
SCIENTIFIC ARTICLE

Magnetic resonance imaging of the craniovertebral junction in early
rheumatoid arthritis

Marina Carotti1 & Fausto Salaffi2 & Marco Di Carlo2
& Francesco Sessa1 & Andrea Giovagnoni1

Received: 25 January 2018 /Revised: 16 August 2018 /Accepted: 27 August 2018 /Published online: 11 September 2018
# ISS 2018

Abstract
Objective To assess the involvement of the atlantoaxial joint in patients with early rheumatoid arthritis (ERA) and to elucidate the
risk profile for the individual patient.
Materials and methods Consecutive ERA patients (disease duration < 12 months) were included in our study. A cervical spine
magnetic resonance imaging (MRI) and X-rays (cervical spine, hands, wrists, and feet) were performed in all patients. The MRI
features were correlated with clinical, radiological, and biochemical variables.
Results Fifty patients (13 men and 37 women) with a mean age of 58.2 years (range, 36–79 years) were included in the study. In
12 (24%) patients were detectable MRI findings suggestive of the craniovertebral junction involvement. Compared with patients
without cervical involvement, the patients with atlantoaxial synovitis showed a significantly higher anti-citrullinated protein
antibodies (ACPA) titer [mean 200.25UI (SD 262.44) vs. mean 22.05 (SD 40.21) (p < 0.001)]; a worse Disease Activity Score 44
joints (DAS44) [mean 5.72 (SD 0.44) vs. mean 4.52 (SD 0.53) (p < 0.001)]; a worse Health Assessment Questionnaire Disability
Index (HAQ-DI) [mean 1.55 (SD 0.37) vs. mean 1.09 (SD 0.33) (p < 0.001)], and a higher Simple Erosion Narrowing Score
(SENS) [mean 15.83 (SD 4.52) vs. mean 7.71 (SD 3.43) (p < 0.001)]. The multivariate analysis revealed a meaningful relation-
ship between atlantoaxial synovitis and ACPA, DAS44, and the presence of an erosive disease.
Conclusions The craniovertebral junction is frequently involved in ERA patients. ACPA, high disease activity, and erosive
disease at baseline are predictors of atlantoaxial involvement.
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Introduction

Rheumatoid arthritis (RA) is the most frequent chronic in-
flammatory joint disease affecting 0.4–1% of the population
[1]. The main RA feature is the chronic synovial inflammation
leading to permanent articular damage, with a consequent dis-
ability. If not adequately treated, RA can be a poor prognosis
disease with a great need of health care resources [2].

Cervical spine inflammatory changes are commonly detect-
able in longstanding RA: this kind of involvement ranges be-
tween 25 and 88% of patients with longstanding RA [3, 4], and
it is a consequence of the intense chronic synovitis that occurs
in the joints, progressing to bone erosion and consequent liga-
mentous laxity and finally clinical and radiological instability
[5]. The commonest abnormalities are disc space narrowing at
C2-C3, C3-C4, C4-C5 levels in 66.1%, followed by erosions
of the odontoid process (43–47%), atlantoaxial dislocation,
and apophyseal joint involvement (20–24%) [3, 6].
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Involvement of the atloaxial junction, which can result in
atlantoaxial instability and bone erosions at the odontoid pro-
cess, begins in 25% of early RA (ERA) patients, in particular
in those subjects with active and erosive arthritis [4].
Clinically, cervical pain can be secondary to instability or C2
nerve root compression, but one-half of the RA patients who
had cervical instability cannot have symptoms. The traditional
radiology is often inadequate to reveal the morphological
damage underlying these symptoms [7, 8].

Nowadays, magnetic resonance imaging (MRI) has been
progressively used in the assessment of RA thanks to its abil-
ity to identify the pathologic changes of the disease. MRI has
demonstrated greater sensitivity for the detection of synovitis
and erosions at the craniovertebral junction than either clinical
examination or conventional radiography and can provide im-
portant information on the cervical spine involvement in ERA
[4, 8, 9].A cervical MRI study should also be performed in all
patients with myelopathy or radiculopathy [10].

