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Abstract

Objective: This study was designed to determine the ossification time and pattern of the mandible. Methodology: Three
hundred and fifty (350) wasted fetuses consisting of 70 Balami, 140 each of Uda and Yankasa breeds whose crown
vertebral rump length ranged from 3.0-15 cm were used. The fetuses were processed using the Alizarin technique and the
mandible was dissected from the head for stereography. Result: The result revealed that the first part of the mandible to
develop was the body and mental foramina at the 42™-44™ days of gestation while the coronoid process, rami, and
condyloid process develop later at different time points. In addition, the mandibular foramina remained undeveloped in
all age groups. Interestingly, the mandibular canal began ossification earlier in the Yankasa breed compared to other
breeds. It was shown to arise from a cartilaginous tissue at the medial and lateral surfaces of the body and dorsally
remained opened and undifferentiated from the teeth alveoli of the lower jaws in the 7 age groups. Conclusion: It was
therefore concluded that the mandible arises from three ossification centres at the body, rami, and coronoid process.
These segments develop at different time intervals in the three breeds of sheep with Yankasa mandible ossifying and
progressing faster than in Balami and Uda.
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1. Introduction

The mandible is the largest and strongest bone of the skull. It forms the lower jaw and accommodates the lower
incisors, premolar, and molar teeth in ruminants [1]. The mandible articulates with the temporal bone to form the only
movable joint of the skull referred to as the temporo-mandibular joint which plays a major role in apprehension and
chewing [2, 3]. Studies on the development of the skull, especially the mandible in animals are still scanty [4]. Ahmed
and Mahmood (2011) [5] and Ahmed (2003) [6] have previously examined the development of the mandible in Iraqi
breed of sheep and Iragi Black goats respectively. The development of the mandible begins with the formation of a
cartilage (Meckel’s cartilage) [7] and continues by laying down new bone material in the fibrous membrane covering
the outer surfaces of the cartilage [8, 9]. Details on the developmental anatomy of the mandible are vital in diagnosing
and understanding the pathogenesis of oral disorders such as malocclusion, prognathism, and brachignatia [10].
According to Arcaute at al. (2020) [11] hard foods with sharp edges such as maize straw as well as acidic foods such
as silages favor the development of mandibular disorders in Spanish sheep. Oral disorders of sheep can cause
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significant economic losses in farms, prevent animals from feeding properly, leading to weight loss and culling of the
animals [12]. Camacho-Alonso et al. [13] compared new bone formation in critical mandibular defect in healthy,
diabetic, and osteoporotic rats administered with hydroxyapatite (HA) alone and HA combined with simvastatin (SV)
and reported that combined application of HA and SV improves mandibular bone regeneration compared with HA
alone in healthy, diabetic, and osteoporotic rats. The present study was designed to investigate the normal pattern of
development/ossification of the mandible in three Nigerian breeds of sheep. The study of normal embryonic and fetal
growth of the mandible can serve as a guide for age estimation, contribute to the knowledge of developmental
anatomy and helps to understand the consequences of harmful influences at various stages of gestation [14].

2. Materials and Methods
2.1. Sample Collection

The present study utilized a total of three hundred and fifty (350) fetal samples of three Nigerian breeds of sheep
whose Crown Vertebral Rump Length (CVRL) ranged from 3.0-15 cm (modified from irrespective of sex [15]. The
fetuses studiedcomprised of seventy (70) Balami, one hundred and forty (140) Uda, and one hundred and forty (140)
Yankasa breeds. Fetal samples were collected over a one year period from their geographically dominated areas;
north-east in Gombe state township abattoir (for Balami samples), and north-west in Kaduna and Zamfara state (for
Yankasa samples), and in Sokoto state (for Uda samples) abattoirs of Nigeria.

2.2. Aging and Sample Preparation

The crown vertebral rump length (CVRL) of the fetal samples were obtained with a measuring tape, extending
from the anterior fontanel and following the vertebral column down to the base of the tail to determine the gestational
ages in days using the formula: X=2.1(Y+17) where X= Gestational Age in days and Y=Crown Vertebral Rump
Length [16], based on their age, they were classified into seven age groups ranging from 42" — 67" days of gestation.
The fetuses were immediately transported in an ice packs to the Veterinary Anatomy Laboratory of Usmanu
Danfodiyo University Sokoto for further analysis.

