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Abstract Background: The knowledge of the occipital condyles diameter and density, shape of condyle, or its articular facet will 
help the surgeons to decide the extent of bone that can be removed. Therefore, the present study was conducted to have a 
proper database regarding the morphometric parameters of occipital condyle. Materials and Methods: The study group 
includes adult skulls of 50 males and 46 females as determined by visual assessment of non-metrical parameters for sex 
determination of skull. Only those skulls having full cranial base with intact occipital condyles and foramen magnum for 
all measurements to be taken were included. Measurements were appropriated from respective intact cranial base with the 
help of sliding calipers. To allow for instrument error, every assessment was obtained in millimeters (mm) with the 
accurateness of 0.5 mm. Result: When we compare the dimensions of occipital condyle in male and female There is non-
significant difference in diameter of each side occipital condyles of both genders (p>.001) and significant difference in 
maximum distance between occipital condyles of male and female (p<.001). In male and females there is non-significant 
difference in maximum width both side condyles.(p>.001).Conclusion: These specifications must be assess into 
contemplation through dorsal and lateral manner to the cranio-vertebral intersection by orthopaedicians and surgeons. 
Investigations in future are must be required for further more affirm preliminary outcomes obtain with this research. 
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INTRODUCTION 
Occipital bone can be detailed as it is penetrated by the 
largest foramen called foramen magnum; it is a 
distinctive and composite region anatomically inside the 
middle area of the basal part of the bone. The basilar parts 
of this bone forms anterior margin of the foramen 
magnum, the both sided ex-occipitalis forms lateral 
borders and posterior border is bounded by superior 
occipital area of the bone.1Bean shaped condylar facets 
are seen on equally present foramen for articulation by 
the uppermost 1stcervical vertebra at the synovial at 
lanto-occipital articulation. Individual occipital condyle is 
the special bony part involving the cranium and the 
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vertebrae. The advancement in neuroimaging techniques 
has greater interest for aggressive surgery of 
craniovertebral site, which must be needed the facts 
related anatomical feature of the craniovertebral 
connection. Because of its shield anatomical position and 
deepens of the base of craniam, this portion of the skull 
tends to unaffected by both physical affront and 
inhumation somewhat extra advantageous than many 
other region of the cranium base.2 During the 
craniovertebral surgery requires alateral approach 
removal of the condyles. The morphology of the occipital 
condyles with their facets is clinically very important. 
Knowledge of Anatomy of the abnormalities of the 
condyles may be necessary when doing surgical treatment 
and interpretation of neuro-investigative procedures. 
Most suitable surgical techniques are to be established for 
a careful planning mainly based on the morphometric 
analysis of the foramen magnum and the occipital 
condyles.3Foramen magnum assessment and the diameter 
of both occipital condyles are chief components for 
surgical subjection, as examples with cases of resection of 
tumour from area along with foramen magnum.4-6 Axial 
span of the both sided occipital condyles and the anterior 
intercondylar gap are of a big dimensional significance, 
particularly at the time of introduction of the vertebral 
artery or the removal of condyles, as in incident of trans- 
condylar surgery to show the lesions at the ventro-lateral-
clivus and jugular foramen.7-9 The cranium floor is the 
template on that the face is established and thus finds 
eminent place in the face reconstruction approch.10 The 
condylar drilling is an important step in the TCA, and the 
important question is how much of Occipital Condyle can 
be removed without damaging nearby structures and 
causing craniocervical instability.11,12 Hence, the 
knowledge of the length, width and thickness of the OC, 
shape of the condyle, and its articular facet will help the 
surgeons to decide the extent of bone that can be 
removed. Therefore, the present study was conducted to 
have a proper database regarding the morphometric 
parameters of occipital condyle. 
 
