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Craniovertebral anomalies associated
with pituitary gland duplication

I. Mili¢, M. Samardzi¢, I. Djori¢, G. Tasi¢, V. Djuleji¢, S. Marinkovié

Neuroanatomy and Gross Anatomy, Institute of Anatomy, Faculty of Medicine, University of Belgrade, Serbia

[Received 27 January 2015; Accepted 10 September 2015]

Background: An extremely rare occurrence of the pituitary gland duplication
inspired us to examine in detail the accompanying craniovertebral congenital
anomalies in a patient involved.

Materials and methods: T1-wighted magnetic resonance imaging (MRI) was
performed, as well as the multislice computerised tomography (MSCT) and MSCT
angiography in our patient, as well as in a control group of 10 healthy subjects.
Results: In a 20-year-old male a double pituitary gland was identified, as well as
hypothalamic enlargement, tuberomamillary fusion and hamartoma. In addition,
the patient also showed a duplicated hypophyseal fossa and posterior clinoid
processes, notch of the upper sphenoid, prominent inner relief of the skull,
inverse shape of the foramen magnum, third occipital condyle, partial aplasia
of the anterior and posterior arches of the atlas with a left arcuate foramen,
duplication of the odontoid process and the C2 body, and fusion of the C2-C4
and T12-L1 vertebrae. The MSCT angiography presented a segmental dilatation
of both vertebral arteries and the A2 segment of the anterior cerebral artery, as
well as a duplication of the basilar artery.

Conclusions: This patient is unique due to complex craniovertebral congenital
anomalies associated with a duplication of the pituitary gland. (Folia Morphol
2015; 74, 4: 524-531)

Key words: atlas aplasia, craniovertebral anomalies, vertebrae fusion,
pituitary duplication, third occipital condyle, odontoid duplication

INTRODUCTION

The craniovertebral junction in the narrow sense
comprises the right and left occipital condyles, at-
las and axis [16, 31, 47]. Most of the anomalies of
these bony elements occur very infrequently [1-3, 6,
8-10, 12, 15, 17, 19, 24, 25, 27, 28, 35, 36, 38-40,
46, 48, 50, 51, 54, 55]. Duplication of the pituitary
gland is an extremely rare event [4, 5, 7, 11, 20, 23,
26, 30, 34, 37, 42, 44, 45, 49, 52, 53]. Because of
that, we decided to examine in detail a patient with
those two types of the congenital anomalies. In order

to achieve this, we performed magnetic resonance
imaging (MRI), multislice computerised tomography
(MSCT) and MSCT angiography, as well as standard
radiological morphometric methods. In addition,
10 volunteers were also examined by the MSCT ap-
paratus in order to provide normal measurements of
the relevant structures.

MATERIALS AND METHODS

Following admission of a 20-year-old patient to
our Clinic of Neurosurgery, T1-wighted MRI was per-
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formed in a 1.5 tesla Philips Intera apparatus. Two
days later MSCT was performed in a Siemens Soma-
tom Definition AS 128-slice scanner (rotation time
0.5 s, pitch 0.5, slice thickness 0.6 mm, 120-140 kV
interval, manual 260 mA, noise index 3). This type of
the scanner has the lowest level of the X-radiation.
The MSCT cerebral angiography was performed as
well, using Ultravist 370 as a contrast (bolus 100 mL,
flow of contrast 4 mL/s). Multiplanar reconstruction
and volume rendering were made of the skull, spine
and blood vessels.

The control group consisted of 10 healthy sub-
jects (6 males and 4 females) aged 19-39 (mean
31.8) years. The written consent of each person was
obtained. The whole procedure was approved by
the authorities of the Clinic of Neurosurgery and the
Ethics Committee of the University Clinical Centre. All
the volunteers underwent examination in the same
MSCT apparatus. Linear measurements of certain
parameters were performed in 3 planes (axial, coronal
and sagittal) using standard software installed in the
MSCT equipment.

RESULTS

Our patient will be presented first, and then the
10 subjects within the control group.

