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Introduction

The apes are the closest relatives of humans and are 
taxonomically classified in the superfamily Hominoidea. The 
great apes that live on the African continent are the chimpanzee/
bonobo and the gorilla, while the small ape, the gibbon, and the 
great ape, the orangutan, live in Asia. Primate canines resemble 
the fanged morphology of carnivores which use their long, dagger-
like canines to stab and bring down their prey [1]. This strongly 
suggests that primate canines have a weapon or intimidation 
function against predators [2]. The large canines of males also play 
a role in attracting females and in male intra-sexual selection [3]. 
As a result, male canines strongly reflect sexual dimorphism and 
are significantly larger [3-5]. In contrast, except for gibbons, female 
canines are small and of little evolutionary value as weapons [6]. 
The male maxillary canines of Cercopithecus are daggers with a 
high crown and a broad base [2,5], whereas the great apes have 
a broad, stout, massive apical cone [7] or an isosceles triangle 
lingually [8]. Apes are essentially omnivorous and eat a wide variety 
of foods. Chimpanzees, for example, eat figs and other fruits as a 
staple diet, as well as leaves, flowers, seeds, plants, ants and small  
 

monkeys. Numerous studies of primate canine teeth have been 
reported in relation to sexual dimorphism [3-10]. On the other 
hand, deciduous teeth are more conservative than permanent 
teeth, and primitive features not found in permanent teeth tend 
to be preserved in deciduous teeth [11-14]. Nevertheless, studies 
of primary teeth are limited in paleoanthropology because they 
are structurally weaker than permanent teeth and rarely survive 
as fossils [15-18]. Studies of deciduous teeth in living and extinct 
apes have been rare throughout their long evolutionary history. 
This is due to the difficulty of detecting sex differences due to 
their juvenile nature and small population sizes [12,19-21]. The 
aim of this study was to examine the morphology of the deciduous 
canines of the African great apes, chimpanzee and gorilla, and 
to compare interspecific differences and sexual dimorphism 
between the two species.

Materials and Methods

The materials consisted of specimens of deciduous canines 
of  Pan troglodytes  and Gorilla gorilla from the collections 
of the Kenya National Museum, the Laboratory of Physical 
Anthropology, Kyoto University, the Center for the Evolutionary 
Origins of Human Behaviour, Kyoto University (EHUB), the Japan 
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Monkey Center, and the Higashiyama Zoo and Botanical Garden, 
Japan. The primary canines selected for the study were fully 
erupted from the alveolus. Impressions of the primary canines 
were taken with silicone impression material (Provil: Heraeus 
Kulzer GmbH) [8] and hard plaster casts were made. Photographs 
were taken from the occlusal view, with the crown axis aligned 
with the optical axis of the camera, and from the lingual view, with 
the crown axis perpendicular to the optical axis of the camera. 
Tooth sizes (mesiodistal and labiolingual diameters) were 
taken on the model using digital calipers (1/100 mm, Digimatic: 
Mitutoyo Co.). Deciduous canines were measured according to 
previous methods [5,7,8,12]. Johanson (1974) stated that the 
lower deciduous canines are only slightly rotated and that their 
long axis is approximately equal to the mesiodistal diameter of the 
crown [12]. Therefore, the maximum diameter of the deciduous 
mandibular canine is recorded as the mesiodistal dimension. 
The measurements were the maximum diameter of the tooth 
mesiodistally (MD), taken on a line parallel to the long axis of 
the tooth, and the maximum diameter of the tooth labiolingually 
(LL), taken at right angles to the mesiodistal diameter. Crown area 
(MD×LL) and crown index (LL/MD×100) were calculated from 
the measurements. The percentage of sex dimorphism in crown 
measurements was calculated using the formula [(male mean 
- female mean) / female mean x 100] [22-26]. Student’s t-test 
(P<0.05, P<0.01) was used to assess the significance of differences 
in means.

