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1. Introduction
Symphysis menti was long ago considered as an axial midline symphysis present between
the two halves of the fetal mandible and continues until the end of the first postnatal year
when synostosis occurs (Bannister et al., 1995).
Previous studies have been focused on the development of the human symphysis menti in
the first half of the fetal period (Kjaer, 1975). However, further development of this region
till the occurrence of the complete fusion had not been fully investigated. Moreover, most
studies on Meckel’s cartilage had clarified its role in the development of mandible
(O’Rahilly and Gardner, 1972). However, the role of such cartilage in the formation of the
symphysis menti had received sporadic attention.
The aim of the present work was to study the different developmental stages of the human
symphysis menti throughout the whole fetal period and postnatally till the occurrence of
occlusion.

2. Material and methods
Thirty-two human specimens of different ages covering the fetal period and the first year of
postnatal life were legally obtained from the Gynecology and Obstetrics, and Pathology
Departments, Faculty of Medicine, Ain Shams University, Cairo, Egypt. According to their
ages, the specimens were divided into eight groups (Table 1).
The mandible of all ages were scanned, using a General Electric 9800 Computarized
Tomography (C.T.) scanner at 1.5 mm section thickness (512 x 512 matrix size 9.6 – 15.0 cm
DF OV), using an edge enhancement (bone) algorithm in the axial and coronal scan planes.
Three-dimensional (3 D) C.T. reconstructions were performed by an experienced operator
on a CEMAX VIP 3 D work station for all two-dimensional C.T. data sets. Threedimensional images were generated for each specimen.
In all abortions, the lower jaw was taken as a whole. In postmortem specimens, the body of
the mandible was separated from the two rami and obtained as a single unit. The specimens
were fixed in 10% formalin solution for one week. After fixation, specimens were decalcified
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by using neutral EDTA decalcifying solution for a period ranging from five to fifteen days
according to each specimen. Decalcified specimens were processed for light microscopic
study. They were dehydrated, cleared and embedded in paraffin blocks. Serial sections (4 –
5 micron thick) were obtained from each block and mounted on clean glass slides. The slides
were deparaffinized and rehydrated. The sections were stained with Haematoxylin and
Eosin and Masson’s trichrome stains.
Group

Age

Number of specimens

First

9 weeks, intrauterine

3 abortions

Second

12 weeks, intrauterine

4 abortions

Third

28 weeks, intrauterine

8 postmortem

Fourth

40 weeks, intrauterine

5 postmortem

Fifth

One month, postnatal

3 postmortem

Sixth

Two months, postnatal

4 postmortem

Seventh

Five months, postnatal

3 postmortem

Eighth

One year, postnatal

2 postmortem

Table 1. Number of specimens for each age group.

3. Results
3.1 First group (nine weeks, intrauterine)
3.1.1 Histology
The symphyseal region consisted of mesenchymal tissue bounded labially and orally by
trabeculae of immature bone formed of irregularly arranged collagen fibers with increased
number of osteocytes. Such tabeculae were separated by spaces filled with newly formed
bone marrow. Orally, the symphyseal region was also bounded by Meckel’s cartilage that
appeared as two symmetrical rod-like, cartilaginous structures. Rostrally, the two rods were
separated by a thin rim of mesenchymal tissue (Fig. 1). While caudally, such rim was
markedly thickened (Fig. 2). The medial portion of each rod showed signs of endochondral
ossification (Fig. 1). Ossification proceeded in a latero-medial direction.
3.1.2 Three-dimensional C.T. scanning
The mandible appeared as two bilateral bony structures separated from each other, in the
median plane, by a defect.
3.2 Second group (twelve weeks, intrauterine)
3.2.1 Histology
The mesenchymal tissue in the caudal portion of the symphyseal region showed two well
defined, rounded to oval cartilaginous structures appearing do novo, unrelated and
completely separated from Meckel’s cartilage (Fig. 3). Such structures showed a marked
hypercellularity and hypertrophy in their central region.
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Fig. 1. A photomicrograph in the rostral portion of a nine-week old fetal mandible, showing
the mesenchymal tissue in the midline (m), bounded by labial bony trabeculae (lt). Notice
the closeness of the bilateral portions of Meckel’s cartilage (mc). Oral bony trabeculae could
be identified (ot). th = tooth premordium; p = lip; arrow = endochondral ossification in
Meckel’s cartilage. (Haematoxylin and Eosin x 20).

