technique under fluo-
rescence microscopy, it clearly appeared that the
section of the lateral pterygoid muscle does not
correspond to an inhibition of the condylar activi-
ty. The values measured in the central part of the
condylar cartilage are similar for both operated
and control sides. Moreover, an excess of growth
has been found in the posterior part of the condyle.
The cybernetic model [52] of the mandibular
growth based on this experiment is thus not valid.

Conclusion

The way in which mandible develops is com-
pletely different from that of any other bone.

When the end result is to be a mandible with-
out any orthodontic problems, attention must also
be drawn not only to the condylar cartilage but also
to the symphyseal region. Chondroid tissue there
results from the existence of a stretching process
due to the development of the tongue and exercise
has to be undertaken in order to stimulate the
growth of this muscular mass [55]. Since the sym-
physeal region ossifies very soon, around one year
of postnatal age, due to the developing teeth buds,
the way to promote development of the tongue is to
favour breast feeding instead of bottle feeding.
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