Results

Chimpanzee (Pan troglodytes )

Maxilla: Figure 1 shows the maxillary and mandibular 
deciduous canines of a male (no. 1534) and a female (no. 1367) 
chimpanzee. In the occlusal view, male canines are elliptical 
mesiodistally. The lingual view showed a pyramidal triangular 

shape, and the distal crest was concave, and asymmetrical 
mesiodistally. The apex was located mesially. The mesial shoulder 
was approximately 1/5 of the crown height from the cervical 
line. The mesial groove was only a trace. The lingual ridge was 
rounded and broad and ran from the apex to the cervical ridge 
in a widening pattern along the mesial crest. The distal lingual 
fossa was wide. The cervical ridge was well developed and more 
pronounced. Females have a similar crown morphology to males. 
In particular, they are phenotypically less robust than males, 
with ridges and grooves that are slender and poorly developed. 
Individual differences in their morphology have been observed. 
However, the outline of the crown, the position of the mesial 
shoulder, the lingual ridge and the cervical ridge were very similar 
to those in both sexes.

Mandible: Male mandibular deciduous canines were 
quadrangular when viewed from the occlusal side. The labial 
margin was strongly convex in the mesial half of the crown and  
slightly concave in the distal half. The lingual margin was straight 
in the mesial half and strongly convex in the distal half. When 
viewed lingually, the tooth had a distorted square shape. The 
mesial cristid was straight and the mesial margins of the crown 
were clearly angled at the shoulder. The distal cristid was concave, 
protruding outwards at the distal shoulder. The mesial shoulder 
was approximately 1/3 of the crown height from the cervical line, 
the distal shoulder was approximately 1/5 of the crown height. 
The mesial groove was not defined. The lingual ridge was thick. 
The mesial lingual fossa was wide and flat. A relatively deep groove 
ran between the lingual ridge and the distal cristid, forming a 
distal lingual fossa at its base. The cervical ridge was moderately 
swollen. The crown morphology of females was similar to that of 
males. In particular, the bending of the mesial margin of the crown 
was weaker than in males. However, this was within the range of 
individual differences (Figure 1).

Figure 1: View of the occlusal and lingual aspects of the deciduous canines of a male (no. 1534) and a female (no. 1367) chimpanzee. 
Left : upper jaw and right : lower jaw. Scale 10 mm.
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Figure 2: View of the occlusal and lingual aspects of the deciduous canines of a male (No. 6782) and a female (No. 6846) Gorilla. Left : 
upper jaw  and right : lower jaw. Scale 10 mm.　

Gorilla (Gorilla gorilla)

Maxilla: Figure 2 shows the maxillary and mandibular 
deciduous canines of a male (no. 6782) and a female (no. 6846) 
gorilla in occlusal and lingual views. The morphology of the 
gorilla canines was like that of chimpanzees. The differences with 
chimpanzees were that the occlusal plane was egg-shaped and 
more labiolingually symmetrical, the lingual view had a slightly 
higher crown height, a broad bulge in the middle of the distal 
lingual fossa, the mesial 2/3 of the cervical ridge was thicker 
and more swollen, while the distal 1/3 was narrower. The crown 
morphology of female primary canines was generally similar to 
that of males. In particular, the occlusal surface was flatter than 
in males, with less pronounced ridges and grooves. Individual 
differences in morphology were observed. However, the outline 
of the crown, the position of the mesial shoulder, the lingual ridge 
and the cervical ridge were very similar to those in both sexes. 

Mandible: The morphology of the gorilla mandibular canine 
was like that of the chimpanzee. The differences were that the 
occlusal view was eliptical and labiolingually symmetrical, 
the crown height and mesial shoulder were higher than in 

chimpanzees, and the mesial groove was moderately deep. The 
female occlusal view showed almost the same morphology as the 
male, but the female labiolingual diameter was narrower and more 
flattened. The lingual view showed almost the same morphology 
as the male, but the phenology was weaker. There were some 
differences in the morphology of the mandibular primary canines, 
but these were within the range of individual differences (Figure 
2).

