
SUMMARY

The aim of the present study is to analyze the
unusual occipital condyles and craniovertebral
anomalies of skulls from the Late Antiquity
period (1st century BC – 3rd century AD) in
Armenia to acquire such morphometric data
regarding the occipital condyle and classify it
according to its shape and size. The results of
this study reveal the variability of occipital
condyle parameters, including shape, length
and width. The shape of the occipital condyles
was classified in eight types. The occipital
condyles and the foramen magnum were
affected by marginal osteophytosis. Most
foramina magna were oval- and diamond-
shaped. The lateral cervical spine in two indi-
viduals from the Black Fortress shows an
ovoid terminale ossiculum. The skeleton of a
young adult woman, whose skull exhibited a
remarkable degree of assimilation of the atlas,
was found during an archaeological explo-
ration in Beniamin. It is likely that both
genetic and environmental factors would have
contributed to the etiology of the skeletal
defects. Environmental factors, in particular
nutritional deficiency and disease, may trigger
or enhance the genetic predisposition for
developmental defects. The findings of this
research reveal a documented list of patholo-

gies that ailed the people in the Late
Antiquity period in their daily lives.

Key words: Foramen magnum – Occipital
condyle – Anatomical variations – Terminale
ossiculum – Assimilation of the atlas

INTRODUCTION

The cranial base is a complex structure
with several different significant bony land-
marks that anthropologists use on a regular
basis. The entire cranial base underwent
changes from our early hominid ancestors to
modern Homo sapiens sapiens. Some of the oste-
ological features that have undergone evolu-
tionary changes include: the petrous portion,
the postglenoid process, the tympanic bone,
the squamosal portion of the temporal bone,
and the foramen magnum (Scott, 1958;
Nevell and Wood, 2008). The occipital
condyles are small, bilateral inferior exten-
sions of the occipital bones and form a portion
of the lateral aspect of the foramen magnum.
Several types of anomalies and traumas are
associated with the occipital condyles. The
condyles articulate with the lateral masses of
the C-1 vertebral body. This unique anatomi-
cal feature results in a unique biomechanical
characteristic. Its integrity is of vital impor-
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tance for the stability of the craniovertebral
junction. They are intimately related to the
other osseous structures at the foramen mag-
num and skull base by a number of ligamen-
tous attachments. A variety of disease process-
es may affect the craniovertebral junction. In
the population, abnormalities may be either
congenital (Arnold-Chiari malformations) or
acquired (posttraumatic, inflammatory, neo-
plastic) (Stroobants et al., 1994; Binatli et al.,
1995). In individuals, acquired lesions involv-
ing the craniovertebral junction and foramen
magnum may be the result of trauma (occipi-
tal condyle fractures related to axial loading
injuries in association with ipsilateral flexion,
avulsion fractures from a combination of head
rotation and contralateral head flexion)
(Anderson and Montesano, 1988; Deeb et al.,
1988). Inflammatory disorders such as
rheumatoid arthritis and metabolic disorders
such as Paget’s disease, and hyperparathy-
roidism may result in basilar invagination
(Johnson and Smoker, 1994).

The cranial base and endocranial base are
directly affected by the cervical vertebrae,
which play a substantial role in the develop-
ment and modification of the foramen mag-
num. Congenital and developmental osseous
abnormalities and anomalies affecting the
craniovertebral junction complex can result in
neural compression. Assimilation of the atlas
or atlantooccipital fusion, a common skeletal
abnormality of the upper cervical spine, was
found during an archaeological exploration in
Beniamin (1st century BC – 3rd century AD)
(Khudaverdyan, 2000). Three forms were
observed in the Black Fortress I and Vardbakh
skeletal series: the terminale ossiculum, which
manifests as a cone-like protuberance on the
lateral side (s) of an occipital bone; the pre-
condylar tubercle is a small spicule of bone
that projects from the anterior rim of the fora-
men magnum, and several manifestations that
are expressed as bony protuberances around
the foramen magnum. These axial anomalies
are believed to be triggered by combined
delays in vertebral development and interver-
tebral disc formation of the affected border
region (Barnes, 1994; Khudaverdyan, 2005).
A congenital anomaly of the craniovertebral
junction, assimilation of the atlas with the
occipital bone, is generally associated with
bony torticollis (Bharucha and Dastur, 1964;
Tachdjian, 1990). Although vertebral border
shifting is believed to have a strong genetic
component, some researchers have argued that

the etiology of these anomalies is not only
complex, but also poorly understood (Merbs,
1974). As suggested by Barnes (1994), these
vertebral borders are unstable, and hence more
sensitive, regions of the skeleton. It seems log-
ical that they may also be those most suscepti-
ble to extrinsic stressors, such as malnutrition
and disease, which can interfere with proper
ontogeny.