Fig. 2. A photomicrograph in the caudal portion of a nine-week old fetal mandible. Notice
the wide separation of Meckel’s cartilage (mc) from the mesenchymal tissue in the midline
(m). t = tongue; lt = labial bony trabeculae. (Haematoxylin and Eosin x 20).

www.intechopen.com

170

Embryogenesis

Fig. 3. A photomicrograph of a twelve-week old fetal mandible, showing mesenchymal
tissue in the midline (m). Two secondary cartilages (sc) could be identified in the caudal
portion of such mesenchyme. lt = labial bony trabeculae; ot = oral bony trabeculae; t =
tongue. (Haematoxylin and Eosin x 20).
3.2.2 Three-dimensional C.T. scanning
The defect between the hemimandibles was still observed (Fig. 4).
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Fig. 4. A photograph of a three-dimensional C.T. scan of a twelve-week old fetal skull, with
a top view of the mandible. Notice the triangular defect between the hemimandibles
(arrow).
3.3 Third group (twenty-eight weeks, intrauterine)
3.3.1 Histology
A centrifugal pattern of matrix calcification had been observed in the symphyseal secondary
cartilaginous structures (Fig. 5).
3.3.2 Three-dimensional C.T. scanning
The defect between the hemimandibles became narrower in its rostral portion (Fig. 6).
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Fig. 5. A photomicrograph of a twenty-eight-week old fetal mandible, showing the
symphyseal secondary cartilage. Notice the centrifugal ossification in the secondary
cartilage. b = bone; c = cartilage; m = symphyseal mesenchymal tissue. (Masson’s trichrome
x 200).
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Fig. 6. A photograph of a three-dimensional C.T. scan of a twenty-eight-week old fetal skull,
frontal orientation. Notice the triangular defect between the hemimandibles (arrow).
3.4 Fourth group (forty weeks, intrauterine)
3.4.1 Histology
The ossification process in the symphyseal secondary cartilages had completed leading to
the formation of a single mental ossicle. The symphyseal region had decreased considerably
in size and was bounded by bony trabeculae with very few remains of Meckel’s cartilage in
the form of ill-defined patches of cartilage (Figs 7, 8).
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Fig. 7. A photomicrograph in the rostral portion of a forty-week old fetal mandible, showing
the mesenchymal tissue in the midline (m), bounded on either side by bony trabeculae (b).
Notice the remains of Meckel’s cartilage (mc) in the caudal portion. (Haematoxylin and
Eosin x 20).
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Fig. 8. A photomicrograph in the caudal portion of a forty-week old fetal mandible, showing
the mesenchymal tissue (m). A mental ossicle (mo) is present in the caudal portion of the
mesenchyme. mc = remains of Meckel’s cartilage; b = bone of the hemimandible. (Masson’s
trichrome x 100).
3.4.2 Three-dimensional C.T. scanning
In serial caudo-rostral axial cuts in the symphyseal region (Fig. 9), a mental ossicle,
completely separated from the hemimandibles, was only detected in the caudal cuts. Such
ossicle was decreasing in size rostrally, denoting its conical shape.
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Fig. 9. A photograph of a three-dimensional C.T. scan, showing serial caudo-rostral cuts in a
forty-week old fetal mandible:
a.
b.
c.

A caudal cut shows a rounded mental ossicle (arrow) completely separated from the
hemimandibles by a defect.
A more rostral cut shows a decrease in the size of the mental ossicle (arrow), denoting
its conical shape.
The most rostral cut shows a midline defect (arrow) between the hemimandibles. The
mental ossicle is not observed at this level.

3.5 Fifth group (one month, postnatal)
3.5.1 Histology
The mental ossicle appeared as a triangular structure, completely surrounded with
symphyseal mesenchymal tissue (Fig. 10). Bony trabeculae forming the hemimandibles were
growing towards the symphyseal region. No remains of Meckel’s cartilage could be identified.
3.5.2 Three-dimensional C.T. scanning
The cone-shaped mental ossicle had increased in size, minimizing the gap between it and
the hemimandibles. Rostral to the ossicle, the two hemimandibles were separated by a small
midline defect (Fig. 11).
3.6 Sixth group (two months, postnatal)
3.6.1 Histology
The caudal portion of the mental ossicle appeared to fuse with both hemimandibles, while
its rostral portion was still separated from them by mesenchymal tissue (Fig. 12).
3.6.2 Three-dimensional C.T. scanning
The mental ossicle had completely fused with the caudal portions of the hemimandibles,
while a thin defect existed between the hemimandibles, rostral to the mental ossicle (Fig. 13).
3.7 Seventh group (five months, postnatal)
3.7.1 Histology
The mental ossicle had completely fused with both hemimandibles. A rim of symphyseal
mesenchymal tissue was still separating the two hemimandibles, rostral to the mental
ossicle (Fig. 14).
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Fig. 10. A photomicrograph in the caudal portion of a one-month old infant mandible,
showing a triangular mental ossicle (mo) present in the caudal portion of the symphyseal
mesenchymal tissue (m). (Masson’s trichrome x 200).
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Fig. 11. A photograph of a three-dimensional C.T. scan of a one-month old infant mandible.
Notice the mental ossicle (arrow) and the midline defect (double arrows) between the
hemimandibles, rostral to the mental ossicle.
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Fig. 12. A photomicrograph of a two-month old infant mandible. Notice that the caudal
portion of the mental ossicle (mo) had started to fuse with both hemimandibles (arrow),
while its rostral portion was still separated from the hemimandibles by a rim of
mesenchymal tissue continuous with the midline mesenchyme (m). (Haematoxylin and
Eosin x 20).
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Fig. 13. A photograph of a three-dimensional C.T. scan of a two-month old infant skull,
showing the fusion of the mental ossicle (arrow) with the hemimandibles. Notice the
midline defect (double arrows) between the hemimandibles, rostral to the mental ossicle.
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Fig. 14. A photomicrograph of a five-month old infant mandible, showing the complete
fusion of the mental ossicle (mo) with the hemimandibles (hem) forming a single bony
trabecula (b). Rostrally, remains of the symphyseal tissue (m) still separate the
hemimandibles. The arrows show the direction of fusion between the mental ossicle and
each hemimandible. (Haematoxylin and Eosin x 100).
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3.7.2 Three-dimensional C.T. scanning
The rostral portion of the symphyseal region appeared fused from the inside. Its outer
aspect showed a narrow midline defect between the two hemimandibles (Fig. 15).

