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Abstract 

Bonwill's triangle, an imaginary equilateral triangle of the mandible, can cause mandibular alignment issues in post-
dental occlusion, complete dentures, and mandibular fractures due to incorrect measurements across genders. This 
study aimed to analyze Bonwill's triangle size in dry mandible bones of the Indian population, focusing on gender 
differences to create error awareness in dental treatments and mandibular fractures. The study involved fifty-three dry 
human mandibles, segregated into male and female based on metric and non-metric parameters. The study measured 
the distances between the center of the right condyle to the midpoint of medial mandibular incisors (X-Y), the center 
point of the left condyle to the midpoint of medial mandibular incisors (Y-Z), and the center point of both condyles (Z-
X). The mean lengths of Bonwill's triangular measurements in males were X-Y (101.08 mm), Y-Z (100.39 mm), and Z-X 
(97.06 mm), while females had 100.3 mm, 99.45mm, and 93.41mm respectively. Only two sides of the triangle were in 
accordance with Bonwill's theory. In the Indian population, Bonwill's triangle was significantly larger in male 
mandibles, and the intercondylar distance (Z-X) was less than 100mm in both genders, resulting in an isosceles triangle. 
Bonwill's triangle serves as a basis for modern technology to find geometric parameters for fractured mandibles and 
dental procedures, sex identification in forensic dentistry, anthropological studies, and bone grafts. 
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1. Introduction

Mandibular symmetry plays an important role in the integrity of cranio-maxillofacial components, which are pivotal for 
mastication, speech, and facial expression. Traumatic fractures, congenital malformations, and pathological deficiencies 
cause mandibular asymmetry and disturb the dental occlusion plane. In 1858, American dentist G. Bonwill proposed an 
equilateral triangle in the mandible to prove its symmetry. It measures 100 mm or 4 inches on three sides between the 
medial contact point of the incisors and the midpoint of the right and left mandibular condyles [1, 2, 3]. This triangle 
forms the basis for the construction of some articulators and Monson’s pyramid [4]. The morphological features of the 
maxillo-mandibular-dental system, which include the temporomandibular joint (TMJ), masticatory muscles, jaws, 
bones, and teeth, are studied using Bonwill's triangle and Mason's pyramid. Variations in the size of Bonwill’s triangle 
have major effects on dental occlusion [4], complete dentures [5], articulation [6], mandibular fractures [7], and 
angulation of the cusp [8]. Contradictory to Bonwill’s statement, Lenhossek, Izard, and Jovanovic showed that the 
triangular is almost equilateral, but the length of the triangular sides may vary, especially in female mandibles 
measuring less than 100mm [9]. As articulators are based on Bonwill's triangle, the fact that an equilateral triangle of 
the same size (100 mm) on all sides may contribute to inaccuracies in the construction of articulators for different 
genders within an ethnic group. Many authors have also described that variations exist in different ethnic groups, 
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genders [9], and ages [10]. Despite the fact that Bonwill's triangle theory is still debatable and numerous studies have 
shown varying lengths of the triangular sides in various ethnic groups (Table 1), there is still a shortage of pertinent 
information regarding Indian ethnicities. The present study was focused on evaluating whether Bonwill's triangle 
measurements are accurate in the Indian population for both genders to create error awareness while constructing 
mandibles post-fractures and dental procedures. 

2. Material and methods 

The work was carried out at the Anatomy department of Sathyabama Dental College and Hospital, Chennai. Fifty-three 
dry human adult mandibles with well-preserved alveolar margins were segregated into male and female based on 
metric and non-metric parameters. Aged, broken, and mutilated mandibles were not subjected to the study. Four non-
metric parameters and six metric parameters were analyzed. Non-metric criteria were taken into consideration for 
segregation in the initial step. The gender categorization was done using two characteristics that strongly suggested a 
certain sex [11]. Non- metric parameters are considered the better determinants of sex [12] and were done by three 
subject experts to avoid the observer's error. Metric parameters were used in the second phase to establish the gender 
of the mandible and dispel any ambiguity regarding segregation. The non-metric parameters were photographed, and 
the metric parameters were measured in millimeters (mm) with a digital vernier caliper, recorded, and statistically 
analyzed. 