The primary goal of this research project is
to document and analyze the foramen mag-
num shape (with consideration of the occipital
condyles) and craniovertebral anomalies to
determine whether there is a correlation
between the shape, the anomalies and stress
indicators. The skeletal collections used in the
present study represent individuals whose
remains were found in the Shirak plateau
(Armenia). This illustrated paper presents the
findings of the study of the craniovertebral
anomalies in the population in Late Antiquity.

The Armenian Highland (also known as
the Armenian Upland, Armenian plateau, or
simply Armenia (Hewsen, 1997) is the cen-
tral-most and highest of three land-locked
plateaus that together form the northern sec-
tor of the Middle East (Hewsen, 1997). The
present Armenian Republic (Fig. 1), which
consists of perhaps a tenth of historic
Armenia, is located in the South Caucasus on
the eastern end of the historic Armenian
plateau. In early history, the Armenian high-
lands were a crossroads linking the worlds of
the East and West (Martirosyan, 1964).
Morphological analysis of the material has
revealed the heterogeneity of the popula-
tion of the Shirak plateau of Armenia
(Khudaverdyan, 2000, 2009). The intragroup
analysis revealed two groups of the popula-
tion. The horizontal profile of the face (group
II) in them is slightly weakened. It should be
noted that carriers of this complex are remi-
niscent of representatives from the territory of
Moldova (Nikolaevka) and Turkmenistan
(Meshreti-Takhta) (Khudaverdyan, 2000).

MATERIALS AND METHODS

The human remains analyzed here were
excavated by a Gyumri team under the direc-
tion of Step n Ter-Markaryan (Vardbakh and
the Black Fortress I, both sites located on the
Shiraksky plateau, Fig. 1). In most cases, the
remains were found to be remarkably well pre-
served Sex determination and estimation of
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the age at death were performed on each skele-
ton. The rites of single inhumations in the late
Ancient period were located in hillforts or
well-defined burial areas.

Individuals were placed in extended posi-
tions, accompanied by burial goods of metal-

work, pottery etc. The site of Black Fortress is
remarkable due to the archaeological presence
of two time periods of ancient Armenian his-
tory (Late Bronze Age and Ancient period –
1st century BC – 3rd century AD). Many sites
with very large cemeteries are found here.
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Fig. 1.- Main sites discussed in the text.



The Black Fortress I (1st century BC - 3rd

century AD) site is a regular cemetery and has
been excavated since 1993; the excavations are
on going (Ter-Markaryan and Avagyan, 2000;
Avagyan, 2003). A fortress made of black
stone was called the “Black Fortress.” Black
stone of high quality was available regionally,
and was presumably highly valued. The ceme-
tery is located near the Aleksandrapol tower in
the city of Gyumri. All the burials appear to
have been typical of the Late Antiquity
Armenian period, and are oriented in an east-
west direction. A total of 28 individual skele-
tons were exhumed from the burial site; these
included 10 males, 13 females (Table 1). Four
children (2-10 years) and 1 juvenile between
12 and 19 years were the only non-adults pres-
ent in the sample. Small animals were com-
mon, the majority animal bone fragments
recovered at the Black Fortress were from
horned livestock and reptiles (especially tur-
tles) (Avagyan, 2003).

A total of 14 skeletons were found during
excavation works at the Vardbakh cemetery

(Ter-Markaryan, 1991; Eganyan, 2010). In
most cases, the upper extremities were placed
along the bodies, while in only a few cases one
or both hands rested on the pelvis. However,
many sites had been re-buried or the human
remains were lost or could not be located.
Therefore, only burials with an archive, curat-
ed human remains, and already published or
in the process thereof were chosen
(Khudaverdyan, 2005). Most of these bones
were in a good state of preservation, allowing
determination of the sex, age and pathologies
of the individuals. Half of the skeletons ana-
lyzed, i.e. eight, were females and the others
males. There were two children’s skeletons.
The graves were oriented with their heads
toward the east-west. Within the graves, a
variety of burial accompaniments were recov-
ered, including jewelry (e.g., rings, pendants),
tools (e.g., knives), household goods (e.g.,
dishes, needles), and other goods (e.g., coins).
At the Vardbakh necropolis,among the usual
graves with human skeletons there was a bur-
ial of a horse (Ter-Markaryan, 1991).

