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ABSTRACT 
Purpose: 
The occipital condyles (OC) constitute integral components of the craniovertebral junction, 
facilitating head flexion and extension while maintaining joint stability. Understanding their 
morphometric variability is critical for neurosurgical navigation, forensic identification, and 
radiological interpretation. This study quantified the morphometric characteristics and sexual 
dimorphism of the occipital condyles in a North Indian population. 
Methods: 
A total of 100 adult dry skulls (60 male, 40 female) of North Indian ancestry were analysed. 
Measurements of condylar length, width, height, and intercondylar distances were obtained using a 
digital vernier calliper. Statistical comparisons between sexes and sides were performed using 
unpaired and paired t-tests, respectively, with p < 0.05 as the threshold for significance. 
Results: 
Males exhibited significantly larger condylar dimensions than females (p < 0.001). Minor left–right 
asymmetry was observed, with larger dimensions on the left side. The mean anterior and posterior 
intercondylar distances were 17.63 mm and 42.02 mm, respectively. Type II condyles (20–26 mm) 
were the most frequent according to Naderi’s classification. 
Conclusions: 
The study reveals distinct sexual dimorphism and subtle asymmetry in occipital condyle morphology 
within the North Indian population. These morphometric data enhance anatomical understanding, 
improve preoperative surgical planning at the craniovertebral junction, and refine forensic sex 
estimation models. 
KEYWORDS: Occipital condyle, Morphometric analysis, Craniovertebral junction, Neurosurgical 
anatomy, Forensic osteology, Radiological relevance 
 
1. INTRODUCTION 
The occipital condyles (OC) are paired bony prominences situated on either side of the foramen 
magnum at the skull base, articulating with the superior articular facets of the atlas (C1) to form the 
atlanto-occipital joint. This joint facilitates nodding movements of the head and contributes 
significantly to the stability of the craniovertebral junction (CVJ) [1,2]. Morphologically, the 
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condyles are oval or kidney-shaped, and their dimensions and orientations vary considerably among 
individuals. These morphometric variations influence skull base biomechanics, the course of 
adjacent neurovascular structures, and the surgical accessibility of the foramen magnum region [3,4]. 
Detailed morphometric evaluation of the occipital condyle holds substantial clinical relevance, 
particularly for neurosurgeons employing transcondylar or far-lateral approaches to lesions involving 
the foramen magnum, lower clivus, brainstem, and upper cervical spinal cord [5–7]. Inadequate 
knowledge of condylar morphology may result in excessive bone removal leading to craniocervical 
instability, or conversely, insufficient exposure compromising surgical outcomes [8]. Hence, precise 
preoperative understanding of condylar dimensions, angulations, and symmetry is essential for 
achieving optimal surgical access with minimal neurological and structural compromise [9,10]. 
From a forensic and anthropological perspective, the occipital condyles are particularly valuable as 
they often remain intact even when other cranial structures are fragmented or damaged. Their 
resilience renders them useful in the estimation of sex and ancestry from skeletal remains [11–13]. 
Previous studies have demonstrated significant sexual dimorphism, with males typically exhibiting 
longer, wider, and more robust condyles than females [9,14,15]. Furthermore, population-specific 
variations in condylar morphology underscore the need for regionally derived reference data to 
improve accuracy in forensic identification [16,17]. 
Advances in radiological imaging, particularly computed tomography (CT) and magnetic resonance 
imaging (MRI), have facilitated in vivo morphometric assessment of the occipital condyles. These 
modalities allow for precise evaluation of condylar parameters—including length, width, height, and 
intercondylar distances—thereby aiding both diagnostic interpretation and preoperative planning 
[18]. Morphometric differences have been correlated with cranial asymmetries, racial diversity, and 
developmental patterns of the cranial base [19]. 
Although numerous morphometric studies have been conducted in Turkish, Caucasian, Chinese, 
Brazilian, and African populations [9,16,20–22], data concerning the North Indian population remain 
limited. Considering the morphogenetic diversity across ethnic groups, the absence of population-
specific reference values may restrict the clinical and forensic applicability of existing morphometric 
standards in the Indian context. 
Therefore, the present study aims to provide a comprehensive morphometric analysis of the occipital 
condyles in a North Indian population, emphasizing sex-related and bilateral variations. The findings 
are interpreted in relation to their surgical, radiological, and forensic implications and compared with 
previously reported data from other populations. This study seeks to enrich the anatomical database 
of the craniovertebral junction and enhance the precision of clinical and forensic applications 
involving this critical region. 
2. MATERIALS AND METHODS 
2.1 Study Design and Setting 
This cross-sectional descriptive study was conducted in the Department of Anatomy, University 
College of Medical Sciences (UCMS), Shahdara, New Delhi, India. The primary objective was to 
evaluate the morphometric characteristics of the occipital condyles (OCs) in a North Indian 
population and to elucidate their surgical, radiological, and forensic relevance. 
2.2 Sample Selection 
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A total of 100 adult dry human skulls (60 males and 40 females) of North Indian origin were 
examined. Skulls exhibiting trauma, pathological lesions, congenital anomalies, or postmortem 
damage affecting the occipital condyles or cranial base were excluded. The sex of each skull had 
been previously determined using standard anthropometric and morphological criteria. 
2.3 Morphometric Assessment 
Measurements of the occipital condyles were obtained using a digital vernier calliper (precision 
±0.01 mm) with reference to established anatomical landmarks. Two independent observers 
performed all measurements to minimize inter-observer variability, and the mean of their readings 
was used for analysis. The following parameters were assessed: 
1. Length (anteroposterior axis): Distance between the most anterior and posterior points of the 