 
 

MATERIALS AND METHODS 
We were collected total 96 human adult skulls from 
museum of Department of anatomy Muzaffarnagar 
Medical College, Muzaffarnagar and also from other 
adjacent medical colleges of same area. The study group 
includes adult skulls of 50 males and 46 females as 
determined by visual assessment of non-metrical 
parameters for sex determination of skull (Krogman’s 
1955).13 Only those skulls having full cranial base with 
intact occipital condyles and foramen magnum for all 
measurements to be taken were included. Skulls showing 
any kind of anomalies and skulls with partial damage to 
foramen magnum area of cranial base were not included. 
Measurements were assessing from every one intact 
cranial base with the help of “sliding calipers”. All the 
measurements were appropriated from respective intact 
cranial base with the help of sliding calipers. To allow for 
instrument error, every assessment was noted in 
millimeters to a precision of 0.5 mm. The subsequent 
measurements were taken using Holland 
(1986a):16“Length of both Occipital condyles” –Both 
occipital condyles length taken by the side by articular 
surface at right angles to the width of left occipital 
condyle h (Figure-2).“Maximum width of Occipital 
condyles” – Both occipital condyles maximum width 
taken from the articular surface at right angles to the left 
length of occipital condyle (Figure-3).“Occipital condyle 
minimum width” – Both occipital condyles minimum 
width taken from the articular surface at right angles to 
the length of left side of occipital condyle (Figure-
4).“Maximum distance between occipital condyles” - 
Distance between occipital condyles and its lateral edges 
at right angles to the midsagittal plane (Figure-
5).“Minimum distance between occipital condyles” – 
Minimum distance between the occipital condyles and its 
lateral edges perpendicular to the midsagittal plane. 
“Maximum internal distance of the occipital condyles” –
Distance between the occipital condyles medial margin at 
right angles to the midsagittal plane. Statistical analysis: P 
<0.001values were accepted as statistically significant. 
For each measurement, the minimum and maximum 
diameters were obtained and mean values with standard 
deviations for both sexes. 

RESULTS 
Table 1: Side differences in the dimensions occipital condyle 

Dimension (mm) Left Right P value 
Oc Length 23.8 ±0.1 24.6 ±0.17 p<.001* 

Oc Max Width 12.0 ±0.11 12.3 ±0.19 p>.001 
Oc Min Width 6.4 ±0.1 6.7 ± 0.14 p>.001 
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Table 2: Gender differences in the dimensions of occipital condyle 
Dimension (mm) Male Female P value 

OC Length 23.8 ±0.1 22.3 ± 1.06 p>.001 
OC Max Width 12.0 ±0.11 11.6 ±0.85 p>.001 
OC Min Width 6.4 ±0.1 5.58 ±0.45 p>.001 

Max Dis Condyles Between 50.7 ±0.25 50 ±1.18 p<.001* 
Min Dis Condyles Between 35.8 ±0.13 34.2 ±1.59 p>.001 

Max Distance Condyles Interior Between 35.0 ±0.12 30.8 ±1.46 p>.001 
 

 
Figure 1: Gender differences in the dimensions of occipital condyle 

 

In Males: The value of LOC LENGTH ranged from minimum 23.5mm to maximum 24.1mm with mean value of 23.8 
mm and SD of ±0.1. The value of LOC MAX WIDTH ranged from minimum 11.7mm to maximum 12.1mm with mean 
value of 12.0 mm and SD of ±0.11. The value of ROC LENGTH ranged from minimum 24.5mm to maximum 25.2 mm 
with mean value of 24.6 mm and SD of± 0.17. ROC MAX WIDTH ranged from minimum 11.9mm to maximum 12.5 
mm with mean value of 12.3 mm and SD of ±0.19. In Females The value of LOC LENGTH ranged from minimum 
20.2mm to maximum 24.5mm with mean value of 22.3 mm and SD of ±1.06. LOC MAX WIDTH ranged from 
minimum 10.0mm to maximum 13.3mm with mean value of 11.6 mm and SD of±0.85. Value of ROC LENGTH ranged 
from minimum 18.5mm to maximum 24.9 mm with mean value of 21.2 mm and SD of ±1.71. ROC MAX WIDTH 
ranged from minimum 9.5mm to maximum 13.2 mm with mean value of 11.1 mm and SD of ±1.01. Table 1 shows the 
side differences in the dimensions of occipital condyles and Table 2, figure 1. Shows Gender differences in the 
dimensions of occipital condyle. Student’s t-test was used to assess if significant differences were present among male 
and female parameters. The larger space between both Condyles is significantly different for male and females, all other 
parameters were not significantly different. 