The present author participated in both
research projects, and took charge of the pale-
opathological examination of the skeletal
remains from both sites. Age-at-death and sex
were assessed through the use of multiple
indicators. Morphological features of the
pelvis and crania were used for the identifica-
tion of sex (Phenice, 1969; Brothwell, 1981;
Buikstra and Ubelaker, 1994). All systemati-
cally scored non-metric traits are listed in
Brothwell (1981). A combination of pubic
symphysis changes (Gilbert and McKern,
1973; Katz and Suchey, 1986; Meindl et al.,

1985), sacroauricular surface indicators
(Lovejoy et al., 1985), degree of epiphyseal
union (Bass, 1981), and cranial suture closure
(Meindl et al., 1985) were used for adult age
estimation. In the case of the infants, dental
development and eruption, long bone length,
and the appearance of ossification centres and
epiphyseal fusion were used (Moorrees et al.,
1963a, b; Ubelaker, 1989; Bass, 1981).

A study was conducted on 42 human cra-
nial bases. All 42 were assessed visually for
classification of the shape of the foramen mag-
num; 10 were suitable for metric assessment.
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Age
categories

0-6

male female

- - 2

7-12 - - 2

13-20 - - 1

21-40 6 9 -

indeterm.

Black Fortress I

male female

- - 2

- - -

- - -

3 6 -

41-50 3 4 - 1 2 -

60+ 1 - - - - -

Total 10 13 5 4 8 2

indeterm.

Vardbakh

Table 1. Number of individuals from Black Fortress I and Vardbakh.



The following measurements were taken fol-
lowing Holland (1986a):

1. Foramen magnum length - maximum
internal length of the foramen magnum
along the midsagittal plane, from the
opisthion to the basion (White, 2000)
(Fig. 2);

2. Foramen magnum width - maximum
internal width of the foramen magnum
along the transverse plane (Fig. 2);

3. Right occipital condyle maximum
width - maximum width of the right
occipital condyle taken along the articu-
lar surface perpendicular to the right
occipital condyle length (Fig. 2);

4. Right occipital condyle length - maxi-
mum length of the right occipital
condyle taken along the articular surface
perpendicular to the right occipital
condyle width (Fig. 2);

5. Left occipital condyle maximum width -
maximum width of the left occipital
condyle taken along the articular surface
perpendicular to the left occipital
condyle length;

6. Left occipital condyle length - maximum
length of the left occipital condyle taken
along the articular surface perpendicular
to the left occipital condyle width.

The base of the skull in the region of the
occipital condyles was studied in detail and
was classified according to its shape and size.
A comparison was performed between the
right and left sides regarding symmetrical
structures. A visual classification and catego-
rization were made for all foramina magna in
this study. Each foramen magnum was then
classified in one of four categories: Circle,
Diamond, Egg, and Oval.
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Table 2. Foramen magnum shapes: descriptions and examples.

Fig. 2. Depiction of some important parameters measured.

Category Criteria for Inclusion Example (anterior is at the top of the square)

Circle

Round shape with consistently smooth
curvature; throughout the curvature of the

foramen magnum are no points formed;
symmetrical

Diamond
Classic diamond shape is based on a nearly
symmetrical four points equidistance from

each other



RESULTS

Surface of the occipital condyles

An incomplete longitudinal groove and a
transverse groove were observed on the facets of
the occipital condyles on the left and right sides
respectively (Figs. 3 and 4) in two individuals
from Black Fortress I. Multiple elevations were
noted on the facet (Fig. 3). An incomplete lon-
gitudinal groove was noticed on the medial
aspect of the occipital condyle. The surface of
the facet was rough and serrated. Many pits and
projections were noted on the facet. There were
small pits on the facet and a prominent trans-
verse groove traversed the facet and divided it
into two parts (Fig. 3). The surface of the facet
also displayed serrations. The occipital condyles
and foramina magna were asymmetric. In the
present case, the anomalous occipital condyles
may have formed as a result of a developmental
defect in the anterior segment. The facets on
the inferior surface of the occipital condyles of
the skull are responsible for articulating with
the superior articular facets of the atlas vertebra.
In individual 12 the articular surfaces of the
facets of the occipital condyles were rough and
serrated, and this may have caused a distur-
bance in the stability and movements of the
atlanto-occipital joint (Fig. 3). The presence of
bony elevations on the facet may have exerted

pressure upon the the alar ligaments, thereby
altering the biomechanics of the atlanto-occip-
ital articulation. The presence of bony projec-
tions and grooves provide morphological evi-
dence of possible developmental defects.

