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Abstract

Introduction: The possible presence of the precondylar tubercle should be considered in order to avoid 
misinterpretation in radiographic images and confusion during surgical intervention. This study is aimed 
to describe and report the frequency of the precondylar tubercle and similar variations at the anterior 
margin of foramen magnum in order to alert the clinical community of their presence and of the possible 
associated variations. Materials and Methods: Fifty dry skulls were examined for variations at the anterior 
margin of foramen magnum. One skull with bilaterally prominent precondylar tubercles was studied using 
a spiral computerized tomography in order to demonstrate the radiographic appearance of the tubercle. 
Results: Precondylar tubercles were observed in 10% of the skulls. Other simulating observations included the 
presence of a midline spur, bilateral depression anteromedial to the occipital condyles, third occipital condyle, 
and a partly divided occipital condyle. In 89% of the cases these variations were associated with septation of 
the hypoglossal canal. Conclusion: The presence of a mere precondylar tubercle is not expected to produce 
neurological manifestations. However, its possible association with other variations should be considered. 
The size and location of the precondylar tubercle might evade plain radiographic films, but it can be readily 
revealed in axial computerized tomograms.
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1 Introduction

The precondylar tubercle (also known as the basilar, 
mamillar or papillar process) is a small occasional tubercle 
located immediately anterior to the occipital condyle. 
When present, the precondylar tubercle replaces the small 
depression that usually provides attachment for rectus capitis 
anterior muscle (BERGMAN, AFIFI and MIYAUCHI, 
2013; LIEBERMAN, 2005). A centrally placed tubercle has 
been regarded as two fused tubercles (BERRY and BERRY, 
1967).

The precondylar tubercle has been described in 
anthropology literature as a skeletal variant in Oceanic 
crania (MARSHALL, 1955); crania of American-Whites 
and –Negroes (McDONNELL and HARRISON, 1996); 
Burmese and old Egyptian crania (BERRY and BERRY, 
1967); Midwest-Kyushuites (Japan) crania (HOJO, 1980); 
crania of Uttar Pradesh (India) (GUPTA, SRIVASTAVA, 
GUPTA et al., 1981); and Mexican crania (BEEKMAN and 
CHRISTENSEN, 2003).

The precondylar tubercle has been included as one of the 
non-metrical human cranial traits for the estimation of race 
from skeletal data (BERRY and BERRY, 1967; BERRY, 
1975; HAUSER and DE  STEFANO, 1989). Non-metric 
traits are skeletal manifestations such as additional sutures, 
facets, bony processes, canals and foramina, which occur 
in a minority of skeletons and were thought to suggest 
familial affiliations. Some non-metric traits are believed to 
be occupational stress markers, rather than phenotypic. This 
is because human bone is plastic and responds to muscle 
development by functional pressures (HOLST, 2005).

Developmental events at the craniovertebral junction 
can help in our understanding of the etiology of related 

variations. The region around foramen magnum is 
developmentally derived from three major sources: the 
occipital sclerotomes, parachordal plate, and the first cervical 
sclerotome. The occipital sclerotomes fuse with a fenestration 
remaining parasagittally to form the hypoglossal canal. The 
occipital sclerotomes are assimilated into the region of the 
caudal parachordal plate to form the basioccipital region 
and contribute to the anterior margin of foramen magnum. 
The caudal portion of the parachordal plate (referred to as 
exoccipital) extends laterally and dorsally. Laterally, it joins 
the occipital somites to form the lateral margins of the 
foramen magnum. The occipital condyles in part are derived 
from the exoccipital as well as from the rostral segment of 
the first cervical somite. Dorsally, the exoccipital extends to 
contribute to the posterior margin of the foramen magnum. 
The first cervical sclerotome is divided into a cranial and a 
caudal segment. The cranial half contributes to the occipital 
condyles, apical odontoid ligament, and the tip of the 
odontoid process. The caudal portion gives origin to the 
lateral masses, anterior and posterior arches of the first 
cervical vertebra. The second cervical sclerotome forms the 
axis (CAHAN, MALKASIAN and BENTSON, 1987).

Abnormalities of the craniovertebral junction, in addition 
to those associated with the occipital bone are also associated 
with the atlas (NAYAK, VOLLALA and RAGHUNATHAN, 
2005; JAYANTHI, KULKARNI and KULKARNI, 2003) 
and the axis (RAO, 2002; KOTIL and KALAYCI, 2005). 
They are of interest to anatomists and to clinicians because 
they may produce clinical symptoms.