2.1. Non-metric parameters [11,12, 25,26] 

 Shape of the chin - Square or bilobed in male and round or pointed in female. 

 Gonial flare - Everted in male and inverted or normal in female. 

 Contour of the mandibular base - Presence of antegonial notch in male and straight in female. 

 Posterior border of ramus of mandible at Occlusal plane level - Distinct angulation in male and straight in 

female. 

2.2. Metric parameters [13] 

 Bicondylar breadth: The distance between the lateral points on the two condyles. 

 Bigonial breadth: The distance between the two gonia. 

 Mandibular body height: The vertical distance between the alveolar process to the base of mandible at the level 

of mental foramen. 

 Symphyseal Height: The vertical distance between the alveolar process to the inferior border of mandible at 

the level of symphysis menti. 

 Maximum Breadth of Ramus: The distance between the most anterior point on the mandibular ramus and a 

line connecting the most posterior point on the condyle and the angle of mandible. 

 Maximum Height of Ramus- The distance between the midpoint of mandibular notch to the angle of mandible. 

2.3. Measurement of Bonwill’s Triangle [14] 

A digital vernier caliper was used to measure the distance from the center of the right condyle to the midpoint of medial 
mandibular incisors (points X–Y), the center of the left condyle to the midpoint of medial mandibular incisors (points 
Y–Z), and between the center points of the right and left condyles (points Z–X). 

2.4. Statistical Analysis 

Metric parameter values and Bonwill’s triangle measurements were analyzed using SPSS software (Version 16) and 
subjected to a paired sample’ t’ test to find any significant relation between the variables, which was tabulated. 

3. Results  

In our study, we observed that 85% of the male bones have a square chin, an everted gonial flare, strong muscle 
markings, and an ante-gonial notch in the mandibular base. 80% of the female bones have a round chin, an inverted 
gonial flare, less prominent muscle markings, and a straight mandibular base (Figures1&2). Metric parameters show 
the mean values of male mandibles were greater than females (Table 2). The paired sample "t" test shows significant p 
values, indicating the high reliability of the data.  
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Based on the metric and non-metric parameters, 28 male and 25 female mandibles were identified. The photographs 
show Bonwill's triangle measurements between X-Y, Y-Z, and Z-X (Fig. 3). Table 3 shows the mean values and standard 
deviations of the triangle in male and female mandibles. The statistical analysis shows the variables X-Y and Y-Z were 
not significant, but Z-X was observed to be statistically significant. Table 4 displays the paired sample 't' test analysis of 
the distance between the three sides of Bonwill's triangle in the male and female mandibles. The comparison of Yand Z, 
Z and X shows significant values in both genders, indicating that the intercondylar distance is significantly low in both 
genders. 

Table 1 Comparison of Bonwill’s triangle measurements in various ethnic groups 

Ethnic group (Study type) 

 (No of Sample) 

Measurements of X-Y, Y-Z, Z-X in 
millimetres(mm) 

Shape of the triangle 

Taiwanese (CT Study) 

 (Male - 51, Female - 48) 

106.1mm - 107.3mm – 108mm (M) 

100mm- 100.6mm - 103.8mm (F) 

Equilateral in both genders with 
lower values in females 

Yugoslav  

(224 random mandibles) 

Not available Isoceles 

East African 

 (Male -284, Female -51) 

109.3 mm - 109 mm - 98.3 mm (M) 

105.8 mm - 105 mm -104.5mm (F) 

Isoceles (M) 

Equilateral (F) 

Greek 

(Male-10, Female-9) 

102.4 mm - 101.72 mm -102.4 mm (M) 

101.24 mm - 101.38 mm - 101.38 mm (F) 

Equilateral in both genders with 
lower values in females 

German (CBCT Images) 