2.3. Staining Technique

The fetuses were subjected to the Alizarin staining technique, according to the procedure described by Salaramoli
et al. (2015) [17] with little modification. Briefly, the fetuses were skinned, eviscerated, and fixed in 95% ethanol
(LobalChemie®, Mumbai India) for 6 and 8 hours for smaller and larger sized fetuses respectively. The fixed fetuses
were stained in a mixed alcoholic solution and 0.3% Alizarin red (LobalChemie®, Mumbai India) for 17 hours. The
bones were macerated using 2-10% potassium hydroxide (KOH) (LobalChemie®, Mumbai India) for 6-24 hours and
8-10% KOH for 20-24 hours for smaller and larger sized fetuses respectively. The macerated samples were cleared
using gradual concentrations of glycerin (LobalChemie®, Mumbai India) in distilled water (20, 50 and 80%) for 14
hours. It was then placed in a glycerin-distilled water mixture and mounted on a dissecting microscope (Leica®), the
mandible was micro-dissected from the skull, examined and its stereographs were captured using a 7.2 Megapixel
Panasonic Lumixdigital camera. The flowchart of the research methodology is as shown in Figure 1.
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3. Results
3.1. Ossification of the Mandible

The different parts of the mandible in the three breeds of sheep developed at different time intervals from different
ossification centres. The ossification of the mandible began with the establishment of a Meckel’s cartilage. Bony
tissues were formed on the cartilage, beginning from the lateral surface and extending to the medial surface of the
meckel’s cartilage. The appearance of the bony tissues on the cartilage is marked by the red coloration and hardening
of the mandible. The red coloration was due to the reaction of the newly laid bony tissue and the Alizarin Red stain.
The cartilage was gradually replaced by the bony tissue formed through ossification. The mandible was largely
cartilaginous and bony tissues in the 42™ — 44" and 61 — 67" days of gestation respectively (Figures 2a and 5a). The
first and last parts to ossify were the body (horizontal part) and the condyloid process of the rami (vertical part)
respectively (Figures 2a and 5a).

This study showed that the ossification of the mandibular body (MB) of the Yankasa, Uda, and Balami occurred at
the 42" - 44™ days of gestation of the first trimester fetuses, however the ossification was incomplete and some
cartilages were seen around the MB (Table 1 and Figure 2a) At the 61 — 67" days of gestation, the ossification of the
MB was complete and all the cartilages were replaced with bony structures (Figure 5a). The ossification of the
mandibular body began from the ossification centre cranial to the mental foramen and extended caudally across the
horizontal axis of the mandible. The alveoli region of the incisors teeth (cranial end of the mandible) were
cartilaginous at 42™ — 45" days (Figure 2a) and began to ossify at 61% - 66" days of gestation (Figures 2a to 5a) across
the three breeds. An arc-shaped coronoid process (CrP) of the mandible appeared and began to ossify independently
from the ossification centre on its proximal end, along with the cartilaginous tissues of the mandibular rami (vertical
body) at 45™ — 47" days of gestation in Yankasa (1 trimester) and 51° — 53" days of gestation (2™ trimester) in Uda
and Balami. The coronoid process was seen as a cartilaginous process at 42" - 44™ days of gestation and its
ossification emerged from a new and separate ossification centre and ossified gradually in a caudo-ventral direction to
meet the mandibular rami (Figures 2a to 4a). The mandibular rami (MR) began to ossify at 57" — 60" days of gestation
in Yankasa and 61% — 67" days of gestation in Uda and Balami (Table 1) from the ossification centre at its dorsal part.
The mandibular rami (vertical parts of the mandible) were also seen to gradually ossify dorso-ventrally from
cartilaginous tissue extending from the body at an angle of 105° at 45" - 47" days and later 95° at 61° - 67" days.