The aims of this study were to assess the involvement of
the atlantoaxial joint in patients with ERA and to elucidate the
risk profile for the individual patient.

Materials and methods

Design and study population

From April 2016 to December 2017, consecutive ERA pa-
tients were recruited from the outpatient clinic of an Italian
tertiary rheumatology center.

All ERA patients were included according to the following
criteria: diagnosis according the 2010 American College of
Rheumatology (ACR)/ European League Against
Rheumatism (EULAR) criteria for RA [11], age ≥ 18 years,
disease duration less than 12 months (the disease duration was
considered from the onset of the symptoms to baseline that
corresponded with the point of diagnosis and with the start of
treatment), and moderate/high disease activity as defined by
Disease Activity Score (DAS) [12]. Patients were excluded if
visual or hearing limitations were present, they did not have
command of the Italian language, and/or suffered from
coexisting diseases such as severe chronic obstructive pulmo-
nary disease, heart disease, multiple sclerosis, extracorporeal
dialysis, or chronic infectious disease. Patients needing bio-
logic therapy were screened for tuberculosis prior to treatment
and those at high risk for tuberculosis were allowed to enter in
the study after chemoprophylaxis, as local recommendations
[13].

Laboratory investigations

Baseline blood samples were obtained to evaluate the eryth-
rocyte sedimentation rate (ESR) (normal values ≤ 15 mm/1st

hour in men and ≤ 20 mm/1st hour in female) and the C-
reactive protein (CRP) using standard laboratory methods.
The presence of IgM-RF determined by nephelometric meth-
od (Image Beckman) and of anti–citrullinated protein antibod-
ies (ACPA) determined by immunofluorometric assay
(IFMA) (EliA CCP, ImmunoCAP 250, Phadia S.r.l., Italy).
The cut-off point for the ACPA positivity was > 10 IU/ml,
according to the manufacturer’s instructions, whereas a titer of
IgM-RF > 40 UI/ml was considered as positive.

Clinical evaluation and data

Clinical evaluation included an assessment of disease activity
by using DAS-44 joints (DAS44) [12], and a measure of
physical functioning, by using the Health Assessment
Questionnaire Disability Index (HAQ-DI) [14].

The DAS44 is a composite disease activity index including
Ritchie Articular Index (RAI), (ranging from 0 to 78), 44
swollen joints count (SJC44), ESR and general health status
(GH) (0–100 visual analogue scale [VAS]). The DAS44 is
c ompu t e d b y t h e f o l l ow i n g f o rmu l a : DAS =
0.53938 × √RAI + 0.0675 × (SJC44) + 0.330 ln (ESR) +
0.00722 × GH. The DAS44 can range from 0.23 to 9.87,
and the values are normally distributed. High disease activity
is defined by a DAS greater than 3.7, moderate disease activity
between 2.4 and 3.7, low disease activity between less or
equal 2.4 and greater or equal 1.6, and remission as less than
1.6. The RAI may be subjective and complicated and include
a 0–3 graded evaluation of the severity of tenderness of 26
joint groups, where the highest value that counts is the highest
value within each group.

The HAQ-DI assesses the degree of difficulty a person has
in accomplishing tasks in eight functional areas: dressing and
grooming, arising, eating, walking, hygiene, reach, grip, ac-
tivities. For each item, patients are asked to rate the level of
difficulty over the past week on a four-point scale, which
ranges from 0 (no difficulty) to 3 (unable to perform). To
calculate the disability dimension score, disability score
ranges from 0 to 3, with a higher score indicating greater
disability. The HAQ-DI, calculated for each of the subscales
are summed, and then divided by 8. Aversion adapted for use
among Italian patients was utilized in the present study [15].

Radiographic assessment

All the patients underwent conventional radiography of hands,
wrists, and feet. The images were assessed by two experienced
readers (FaS and MC), according to the Simple Erosion
Narrowing Score (SENS) [16]. SENS method was derived
from the Sharp’s method as modified by Sharp-van der
Heijde Score (SHS) [17] and captures radiographic progres-
sion reliably compared with the more detailed SHS method
[18]. As opposed to applying a semiquantitative scale of 0–4
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for joint space narrowing and 0–5 for erosions, SENS simply
dichotomizes whether an erosion is absent (score of 0) or
present (score of 1), and whether joint space narrowing is
absent (score of 0) or present (score of 1) [16]. Erosions are
assessed in 32 joints of the hands and in 12 joints of the feet,
joint space narrowing in 30 joints of the hands and in 12 joints
of the feet, respectively. The total SENS score ranges from 0 to
86.