The skull from Black Fortress I (burial 15:
child II: 8-10 years) showed erosion of the
occipital condyles. The occipital left condyle
and the left border of the foramen magnum
appear distorted and scalloped, and are irregu-
larly shaped (Fig. 6). The articular surfaces are
pitted and rough, and seem as though the epi-
physeal cartilages had been separated by macer-
ation. The erosion of bone also extended into
the right occipital condyle. These joint disor-
ders can be broadly classified in pathogenetic
categories, non-inflammatory and inflammato-
ry. The non-inflammatory category includes
degenerative joint disease, traumatic joint dis-
ease, and developmental, dietary, metabolic,
and neoplastic arthropathies.

The inflammatory category includes infec-
tious (bacterial, viral, fungal, protozoal) and
noninfectious (immunologic, crystal-induced)
arthritis. Differentiating between the non-
inflammatory and inflammatory types of joint
disorders can be complex, since non-inflamma-
tory disorders may be accompanied by second-
ary inflammation, and inflammatory disorders
commonly result in secondary, often severe
degenerative changes.
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Category Criteria for Inclusion Example (anterior is at the top of the square)

Egg

Elongated shape with a clear base where the
curvature rounds out to form a wider region

then the opposing end that is almost
pointed, yet still rounded

Oval
Elongated shape with a smooth curvature,

without any pointed regions

The occipital condyles were classified according to their shape and size: type 1: S-like condyle; type 2: kidney-like condyle; type 3: triangle
condyle; type 4: square condyle; type 5: eight-like condyle; type 6: oval-like condyle; type 7: two-portioned condyle and type 8: foot condyle
(visual classification).



Asymmetrical articular facets on occipital condyles

The present study describes a case of asym-
metrical articular facets on the inferior aspects
of the occipital condyles detected in human
skulls from Late Antiquity period in
Armenia. Asymmetrical facets may be
responsible for altered kinematics in the
atlanto-occipital joint. The atlanto-occipital
joint is an important joint that contributes to
the movements of the head. The movements
of flexion, extension and lateral bending,
which normally occur at this joint, may be
disturbed as a result of the asymmetric shape
of the articular surfaces (Das and Chaudhuri,

2008). Degenerative changes may alter the
shapes of the articular facets and as a result
joint biomechanics may be altered. Even
hypertrophy of the occipital condyles has
been reported to cause cervical myelopathy
(Ohaegbulam et al., 2005). Thus, in the pres-
ence of anomalies pertaining to the occipital
condyles, associated symptoms may also arise.

Thirty-five skulls were used for this study.
The asymmetric occipital condyles were found
in 7/23 (Table 3) from the Black Fortress I
(Figs. 5, 6 and 7) and 3/12 (Table 4) from
Vardbakh (Fig. 8). There were significant dif-
ferences between the results on the right and
left sides.
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Fig. 3. Longitudinal and transverse groove on the occipital
condyle. Materials from excavation of burial ground the Black
Fortress I (burial 12: child, 8-10 years).

Fig. 4. Longitudinal and transverse groove on the occipital
condyle. Materials from excavation of burial ground the
Vardbakh (burial 9: ♀young adult).

Fig. 5. Asymmetrical occipital condyles. Materials from excava-
tion of the burial ground at the Black Fortress I (burial 41: ♂
young adult).

Fig. 6. Erosion of the occipital condyles. Materials from excava-
tion of the burial ground at the Black Fortress I (burial 15: child,
8-10 years).



Some authors have addressed the shape of
the occipital condyle. Guidotti (1984) classi-
fied the occipital condyle as (1) flat, (2) parti-
tioned without interruption of the articular
surface and (3) partitioned with a clear angle
but without separation of the surfaces or dou-

bling of the condyles. Guidotti reported that
flat condyles are seen more commonly in the
left side. Oliver (1975) classified the occipital
condyle as (1) normal constricted and (2) sub-
divided. Naderi et al. (2005) classified the
occipital condyle as oval-like, kidney-like, S-
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Length of 
occipital condyle

Burial 12
(child II: 8-10 years)

22.2 (right)
24.3 (left)

11.5 (right)
11.0 (left)

Width of 
occipital condyle

Length of
foramen magnum

Width of 
foramen magnum

38.2 mm 33mm Egg

Burial 41
(male, young adult)