Case report

A 20-year-old man was admitted to the Clinic of
Neurosurgery due to an intracranial tumour and pitu-
itary gland duplication diagnosed in a local hospital
by the MRI examination of the head and brain. The
patient was previously examined because of the hypo-
gonadism, an initial gynecomastia and delayed puber-
ty. Two years previously, cryptorchism was diagnosed
and a bilateral orchiopexy was performed. Because of
a low level of testosterone (0.18 ng/mL), the patient
started to receive a supplementary endocrine therapy.
The other endocrinological and biochemical analyses
were normal, as well as his karyotype (46XY). He was
born vaginally at 39 week to a healthy 24-year-old
mother. His family history is unremarkable.

The patient was tall (182.3 cm) and obese (body
weight 105 kg) with a slight gynecomastia and
moderate hypogonadism. He had a broad forehead,
slightly prominent superciliary arches, progenia,
a high palate, and short neck with some rotational
difficulties. The examination showed no neurolog-
ical symptoms or signs. The psychological testing
obtained a general IQ of 74.
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Figure 1. Superior, and slightly anterior and left view of the sellar
region with two hypophyseal fossae (1 and 2) in a 3-dimensional
reconstruction of the multislice computerised tomography angio-
grams. Note a notch (arrowhead) in the region of the tuberculum
sellae, as well as the dorsum sellae with two posterior clinoid
processes (arrows) on each side. Relatively close to them are the
A1 segments of the right and left anterior cerebral arteries; 3 —
foramen magnum; 4 — basilar artery on the clivus; 5 and 6 —
right and left anterior clinoid processes, close to which is the
corresponding internal carotid artery; 7 and 8 — right and left
petrous part of the temporal bone.

The T1-weighted MRI of the brain showed 2 pi-
tuitary glands, each of them with its own pituitary
stalk. Of the other possible anomalies of the brain,
only some alterations of the hypothalamus were no-
ticed. Namely, the region of the median eminence,
i.e. the posterior part of the tuber cinereum and
infundibulum, was thicker than usual and was fused
with the mammillary bodies. Just left to the fusion,
a small suprasellar parasagittal mass was noticed,
measuring 12 mm x 10 mm in size. The mass, which
was radiologically described as a hamartoma, slightly
displaced the left internal carotid artery.

The MSCT examination presented 2 hypophyseal
fossae in the sellar region, a bony notch at the level
of the tuberculum sellae, and a broad dorsum sellae
with a duplication of both right and left posterior
clinoid processes (Fig. 1). The relief of the tabula
interna of the skull interior was very expressed. The
foramen magnum was oval in shape, and measured
35.6 mm in the sagittal diameter and 39.1 mm in the
transverse diameter (Table 1).

The atlas (C1) showed, firstly, a partial aplasia of
the posterior arch in its middle part (Fig. 2). The gap
between the remnants of the right and left parts
of that arch measured 26.1 mm. The right and left
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Table 1. Measurements [mm] of the bones and foramina: range (mean)

Subjects Foramen magnum Atlas (transverse Odontoid process
diameter) Height Diameter
Superior Inferior
Patient 35.6 x 39.1 91.9 8.6 8.1 14.5
1.7 1.6 14.7

Volunteers 35.3 x 28.0 75.3-90.4 (82.5) 14.4-19.4 (16.9) 7.8-12.1(10.1) 11.4-16.1 (13.4)

40.1 x 32.8

(37.3 x 30.2)

Figure 2. Posterior view of the craniovertebral junction. Note the
aplasia of the posterior arch (between the two asterisks) of the
atlas, a duplication (1 and 2) of the odontoid process, and a separate
bone (3) merged with the anterior rim (4) of the foramen magnum;
5 — dilatation of the vertebral artery between the atlas and the
occipital bone; 6 — transverse process of the atlas; 7 — petrous
part of the left temporal bone; 8 — basilar artery on the clivus;

9 — dorsum sellae; 10 — left internal carotid artery; 11 — left
lamina of the axis, close to its spinous process (cut). Note the
fused laminae of the C2—C4 vertebrae.