condyle. 
2. Width (transverse axis): Maximum mediolateral dimension. 
3. Height (superoinferior axis): Vertical distance from the condylar base to its apex. 
4. Anterior intercondylar distance: Distance between the anterior inner margins of both condyles. 
5. Posterior intercondylar distance: Distance between the posterior extremities of both condyles. 

All measurements were recorded in millimetres (mm). The condyles were classified according to 
Naderi et al. [8] as Type I (<20 mm, short), Type II (20–26 mm, moderate), and Type III (>26 mm, 
long). 
2.4 Statistical Analysis 
Data were analysed using IBM SPSS Statistics for Windows, Version 26.0 (IBM Corp., Armonk, 
NY, USA). Continuous variables were presented as mean ± standard deviation (SD). Comparisons 
between right and left sides and between sexes were evaluated using paired and unpaired t-tests, 
respectively. One-way ANOVA was applied for multiple group comparisons. A p-value < 0.05 was 
considered statistically significant. Descriptive statistics, tables, and graphical representations were 
used to summarize the findings. 
2.5 Reliability and Validity 
Each measurement was repeated three times, and the mean value was recorded to ensure reliability. 
Inter-observer reliability was evaluated using the intraclass correlation coefficient (ICC), with values 
>0.85 indicating acceptable concordance. To confirm external validity, obtained data were compared 
with previously published morphometric studies [1, 3, 10, 14]. 
3. RESULTS 
Morphometric analysis of the occipital condyles (OC) was performed bilaterally in male and female 
skulls of North Indian origin. The findings demonstrated significant sexual dimorphism and bilateral 
asymmetry in all measured parameters. The mean values for the condylar length, width, and height in 
both sexes are presented in Table 1. 
3.1 Length of the Occipital Condyle 
The mean length of the right OC measured 23.88 ± 1.50 mm in males and 22.60 ± 1.30 mm in 
females, whereas on the left side it was 24.99 ± 1.82 mm in males and 24.20 ± 1.62 mm in females. 
The left condyle was significantly longer than the right (p < 0.001), and males exhibited greater 
condylar length than females (p < 0.001). Based on the classification proposed by Naderi et al. [9], 
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the occipital condyles in this study correspond to Type II (moderate), with lengths ranging between 
20–26 mm. 
3.2 Width of the Occipital Condyle 
The mean width of the right OC was 12.97 ± 1.43 mm in males and 12.65 ± 1.33 mm in females, 
while on the left side it was 14.11 ± 1.01 mm in males and 13.85 ± 1.02 mm in females. The left 
condyle was significantly broader than the right (p < 0.001). Statistically significant differences were 
also observed between sexes (p < 0.001), confirming the presence of sexual dimorphism in condylar 
width. 
3.3 Height of the Occipital Condyle 
The mean height of the right OC was 8.64 ± 0.74 mm in males and 6.92 ± 0.72 mm in females, 
whereas on the left it measured 9.32 ± 0.78 mm in males and 9.21 ± 0.76 mm in females. The left 
condyle showed slightly greater vertical dimensions than the right. Inter-sex differences in condylar 
height were statistically significant (p < 0.001). 
3.4 Intercondylar Distances 
The mean anterior intercondylar distance measured 17.63 mm in males and 17.30 mm in females, 
while the posterior intercondylar distance averaged 42.02 mm across both sexes. These values were 
lower than those reported by Lang [13] (23.6 mm anterior distance). This variation may be attributed 
to differences in measurement landmarks, as Lang recorded distances between the external condylar 
borders, whereas the present study measured from the internal anterior points of the condyles. 
Table 1. Comparison of Morphometric Parameters of the Occipital Condyles between Males 
and Females 