29.1 (right)
21.4 (left)

12.5 (right)
11.2 (left)

31.2 mm 28.5 mm Diamond

Burial 7
(women, young adult)

23.2 (right)
19.5 (left)

12.5 (right)
12.0 (left)

36.1 mm 26.2 mm Oval

Burial 15
(child II: 8-10 years)

14.5 (right)
26.7 (left)

12.7 (right)
12.5 (left)

36.8 mm 29.5 mm Diamond

Burial 24/1
(women, young adult)

28.3 (right)
25.1 (left)

11.2 (right)
12.4 (left)

36.0 mm 25 mm Egg

Burial 9
(women, young adult)

25.0 (right)
24.1 (left)

11.0 (right)
12.2 (left)

34.6 mm 28.6 mm Circle

Burial 19
(women, young adult)

21.1 (right)
19.6 (left)

10.0 (right)
12.2 (left)

47.2 mm - Oval

Shape of
foramen magnum

Table 3. Asymmetric occipital condyles from Black Fortress I.

Length of 
occipital condyle

Burial 3
(women, young adult)

24.0 (right)
24.5 (left)

10.1 (right)
12.0 (left)

Width of 
occipital condyle

Length of
foramen magnum

Width of 
foramen magnum

30.2 mm 24.5 mm Egg

Burial 9
(women, young adult)

11.1 (right)
10.0 (left)

9.1 (right)
11.5 (left)

34.0 mm 27 mm Oval

Burial 5/2
(male, young adult)

24.4 (right)
22.0 (left)

12.0 (right)
14.2 (left)

34.0 mm 28 mm Oval

Shape of
foramen magnum

Table 4. Asymmetric occipital condyles from Vardbakh.

Fig. 7 and 7a. Asymmetric occipital condyles. Materials from excavation of the burial ground at the Black Fortress I (burial 24/1: ♀ young adult).

a



like, eight-like, triangle-like, ring-like, two-
portioned, and deformed. We also classified
occipital condyles according to their lengths.
The shape of occipital condyles was classified
in eight types as follows - type 1: S-like
condyle; type 2: kidney-like condyle; type 3:
triangle condyle; type 4: square condyle; type
5: eight-like condyle; type 6: oval-like
condyle; type 7: two- portioned condyle and
type 8: foot condyle (Fig. 9).

The most common type in group Black
Fortress I was type 1 (5 individuals: 1 - ♂:
middle adult, 4 - ♀: young adult), whereas the
most unusual type was type 6 (1 individual: ♀
middle adult). Other types were seen — type

2: 3 individuals: ♀, young adult, type 3: 2
individuals (♀, young and middle adults),
type 4: 2 individuals (♀, young and middle
adults), type 5: 4 individuals (2 - ♂, young
and middle adults, 2 - adolescent), type 7: 2
individuals (1 - ♀ young adult, 1 ♂ middle
adult). When the right and left occipital
condyles of the same skull were compared an
asymmetric shape was found in 7 skulls.

The most common type in the Vardbakh
group was type 6 (3 individuals: (♀, young
and middle-aged adults), whereas the most
unusual type was type 8 (1 individual: ♀
young adult). Other types were seen — type
2: 2 individuals (♀ young adult), type 3: 2
individuals: ♂ young adult, ♀ middle adult),
type 4: 1 individual (♀ middle adult). An
asymmetric shape was found in 3 skulls. The
shape of the occipital condyle may affect the
amount of condylectomy. Among the different
types of occipital condyle, the triangular, the
oval-like condyle, and the kidney-like occipi-
tal condyle may require a more extensive
condylectomy to reach to the ventral lesions.

Thus, the prevalence type I was higher in
females (4 individuals) than in males (1). Type
II affected a total of 5 females. The prevalence
of type III was higher in females (3 individu-
als) than in males (1). Type IV was present in
3 females. Type V affected a total of 4 individ-
uals (2 males and 2 adolescents). Type VI was
present in 1 female. Type VII affected a total
of 2 individuals (1 male and 1 female).
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Fig. 8.- Asymmetric occipital condyles (from an individual from
Vardbakh displaying a trapezoidal shape of the skull, which is a
diagnostic criterion of unilateral lambdoid synostosis)
(Khudaverdyan, 2010a). Materials from excavation of burial
ground the Vardbakh (burial 5/2, ♂ young adult).