The progress in neuroimaging techniques has increased 
interest in aggressive craniovertebral surgery. Such surgery 
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requires knowledge of anatomical aspects and possible 
variations of the craniovertebral junction. In cases of ventral 
irreducible compression of the cervicomedullary junction, 
precise anatomy of the caudal part of the clivus and anterior 
rim of foramen magnum is of considerable importance to 
neurosurgeons using the transoral approaches to the clivus 
(MENEZES, 1996) as well as the alternative anterolateral 
cervical approach to the craniovertebral junction 
(McDONNELL and HARRISON, 1996).

Abnormalities of the occipital bone, foramen magnum, 
or first two cervical vertebrae that decrease the potential 
space for the lower brain stem and cervical cord can result 
in cerebellar, lower cranial nerve, and spinal cord symptoms. 
The third occipital condyle is reported to produce a marked 
stenosis of the spinal canal at the level of the Atlas with 
cord compression and evidence of myelopathy (KOTIL and 
KALAYCI, 2005).

This study aims to report variations at the anterior 
margin of foramen magnum with a special emphasis on the 
precondylar tubercle in order to alert the clinical community 
of their presence and of the possible associated variations.

Materials and Methods
The region around the foramen magnum is situated in the 

deepest part of the neck making it very difficult to dissect in 
anatomical dissection practice. From this point of view there 
is good reason for a study to be done in dry skull material.

Fifty dry adult skulls of Caucasoid origin regardless of 
gender were examined for variations at the anterior margin 
of foramen magnum. The skulls were derived from the 
skeleton inventory of teaching material.

Variations at the anterior margin of foramen magnum 
were observed. The presence of a bony septum or duplication 
of the hypoglossal canal, as well as the presence of variations 
in the occipital condyle was recorded.

In order to demonstrate the radiographic appearance 
of the precondylar tubercle, one skull with bilaterally 
prominent precondylar tubercle was scanned using a Toshiba 
dual slice spiral computerized tomography (CT) scan. Axial 
slices, 0.5mm thick with 20° angulation were produced 
at a radiation dose of 120Kv. In order to minimize the 
bone/air artifact should the CT be done for an empty dry 
skull, paraffin (Papraplast tissue embedding media, Monojet 

Scientific, melting point 57°) was used to encapsulate the 
region around foramen magnum from the inside and outside 
of the skull (DICKINSON, 2005).

2 Results

 The precondylar tubercle was observed in 5 out of the 
50 skulls examined (10%). Of these five skulls, one was 
with a centrally placed precondylar tubercle (Figure  1a); 
and one with a well developed unilateral tubercle located 
on the left side (Figure 1b). In the remaining three skulls, 
the precondylar tubercles were bilateral. Of the latter, one 
was well-developed and associated on both sides with a 
depression in the region between the tubercle and the 
occipital condyle (Figure 1c). Figure 2 shows the appearance 
of the bilateral precondylar tubercles illustrated in Figure 1c 
in serial axial CT slices.

Other observations at the anterior margin of foramen 
magnum that might mimic a precondylar tubercle included 
one skull with a midline spur at the anterior margin 
of foramen magnum. Another skull showed a bilateral 
depression anteromedial to the occipital condyles similar to 
that shown in Figure 1c but without a precondylar tubercle; 
the depression was associated with thickening of the anterior 
margin of foramen magnum (Figure  3a). Finally, a third 
occipital condyle was observed in two skulls (4%). Each 
third occipital condyle had a clear smooth articular facet. 
One such third occipital condyle was well-developed and 
was associated with the presence of a transverse ridge on the 
articular surface of the “proper” occipital condyles, partially 
dividing the “proper” condyle into two parts (Figure 3b). 
The less-developed third occipital condyle was on the 
other hand associated with a well-developed median spur 
(Figure 3c).

In eight of the above nine cases (89%), the bony variation 
at the anterior margin of foramen magnum was associated 
with a unilateral or bilateral variation of the hypoglossal canal 
including a complete or incomplete septum and multiple 
canals. The skull with unilateral precondylar tubercle was the 
only one which did not show any variation in the hypoglossal 
canal. A bipartite hypoglossal canal (unilateral or bilateral) 
was otherwise observed in 12 (24%) of the skulls examined; 

Figure 1. Types of precondylar tubercle (arrow). (a) central, (b) unilateral, (c) bilateral precondylar tubercles with a depression 
(asterisk) in the region between each tubercle and the occipital condyle.
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in only four instances (25%) it was not associated with 
accompanying variation around foramen magnum.

3 Conclusions

3.1 Anatomical correlates

The 10% incidence of precondylar tubercle which was 
reported in this study fits well among most studies which 
reported incidence rates ranging from 0% (BEEKMAN 
and CHRISTENSEN, 2003) to 20% (BROMAN, 1957; 
BERRY, 1975; VASUDEVA and CHOUDHRY, 1996; 
BARTELS, 1998; KALE, OZTURK, AKSU et  al., 2009). 
The high incidence rate of 36.5% which was once reported 
(HOJO, 1980) includes the presence of very small structures 
which are not amenable to our descriptions or those reported 
by others (BERRY and BERRY, 1967; BERGMAN, AFIFI 
and MIYAUCHI, 2013; LIEBERMAN, 2005). Most of the 
precondylar tubercles that were observed in this study (80%) 
were accompanied by a bipartite hypoglossal canal.