Figure 3. Anterior and slightly inferior view of the craniovertebral
junction presenting a duplication (1 and 2) of the odontoid process
and a separate bone structure (3) which is continuous with the
basilar part of the occipital bone (4). Note the aplasia (between the
two asterisks) of the anterior arch of the atlas; 5 — right temporo-
mandibular joint; 6 — fused bodies of the C2—C4 vertebrae;

7 and 8 — right and left internal carotid arteries.
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lateral masses normally articulated with the occipital
condyles above and the facets of the axis below. Both
transverse foramina were incomplete in their anterior
part. The longest transverse diameter of the atlas
measured 91.9 mm (Table 1). Finally, a partial aplasia
of the middle part of the anterior arch was present
as well (Fig. 3). The gap between the remnants of the
arch measured 22.7 mm.

The odontoid process (dens) of the axis (C2) was
duplicated. The left process was a little bit higher
(8.6 mm) than the right one (7.7 mm) (Table 1). The
superior (cranial) transverse diameter, just below
the apex, of the left process measured 8.1 mm,
and of the right one 7.6 mm, whereas the inferior
(caudal) transverse diameter, at the level of the dens
base, was 14.5 mm of the left process and 14.7 mm
of the right process (Table 1). The diameter of
the cleft between the two processes (Figs. 2, 3)
measured 3.7 mm in the upper part, and 3.0 mm
in the basal part.

The cleft narrowed and continued through the
body of the axis. This vertical cleft, from the level of
the dens tip to the C3 body, measured 23.7 mm in
length. Finally, the axis, C3 and C4 vertebrae were
completely fused together (Figs. 2, 3). Such a fusion
was also observed between the T12 and L1 vertebrae.

A separate bone, located above and partially in
front of the duplicated odontoid process, was merged
with the middle part of the anterior rim of the fo-
ramen magnum (Figs. 2, 3). This osseous junction
measured 10.8 mm in a transverse direction. The
maximum transverse diameter of the bone had
avalue of 12.9 mm, and its maximum sagittal diameter
reached the value of 10.7 mm.

The MSCT angiography (Figs. 2, 4) showed some
cerebral arteries of an uneven diameter, hypoplasia
or "hyperplasia” of some other vessels, and an early
bifurcation of the basilar artery. Thus, a dilatation
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Figure 4. Superior, and slightly posterior and right view of the main
cerebral arteries at the base of the skull in a 3-dimensional recon-
struction of the cerebral angiograms; VA — right and left vertebral
arteries; BA — basilar artery; P1 — proximal segments of the left
and right posterior cerebral arteries; P2 — distal segment of the
left posterior cerebral artery; PComA — right and left posterior
communicating arteries; ICA — right and left internal carotid arte-
ries; M1 — proximal segment of the right and left middle cerebral
arteries; A1 and A2 — proximal and distal segments of the anterior
cerebral arteries. Note the values of the vascular diameters in
millimetres.

of the extradural vertebral artery on both sides was ob-
served (Fig. 2), which measured 3.4 mm and 3.3 mm
in diameter, respectively, whereas the intradural (med-
ullary) segment of both arteries was much thinner
(Fig. 4). These 2 arteries formed a short basilar artery
(only 20.6 mm in length), which presented an early
bifurcation, i.e. a duplication. Mild hypoplasia of the
left P1 segment was present, as well as “hyperplasia”
of the left posterior communicating artery, which was
continuous with the ipsilateral P2 segment. A local
dilatation of the A2 segment of the left anterior cer-
ebral artery was observed, which measured 3.1 mm
in size (Fig. 4). The vascular diameters are presented
in Figure 4.

Control group

In order to compare the obtained radiological
data and measurements in our patient with normal
parameters, 10 healthy volunteers underwent the
MSCT examination. We measured in these subjects
the sagittal and transverse diameters of the foramen
magnum (mean, 37.3 mm X 30.2 mm), the transverse
diameter of the atlas (82.5 mm on average), the
height of the odontoid process (mean 16.9 mm), and
its superior (mean 10.1 mm) and inferior transverse
diameters (mean 13.4 mm) (Table 1).