To estimate inter-observer and intra-observer reliability in
scoring SENS, a subset of 20 randomly selected were
interpreted twice by each reader at an interval of at least
2 weeks. Reliability of the readings was assessed by calculat-
ing the intraclass correlation coefficient (ICC). The inter- and
intra-rater reliability estimates for SENS were excellent: inter-
rater reliability 0.890 and intra-rater reliability for both readers
0.847 and 0.876. The average score for the two readers was
used for the final analysis.

Cervical spine radiographs were obtained at the day of the
MRI examination, in anteroposterior, transoral, and lateral and
views in full flexion and extension. Images were scored by an
experienced radiologist (AG) blinded to clinical data, to cer-
vical MRI findings, as well as to foot and hand radiographs.
Lateral view radiographs were used for evaluation of
atlantoaxial subluxation (AAS), and transoral views were
scored for the presence of odontoid process damage (ero-
sions), and for the signs of AAS. Anterior AAS was measured
by recording the shortest distance between the posterior sur-
face of the anterior arch of the atlas and the anterior surface of
the odontoid process. Vertical subluxation of the axis was
diagnosed according to the Ranawat value [19].

Cervical spine MRI assessment

All the MRI examinations were performed by a radiologist
(FrS), blinded to the clinical and radiographic data. MRI was
carried out with a 1.5-T magnet system using a 16-channel
sense neurovascular coil (Philips Medical Systems), with the
patient supine and head and neck in a neutral position. The
protocol included: (1) turbo spin-echo T1-weighted images on
the sagittal plane, with slice thickness: 3 mm, TR: 457 ms/
echo time, TE: 10 ms/echo time, echo train 5, matrix: 300 ×
236, FOV: 26, Nex: 6, flip angle: 90°; (2) turbo spin T1-
weighted images on coronal plane, with slice thickness:
3 mm, TR: 450 ms/echo time, TE: 9 ms/echo time; echo train
3, matrix: 192 × 153, FOV: 13, Nex: 10, flip angle 90°; (3)
turbo spin-echo T1-weighted CLEAR (constant level appear-
ance) images on axial plane, with slice thickness: 3 mm, TR:
525 ms/echo time, TE: 8 ms/echo time, echo train 3, matrix:
168 × 131, FOV: 15, Nex: 4, flip angle 90°; 4) turbo spin-echo
T2-weighted images on sagittal plane, with slice thickness:
3 mm, TR: 3748 ms/echo time, TE: 120 ms/echo time, echo
train 50, matrix: 264 × 175, FOV: 24, Nex 6, flip angle 90°;
(5) Short Tau Inversion Recovery (STIR) images on sagittal