The teeth of the lower jaws were yet to develop within the 7 age groups (Figures 2a to 5a). The condyloid
processes (CoP) in the three breeds were absent from the 1% to the 5" age groups (42" — 56™ days of gestation). It then
began to ossify at 57" — 60" days of gestation in Yankasa and 61% — 67" days of gestation in Uda and Balami breeds.
A mandibular notch developed between the condyloid process and coronoid process as the ossification of the two
processes progressed dorsally from the body of the mandibular rami along the coronoid process (Table 1 and Figure
4Ba).

Table 1. Time and sequence of ossification of the Mandible in the three breeds of sheep

Age groups Parts of the mandible
(days) Breeds MB CrP MR CoP
One Yankasa Ossified - - -
(42-44) Uda Ossified - - -
1% Trimester Balami Ossified - - -
Two Yankasa Ossified Ossified - -
(45-47) Uda Ossified - - -
1% Trimester Balami Ossified - - -
Three Yankasa Ossified Ossified - -
(48-50) Uda Ossified - - -
1% Trimester Balami Ossified - - -
Four Yankasa Ossified Ossified - -
(51-53) Uda Ossified Ossified - -
2" Trimester Balami Ossified Ossified - -
Five Yankasa Ossified Ossified - -
(54-56) Uda Ossified Ossified - -
2" Trimester Balami Ossified Ossified - -
Six Yankasa Ossified Ossified Ossified Ossified
(57-60) Uda Ossified Ossified - -
2" Trimester Balami Ossified Ossified - -
Seven Yankasa Ossified Ossified Ossified Ossified
(61-67) Uda Ossified Ossified Ossified Ossified
2" Trimester Balami Ossified Ossified Ossified Ossified

Key: Mandibular body (MB), Coronoid process (CrP), Mandibular rami (MR), Condyloid process (CoP)
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Figure 2. A stereomicrograph of the lateral (A) and dorsomedial view (B) of a 42" day-old Yankasa mandible, ossification
centres (red arrow) showing mental foramen (MeF) and Meckel’s cartilage on the body (2) and cartilaginous alveoli,
mandibular body, mandibular rami, and coronoid process (1, MB, MR, CrP respectively), the mandibular incisure (3),
lingual surface (4), and the mandibular canal (MC), Alizarin red stain (X5).

Figure 3. A stereomicrograph of a dorsomedial view of the mandible in a 45"-day old Yankasa fetus, showing mandibular
body (MB), mandibular rami (MR), mental foramen (MeF), mandibular canal (MC), ossification centres (red arrows), and
ossifying medial (1) and lateral (2) parts of MB, mandibular symphysis (3), and coronoid process (CrP), Alizarin stain (X5).
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Figure 4. A stereomicrograph of the lateral views of the mandible of a 51°* (A) and 66" (B) days old Uda fetus showing the
ossifying mandibular body (MB), mandibular rami (MR), ossification centres (red arrows), ventral border (2) coronoid
process (CrP), condyloid process (CoP) and its fibrous extremity (3), cartilaginous alveolus for incisors teeth (1) and ossified
alveolus for incisors teeth (4), and mental foramen (MeF), Alizarin red stain (X5).

Figure 5. A stereomicrograph of the lateral (A) and dorsomedial view (B) of a 67" day old Balami fetal mandible, showing
the mandibular body (MB) mandibular rami (MR) mental foramina (MeF) and opened mandibular canal (MC), coronoid
processes (CrP), alveolus for incisors teeth (1), mandibular incisure (2), medial part of MB (3) and lateral part of MB (4),
and intercondylar notch (5), Alizarin stain (X5).

3.2. Development of the Mandibular and Mental Foramina

During ossification, the mental foramen (MeF) appeared as a cone-shaped opening from 42nd - 44th days of
gestation in the three breeds of sheep on the cranio-lateral surface of the developing mandibular body (MB) (Figure
2a). The developing mental foramen was also visible on the medial surface and it has no linkage with any canal. In the
7 age groups, the mandibular foramen (MaF) was undeveloped. During the formation of the mandibular body, it has
left and right cartilaginous parts and the dorsal edges of these parts gradually curved dorso-medially towards each
other to form an incomplete mandibular canal (MC). The developing MC was opened dorsally and closed ventrally
throughout its length from the cranial to the caudal end and it was undifferentiated from the openings of the alveoli
teeth of the lower jaws and they both exist as a single entity with no clear demarcation (Table 2 and Figure 4). All the
teeth of the lower jaw were absent across all the age groups.