527

In addition, a 29-year-old male showed an incom-
plete left transverse foramen of the atlas, whereas
a 19-year-old female presented an asymptomatic
aplasia of the middle part of the posterior arch of
the atlas.

DISCUSSION
We distinguished in this section a presentation
of the craniovertebral anomalies, and a description
of a double pituitary gland with the accompanying
brain alterations.

Craniovertebral anomalies

The infrequent congenital anomalies may affect
any of the main parts of the craniovertebral junction.
They are manifested in several ways.

Firstly, they can be expressed as hypoplasia of
the clivus or the occipital condyles with atlanto-
axial subluxation [25, 46]. In some other patients
a narrow foramen magnum was observed, as well
as a clivus-odontoid articulation [32, 33]. A specific
bone, the so-called median or third condyle, occurs
very rarely [17]. The foramen magnum, which was
not measured in other reports, was oval in our pa-
tient. Its diameters are inversed when compared to
the measurements within the volunteers’ group, i.e.
the foramen had a shorter sagittal than a transverse
diameter.

As regards the atlas, its agenesis, partial aplasia,
hypoplasia or a cleft of the C1 posterior arch can
appear, or the agenesis or aplasia of the anterior arch
[1,2,6,8,9, 24, 27, 28, 35, 36, 38, 51]. Occurrence
of the supernumerary facets of the atlas is also pos-
sible, as well as its partial fusion with the odontoid
or with the anterior rim of the foramen magnum, or
an incomplete transverse foramen [18, 25, 39, 46].
The latter event is called the arcuate foramen [50]. If
there is a combination of the partial aplasia of both
arches, such a C1 vertebra is known as a bipartite atlas
[24], which mainly consists of the 2 lateral masses and
transverse processes. In the case of an arch absence or
its partial aplasia, a bony defect is bridged by dense
fibrous tissue [27].

The anomalies affecting the C2 vertebra can be
manifested as an absence of its laminae [8] or the
presence of supernumerary facets, as well as a cleft
or a double body [30, 39]. Certain changes in the
region of the odontoid process may also occur: its
aplasia [1, 19], hypoplasia [10, 12, 48, 54, 55], fusion
with the C1 anterior arch or with the clivus [18], as
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well as cleft, bifurcation [43] or duplication [15, 30].
Occasionally, basilar invagination occurs, or os odon-
toideum or os terminale close to the dens [1, 3, 12,
13,17, 28, 46, 55].

The adjacent vertebrae can be partially or com-
pletely fused [33, 55]. These congenital fusions of the
cervical vertebrae are consistent with the Klippel-Feil
anomaly, Rubinstein-Taybi syndrome and some other
disorders [16, 21, 28, 30, 40, 55].

Most of the mentioned craniovertebral anomalies
are so uncommon, that they were often published
separately as case reports in renowned international
journals. Two of them were accidentally revealed in
our group of healthy volunteers, i.e. partial aplasia of
the posterior arch of the atlas, as well as an arcuate
foramen of the same vertebra.

In 55% of the patients with a double pituitary
gland, at least one of the above mentioned cranio-
vertebral anomalies could be found, e.g. hypoplasia,
cleft or duplication of the odontoid process, the C2
body duplication or widened C1 arch [30, 43, 45, 52].
In some cases, a cleft of another cervical vertebra was
seen, as well as a duplication of the cervical vertebral
bodies. In other patients, partial or complete fusion
affected various cervical vertebrae: C2-C3, C3-C5 or
C2-C5[28, 40, 45]. In 1 patient thoracolumbo-sacral
rachischisis was reported [36]. Our patient presented
a complete fusion of the C2—-C4 vertebrae. As a con-
sequence, he had a shortness of the neck with some
limitation of the lateral rotation. In addition, the
patient showed fusion of the T12 and L1 vertebrae.