 
                                        Figure 2: measurement of Occipital condyle   Figure 3: Left occipital condyle maximum width)  
                                                    length with sliding callipers                                                 with sliding callipers 

 

 
                                                          Figure 4: Left OC minimum width           Figure 5: Maximum distance between OC 
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When we compare the dimensions of occipital condyle 
in male and female There is non- significant difference 
in length of left and Right occipital condyles of male 
and female (p>.001) and significant difference in 
maximum distance between occipital condyles of male 
and female (p<.001). There is non-significant 
difference in maximum width of right and left occipital 
condyles of male and female (p>.001). 
 
DISCUSSION 
Comparing the values of different parameters (males) 
as used in this study and comparing it with Crider’s 
study (2005) we found that LOC length, Max. span 
between two condyles, less gap between two condyles 
and ROC length were smaller in the present study 
while values of LOC max width, LOC minimum 
width, Max. Interior distance between condyles, ROC 
Maximum width, ROC Minimum width and length of 
basilar process were higher as compared to Crider’s 
(2005).14 All total diameters were greater in males than 
females was found by Uysal et al. (2005), with the 
right condyles measurement lengthwise and the 
foramen magnum width reflecting the larger 
dissimilarity same outcome are found in 
thisresearch.15This is very interesting point pragmatic 
that all values of female are less than male values, 
which are shows that these objectives are important for 
gender identification. These facts are well correlated 
with the Crider’s study (2005). 14 The huge 
dissimilarity in among Holland’s (1986a) and the 
Crider’s are the less Distance among Occipital 
Condyles and great Interior space between Occipital 
Condyles.16The occipital condyle is an essential part 
of the inter section craniovertebral junction. It forms 
single joint between the occipital and the atlas. 
Indistinct anatomical feature of these joint outcome in 
a different biomechanical importance. Its reliability is 
of essential value for the strength of the cranio 
vertebral intersection.(Al Mefty et al,1996).17 The role 
of OC length in occipito-cervical stability has been 
demonstrated in various biomechanical studies. 
Removal of same amount of bone stock results in 
greater occipito cervical instability in shorter condyles 
compared to longer ones.18,19 This is due to reduction 
of articular surface area, resulting in hypermobility.18 
This hypermobility is normally associated with altanto-
occpital joint instability (Caird et al., 2006)20 and can 
be fatal when accompanied by neurologic 
complications. Since our study population generally 
have shorter OC length with females having much 
shorter condyles, it is conceivable that these groups 
may be more vulnerable to atlanto-occipital joint 
instability. The occipital condyles span is essential 

surgical issue. The outcomes of incomplete 
condylectomy in a small kind are non-identical from 
the outcome taken in a long type occipital condyle. 
Similar number of partial condylectomy may give rise 
to serious lack of occipito cervical stability in small 
occipital width. 
 
CONCLUSION 
These assessments were done to measure various 
parameters related to occipital condyle. These 
specifications must take into contemplation through 
posterior and lateral approaches to the cranio-vertebral 
intersection by orthopaedicians and surgeons. 
Investigations in future are must be required for further 
more affirm preliminary outcomes obtain with this 
research. Along with, a relative investigation, with 
computation from collection of historic and recent 
skeletal is needed to assess the area of restricted cranial 
difference that has come. 

 
REFERENCES 

1. Graw M. Morphometrische and Morphognostische. 
Geschlecthsdiagnostikan der 
menschlichenSchadelbasis. In: Oehmicen M, Geserick 
G (eds) Osteologische Identification and 
Altersschatzung Schmidt-Romhild, Lubeck. 
2001;103- 121. 

