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Abstract We analyzed the CT appearances of degener-
ative change in the atlanto-odontoid joint (AOJ) in pa-
tients with rheumatoid arthritis (RA) and evaluated the
effect of these changes on atlanto-axial joint (AAJ)
rotation by dynamic CT. This revealed that 9 patients
(24%) treated with methotrexate had degenerative fea-
tures in the AOJ. The ratio of AAJ rotation to the total
rotation of the cervical spine was significantly higher in
normal subjects (54±3%) than in patients (38±12%).
The degree of AAJ rotation was significantly lower in
the patient group with degenerative features in the AOJ
(20.9±8.4�) than in patients without degenerative fea-
tures (28.5±7.4�). RA patients with a history of long-
standing disease and treatment with antirheumatic drugs
may develop AO OA. Although secondary OA was de-
scribed as healing phenomena in the joints of RA pa-
tients, it can limit rotation in the AAJ and cause
suboccipital neck pain. A regular check-up of the AAJ
and AOJ by means of dynamic CT in all RA patients is
proposed to avoid possible antirheumatic drug compli-
cations.
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Introduction

The atlanto-odontoid joint (AOJ) is a synovial joint
between the anterior arch of the atlas and the odontoid
process of the axis. Osteoarthritis (OA) at this func-
tionally important joint occurs mainly in the elderly. The
degenerative changes are similar to those commonly
observed in other synovial joints, and abnormal mor-
phology was categorized into three groups: (1) osteo-
phytosis; (2) obliteration of the joint space; and (3)
transverse ligament calcification [1, 2]. The appearance
of AO OA on CT, MRI, conventional tomography and
plain radiography has been documented in the literature
[1, 2, 3, 4]. However, to our knowledge, no previous
study has addressed the prevalence of AO OA in RA
patients and the effect of degenerative abnormalities at
the AOJ on AAJ rotation.

We analyzed the CT appearances of degenerative
changes in the atlanto-odontoid joint (AOJ) in patients
with rheumatoid arthritis (RA) and evaluated the effect
of these changes on atlanto-axial joint (AAJ) rotation by
dynamic CT.

Materials and methods

A total of 38 RA patients (30 women and 8 men) were
investigated (mean age 51.2 years; range 31–75) years.
The control group included 25 patients (20 women and 5
men) referred to paranasal sinus and brain CT with a
mean age of 52.2 years (range 27–65 years). Control
subjects had no history of neck trauma.

The CT examination was performed with the patients
in the supine position, with the head in the neutral po-
sition (with the nasal septum vertical) and then repeated
with the head rotated to the right and left. Normal
subjects rotated their heads to one side that they pre-
ferred. All normal subjects and patients were asked to
rotate their heads as much as possible, but without any
excessive effort or discomfort. A band was used to fix the
head in the rotated position. The subject was asked to
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hold this position for the duration of the scan. A GE
Prospeed (GE, Milwaukee) was used for the investiga-
tion. The gantry was vertical in each scanning position.
Consecutive 3 mm slices were made with a low-dose
program (120 mA per section). The investigation was
started with a lateral digital radiograph covering the
lower part of the skull, the cervical spine and the upper
part of the chest. Scans were obtained from the base of
the skull to the top of the C3 vertebral body in the
neutral and the rotated positions. The hard palate was
included in the examination whenever possible to use as
a reference point to determine the orientation of the
skull. In the head-rotated position two slices were ob-
tained at the level of the first thoracic vertebra. A line
was drawn parallel to the posterior border of first tho-
racic vertebra to represent the frontal plane. The dif-
ference in angles between the nasal septum and the first
thoracic vertebra represented the degree of skull rota-
tion. The difference in angles between nasal septum and
the first thoracic vertebra was accepted as total cervical
spine rotation owing to the complete absence of rotation
between occiput and atlas. Bone and soft-tissue windows
were obtained in all examinations. Osteophytes in the
AOJ and erosions of the odontoid process were noted.

We used the method described by Li and Pang for
calculation of normal and abnormal angles of C1–C2
rotation [5]. Quantification of the degree of AAJ rota-
tion was performed by measuring the angle between the
anteroposterior axes of the atlas (line connecting the
anterior tubercle to the spinous process) and the axis
(line connecting the base of odontoid to the spinous
process). The angle formed by the intersection of the two
anteroposterior lines through the midline of each ver-
tebra represents the relation between atlas and axis
(Fig. 1).