Numerical analysis

Chimpanzee: Table 1 shows the basic statistics for 
mesiodistal crown diameter, labiolingual diameter, crown area 
and crown index of chimpanzee upper and lower primary canines. 
Table 2 shows the significance tests (t-tests) of mean differences. 
In both the maxilla and mandible, mesiodistal diameters were 
larger in males, but labiolingual diameters were larger in females. 
No significant sex differences were found in either case. The 
percentages of sex differences for all variables ranged from -5.9% 
to 1.7% in the maxilla. Similarly, the percentage of sex differences 
ranged from -2.9% to 2.9% in the mandible (Table 1 & 2).

Table 1: Basic statistics of male and female maxillary and mandibular deciduous canines in chimpanzees. Means (standard deviation, number of samples).

  Measurements Male Female Sex combined

Maxilla

Mesiodistal d. 7.93 (0.43,6) 7.79 (0.36,5) 7.92 (0.49, 22)

Labiolingual d. 5.51 (0.23,6) 5.77 (0.19,5) 5.62 (0.30, 22)

Crown area 43.59 (1.17,6) 44.92 (2.38,5) 44.54 (3.78, 22)

Crown index 69.78 (6.42,6) 74.14 (4.60,5) 71.27 (5.45, 22)

Mandible

Mesiodistal d. 7.25 (0.27,6) 7.05 (0.12,4) 7.12 (0.33, 19)

Labiolingual d. 5.82 (0.21,6) 5.83 (0.15,4) 5.77 (0.25, 19)

Crown area 42.18 (2.43,6) 41.10 (1.59, 4) 41.16 (3.22, 19)

Crown index 80.34 (3.51,6) 82.73 (1.66,4) 81.19 (3.15, 19)
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Table 2: Percentage sex dimorphism and t-values of maxillary and mandibular deciduous canine in chimpanzees. df＝degree of freedom, ns：not significant, 
*：P<0.05、**：P＜0.01.

    % sex dimorphism t value (df) Significant test

Maxilla

Mesiodistal d. 1.73% 0.5734(9) ns

Labiolingual d. -4.47% -2.0058(9) ns

Crown area -2.96% -1.2131(9) ns

Crown index -5.89% -1.2668(9) ns

Mandible

Mesiodistal d. 2.85% 1.3853(9) ns

Labiolingual d. -0.20% -0.0965(9) ns

Crown area 2.63% 1.7142(9) ns

Crown index -2.89% -1.2521(9) ns

Gorilla: Table 3 shows the basic statistics for the gorilla 
measurements, and table 4 shows the significant tests and 
percentages of sex differences. In the maxilla, the mean deciduous 
canines of males exceeded those of females for all variables, and 
significant sex differences were found for all measurements except 
mesiodistal crown diameter. The proportion of sex differences 

ranged from 5.9% to 24.1%. Even in the mandible, males were 
on average larger than females for all variables. However, no 
significant sex differences were found. The percentage differences 
between the sexes ranged from 2.5% to 22.0%. The sex difference 
is greater for labiolingual diameter than for mesiodistal diameter 
(Table 3 & 4).

Table 3: Basic statistics of male and female maxillary and mandibular deciduous canines in gorillas. Means (standard deviation, number of samples).

  Measurement Male Female Sex combined

Maxilla

Mesiodistal d. 10.18 (0.81,6) 9.61 (0.31,5) 10.13 (0.61,20)

Labiolingual d. 8.02 (0.55,6) 6.87 (0.42,5) 7.60 (0.64,20)

Crown area 81.99 (12.20,6) 66.09 (5.17,5) 77.29 (6.18,20)

Crown index 78.87 (2.12,6) 71.47 (4.12,5) 75.05 (4.18,20)

Mandible

Mesiodistal d. 8.68 (0.49,5) 7.97 (0.43,4) 8.48 (0.64,17)

Labiolingual d. 7.19 (0.76,5) 6.43 (0.24,4) 6.81 (0.52,17)

Crown area 62.62 (10.31,5) 51.31 (4.45,4) 57.99 (8.34,17)

Crown index 82.68 (4.70,5) 80.70 (2.60,4) 80.36 (4.40,17)

Table 4: Percentage sex dimorphism and t-values of maxillary and mandibular deciduous canines in gorillas. df＝degree of freedom, ns：not significant, *
：P<0.05、**：P＜0.01.

