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ABSTRACT

Background: There are several approaches to operate on brainstem and craniovertebral lesions and involve a resection of occipital
condyles (OC). Morphological assessment of occipital condyles, aids in determining the extent and direction of condylar drilling,
helping to prevent occipito-cervical destabilization and accidental damage to the neurovascular structures related here.

Aim: To analyze the morphometry of occipital condyles and the frequency of occurrence of different morphological types of
occipital condyles and its clinical significance.

Materials and Methods: 100 dry human skulls were studied in the Department of Anatomy, K. J. Somaiya Medical College,
Mumbai. The dimensions of the occipital condyles, including their length, width, height and shape were measured. In addition to
this, the anterior and posterior intercondylar distances and the distance from the posterior end of the occipital condyle to the
hypoglossal canal were recorded using digital Vernier calipers. Paired ‘t’ test was used for significance between the length, width
and height of occipital condyles with that of its sides (right and left respectively).

Results: The mean measurements of the occipital condyles in terms of length, width, and height were identified as 23.52, 23.13
and 9.49 mm respectively. As the value of p was less than 0.05, the differences between right and left side were insignificant. The
average anterior intercondylar distance and posterior intercondylar distance was found to be 21.16 mm and 43.35 mm respectively.
Commonest shape seen was oval in 38% of skulls followed by “S” shaped condyle in 22% skulls. On an average, the hypoglossal
canal was positioned 8.78 mm from the posterior end of the occipital condyles.

Conclusions: These results confirm the variability in different parameters of occipital condyles. The safest area of the occipital
condyles to be resected is maximum up to 12mm from the posterior end because there is no location for the hypoglossal canal

orifice.
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INTRODUCTION obliquely, with its anterior end positioned proximal to the
midline and presents a convex anteroposterior surface.! The
hypoglossal nerve canal is positioned obliquely at the
anterolateral margin of the foramen magnum, near the
caudal end of the medulla oblongata. The inferior vermis,
and the tonsils of the cerebellum are located in proximity to
the occipital condyles. Also 9" to 12™ cranial nerves and
important blood vessels such as the vertebral artery, some
dural venous sinuses, emissary veins and internal jugular

The occipital condyles (OC) are two prominent, distinctive
bony projections at the base of the skull, just anterolateral to
the foramen magnum. They form the only articulation
between skull and vertebral column by articulating with the
superior articular facets on the lateral masses of the atlas as
Atlantooccipital joint. Each occipital condyle is angled
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veins are also closely related to it. The stability of the
atlantooccipital joint is influenced by morphological
features of the occipital condyles such as their shape, size
and angle. The stability is maintained by congruency of the
articular surfaces along with the capsulo-ligamentous
factors which permit flexion and extension.? Information of
the neurovascular structures situated in the vicinity of the
occipital condyles is indispensable while conducting
neurosurgical procedures. Morphometric analysis of the
occipital condyles is useful in decisions regarding extent
and direction of condylar drilling to avoid occipito-cervical
destabilization and inadvertent injury to the neurovascular
structures of the hypoglossal canal. Concepts of this
knowledge should be one of the main issues to be analyzed
during the preoperative decision-making process.’ Most of
the descriptions found in textbooks do not deal with
anatomical variations of the occipital condyles. Numerous
anatomical studies in the literature highlight the significance
of morphometric variations in the occipital condyles and
radiological studies have also been conducted.* But very
few studies have been done on the Indian population. To
minimize morbidities during transcondylar, supracondylar,
and para-condylar surgical approaches for lesions ventral to
brainstem, it is imperative to understand the linear
measurements of the occipital condyles.’ This suggests that
further research on the morphological variations of the
occipital condyles is still necessary.

AIMS AND OBJECTIVES

To analyze the morphometry of occipital condyles and the
frequency of occurrence of different morphological types of
occipital condyles and its clinical significance.

MATERIAL AND METHODS

In the present study 100 dry human skulls were studied in
the Anatomy Department, Karamshi Jethabhai Somaiya
Medical College & Research Centre, Sion, Mumbai. The
skulls with any pathology or damage in the region of
occipital condyles were excluded. The dimensions of the
occipital condyles, including their length, width, height and
shape were measured. In addition to this, the anterior and
posterior intercondylar distances and the distance from the
posterior end of the occipital condyle to the hypoglossal
canal were recorded using digital Vernier calipers. The
configuration of the occipital condyles was also observed
and recorded. All the data was recorded on to MS excel and
statistical analysis compared the measurements between the
right and left sides. The average mean and standard
deviation were calculated for every measurement. Paired t
test was used for significance of the length, width and height
of occipital condyles with that of its sides (right and left
respectively).