plane, with slice thickness: 3 mm, TR: 2500 ms/echo time,
TE: 60 ms/echo time, echo train 19, matrix: 232 × 171, FOV:
24, Nex: 4, flip angle: 90°; (6) turbo spin-echo T2-weighted
images on axial plane, with slice thickness: 3 mm, TR:
3000 ms/echo time, TE: 120 ms/echo time, echo train: 44,
matrix 248 × 176, FOV: 22, Nex: 4, flip angle: 90; (7) turbo
spin-echo T2-weighted images spectral presaturation inver-
sion recovery (SPIR) on coronal plane, with slice thickness:
3 mm, TR: 3750 ms/echo time, TE: 120 ms/echo time, echo
train 17, matrix 184 × 170, FOV: 13, Nex: 6, flip angle: 90°,
Nex: 6, flip angle: 90°. MR images were reviewed with par-
ticular attention to the presence of atlantoaxial and subaxial
spinal levels. The atlantoaxial joint (C1-C2) was assessed for
the presence of synovitis, bone marrow edema (BME),
odontoid erosions, anterior, posterior or superior vertebral
subluxation, and alterations of the cervicomedullary angle.
BME was identified as a poorly defined area of low signal
within bone on T1-weighted images that had signal intensity
on STIR images. Synovitis was defined by a thickening of the
synovial membrane at the atlantoaxial joint (C1-C2), showing
increased water content in fat-suppressed T2-weighted and
STIR sequences: the amount of pannus was classified as ab-
sent, little, moderate, or marked (four-point scale). BME was
identified as a poorly defined area of low signal within bone
on T1-weighted images that had signal intensity on STIR im-
ages. Erosion of the odontoid process was defined as a bone
defect with sharp margins, visible in two planes. AAS was
defined when the anterior atlantodental interval, measured
from the posterior aspect of the anterior ring of C1 to the
anterior aspect of the dens, was greater than 3 mm. Posterior
AAS was defined when the anterior arch of the atlas moved
over the odontoid process. Vertical subluxation at C1-C2 was
defined as migration of the odontoid tip by more than 4.5 mm
above the palat-occipital line or McGregor’s line [20]. The
cervicomedullary angle was measured in degrees by drawing
lines along the ventral side of the medulla oblongata or
brainstem and the cervical cord. Normal angles range from
between 135° and 175° [21].

Statistical analysis

Data were inserted into a Microsoft Excel database and ana-
lyzed using MedCalc® version 17.0 (MedCalc Software,
Ostend, Belgium). Qualitative data were described as absolute
frequencies and percentages. Descriptive statistics were used
to describe the sample, and are given as mean values ± stan-
dard deviation and median values and interquartile range de-
pending on the distribution (skewness) of the continuous data.
The normal distribution was investigated by Kolmogorov–
Smirnov test. Chi-squared and Fisher’s test were used for
qualitative data and Student’s parametric t tests or Mann–
Whitney non-parametric U tests were used to determine
between-group differences.
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The reliability of the radiographic scores was assessed
using the intraclass correlation coefficient (ICC). The ICC
measures the repeatability of the measures from each reader
and the repeatability of the averages of the two readers’ scores.
A multiple regression model was performed to determine
which variables were independently associated with upper
cervical spine involvement (defined by the presence of
atlantoaxial joint synovitis) on MRI. Age, gender, disease du-
ration, autoantibodies titers, RAI, SJC, GH, DAS44, HAQ-
DI, and SENS were examined as potential confounders based
on the significant associations with MRI findings. All statisti-
cal analyses were performed at p < 0.05.

Results

Fifty patients, 13 men (26% of the sample) and 37 women
(74% of the sample) with a mean age of 58.2 years (range, 36–
79 years), and with a mean disease duration of 9.7 months
(range, 5–12 months), have been included in the study.

No obvious radiological lesions at the craniovertebral junc-
tion were evident on the conventional radiographs in none of
the 50 patients of the sample (a representative example of a
negative X-ray is provided in Fig. 1).

Twelve patients (24%) revealed MRI findings sugges-
tive of the craniovertebral junction involvement. In all
cases, the MRI showed pannus (synovitis) surrounding
the odontoid process, with additional odontoid process
erosions in eight patients, and BME at atlantoaxial joint
in nine subjects (Fig. 2). The amount of pannus was di-
vided as follows: little in six patients (50%), moderate in
four patients (33.3%), and marked in two patients
(16.7%). BME was usually observed involving the
odontoid process (six subjects) whereas subaxially BME
was limited to the vertebral plates and the interapophyseal
joints (two subjects). AAS was observed in two of the 12

patients. No posterior or vertical subluxation were
detected.

In one patient, the spinal cord was compressed between the
pannus anteriorly and the posterior arch of the atlas. An ab-
normal cervico-medullary angle (< 135°) was detectable in
two subjects (Fig. 3), respectively 118° and 129° (mean value
of 12 patients with positive MRI findings 150.2°, range, 118-
177°).

Regarding the clinical symptoms complained by the 12
patients with atlantoaxial synovitis, five patients (41.7%)
did not describe symptoms suggestive of cervical spine
involvement, while six reported neck pain located mostly
at the craniocervical junction, and one both headaches and
dizziness. Other clinical manifestations could include
amnestic episodes, brain stem signs, and lower cranial
nerve palsies, urinary retention, and later incontinence or
rectal disturbances: none of these symptoms was found in
our patients.