4. Discussions

The mandible was observed to be the first part of the skull to begin ossification, and its ossification occurred on
both sides of the jaw via intramembranous ossification. This agrees with the result of Ahmed (2003) [6] who
mentioned that in the Iragi native black goat, early mineralization of skull bones was concentrated bilaterally in equal
size around the oral region within the mandible and that each half of the mandible develops as a single skeletal
element. Although the time of appearance of primary ossification centres of the mandible reported by Ahmed [6] in
the Iragi native black goat (39" day of gestation) was a little earlier than in the Nigerian breeds of sheep. Rice (2008)
[18] also observed that the earliest distinct centre of ossification to appear in man is in the mandible although at a little
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older age (49™ day of gestation). Similarly, Ahmed and Mahmood (2011) [5] studied a 49"-day old fetal mandible of
an indigenous Iraq sheep and reported that ossification of the mandible had set in. The difference in the time of
appearance of the mandibular ossification centre was associated with species differences. Several authors have
described the mandible as the largest bone of the skull with several parts. In this study, it was noted that the different
parts of the cartilaginous mandible undergo intramembraneous ossification at a different time intervals due to the large
size of the mandible. The ossification of the cartilaginous mandible begins from the rostral to the caudal parts.
Although the most caudal and dorsal parts of the mandible, the coronoid process, began ossification earlier than
mandibular rami and condyloid process, the separate ossification centres observed at the proximal coronoid process
and proximal mandibular rami suggest that the ossification of the coronoid process could have emerged from a 2™
ossification centre and the condyloid process and mandibular rami from a 3" ossification centre. This can be linked to
the works of Hill (2020) [19] and Dunlop and Hall (2002) [20] who reported multiple ossification centres in the
mandible. The mandibular notch formed during the ossification of the coronoid and condyloid process serves as the
articular surface of the only movable joint of the skull (temporo-mandibular joint) [2].The endochondral ossification
of the mandible began from the rostro-lateral part of the cartilaginous mandible around the mental foramen. These
findings were in line with the work of several authors such as Hill (2020) [19]; Ahmad and Mahmood (2011) [5];
Amano et al. [21] who reported that the ossification centre of the mandible was situated in front of the developing
mental foramen at the lateral sides of mesenchyme of first branchial arch (Meckel’s cartilage) and that the rostral part
of the mandible was developed by endochondral ossification. However, Frommer and Margolies [22] reported
contrary findings in mice, stating that three ossification processes (two intramembranous and one endochondral)
occurred concurrently in the anterior part of the mandible and that the contribution of the Meckel’s cartilage was
transient. This contradiction could be attributed to the differences in the gestation period and species variation.

The present study has also shown that the mental foramen develops earlier than the mandibular foramen in the
three breeds of sheep and that the development occurs earlier in Yankasa than in Balami and Uda breeds. Although the
earlier development of mental foramen compared to the mandibular foramen could be attributed to the the ossification
of the mandible which began at the mandibular body, the varaitions observed among yenkasa, Balami and Uda could
be due to breed difference. This particular finding agrees with the work of Ichim et al. [23] who reported that the
initial site for mandibular osteogenesis is between the mental branches of the alveolar nerve at the rostral part of the
Meckel's cartilage in human. The undifferentiated openings that formed the mandibular canal and teeth alveoli indicate
that they both had a single origin during ossification. The absence of the mandibular foramen and incomplete
mandibular canal in all the age groups implies that the mandibular foramen and canal takes longer time to develop in
the Nigerian breeds of sheep, probably in the 3" trimester.

5. Conclusion

The mandible arises from three ossification centres and its different segments develop at different time intervals in
the three breeds of sheep, with Yankasa mandible ossifying faster than in Balami and Uda breeds. The mandible
begins as a cartilage but later ossifies into a bony tissue. Hence its ossification is said to be endochondrial.
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