Statistical calculations were performed using Systat
5.02 for Windows (Systat Inc., Evanston, IL, USA). The
appropriate statistical evaluations of data were made by
variance analysis (ANOVA), Student’s t-test and Pear-
son’s correlation coefficient. Values were expressed as
the mean±SD. p values <0.05 were considered to be
statistically significant.

Results

The mean duration of the disease was 6.1 years (range
1–26 years). Thirty of the patients had been treated with
disease-modifying antirheumatic drugs, including meth-
otrexate (MTX). The mean duration of MTX treatment
was 5.1 years (range 3.1–6.4).

Twelve patients had complaints of suboccipital
headache and 3 of these had also limited head rotation.
Only one (4%) control subject had mild degenerative
changes in the AOJ. CT examination revealed that 9
patients (24%), with a mean disease duration of 5.8
years, had degenerative features in the AOJ. All 9 were
on long-term MTX treatment. The degenerative findings
included osteophyte(s) of the odontoid in 7 patients. In 3
patients the osteophytes were surrounding the dens
(Fig. 2). Four patients had obliteration of the AOJ space
(Fig. 3). One patient had vacuum phenomenon in the
AOJ (Fig. 4) and another had transverse ligament cal-
cification. Erosions of the dens were observed in 5 (13%)
of 38 patients. All erosions were superficial and in 3
patients were accompanying AOJ osteophytes.

Fig. 1 Images of CT slice through the plane of atlantoaxial joints.
The angle (A), formed by the intersection of the two anteropos-
terior lines through the midline of each vertebrae, representing the
relation between atlas and axis

Fig. 2 a Dynamic CT scan of
the atlantoaxial region with
head in maximal rotation. The
maximal head rotation is
limited. The angle between atlas
and axis is 5�. CT shows the
odontoid locking in the left
lateral articular mass of C1 due
to osteophytes originating from
the left side of odontoid. b The
odontoid is circumscribed by
osteophytes
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In the patient group (including those with limited
motion) the difference between the right and left rotation
angles was insignificant (p= 0.45). In normal subjects
the total rotation of the cervical spine and the average
rotation in AAJ were significantly greater than in the
patient group (Table 1). Two patients with osteophyto-
sis of the odontoid had 1� and 5� AAJ rotation.

The ratio of AAJ rotation to the total rotation of the
cervical spine was significantly higher in normal subjects
(54±3%) than patients (38±12%). The degree of AAJ
rotation was significantly lower in the patient group with
degenerative features in the AOJ (20.9±8.4�) than in
patients without degenerative features (28.5±7.4�).

The ratio of AAJ rotation to the total rotation of the
cervical spine (32±13%) was significantly less in pa-
tients with degenerative features in AOJ than in patients
without degenerative findings (41±10%) (Table 2).

Discussion

Studies of physiological atlantoaxial rotation to date
have employed either plain radiography or CT of

normal volunteers [2, 6, 7, 8]. Both techniques are lim-
ited by the radiation dose involved, and therefore most
studies have measured rotation in one direction only [9].
Although MRI has the advantages of no ionizing radi-
ation, multiplanar imaging capacity and excellent
depiction of the soft tissues, CT was reported to be the
best choice in demonstration of the bony structures.
MRI seemed to be the radiological technique of choice
in diagnosing peridental pannus formation and cervical
cord compression [10]. Dynamic CT study obtained with
maximal voluntary contralateral rotation of the head
was recommended to demonstrate the motion of the
atlas on the axis [9, 11].

Fig. 3 Axial CT scan of the
atlantoaxial region with head
in neutral position a. The
atlantoodontoid joint space
is obliterated with sclerosis b.
CT shows another patient with
prominent osteophytes in the
AOJ

Fig. 4 Axial CT scan of the atlantoaxial region in soft tissue
window. Vacuum phenomenon is seen in the atlantoodontoid joint

Table 1 The average rotation at the cervical spine and atlantoaxial
joint in normal subjects and rheumatoid arthritis patients

Total cervical
rotation (�)

AAJ
rotation (�)