Fig. 15. A photograph of a three-dimensional C.T. scan of a five-month old infant mandible,
top view. Notice the complete inward fusion (arrow), while a small midline defect still exists
outward (double arrows).
3.8 Eighth group (one year, postnatal)
3.8.1 Histology
The symphyseal region was completely obliterated. The bony trabeculae became continuous
across the midline (Fig. 16).
3.8.2 Three-dimensional C.T. scanning
The mandible appeared as a single bone (Fig. 17).

www.intechopen.com

Development of the Site of Articulation
Between the Two Human Hemimandibles (Symphysis Menti)

183

Fig. 16. A photomicrograph of a one-year old infant mandible, showing a complete closure
of the symphysis menti resulting in a single mandible. Notice the complete midline
encroachment (line) by bony trabeculae (b). (Haematoxylin and Eosin x 20).

Fig. 17. A photograph of a three-dimensional C.T. scan of a one-year old infant skull,
showing a complete obliteration of the symphyseal region. The mandible appears as a single
bone.

4. Discussion
The role of Meckel’s cartilage in the formation of the human mandible remained for a long
time a subject of debate. Callender (1869) and Dieulafe and Herpin (1906) stated that
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Meckel’s cartilage was the origin of the whole mandible. On the other hand, Magitot and
Robin (1862) denied any role for Meckel’s cartilage in the development of the mandible.
Stieda (1875) suggested that Meckel’s cartilage directed mandibular ossification without
taking part in that process. The present study had clarified the active role of Meckel’s
cartilage in the development of the medial portions of the hemimandibles. By the ninth
week in utero, signs of endochondral ossification were observed, in the medial portions of
the two rods of Meckel’s cartilage, proceeding towards the midline and leading to the
ossification of the most medial ends of the hemimandibles. Such findings were in
agreement with those of Friant (1957) who stated that a small fraction of Meckel’s
cartilage, extending from the mental foramen almost to the site of the future symphysis
probably became ossified. The present study showed no evidence of contribution of
Meckel’s cartilage in the development of the rest of the body of the mandible. The
mandibular body consisted of irregular bony trabeculae in between spaces filled with
mesenchymal tissue denoting its membranous origin. Meckel’s cartilage completely
disappeared in the lateral portions of the hemimandibles. These findings were in
agreement with reports of Bannister et al. (1995). In their studies on the human mandible,
Dieulafe and Herpin (1906) as well as Kjaer (1975) observed a temporary fusion of the
bilateral portions of Meckel’s cartilage across the midline. The present study showed no
evidence of any fusion of the two portions of Meckel’s cartilage. Such fusion was only
confirmed in rodents (Bhaskar, 1986; Bareggi et al., 1994).
The present study revealed the presence of two well defined, rounded to oval cartilaginous
structures in the caudal portion of the symphyseal mesenchyme. Previous studies had
described similar structures. Sperber and Tobias (1981), Osburn (1981) and Bareggi et al.
(1994) termed these structures “secondary cartilages”. The term “secondary cartilage” is
used to describe cartilage developing in association with membrane bones of the skull to
provide them with articular cartilage (Cormack, 1987). On the other hand, Kjaer (1975) and
Hamilton (1976) used the term “accessory cartilages” being, according to them, derived
from the rostral connection of the bilateral portions of Meckel’s cartilage. The present study
demonstrated that there was a difference in the time of appearance between Meckel’s
cartilage that appeared as early as the ninth week in utero and the two cartilaginous
structures not detected before the twelfth week in utero. Furthermore, in all serial sections
examined, a distance always exists between both structures. The difference in ossification,
regarding its time of occurrence (earlier in Meckel’s cartilage) and its pattern (latero-medial
in Meckel’s cartilage and centrifugal in the two cartilaginous structures) would confirm the
absence of any relationship between Meckel’s cartilage and the cartilaginous structures.
Therefore, the present study found the term “secondary cartilages” more appropriate to
describe these two cartilaginous structures. Many authors believe that the symphyseal
secondary cartilages appear after Meckel’s cartilage and always maintain their own
individuality (Friant, 1960 and 1968; Bertolini et al., 1967; Durst-Zirkovic and Davila. 1974,