RESULTS

The mean measurements of the occipital condyles in terms
of length and width were identified as 23.52 mm + 2.34
(right) and 23.13 mm + 1.83 (left) respectively. The mean
height was determined to be 9.08 mm + 1.52 on the right
and 9.90 mm = 1.56 on the left. As the value of p was less
than 0.05, the differences between right and left side were
insignificant. The anterior intercondylar distance and
posterior intercondylar distance was found to be 21.16 mm
+ 2.64 and 43.35 mm =+ 3.36 respectively. The values
obtained are summarized in Table-1 and Figure-1. Also,
longer and wider occipital condyles were observed in 42%
of skulls, shorter condyles were observed in 26% and
moderate sized condyles were observed in the remaining
32% skulls. The occipital condyles were observed to be of
varied shapes, convex downward and long axes directed
forward and medially. Types of shapes of occipital condyles
and their percentage of occurrence have been given in
Table-2. Commonest shape was oval seen in 38% of skulls
followed by “S” shaped condyle observed in 22% skulls.
The hypoglossal canal was located at an average distance of
8.85 mm (Range= 5.5 to 12.2 mm) on the right side and 8.72
mm (Range = 5.2 to 11.79 mm) on the left side from the
posterior tip of the occipital condyles.

Table-1: Showing the linear measurements of all
dimensions of the occipital condyles

Dimensions Side Mean + SD Range t-test
Right | 2>52Mm= | 144932
Length of 2.34 0015
occipital condyle 23.13 mm + 1337 .
Left 1.83 28.63
Right 12.111 mm =+ 76-16.8
Width of occipital .55
condyle 0.913
Left “'8]86’;“‘* 7.25-16.10
Right 8'3? e | 605120
Height of occipital 5
condyle 0.891
Left 8'5? | 6521237
int[:rrclzfrrlg)rlar - 21.16 mm + 14.29- )
oY 2.64 25.18
distance
Posterior
intercondylar - 43.35 mm £ 35.52- .
; 3.36 49.13
distance
Posterior tip of Right 8.85]r2m + 58-12.0
occipital condyles :
to hypoglossal 0.046
canal Left 8.721n51m * 5.9-11.79
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Table-2: Percentage of distribution of shape of occipital

condyles
Types of shape Percentage distribution
Oval 38
‘S’ shaped 21
Ring 13
Reniform/Kidney shaped 11
Deformed 8
Figure of ‘8’ shaped 7
2 - portioned 2
Total 100
DISCUSSION

Outcomes of this study reveal a wvariability in the
morphometry of occipital condyles. In our study of the
Indian population, the most commonly observed shape of
the occipital condyles was oval (38%) followed by “S”
shape (21%) and least common is two-portioned (2%),
results summarized in Table-2. Our findings align with
those of Naderi et al., who reported that oval-shaped
occipital condyles were the most common type, observed in
50% of skulls. In contrast, Fetouh and Awadalla et al.
identified kidney-shaped condyles as the most prevalent
type, accounting for 22% of their study population. The
shape of the occipital condyles is genetically determined but
may also be influenced by the use of the atlantooccipital
joint, which can vary according to age, gender, and
occupation.® Our study found that the length of the occipital
condyles ranged from 13.37 to 28.63 on left side and 14.4
to 29.32 mm on right side which was similar to the
measurements observed in studies of other authors, Dowd et
al’” reported a length of 30 mm. Naderi et al® classified
occipital condyles according to the length as follows: Type
1 (short): Condyles shorter than 20 mm. Type 2 (moderate):
Condyles between 20-26 mm. Type 3 (long): Condyles
longer than 26 mm. The width of the occipital condyle in
our study ranged from 7.25 to 16.10 mm on left side and 7.6
to 16.8 mm on right side. It was comparable with results
from other studies. The length and width of the occipital
condyle are essential factors required for occipital condylar
resection.’ Occipital condyles that were longer and wider
were observed in 42% of skulls, which could be gender
determined as males have larger condyles as compared to
females.'® The height of the occipital condyles varied from
6.52 t012.37 on the left and 6.05 to12.0 on the right. This is
consistent with the findings reported by Naderi et al, Fetouh
and Awadalla et al'' and Oliver et al.'> The anterior
intercondylar distance ranged from 14.29 to 25 and
posterior intercondylar distance ranged from 35.52 to 49.13
in our study. The intercondylar distances, both anterior and

posterior exhibit a wide difference due to a convergence in
the anterior part of occipital condyles. These measured
distances are similar to distances obtained by Naderi et al
and findings of Fetouh and Awadalla. This result is
significant during neurosurgeries as extensive bony removal
during condylectomy may become essential owing to the
anteroposterior alignment and a narrow intercondylar space.
Wider intercondylar distances provide more advantages for
accessing the foramen magnum without being detrimental
to vital structures. The larger the distance, more the space
available for posterolateral approaches.”> Dowd et al
proposed that the intercondylar distances, both anterior and
posterior could be used in gender determination of unknown
skulls due to the higher significant values in males than
females, in their sample.” In the present study, the
hypoglossal canal was found to be located at an average
distance of 8.85 mm + 1.6 mm on the right and 8.72 mm +
1.5 mm on the left with a range between 5.9 to 12 mm. A
study by Issac et al (2018)'* on the Kenyan Population
showed a distance of 9.62 mm. Higher distances up to 12.2
mm have been reported by Muthukumar et al., 2005'> on
Indian population, Pereira et al, 2012 on Brazilian
population and Saeid et al, 2015'7 on Iranian population.
The optimal area for resection of the occipital condyle is a
maximum of 12 mm from the posterior end, as this region
does not contain the opening of the hypoglossal canal. This
will aid in minimizing hypoglossal nerve palsies.!® The
findings of this study align with those of previous research
focusing on cranio-vertebral junction anatomy and
particularly on occipital condyle anatomy. These results
confirm the variability in occipital condyle parameters like
length, width, height, anterior and posterior inter condylar
distances and shape of occipital condyles (Table-3 and
Graphs 1-4).