AAJ/total
cervical
rotation

Control
group

78.7±5.1(69–87) 42.4±5.5(37–45) 0.54±0.03

Patient
group

68.3 ± 8.1 (49–79) 25.7±8.5 (1–42) 0.38 ±0.12
p<0.0001 p<0.001 p<0.02

Table 2 The average rotation at the cervical spine and atlantoaxial
joint in rheumatoid arthritis patients with and without degenera-
tion in the atlanto-odontoid joint

Total
cervical
rotation (�)

AAJ
rotation
(�)

AAJb/
total
cervical
rotation

Patients
with AO OAa

66.5±8.7(49–79) 20.9±8.4 (1–32) 0.32±0.13

Patients
without
AO OA

69.4±7.7 (52–79) 28.5±7.4 (15–42) 0.41±0.10
p<0.3 p<0.006 p<0.02

aAtlanto-odontoid osteoarthritis
bAtlantoaxial joint
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The facet joints between the atlas and axis are almost
horizontal, allowing excellent rotation at the expense of
bony stability [9]. There is a wide range of rotation to
either side in the literature of between 25� and 53� [6, 8,
12]. The principal motion at the AAJ is rotation, and
40%–70% of total neck rotation occurs here [6, 13].

Limitation in AAJ rotation may have different cau-
ses. A synovial fold, a disrupted capsule, a segment of
the transverse ligament or a cartilaginous or bony par-
ticle may impinge on the joint [6, 14]. Our results re-
vealed both limited AAJ rotation and decreased
contribution of AAJ to total cervical rotation in RA
patients. The average degree of AAJ rotation and the
ratio of AAJ rotation to the total rotation of the cervical
spine were significantly less in RA patients with AO OA
than in patients without AO OA.

Degenerative changes at the AOJ are frequently re-
lated to suboccipital neck pain. These changes were seen
in 49% of patients undergoing CT of the brain or sinuses
for a variety of indications, and 42% of the patients
reported pain in the suboccipital region [15]. Although
there are previous reports about the degenerative chan-
ges in lateral AAJ [16, 17], AO OA has been reported to
receive little scientific attention. Halla and Hardin re-
ported that symptomatic lateral AO OA mainly occurs
in elderly patients who have osteoarthritis at other sites
[17]. These degenerative changes were reported to show
a roughly linear progression with advancing age [1]. In
an MRI study of AO OA the mean age of the patients
studied was reported to be 72 years [2]. Degenerative
changes at the AAJ had been reported in 76% of RA
patients [10]. It was reported that odontoid process os-
teophytosis occurred more frequently with increased
duration of the disease [18]. We did not observe a rela-
tionship between the degenerative changes and the
duration of the disease. Two of our patients who had
almost locked AAJ (1� and 5�) were 32 and 38 years old,
respectively, and both were on a high-dose MTX regi-
men for rapid progression of the RA. The mean age of
our patients and the control group was about 50 years.
This finding may reveal that factors other than age have
an effect on the development of degenerative changes.
The prevalence of rheumatoid cervical involvement was
reported to be affected not only by disease duration, but
also by disease activity [19].

A likely explanation for the relatively high frequency
of AOJ degenerative changes may be radiological heal-
ing phenomena reported in the AAJ and other joints of
RA patients [10, 20]. Sclerosis of the subchondral bone
and the formation of osteophytes (secondary osteoar-
thritis) were described as examples of healing phenom-
ena [21, 22]. The term ‘secondary osteoarthritis’ has been
used to describe degenerative joint disease as a conse-
quence of inflammatory joint disease, implying an arrest
of inflammation. Examples of healing phenomena have
been described in RA patients during long-term treat-
ment with disease-modifying antirheumatic drugs since
the early 1980s, and images of these findings have been
repeatedly described [22, 23]. A decrease in the number

of joints with ‘active erosions’ and an increase in the
number of joints with ‘inactive’ changes during MTX
treatment has been described [24]. Clinical trials where
radiologic changes have been carefully scored were re-
ported to involve patients with long-standing destructive
disease, where it can be extremely difficult to see change
and decide whether reparative processes have occurred
[20].

RA patients with a history of long-standing disease
and treatment with antirheumatic drugs may develop
AO OA. Although secondary OA was described as
healing phenomena in the joints of RA patients, it can
limit rotation in the AAJ and cause suboccipital neck
pain. A regular check-up of the AAJ and AOJ by means
of dynamic CT in all RA patients is proposed to avoid
possible antirheumatic drug complications.
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