Although this study did not take gender and age into 
consideration regarding the incidence of the precondylar 
tubercle, no such association was reported by in one study 
(BERRY, 1975). However, the results of other studies in 
this respect are conflicting: some reported higher incidence 
in males (BARTELS, 1998; HOLST, 2005) while others 
reported higher incidence in females (VASUDEVA and 
CHOUDHRY, 1996).

The incidence of the third occipital condyle, which was 
found to be 4% in this study, is reported by others to range 
from 0.5% to 3% (VON LUDINGHAUSEN, PRESCHER, 
KAGEYA et al., 2006; KALE, OZTURK, AKSU et al., 2009; 
BERGMAN, AFIFI and MIYAUCHI, 2013). The third 
occipital condyle reported in two skulls in this study was not 
a solitary variation but associated with two of the following 
variations: midline spur, septation of the hypoglossal canal 
and a transverse ridge on the articular surface of the “proper” 
occipital condyles. A case of a third occipital condyle has 
also been reported to be associated with duplication of both 
occipital condyles and a bony septation of both hypoglossal 
canals (TUBBS, SALTER and OAKES, 2005).

A partly divided occipital condyle has also been described 
(BERGMAN, AFIFI, and MIYAUCHI, 2013). Its incidence 
has been reported to be 0.8% (NADERI, KORMAN, 
CITAK et al., 2005). In this study it was observed in one of 
the examined skulls (2%) where it was associated with a third 
occipital condyle and a bipartite hypoglossal canal.

The spur at the anterior margin of foramen magnum 
has been attributed to ossification of the ligament of the 
odontoid process (BERGMAN, AFIFI and MIYAUCHI, 
2013). However, its association with a septate hypoglossal 
canal in the two cases observed in this study together with 
a third occipital condyle in one of them should attract 
attention to an embryological factor behind its formation.

A bipartite hypoglossal canal was observed in 24% of the 
skulls examined in this study. The presence of such a canal 
may be understood when the posterior part of the skull that 
develops around the notochord is considered to be basically 
comparable to one or more vertebrae (O’RAHILLY, 
MÜLLER and MYER, 1983). Thus the occipital bone 

Figure 2. Axial CT slice at the base of a dried skull (same as in 
Figure 1c) with well-developed bilateral precondylar tubercles 
(arrows). Note the shadow of the encapsulating paraffin wax.

Figure 3. Variations at the anterior margin of foramen magnum. (a) bilateral depression (asterisk) anteromedial to the occipital 
condyles with thickening of the anterior margin of foramen magnum. (b): third occipital condyle (arrow) with a clear smooth 
articular facet associated with the presence of a transverse ridge at the articular surface of the occipital condyles (arrow heads).  
(c) third occipital condyle (arrow) associated with a well-developed median spur (arrow head).
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is formed by the fusion of the sclerotomes corresponding 
to the roots of the hypoglossal nerve (O’RAHILLY and 
MÜLLER, 1984).

3.2 Clinical correlates

Variations at the craniovertebral junction are expected 
to associate one another from the embryological point of 
view (O’RAHILLY, MÜLLER and MYER, 1983; CAHAN, 
MALKASIAN, and BENTSON, 1987). Such association has 
been reported (TUBBS, SALTER and OAKES, 2005) and 
was observed in this study particularly in the septation of the 
hypoglossal canal which was associated in 75% of the cases 
with a variation at the anterior margin of foramen magnum.

From the anatomical point of view, the location of a mere 
precondylar tubercle is not expected to produce neurological 
manifestations resulting from compression of the spinal 
cord or the caudal part of the medulla oblongata since it 
is located outside the circumference of foramen magnum. 
However, its association with other variations dictated by 
the embryological events should be considered as clinically 
significant.

The size and location of the precondylar tubercle might 
evade plain radiographic films unlike other entities such as a 
third occipital condyle. However with the advancement of 
the imaging techniques and the extensive use of CT and MRI, 
it would be expected that precondylar tubercles will be more 
frequently reported in clinical literature. The CT images put 
foreword in this study should increase the awareness of their 
shape and location and attract the attention to their presence 
for differential diagnosis.

Recognition of these structures and associated variations 
help in distinguishing variants from abnormal structures 
during computed tomography examinations, and in avoiding 
misinterpretations that lead to confusion during surgical 
intervention.
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