In our patient with a double pituitary, we did not
find a single craniovertebral anomaly, but a combina-
tion of several of them: partial aplasia of the C1 pos-
terior and anterior arches, that is a bipartite atlas, and
aleft arcuate foramen of the atlas, then duplication of
the odontoid and body of the C2, the third occipital
condyle, and fusion of the C2-C4 and T12 and L1
vertebrae. As for the bipartite atlas, it is produced by
a disorder of the embryonic ossification centres, one
of which forms the anterior arch and the other two
create the posterior arch and the lateral masses [38].
The bipartite atlas in our patient, whose right and left
halves were completely separated (Figs. 2, 3), had
a transverse diameter longer than in the volunteers’
group (91.1 mm in the patient, compared with
a maximum 90.4 mm in healthy subjects). The latter
is most likely the reason for the mentioned inverse
oval shape of the foramen magnum in our patient.
Finally, his broad sella showed a double hypophyseal
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fossa, a superior sphenoid notch and duplication of
the posterior clinoid processes (Fig. 1).

A bone, which was located superior and anterior
to the dens, was merged with the middle part of
the anterior rim of the foramen magnum, i.e. with
the basion region (Figs. 2, 3). This bone, which was
named as the median or third condyle, is actually
a remnant of the occipital vertebra [17]. Embrylogi-
cally, the hypocentrum of the 4th occipital sclerotome
(proatlas) normally develops into the anterior tubercle
of the clivus, whereas its centrum forms the apical
cap of the dens [3, 17]. The rostral ventral neural arch
takes part in the formation of the anterior rim of the
foramen magnum, the occipital condyles and third
condyle, whilst the dorsocaudal part of the neural
arch partially forms the arches of the atlas and its
lateral masses. The first cervical (C1) sclerotome gives
rise to the rest of the dens and atlas, whereas the C2
sclerotome forms the largest part of the axis body
and its arch. It is obvious that disorders of all the
mentioned sclerotomes were expressed in our patient.

The odontoid process in our patient was duplicat-
ed. The upper and lower diameters of the two were
smaller than those in the group of volunteers (Table 1).
Their height was shorter as well, i.e. 8.1 mm on aver-
age, compared to 16.1 mm in volunteers. According
to some authors [3, 15], the odontoid process has 2
foetal ossification centres on each side of the midline,
which fuse in the postnatal period, i.e. by 1 year in age.
A delay in fusion results in a cleft which separates the
two halves of dens. This cleft also passed virtually through
the whole thickness of the axis body in our patient.

Most of the described craniovertebral anomalies
are usually discovered as an incidental asymptomatic
finding, as was the case with our patient [9, 27, 36]. In
spite of this, all of the anomalies have a great clinical
significance for several reasons. Firstly, some of them
can still cause radicular nerves compression or myelop-
athy, for instance a hypoplastic C1 vertebra or partial
absence of the posterior arch with a consecutive ste-
nosis of the spinal canal, then fused cervical vertebrae
with compression to the spinal cord [27, 35, 38, 40],
etc. Secondly, the neurological symptoms and signs
most often appear only following a spinal trauma in
these persons [30, 33, 45]. Thirdly, knowledge of these
anomalies is important to avoid an erroneous diagnosis
of a bone fracture, luxation, osteolysis or instability
of the craniovertebral region [2, 14, 38]. Finally, the
anomaly finding is important in order to take certain
surgical protection measures [24, 37].
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As for the skull, brachycephaly or microcephaly
was sometimes present in patients with a double
pituitary [45, 53]. Within the skull, duplication of the
sella was noticed, or a broad sella with 2 hypophyseal
fossae (like in our patient), or cleft of the body of the
sphenoid or basi-sphenoid [5, 41, 42, 45]. We also
noticed in our patient a very expressed inner relief
of the skull bones, which is like “gyral impressions”
in shape.

Double pituitary gland

Pituitary duplication is an extremely rare event.
According to some reports, from 1880 until 2011
only 38 such patients were reported [30]. The pi-
tuitary duplication can be associated with certain
face abnormalities: a bifid or double tongue, cleft
lips or palate, macrostomia, supernumerary teeth,
micrognathia or retrognathia, palatine dermoid, epig-
nathus, pharyngeal teratoma, hypertelorism, broad
forehead, and an altered shape of the auricle [5, 20,
23, 26, 42, 45, 49, 52].