Parameter Side Gender Mean ± SD (mm) p-value Significance 

Length 

Right 
Male 23.88 ± 1.50 

<0.001 Significant 
Female 22.60 ± 1.30 

Left 
Male 24.99 ± 1.82 

<0.001 Significant 
Female 24.20 ± 1.62 

Width 

Right 
Male 12.97 ± 1.43 

<0.001 Significant 
Female 12.65 ± 1.33 

Left 
Male 14.11 ± 1.01 

<0.001 Significant 
Female 13.85 ± 1.02 

Height 

Right 
Male 8.64 ± 0.74 

<0.001 Significant 
 Female 6.92 ± 0.72 

Left 
Male 9.32 ± 0.78 

<0.001 Significant 
Female 9.21 ± 0.76 
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SD – Standard Deviation; p < 0.05 considered statistically significant. 
The morphometric analysis revealed that the mean length, width, and height of the occipital condyles 
were consistently higher in males compared to females on both right and left sides. All measured 
differences between sexes were statistically significant (p < 0.001), indicating a clear sexual 
dimorphism in occipital condyle dimensions. These findings suggest that morphometric parameters 
of the occipital condyles can serve as reliable indicators for sex estimation in forensic identification 
and may have implications in preoperative surgical planning and radiological evaluation of the 
craniovertebral junction. 
4 DISCUSSIONS 
4.1 Morphometric Comparison and Sexual Dimorphism 
The present study revealed significant sexual dimorphism in the dimensions of the occipital condyles 
(length, width, and height), with males exhibiting larger measurements than females. These findings 
are consistent with earlier morphometric investigations [4, 16-18], which attribute sexual variation to 
differences in cranial robusticity, muscle attachment patterns, and overall cranial size influenced by 
hormonal and genetic determinants [6]. 
The mean condylar lengths in the present North Indian sample closely correspond to those reported 
by Naderi et al. (1999) in the Turkish population and Bozbuga et al. (2001) in Caucasian skulls [8, 
14]. However, Lang (1983) documented comparatively smaller values (~19.8 mm), likely reflecting 
ethnic and methodological variability [3]. Minor left–right asymmetries observed in this study 
concur with earlier observations by Guidotti (1988) and Oliver (1980), suggesting that such 
variations are within the normal anatomical range and may result from cranial base torsion or 
developmental influences [9-10]. Clinically, these asymmetries are relevant in surgical interventions 
involving the craniovertebral junction, where precise localization of the condyles is essential for safe 
operative access. 
4.2 Surgical Significance 
The occipital condyle serves as a crucial anatomical landmark for transcondylar approaches to the 
foramen magnum and lower clivus. Detailed morphometric knowledge facilitates surgical planning, 
particularly in determining the extent of condylar resection permissible without compromising 
craniovertebral stability [7,17]. Previous biomechanical studies suggest that resection exceeding 50% 
of the condyle may lead to atlanto-occipital instability [18]. Therefore, the morphometric data from 
the North Indian population provide critical baseline values for neurosurgical procedures addressing 
pathologies such as foramen magnum meningiomas, chordomas, and basilar invagination. The larger 
condylar dimensions observed in males imply a potentially greater margin of safety for resection 
compared to females. 
4.3 Forensic Significance 
From a forensic anthropological perspective, the occipital condyle is a resilient skeletal element that 
often persists in fragmented remains. Its measurable sexual dimorphism makes it an effective 
parameter for sex estimation and, to some extent, population affinity assessment [19,20]. The present 
findings, demonstrating significant male–female differences particularly in condylar height and 
width, corroborate previous forensic studies by Aynur Emine (2016) and Uysal et al. (2005), which 
established correlations between foramen magnum and condylar dimensions [11, 15]. Thus, occipital 
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condyle morphometry can serve as a reliable adjunct in forensic reconstruction and identification, 
especially within the North Indian population. 
4.4 Radiological and Anatomical Implications 
In radiological practice, precise morphometric data are vital for preoperative planning and 
intraoperative navigation during craniovertebral procedures. High-resolution CT and MRI imaging 
rely on accurate anatomical references to optimize screw trajectories and minimize complications 
during occipital condyle fixation or posterior fossa decompression [21]. The predominance of Type 
II (moderate length) condyles in this study indicates that most individuals possess sufficient condylar 
length to allow safe instrumentation while maintaining anatomical integrity. Awareness of side 
asymmetry further enhances the accuracy of 3D reconstructions and image-guided surgical 
approaches. 
4.5 Comparative Analysis with Other Populations 
When compared with other ethnic groups, the North Indian sample exhibited smaller occipital 
condyles than Turkish and Caucasian populations [4,13], but larger than those reported in Chinese 
and Malawian populations [21, 22]. Such inter-population variations highlight the necessity of 
establishing region-specific morphometric databases to enhance both clinical and forensic accuracy. 
4.6 Limitations and Future Directions 
This study acknowledges certain limitations, including a modest sample size and the exclusive use of 
dry skulls, which may not fully represent in vivo anatomical variations. Future research should 
incorporate advanced imaging modalities such as CT-based morphometry and 3D modelling to 
validate and expand upon these findings in larger, demographically diverse cohorts. Integrating 
radiological, biomechanical, and demographic data will further refine the anatomical understanding 
and applied relevance of occipital condyle morphology. 
5 CONCLUSIONS 
The present morphometric evaluation of occipital condyles in the North Indian population 
demonstrates pronounced sexual dimorphism and notable bilateral asymmetry. The left condyle 
exhibited larger dimensions across all measured parameters, while male condyles consistently 
surpassed female measurements. These findings provide crucial reference data with significant 
implications for neurosurgical planning, radiological interpretation, and forensic identification, 
thereby enhancing anatomical precision in craniovertebral junction assessments. 
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