Goret-Nicase and Dhem, 1982; Goret-Nicase and Pilet, 1983).
After their studies on the human mandible using plain X-ray, Lebourg and Champagne
(1951), Sicher (1962) and Scott and Symons (1982) described several mental ossicles in the
symphyseal region. However, the present study, using a more advanced technique, namely
the three-dimensional C.T. scanning, revealed that endochondral ossification of the
secondary cartilages led to the formation of a single mental ossicle, conical in shape. The
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Fig. 18. A schematic presentation of the articulations between the two hemimandibles. A)
Before fusion. B) After fusion. C = Meckel’s cartilage; O = mental ossicle; H = hemimandible;
F = fibrous joint; P = primary cartilaginous joint.
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present study also studied the process of fusion of the mental ossicle with the
hemimandibles. Such process proceeded in a caudo-rostral direction and led to the
incorporation of the mental ossicle with the hemimandibles. Around the fifth month
postnatally, fusion of the parts of the hemimandibles rostral to the mental ossicle, from an
inward to an outward direction, followed the latter process. The mandible became a single
bone before the end of the first postnatal year.
The nature and type of the human symphysis menti remained unsettled. Further, the details
of fusion of this joint were uncertain. Kjaer (1975) stated that the symphysis menti might be
compared to a suture. Sperber and Tobias (1981) considered the symphysis menti as a type
of syndesmosis that was converted to synostosis. Bannister et al. (1995) mentioned that it is a
fibrous joint. The present study had demonstrated that the rostral portion of the symphyseal
region differed in architecture from the caudal portion. Rostrally, the symphyseal region
was bounded on both sides by labial bony trabeculae, membranous in origin, separated in
the midline by mesenchymal tissue. The bony trabeculae extended towards the midline, and
by the end of the first postnatal year, a synostosis was well apparent. Caudally, the picture
was different, due to the presence of two secondary hyaline cartilages in the symphyseal
mesenchyme bounded on both sides by Meckel’s cartilage. Both of them underwent
endochondral ossification. Ossification in the secondary cartilages led to the formation of a
mental ossicle that fused with the most medial ends of the hemimandibles derived from
Meckel’s cartilage. A synostosis was detected on both sides of the mental ossicle before the
end of the first postnatal year. This picture simulated a primary cartilaginous joint (Fig. 18).

5. Summary
At the ninth week I.U., the symphysis menti was only formed of mesenchymal tissue
bounded on either side by labial bony trabeculae, Meckel’s cartilage and oral bony
trabeculae. Rostrally, the bilateral rods of Meckel’s cartilage approached each other but were
separated by a rim of mesenchymal tissue. A triangular defect appeared between the two
hemimandibles. By the twelfth week I.U., two secondary cartilaginous structures,
completely separated from Meckel’s cartilage, were observed in the caudal portion of the
midline mesenchyme. By the twenty-eighth week I.U., signs of endochondral ossification
appeared in the secondary cartilages and ended by the formation of a mental ossicle at the
fortieth week I.U. The mental ossicle appeared conical in shape, and showed consistent
gradual growth reaching its maximum by the age of first month P.N. Finally, complete
fusion of the mental ossicle with the hemimandibles had occurred by the age of five months
P.N., while the hemimandibles were still separated by a rim of mesenchymal tissue rostral
to the mental ossicle. Fusion of the hemimandibles in that region proceeded from an inward
to an outward direction. Thus, by the end of the first year P.N., the mandible became a
single bone. The single mental ossicle is not an integral part of the symphyseal region, but is
rather a contributor in the construction of the symphysis menti. Moreover, the symphysis
menti is not simply a midline one as thought long ago. Instead, there are two different sites
of articulations between the hemimandibles. The first one was located in the midline,
between the rostral portions of the hemimandibles and simulated a fibrous joint. The second
one was observed to lie on either side of the midline, between the mental ossicle and the
caudal portion of each hemimandible, and simulated in structure a primary cartilaginous
joint. Both articulations ended by synostosis, by the end of the first year P.N.
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