The described craniofacial anomalies or duplica-
tions, i.e. median cleft face syndrome, can also be
seen in persons without a double pituitary gland
[22, 43]. In some of them, even a double nose can
be present, as well as a third orbit [22]. Our patient
presented only mild face anomalies, i.e. a broad fo-
rehead, somewhat prominent superciliary arches, low
positioned auricles, and progenia.

In addition to the face anomalies in patients with
a double pituitary, certain changes were sometimes
noticed in various organs or body parts: a short neck,
torticollis, an absent thyroid isthmus, cardiac anoma-
lies including ventricular septal defect and transposi-
tion of great vessel, agenesis of the hemidiaphragm,
congenital diaphragmatic hernia, 11 pairs of ribs,
urinary abnormalities, renal agenesis or a kidney hy-
pertrophy, colorectal atresia, etc. [30, 45, 49].

The pituitary duplication was usually associated
with a double pituitary stalk and infundibulum, and
rarely with a duplication of the anterior 3rd ventricle.
In 1 case even a triplication of the pituitary gland was
revealed [29]. Some patients with duplication present
precocious puberty [11, 52, 53]. On the contrary, some
other individuals, like our patient, show hypogonadism
and delayed sexual development [45].

As regards the brain structures, hypothalamic
enlargement was noticed occasionally, as well as
tuberomamillary fusion [7, 29, 34, 45, 53]. In some
patients, hypoplasia, or a partial or total agenesis of
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the corpus callosum were revealed, then agenesis of
the anterior commissure or the septum pellucidum,
absence of the olfactory bulb and/or tract, broad optic
nerves or chiasm, hydrocephalus or ventricular enlar-
gement, then duplication of the anterior 3rd ventricle,
Sylvian aqueduct or mammillary bodies, as well as
third cerebral peduncle, hypoplastic or broad pons,
hypoplastic cerebellum, clival encephalocoele, Dandy-
-Walker syndrome, and cleft or partial duplication of
the spinal cord [4, 5, 7, 20, 23, 30, 34, 37, 45, 49].

Of all the mentioned brain anomalies and neopla-
stic changes, our patient showed hypothalamic enlar-
gement and its fusion with the mammillary bodies, as
well as a suprasellar hamartoma. The latter pathologic
alteration, with a similar parahypothalamic location,
was found in several of the reported patients with
pituitary duplication [30].

Some neurological symptoms and signs can be
manifested in those patients, but in many of them,
including our patient, the neurological deficits were
absent [30, 45]. The psychological status of the pa-
tients is either normal or in the domain of mental
retardation. Our patient had a general 1Q of 74.

The cerebral vasculature in our patient comprised
several hypoplastic or “hyperplastic” arterial seg-
ments, but also an early bifurcation, i.e. duplication,
of the basilar artery, as was noticed in some other
patients [7, 23, 44, 49]. The latter anomaly seems
to be a characteristic features in patients with the
pituitary duplication [44]. Like us, some authors also
found a segmental dilatation of the distal anterior
cerebral artery, i.e. the pericallosal vessel [7], but we
also noticed a dilatation of the extradural segment
of both vertebral arteries (Fig. 2). As regards the con-
genital cerebrovascular malformations, the arterial
aneurysms were not found, but only an arteriovenous
malformation was present in 1 patient [7, 45].

The cause and mechanism of the pituitary du-
plication, facial and craniovertebral anomalies are
still being debated. Partial twinning is supposed,
as well as prenatal teratogen exposure, a variant of
the median cleft face syndrome, and splitting of the
notochord during embryonic development [30, 45].

CONCLUSIONS
Our patient seems to be unique in that he has com-
plex craniovertebral anomalies, i.e. such a number and
combination of individual anomalies which have not
been reported so far in persons with a duplication of the
pituitary gland. In addition, the 3rd occipital condyle,
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to our knowledge, has never been described in these
patients. On the other hand, most of the associated
face and cerebral anomalies were absent in our patient.
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