Fig. 9.- Types of occipital condyles: type 1: S-like condyle; type 2: kidney-like condyle; type 3: triangular condyle; typ e 4: square condyle;
type 5: eight-like condyle; type 6: oval-like condyle; type 7: two-portioned condyle and type 8: foot condyle.



The shape of the foramen magnum is high-
ly variable. Most foramen magnum shapes
were Oval- (7 individuals) and Diamond (8
individuals)-shaped. The Egg shape was seen
in 5 individuals, and the Circle shape in 3
(Black Fortress I and Vardbakh groups).

Assimilation of the atlas
There are several types of craniovertebral

fusion. We report one of these: the paracondy-
lar process. The paracondylar process has also
been called a paramastoid process, a paraoccip-
ital process, a jugular process and a parajugu-
lar process (Williams, 1982; Hauser, Stefano,
1989). Here we report a previously unde-
scribed cranium (burial 21, woman 20-30
years) from the Beniamin historic population,
which shows a very rare pathology – fusion of
the atlas with the occipital bone (Fig. 10).
Apart from a slit above the anterior arch of the
atlas, the fusion extends solidly. to just beyond
the site of both occipital condyles. The cir-
cumference of the foramen magnum is mini-
mally diminished by the osseous structures of
the atlas fused to the occipital bone. The
transverse processes are markedly asymmetric;
each is traversed by a foramen for the vertebral
artery. In addition, there appears to be torsion
between the skull base and the orientation of
the fused atlas, which is rotated slightly to the
left. Its left posterior arch encroaches into the
foramen magnum to a considerable extent.
The left arch terminates shortly before the
midline and, when the medial sagittal end of
this arch was examined, its slightly ‘scooped-
out’ nature led us to suspect that it had never
fused with its right-side partner, that is, we
were looking at a case of posterior spina bifida,
or posterior arch rachischisis (Smoker, 1994;
Gholve et al., 2007).

Atlanto-occipital fusion will inevitably
shorten the neck and shrinking of the interver-
tebral discs may force the odontoid process

upward into the foramen magnum, adding to
the compression of the spinal cord which, in
the current case, is already compressed posteri-
orly by the left posterior atlantic arch. Our
case’s least problem would have been her head
directed to the left, with limited lateral head
movement due to angulation of the inferior
atlantic condyles, followed by, variously,
headache, neck pain, numbness and pain in the
limbs, weakness, tinnitus, visual disturbances,
and lower cranial nerve palsies leading to dys-
phagia and dysarthria (Merbs and Euler, 1985;
Jayanthi et al., 2003; Nayak et al., 2005).
Saunders and Popovich (1978) researched the
bridging of the atlas to determine whether it is
an inherited trait. Radiographs taken of both
parents and their children led the researchers
to conclude that atlas bridging is an inherited
trait. Assimilation of the atlas is rare, affecting
less than one percent of the overall population,
but is a debilitating pathology for the cervical
vertebrae (Al-Motabagani and Surendra,
2006). Approximately 50% of individuals
with atlanto-occipital fusion develop atlanto-
axial instability (Warner, 2003) and concur-
rent subluxation (Turek, 1984).

Ossiculum terminale
The craniovertebral joints are shaped to

give a wide range of movement to the head
and to transmit the weight of the head to the
rest of the vertebral column. The movements
include: bilateral bending and rotation, flex-
ion, extension, distraction, and axial loading.
However, the proper biomechanics of these
joints may be disrupted by pathological ossifi-
cation, which may develop on an occipital
bone, and also between the occipital condyles
and the superior articular facets of the atlas.
We report ossiculum terminale persistens
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Fig. 10.- Assimilation of the atlas. Materials from excavation of
the burial ground at Beniamin (burial 21: ♀ young adult).

Fig. 11.- Ossiculum terminale. Materials from excavation of the
burial ground at the Black Fortress I (burial 7: ♀ young adult).



associated with atlantoaxial instability in two
cases (a woman of 20-30 years, burial 7, and a
male of 30-40 years, burial 41) buried at the
Black Fortress I (Fig. 11). The signs and
symptoms associated with atlantoaxial insta-
bility due to ossiculum terminale peristens are
similar to instability from any other cause -
traumatic, neoplastic, degenerative, or inflam-
matory. These include recurrent torticollis,
Lhermitte’s sign, and neck pain with limited
head movements. The ossicle in ossiculum ter-
minale peristens has intact sclerotic cortical
margins circumferentially (Liang et al., 2001)
and varies in size from a few millimeters to 12
mm (Bret et al., 1980).