  Measurement % of sexual dimorphism t value (d.f.) Significant test

Maxilla

Mesiodistal d. 5.93% 1.4535 (9) ns

Labiolingual d. 16.74% 3.8286 (9) **

Crown area 24.06% 2.6996 (9) *

Crown index 10.35% 3.8531 (9) **

Mandible

Mesiodistal d. 8.90% 2.2480 (7) ns

Labiolingual d. 11.82% 1.8890 (7) ns

Crown area 22.04% 2.0280 (7) ns

Crown index 2.45% 0.7509 (7) ns

Comparison of chimpanzees with gorillas and humans: 
Table 5 compares chimpanzees and gorillas in terms of combined 
sex scores. On all variables except the mandibular crown index, 
gorillas scored significantly higher than chimpanzees (Table 5). 
The crown size and index of chimpanzee (combined sex) and 
human juveniles [27] are compared in Table 6. The mesiodistal 

and labiolingual diameters in chimpanzees were larger for both 
the maxilla and mandible and significantly different except for 
the maxillary labiolingual diameter. On the other hand, the crown 
index in humans was significantly larger for both the maxilla and 
mandible, with a more rounded shape (Table 6).
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Table 5: Comparison of chimpanzees and gorillas in terms of combined sex scores. *：P<0.05, **：P＜0.01. ns：not significant, －：Gorilla＞Chimpanzee.

Chimp. vs Gorilla Mesiodistal d. Labiolingual d. Crown area Crown index

Maxilla ** (t= -12.86) ** (t= -12.63) ** (t= -20.47) * (t= -2.53)

Mandible ** (t= -7.87) ** (t= -7.51) ** (t= -7.82) ns (t= 0.64)

Table 6: Comparison of chimpanzee and human crown size and index. ns：not significant, －：Chimpanzee < Human, **：P＜0.01.

Chimp. vs Human Mesiodistal d. Labiolingual d. Crown index

Maxilla ** (t= 11.27) ns (t= 0.33) ** (t= －9.96)

Mandible ** (t= 15.55)  ** (t= 7.11) ** (t= －7.71)

Comparison of canine morphology: Figure 3 compares 
male and female chimpanzee canines and deciduous canines, 
and human canines and deciduous canines. A comparison of 
chimpanzee permanent and deciduous canines for the maxilla 
showed that female permanent canines were more similar in 
shape to male and female deciduous canines than their male 
counterparts. However, the female permanent canines were 

approximately twice as large as deciduous canines. The male 
permanent canines were quite different in size and shape from the 
female and deciduous canines. Human permanent and deciduous 
canines are diamond-shaped and very different from those of 
chimpanzees. Human permanent canines are one to two times 
larger than chimpanzee deciduous canines. A similar situation 
applies to the mandibular canines (Figure 3).

Figure 3: Permanent and deciduous canines in the upper and lower jaws of chimpanzees and humans. Left row: upper column from left: 
maxillary deciduous canines (male, female, human); lower column from left: maxillary permanent canines (male, female, human). Right 
row: upper column from left, mandibular primary canines (male, female, human); lower column from left, mandibular permanent canines 
(male, female, human).

Discussion

The primary canines of Platyrrhini and Catarrhini differ 
significantly in size and shape from the permanent canines of males 
but are very similar to those of females [2,6]. The occlusal view 
of the chimpanzee maxillary primary canines shows an elliptical 
shape, whereas that of the mandible is a distorted quadrilateral. 
The lingual view showed a pyramidal triangle in the maxilla and 
a distorted square in the mandible. In gorillas, the morphology 
is like that of chimpanzees, although the mesial grooves of the 
maxilla and mandible are slightly deeper in gorillas. However, this 
feature is also within the range of individual variation.