The majority of the subjects (8/12) with craniovertebral
involvement were positive for RF or ACPA, and in three a
single ACPA presence was detectable.

Compared with patients without craniovertebral involve-
ment, the 12 patients showed significantly higher ACPA titers,
greater SJC, higher RAI, higher GH, higher DAS44, worse
HAQ-DI, and greater SENS (Table 1). Considering the MRI
findings and the demographic characteristics, there was no
significant association between age, gender, or disease
duration.

In the multivariate analysis (this model had an acceptable
coefficient of determination, with the R2 adjusted of 0.66), the
results showed that the presence of a high ACPA titer (p =
0.017), a worse DAS44 (p = 0.005), and the presence of a
peripheral erosive disease (SENS) (p = 0.006), were predictors
of atlantoaxial joint synovitis in MRI (Table 2). The single
presence of RF was not significant for atlantoaxial involve-
ment (p = 0.139).

Fig. 1 Anteroposterior (a), laterolateral (b), and transoral (c) X-ray images of the cervical spine of the same patient shown in Fig. 2 (magnetic resonance
images). The X-ray does not demonstrate the presence of odontoid process damage (erosions) or signs of atlantoaxial subluxation
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Discussion

This study confirms that the atlantoaxial joint is an early target
of the inflammatory process in RA. After synovitis of hands
and wrists, some series describe the cervical spine

involvement as the second more frequent in RA [3, 6]. The
damage at the craniovertebral junction can be severe, even in
subjects without neurologic signs [22].

Atlantoaxial synovitis can lead to C1-C2 instability. The
hypertrophic synovial tissue results in a laxity and/or

Fig. 2 Turbo spin-echo T1-weighted (a), turbo spin-echo T2-weighted
(b), and short tau inversion recovery (STIR) images (c) of sagittal planes.
The images show bone marrow edema (double arrowhead) with erosions
of the odontoid process (point arrow). Synovial pannus presence around
the odontoid process (arrow), demonstrating increased water content on

STIR sequence, related to inflamed synovium. The spinal cord is slightly
compressed between the pannus anteriorly and the posterior arch of the
atlas. Note the anterior atlantoaxial subluxation with an increase in the
atlas-dens interval (more than 3 mm) (asterisk)

Fig. 3 Turbo spin T1-weighted (a) and turbo spin-echo T2-weighted
spectral presaturation inversion recovery (SPIR) (b) images on coronal
plane, turbo spin-echo T2-weighted images on axial plane (c). The
images show periodontoid synovitis, with a reduction of the joint space
between the right lateral mass of C1 and the odontoid process (short
arrow). Combination of rotational deformities— unilateral or asymmetric
involvement of the lateral atlantoaxial joint with narrowing joint space

between the lateral mass C1 and articular process C2, with increased
signal intensity of the bone marrow of the vertebral bodies of C1 and
C2, corresponding to bone marrow edema changes (double arrowhead).
The presence of synovitis at the left atlantoaxial joint (C1-C2) can also be
observed (long arrow). The axial image confirms atlantoaxial synovitis
(long arrow), and reveals the thinning of the transverse ligamentous
(arrowhead), especially in the central portion
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destruction of the ligamentous structures, in particular at level
of the alar and transverse ligaments. The AAS is secondary to
this destructive process. Considering the atlantoaxial instabil-
ity, different subtypes can be differentiated. The anterior AAS
is the more frequent lesion, followed by lateral AAS, which
represents about 20% of cases, and posterior AAS, which
concerns about 7% in association with RA [23]. Posterior
AAS usually occurs in the setting of an odontoid base erosion

or fracture. Posterior subluxation is associated the highest rate
of neurological deficits of all forms of AAS [24].

In some cases, atlantoaxial instability can evolve in a ver-
tical migration of the odontoid process into the cranial cavity,
also known as basilar impression or invagination, or in a ver-
tical subluxation [5, 25–27].