Precondylar tubercles
Precondylar tubercles are ventral rudiments

of the occipital vertebra. A single midline or
bilateral faceted tuberosity, a unilateral or
bilateral nonarticular tubercle along the ante-
rior margin of foramen magnum (Fig. 12),
spines or lamina continuous with the occipital
condyles are documented as the presentations
of these tubercles (Marshall, 1955; Broman,
1957). A foramen magnum tubercle is more
frequently found in Southeast Asian popula-
tions (Pastor-Vazquez et al., 1996).
Paracondylar processes are believed to be
under strong genetic influence and can be part
of a broader congenital syndrome associated
with underlying neurological disorders (Taitz,
2000). Berry and Berry (1967) and Berry
(1975) regarded precondylar tubercles as non-
metric epigenetic anthropological markers to
measure genetic distinctiveness or divergence

between a pair of populations. Opinions con-
cerning the etiology of precondylar tubercles
are divided; some investigators have consid-
ered them as ‘developmental relics’
(Kollmann, 1905; Ingelmark, 1947; Keith,
1948; Broman, 1957; Putz, 1975), while oth-
ers have postulated ossification ‘within the
atlanto-occipital ligaments or that artificial
deformation practices on adults such as ‘head
binding’ may be responsible (Oetteking,
1923; Marshall, 1955). Artificial deformation
cannot be excluded in our-study. Artificial
deformations, such as bregmatic, ring defor-
mation of a head, were known in the ancient
population of the Armenia (Beniamin,
Shirakavan, Vardbakh and Karmrakar)
(Khudaverdyan, 2011).

Around the margin of the foramen mag-
num are indications of lateral masses (ridges)
(Figs. 5, 7, 13), which may reduce the circum-
ference of the foramen or cause asymmetry
(Nicholson and Sherk, 1968). Of the 28.6%
(4/14) of skulls from Vardbakh displaying pre-
condylar tubercles unilaterally or bilaterally,
35.8% show ridges. Sexual dimorphism is evi-
dent, with female skulls showing a higher
incidence (21.4%) in comparison with male
skulls (7.2%). The 21.1% (4/19) of skulls
from the Black Fortress presented precondylar
tubercles and 36.8% - ridges. Evidence of pre-
condylar tubercles in the Beniamin group was
seen in 27.3% (Khudaverdyan, 2000). Sexual
dimorphism was also evident, with female
skulls showing a higher incidence (29.5 %)
compared with male skulls (20%).
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Fig. 12. Precondylar tubercles. Materials from excavation of the
burial ground at the Black Fortress I (burial 26, ♀ young adult).

Fig. 13. Ridges. Materials from excavation of the burial ground
at the Black Fortress I (burial 9, ♀ young adult).



DISCUSSION

The results of this study are in keeping
with the results of other studies focusing on
craniovertebral junction anatomy,and particu-
larly on occipital condyle anatomy (Oliver,
1975; Guidotti, 1984; Lang and Hornung,
1993). These results confirm the variability of
the occipital condyle parameters, including
length and width. This variability seems to be
due to the use of occipital condyles from each
age and gender as material. Their length
ranges between 14.5 and 29.1mm (right)
(mean 23.4 mm), 19.5 and 26.7mm (left)
(mean 22.9 mm) in the Black Fortress I group
(mean 23.1 mm). This measured length is
comparable to the measured occipital condyle
length reported by Guidotti (1984) (23.7
mm), Lang and Hornung (1993) (22.9 mm),
Oliver (1975) (23.7 mm). The length of occip-
ital condyle ranges between 11.1 and 24.4mm
(right) (mean 19.8 mm), 10.0 and 24.5mm
(left) (mean 18.9 mm) in the Vardbakh group
(mean 19.4mm). This is less than the results
reported by Guidotti (1984), Lang and
Hornung (1993) and Oliver (1975). Occipital
condyle width ranges between 10.0 to
12.7mm (right) (mean 11.6 mm) and 11.0 to
12.5mm (left) (mean 11.9 mm) in the Black
Fortress I group (mean 11.8 mm). Occipital
condyle width ranges between 9.1 to 12.0mm
(right) (mean 10.4mm) and 11.5 to 14.2mm
(left) (mean 12.6 mm) in the Vardbakh group
(mean 12.3 mm). This broad range reflects the
asymmetry in the orientation, length and
shape of occipital condyles. No correlation was
found between occipital condyle length and
basion-opisthion distance.