Sex differences in deciduous canines

It has been reported that sex hormones are responsible for sex 
differences in the size of permanent canines in humans [28,29]. 
However, it is less likely that there are sex differences in the 
morphology of primary teeth. Gil-Donoso et al (2023) investigated 
the sex difference in the enamel and dentin of human deciduous 
canines by three-dimensional analysis and argued that neither the 
volume nor the three-dimensional surface area of each structure 
can determine the sex of the tooth [26]. Sillman (1964) also found 
no significant sex differences in the mesiodistal diameter of 
deciduous teeth [30]. Lukas (2022) studied the degree of sexual 
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dimorphism in human deciduous teeth in a number of populations 
and reported no significant sex differences in the mean % of sexual 
dimorphism in the mesiodistal and buccolingual diameters in any 
population [31]. Deciduous teeth begin to calcify in utero between 
13 and 18 weeks after fertilisation [32,33] and are not affected 
by increased gonadotropins and sex steroids [26,34]. Calcification 
of the hard tissue of deciduous canines begins between 15 and 
18 weeks after fertilisation and is completed by around 9 months 
of age, with eruption occurring between 16 and 18 months 
[35]. However, at 6 months of age, when deciduous teeth begin 
to erupt, crown formation of deciduous canines is already well 
advanced. The influence of sex hormones is therefore limited and 
no significant sex differences in crown size are observed [26,36]. 
Nevertheless, regarding the mesiodistal diameter of maxillary 
deciduous canines, the existence of significant sex differences 
in human primary dentition has been described [27,37-41]. 
Hanihara (1955) also found a significant sex difference [38] and 
Moorrees et al. (1957) stated that males were significantly larger 
[39]. 

In addition, the top-ranked tooth types in which sexual 
dimorphism is strongly expressed in the mesiodistal diameter are 
the first deciduous molars in the maxilla and the first deciduous 
incisors in the mandible [31]. Deciduous canines do not always 
show strong sex differences. This diversity is seen in deciduous 
teeth, but is uniform in permanent teeth, with canines being the 
most sexually dimorphic. However, it is not known what factors 
contribute to the phenomenon of significant sex differences in 
human deciduous dentition. On the other hand, Leigh et al (2005) 
examined the deciduous canines of five primate species (Saguinus 
fuscicollis, Macaca mulatta, Cercocebus atys, Papio hamadryas 
and Mandrillus sphinx) and reported no sexual dimorphism in 
size in any of them and suggested that sexual dimorphism in 
deciduous canine size may be related to the rate of eruption, age 
and duration of eruption [42]. In the great apes, such as gorillas 
and chimpanzees, the primary canines are the last to erupt, and 
quite advanced [43]. The gorillas in this study showed significant 
differences between the sexes, except for maxillary mesiodistal 
diameter. No significant sex differences were found in the 
mandible for all variables. The percentage of sex difference in 
gorilla permanent canines was 38.7% for mesiodistal diameter 
and 35.5% for labiolingual diameter, both significant sex 
differences and the strongest sex differences among great apes 
[8]. If sex differences are strong in the permanent canines, they 
may also appear in the preceding deciduous canines. This would 
require further investigation.

Comparison of permanent and deciduous canines 

Viewed from the lingual aspect, the morphology of male 
chimpanzee and gorilla permanent maxillary canines is robustly 
an isosceles triangle and distally curved (8). In contrast, females 
are smaller and more triangular than males. The morphology 

of deciduous canines is triangular in both sexes,  and resembles 
the permanent canines of females. Greenfield (1992) proposes 
a dual selection hypothesis for the similarity of female canine 
morphology to that of primary canines. He likens the size, 
morphology and occlusal relationship of canine teeth to two 
natural selection types, when used as weapons and when used 
as incisors [6]. In other words, in most anthropoids, male canines 
function as fangs because of their higher evolutionary value 
as weapons. On the other hand, female canines and deciduous 
canines are also selected for as weapons, but it is thought that they 
tend to become incisors because of their low evolutionary value.

Conclusion

The occlusal view of the chimpanzee maxillary deciduous 
canines was elliptical, while that of the mandible was a distorted 
quadrilateral. The lingual view showed a pyramidal triangle in 
the maxilla and a distorted square in the mandible. In gorillas, 
the morphology was like that of chimpanzees. There were no sex 
differences in the size of the deciduous canines in chimpanzees, 
but there were sex differences in gorillas. The deciduous canines 
of chimpanzees and gorillas were similar in morphology to the 
permanent canines of females of both species. However, they 
differed significantly from the permanent canines of males. 
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