(120 random mandibles) 

a. Arm length - 103 mm 

 (Range 90.2 mm - 117.9 mm) 

b. Intercondylar length - 99.6 mm 

 (Range 85.2 mm to 112.6 mm) 

 

Isoceles 

French 

(149 random mandibles) 

Not available Isoceles 

Turkish Not available Equilateral 

Indian (Dry bone study) 

(40 random mandibles) 

97.7 mm - 98.5 mm - 97.3 mm Equilateral 

 

Indian (Dry bone study) 

(100 random mandibles) 

Not available Equilateral 

 

Indian (CBCT study) 

(40 male, 40 females) 

104.02 mm - 105.09 mm - 106.72 mm (M) 

99.50 mm - 100.10 mm - 102.59 mm (F) 

Equilateral in both genders with 
lower values in females 

Korean (CBCT study)  

(60 male, 60 females) 

108.1 mm (Arm length) and 108.3 mm 
(Intercondylar length) (M) 

102.3 mm (Armlength) and 103.4 mm 
(Intercondylar length) (F) 

Equilateral in both genders with 
lower values in females 

(Note: M, F indicates male and female respectively).  
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Table 2 Descriptive analysis of metric parameters of the mandible in males and females 

Parameters Male  Female   Significance 

(P < 0.05) Mean(cm) SD Mean(cm) SD 

Bicondylar breadth 11.62 0.449 10.96 0.310 ˂ 0.000 

Bigonial breadth 9.66 0.513 8.94 0.410 ˂ 0.000 

Mandibular body height 2.61 0.119 2.38 0.248 ˂ 0.002 

Symphyseal Height 2.66 0.252 2.40 0.268 ˂ 0.023 

Maximum Ramus Breadth  3.79 0.212 3.53 0.206 ˂ 0.003 

Maximum Ramus Height 4.75 0.337 4.39 0.396 ˂ 0.011 

The values are expressed as Mean ± SD. SD- Standard deviation. 

 

Table 3 The paired sample test analysis of the comparison of Bonwill’s triangle measurements between male and female 
mandibles 

Measurements Male Female T-
Value 

Significance 

(P < 0.05) Mean ± SD Mean ± SD 

X-Y (Distance between the center of right condyle to midpoint 
of medial mandibular incisors) 

101.08±3.82 100.3±4.82 0.659  0.512 

Y-Z (Distance between the center of left condyle to midpoint 
of medial mandibular incisors) 

100.39±3.27 99.45±4.67 0.848  0.399 

Z-X (Distance between the center point of right and left 
condyles) 

97.06±4.05 93.41±3.31 3.561  0.000* 

* Indicates significance 

 

Table 4 The paired sample test analysis of the distance between the three coordinates of Bonwill’s triangle in both male 
and female mandibles 

 

Comparison 

Male Female 

T-value Significance (P < 0.05) T-value Significance (P < 0.05) 

Between X & Y  0.735 0.465 0.621 0.537 

Between Y & Z  3.379 0.001* 4.582 0.000* 

Between Z & X 3.823 0.000* 5.775 0.000* 

* Indicates significance 
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Figure 1 Non metric parameters of male mandible showing square shaped chin(A), antigonial notch at mandibular 
base(B), everted gonial flare(C), angulation at posterior border(D) 

 

 

Figure 2 Non metric parameters of female mandible showing round shaped chin(A), straight mandibular base(B), 
normal Gonial flare(C) and straight posterior border(D) 

 

A 

D 
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Figure 3 Bonwill’s triangle measurements: A showing the distance between the center of the right condyle and the 
midpoint of the mandibular incisor (X-Y), B showing the distance between the center of the left condyle and the 

midpoint of the mandibular incisor (Y-Z), C and D showing the distance between the center points of the right and left 
condyles in males and females, respectively (Z-X) 

4. Discussion 

The conventional non-metrical method for identifying the gender of the mandible was believed to be more objective 
and reproducible but was dependent on the skill and experience of the expert. So, the present study used non-metric 
parameters backed by metric parameters that could be a useful tool for mandibular sex differentiation [15]. The 
accuracy of the metric parameters was highest when both bicondylar breadth and mandibular body height were 
considered together, as described by Aprajita Sikka et al. 