On the skulls from Armenia we observed
more precondylar tubercles and ridges than the
results reported by Anderson and other
researchers. Anderson (1996) examined 1300
skulls from an excavation at St. Gregory’s
Priory from Medieval Canterbury. Six skulls
had evidence of paracondylar tubercles (0.46%)
and one skull had a well defined paracondylar
process (0.077%). Williams (1982) reports
variations in frequency of between 2% and
30%, which he feels is population-specific.
Pastor-Vazquez et al. (1996) studied 382 skulls
from the Anatomical Museum of the University
of Valladolid; they were from white adults of
both sexes from the Castilla area of Spain. Five
cases of the tubercle in the anterior margin of
the foramen magnum were encountered, repre-
senting an incidence of 1.3%. The basiocciput

of 265 adult Indian human skulls was exam-
ined by Vasudeva and Choudhry (1996). Of the
14% of skulls displaying these tubercles unilat-
erally or bilaterally, 5.3 % demonstrated ridges;
4.9% showed spines and 3.8 % exhibited
processes. The frequency of these tubercules in
Indians make up 15% (Lakhtakia et al., 1991).
Hence, we cannot connect an epigenetic varia-
tion with a racial component.

Clinical and osteological research suggests
that malnutrition or non-specific systemic
stress are strongly correlated with the incidence
of vertebral anomalies (Bergman, 1993; See et
al., 2008). See et al. (2008) documented numer-
ous vertebral anomalies in the offspring of vita-
min A-deficient rats, including cleft neural
arches, occipital vertebrae, vertebral blocks etc.
In addition, over 80% of the offspring exhibit-
ed basioccipital malformation of some variety
(See et al., 2008). In his analysis of non-metric
traits in human crania, Bergman (1993) also
found a statistically significant association
between cribra orbitalia and the precondylar
tubercle, which he attributed to a common
morbid factor. Although cribra orbitalia is a
non-specific skeletal stress marker, it is
nonetheless indicative of systemic insult, which
is often attributable to malnutrition, disease, or
infection (Stuart-Macadam, 1987). The results
of the stress indicator analysis may also support
this hypothesis since frequencies of cribra
orbitalia and enamel hypoplasias were fairly
high for both sites (cribra orbitalia: Vardbakh -
84.7% (n=13); Black Fortress I - 37.1%
(n=27), enamel hypoplasias: Vardbakh - 63.7%
(n=11), Black Fortress I - 17.4% (n=23).
Cribra orbitalia was a frequent pathology of the
historic population Beniamin (28.1%, 39/139),
only in three individuals (3.3% of individuals)
was hypoplasia observed (Khudaverdyan,
2010b). When comparisons are made it appears
that the Black Fortress I population was some-
what less prone to the development of cran-
iovertebral bone anomalies than the people
buried in the Vardbah cemeteries. These results
are, however, preliminary.

CONCLUSION

This research is multi-faceted and addresses
several important issues. Our findings offer a
documented list of craniovertebral anomalies
that ailed the people from the Late Antiquity
period in their daily lives. The shape of occipi-
tal condyles has been classified into eight types.
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Occipital condyles and foramina magna are
affected by marginal osteophytosis. Most fora-
men magnum shapes are Oval and Diamond.
The lateral cervical spine in two individuals
from the Black Fortress I shows an ovoid, ter-
minale ossiculum. The skeleton of a young
adult woman, whose skull demonstrated
remarkable degree of assimilation of the atlas,
was found during an archaeological exploration
in Beniamin. It is likely that both genetic and
environmental factors would have contributed
to the etiology of skeletal defects.
Ethnohistorical and archaeological evidence
suggests that the Shiraksky plateau villagers,
who inhabited their sites during the Late
Antiquity period, faced seasonal food shortages
due to the unfavorable environmental condi-
tions (Khudavedyan, 2000). These food short-
ages could have potentially contributed to an
increase in the incidence of skeletal defects in
the population. Paleopathological examination
revealed weapon-related trauma, trephination,
fractures, plagiocephaly, osteoarthritis,
osteomyelitis, and dental diseases, such as den-
tal abscesses, caries, and periodontal disease in
the populations from the Black Fortress I and
Vardbakh (Khudaverdyan, 2010a). It is there-
fore plausible that nutritional deficiencies and
disease may have influenced the frequencies of
skeletal defects at the Shirak plateau sites exam-
ined in this study. Bioarchaeological data from
the historic population of Black Fortress I and
Vardbakh are useful for understanding the life-
styles of the ancient population of area histori-
cally occupied by the Armenian people.
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