Table-3: Comparison of Data in different studies

Length | Width | Height | AID | PID

Oliver (1975) 23.7 11.5 8 - -

Naderi (2005) 23.6 10.5 9.2 21.6 | 41.6

Kizilkanat
24.51 13.11 - 226 | 442
(2006)1*
Fetouh (2009) | 23.62 13.6 9.57 - -
Anilkumar
24.4 13.54 8.98 17.67 | 42.02
(2014)»
Roopashree
21.64 10.06 6.15 19.41 | 37.36
(2019)2

Present (2023) | 23.32 11.99 8.44 21.16 | 43.35
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Observations

Figure-1 showing phetographic presentation
of Oval Shaped Occypital Condyle.

Specimen No.10

Figure-2 showing photographic presentation
of Kidney Shaped Occypital Condyle.

Specimen No.19

Figure-3 showing photographic presentation
of S Shaped Occypital Condyle.

e

Specimen No.26

e
At

Figure-4 showing photographic presentation
of Eight Shaped Occypital Condyle.

Observations

ypit
Candyl

Specimen No.33

Figure-5 showing photographic presentation
of Triangle Shaped Foramen Magnum.

Specimen No.37

Figure-6 showing photographic presentation
of Ring Shaped Occypital Condyle

Specimen No.43

Specimen No.41

Figure-7 showing photographic presentation
of Two-Portioned Shaped Occypital Condyle.

Figure-8 showing photographic presentation
of Deformed Shaped Occypital Condyle

Figure-1: Photographic presentation of shape of occipital condyles
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Graph-1: Length of occipital condyles (mm) as observed in literature
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Graph-2: Width of occipital condyles (mm) as observed in literature

Height of occipital condyle as observed in different studies.
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Graph-3: Height of occipital condyles (mm) as observed in literature
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Anterior and Posterior Intercondylar distance as
observed by different authors
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Graph-4: The distances between the anterior and posterior condyles (mm) as observed in literature

CLINICAL SIGNIFICANCE

Extradural and intradural tumors and vascular
malformations such as meningioma, schwannoma,
brainstem gliomas, subarachnoid cysts, and vertebral artery
aneurysms frequently found at the base of the skull, near the
foramen magnum. Craniovertebral area is a complex area
associated with significant mortality and morbidity rates
during surgery and in the postoperative period. There are
several approaches to operate on brainstem and
craniovertebral lesions, like trans-facetal, partial
transcondylar, complete transcondylar, extreme lateral
trans-jugular, retro-condylar, trans-tubercular. For all these
approaches a morphological assessment of occipital
condyles would become very vital as they involve a
resection of occipital condyles.??> Transcondylar approach
(TA), which involves partial condylectomy by drilling the
posterior region of the occipital condyle is increasingly
being used to access brainstem lesions because it expands
the surgical field of view and minimize nerve tissue
retraction.?? Relatively longer or wider condyles require
greater resection to enhance visualization of the ventral
portion of the brainstem during the transcondylar approach.
Smaller the occipital condyles, probability of occipito-
cervical instability may increase following resection.?* For
pre-planning of transcondylar approach an adequate
information of the morphometry of the condyles is critical
to avert damage to neurovascular structures related to it.
Occipital condylectomies can also be the source of
hypoglossal nerve injuries owing to varied extent of the
occipital condyles and location of the hypoglossal canal in
relation to the posterior end of occipital condyles.
Understanding the measurement and shape of the occipital

condyles and the location of the hypoglossal canal may offer
valuable insights for determining the extent and direction of
condylar drilling so as to evade occipito-cervical
destabilization and unintentional damage to the
neurovascular structures of the hypoglossal canal.?*?
Analyzing the morphology of the bones that form the
neurocranium and viscero-cranium is important in forensic
anthropology and is vital for determining the sex, age,
ethnicity, and height of unidentified individuals.?’

CONCLUSIONS

These findings validate the variability in the dimensions of
the occipital condyles like length, width, height, anterior
and posterior inter condylar distances and shape of occipital
condyles. Craniovertebral area is a complex area involving
significant mortality and morbidity rates during surgeries
and postoperatively. There are several approaches to operate
on brainstem and craniovertebral lesions, involving a
resection of occipital condyles, hence a morphological
assessment of occipital condyles is vital to avert damage to
neurovascular structures related here. The safest region of
the occipital condyles for resection extends up to 12 mm
from the posterior end, as there is no hypoglossal canal
orifice in that area.
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