2. Scheuer L, Black S. The juvenile Skeleton. The 
Elsevier; London. 2004. 

3. Karasu A, Cansever T, Batay F, Sabanci PA, Al-
Mefty O. The microsurgical anatomy of the 
hypoglossal canal. SurgRadiol Anat. 2009; 31:363–7. 
[PubMed] 

4. Dowd GC, Zeiller S, Awasthi D. Far lateral 
transcondylar approach: Dimensional anatomy. 
Neurosurgery 1999; 45:95-99. 

5. George B, Lot G. Anterolateral and posterolateral 
approaches to the foramen magnum: technical 
description and experience from 97 cases. Skull base 
surgery 1995; 5:9-19. 

6. George B, Lot G, Boissonnet H. Meningioma of the 
foramen magnum: A series of 40 cases. SurgNeurol 
1997; 47:371-379. 

7. Babu RP, Sekhar LN, Wright DC. Extreme lateral 
transcondylar approach: Technical improvements and 
lessons learned. J Neurosurg 1994; 81:49-59. 

8. George B, DeMantos C, Cophignon J. Lateral 
approach to the anterior portion of the foramen 
magnum. SurgNeurol 1988; 29:484-490. 

9. Heros RC. Lateral suboccipital approach for vertebral 
and vertebrobasilar artery lesions. J Neurosurg 1986; 
64:559-562. 

10. D’Aloisio D, Pangrazio-Kulbersh V. A comparative 
and correlational study of the cranial base of North 
American blacks. Am J OrthodDentofacial 1992; 
102:449-455. 

11. Avci E, Dagtekin A, Ozturk AH, Kara E, Ozturk NC, 
Uluc K, et al. Anatomical variations of the foramen 



Rakesh Kumar Agarwal, Anuj Ram Sharma, Vishnu Gupta 

Copyright © 2019, Medpulse Publishing Corporation, MedPulse International Journal of Anatomy, Volume 11, Issue 2 August  2019 

magnum, occipital condyle and jugular tubercle. Turk 
Neurosurg. 2011; 21:181– 90. [PubMed] 

12. Ozer MA, Celik S, Govsa F, Ulusoy MO. Anatomical 
determination of a safe entry point for occipital 
condyle screw using three-dimensional landmarks. 
Eur Spine J. 2011; 20:1510–7. [PMC free 
article][PubMed] 

13. Krogman, W. M. (1955): The human skeleton in 
forensic medicine. Postgrad. Med.: 1955; 77:48 72. 

14. Crider SM. (2005): Ancestral determination from 
Foramen magnum. A Thesis Submitted to the 
Graduate Faculty of the Louisiana State University 
and Agricultural and Mechanical College in partial 
fulfillment of the requirements for the degree of 
Master of Arts in The Department of Geography and 
Anthropology. 

15. Uysal, S., Gokharman, D., Kascar, M., Tuncbilek, I., 
and Kosar, U. (2005): Estimation of Sex by 3D CT 
Measurements of the Foramen Magnum. ” Journal of 
Forensic Science: 50 (6):1-5. 

16. Holland TD. (1986): Sex determination of 
fragmentary crania by analysis of the cranial base. Am 
J PhysAnthropo: l70:203–208. 

17. Al-Mefty O, Borba LA, Aoki N, Angtuaco E, Pait TG. 
(1996): The transcondylar approach to extradural non-
neoplastic lesions of the craniovertebral junction. J 
Neurosurg: 84:1–6. 

18. Vishteh AG, Crawford, NR, Melto MS, Spetzler RF, 
Sonntag VK, Dickman CA. 1999. Stability of the 
craniovertebral junction after unilateral occipital 
condyle resection: a biomechanical study. Journal of 
Neurosurgery, 90:91–98. 

19. Naderi S, Korman E, Çıtak G, Güvençer M, Arman C, 
Şenoğlu M, Tetik S, Arda MN. 2005. Morphometric 
analysis of human occipital condyle. Clinical 
Neurology and Neurosurgery, 107:191–199. 

20. Caird MS, Wills BPD, Dormans JP, 2006. Down 
syndrome in children: the role of the orthopaedic 
surgeon. Journal of American Academy of Orthopedic 
Surgery, 14:610–619. 

 

 
 
 
 

Source of Support: None Declared 
Conflict of Interest: None Declared  