Our study shows the mean values of the triangle sides for both genders are X-Z (101.08 ±3.82 for males, 99.59±4.82 for 
females), and Y-Z (100.39 ± 3.27 for males, 98.8±4.88 for females), which are almost in accordance with Bonwill’s theory 
of 100 mm. However, female mandibles have slightly lower values, as described by various studies in Greek, Korean, 
Taiwanese, and Indian populations [2, 9, 10, 16, 24]. In comparison to other ethnic groups such as Greeks (101.38 vs. 
102.4) and Turkish populations (115.2 mm vs. 105.4 mm), the paired t test analysis reveals that the mean values of the 
distance between condyles (Z-X) of male and female mandibles are considerably low (97.06 vs. 93.41) (P < 0.05) [18]. 
The study in Taiwanese reveals that the intercondylar distance increases with age until 50 and then decreases [10]. The 
variations in condyle distance have an impact on denture preparation and positioning of castings, making it crucial to 
consider the substantial low values between condyles in an ethnic group [8]. This study’s results of low intercondylar 
distance are consistent with Yugoslavia [16], East African male [9], German [17], and French [18] population studies 
showing the Isosceles triangle. Other demographic studies, like those of Taiwanese [10], East African females [9], Greeks 
[8], and Turkish [1], show equilateral triangles, while Wilson found only 6% of mandibles align with Bonwill's theory in 
the European population [8]. 

Previous Indian studies using vernier caliper on dried mandible bones have shown an equilateral triangle with 4 inches 
on all sides [14, 20]. However, our findings contradict these studies due to gender-neutral random sampling of mandible 
bones. The study’s results may also be in conflict with a gender-specific sampling of the CBCT study in an Indian 
population may be because of our study sample, as dry bone lose organic substances over time [21] which could account 
for lower readings of intercondylar distance. 
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Welcher's experiment showed that mandible values were greater in wet conditions and intercondylar size was 3mm 
less in dry mandibles [22]. Dry mandible bones consistently display lower values, ranging from 70 to 130 mm in Swiss 
populations, 65 to 96 mm in French populations, and 96 mm in German populations, but a radiographic examination of 
the Croatian population showed an average intercondylar distance of 126mm [23]. A Taiwanese population study found 
that mandibular measurements decrease by 1 to 2.5 mm every decade after thirty. Despite careful selection of adult 
mandibles, precise age determination is challenging in dry bones. 

The study explores the use of Bonwill's triangle, a simple yet useful tool in dentistry, to position castings in virtual 
articulators and align the mandible following fractures using the average value of Bonwill’s triangle, considering the 
values specific to various ethnic groups. Even today, if a facebow is not utilized, most dentists position castings in a 
software-controlled virtual articulator using the average value of Bonwill’s triangle. It highlights the importance of 
accurate mandibular geometry in preventing complications during surgical planning and assisting surgeons in 
reconstructing the mandible with minimal resources [14]. This knowledge could potentially help with proper alignment 
of the mandible following fractures or dental malocclusions and prevent TMJ symptoms like headaches, joint discomfort, 
and muscle pain. The study also provides a basic notion of Bonwill's triangle values, which could be further developed 
through a large population study using radiograph images to draw exact values. 

5. Conclusion 

The Bonwill’s triangular size was significantly larger in male than female mandibles. Only two sides of Bonwill’s triangle 
coincide with the values of 100mm in the Indian population. With the available number of samples, we conclude the 
triangle is not equilateral but isosceles in the Indian population, with the values between intercondylar distances 
significantly low in both genders. Bonwill’s triangle may not serve to align the fractured mandible perfectly nor the 
construction of articulators, but when working under limited resources, it forms the basis for all geometric parameters 
to support modern technology. 
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