MRI is a formidable technique to evaluate soft tissues such
as ligaments, joint capsules, and the retrodental synovial

Table 1 Univariate analysis comparing the ERA patients with and without atlantoxial involvement

ERA patients without atlantoaxial involvement (N = 38
patients)

ERA patients with atlantoaxial involvement (N = 12
patients)

Mean SD Median 25–75 percentile Mean SD Median 25–75 percentile p value

Age (years) 60.78 7.38 63.00 59.00–70.00 55.50 8.10 50.00 47.25–57.50 0.064

Disease duration (months) 9.63 1.71 10.00 9.00–11.00 9.83 1.85 10.00 8.250–10.750 0.887

ACPA (titer, IU/ml) 22.05 40.21 20.00 16.00–28.00 200.25 262.44 220.00 200.00–280.00 < 0.001

RF (titer, IU/ml) 58.73 78.98 55.00 44.00–65.00 92.50 96.62 96.00 84.00–110.40 0.227

ESR (0–150 mm/h) 37.36 13.28 36.00 32.25–43.50 38.58 9.76 35.00 30.50–45.75 0.772

SJC (0–44) 8.65 3.38 9.00 6.00–11.00 13.66 3.39 13.00 12.000–15.50 < 0.001

RAI (0–78) 20.86 4.22 20.00 18.00–24.25 33.25 5.94 34.00 28.50–37.75 0.047

GH (0–100) 45.92 9.55 49.00 40.00–53.25 69.58 13.49 70.00 59.75–80.75 < 0.001

DAS44 (0.23–9.87) 4.52 0.53 4.52 4.18–4.99 5.72 0.44 5.61 5.36–5.92 < 0.001

HAQ-DI (0–3) 1.09 0.33 1.00 0.87–1.32 1.55 0.37 1.50 1.17–1.90 < 0.001

SENS (0–86) 7.71 3.43 10.00 7.50–12.00 15.83 4.52 16.00 12.00–20.50 < 0.001

ERA early rheumatoid arthritis, SD standard deviation, ACPA anti–citrullinated protein antibodies, RF rheumatoid factor, SJC swollen joint count, RAI
Ritchie Articular Index,GH general health status,DAS44Disease Activity Score-44 joints,HAQ-DIHealth Assessment Questionnaire Disability Index,
SENS Simple Erosion Narrowing Score

Table 2 Multivariate analysis
showing the predictors of
atlantoaxial involvement

Coefficient of determination, R2 0.725

R2-adjusted 0.664

Multiple correlation coefficient 0.852

Residual standard deviation 0.250

Independent variables Coefficient Standard error rpartial t p

(Constant) − 0.6345

Age (years) − 0.009554 0.005176 − 0.2801 − 1.846 0.072

Gender − 0.04872 0.09037 − 0.08494 − 0.539 0.592

Disease duration (months) 0.00855 0.02147 0.06303 0.399 0.691

ACPA (titer, IU/ml) 0.2505 0.1007 0.3659 2.487 0.017

RF (titer, IU/ml) − 0.1339 0.08876 − 0.2320 − 1.509 0.139

RAI (0–78) 0.0053 0.1108 0.007574 0.0479 0.962

SJC (0–44) 0.0978 0.0434 0.0832 0.443 0.789

GH (0–100) − 0.0112 0.1233 − 0.07131 − 0.197 0.809

HAQ-DI (0–3) − 0.0349 0.1605 − 0.03436 − 0.217 0.829

DAS44 (0.23–9.87) 0.2329 0.07982 0.4189 2.918 0.005

SENS (0–86) 0.0300 0.01032 0.4178 2.909 0.006

Abbreviations: ACPA anti–citrullinated protein antibodies, RF rheumatoid factor, SJC swollen joint count, RAI
Ritchie Articular Index, GH general health status, HAQ-DI Health Assessment Questionnaire Disability Index,
DAS44 Disease Activity Score-44 joints, SENS Simple Erosion Narrowing Score
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hypertrophy. Furthermore,MRI of the cervical spine can show
the level and the degree of narrowing of the spinal canal
caused by dislocation and/or the presence of extra-dural
pannus tissue that can in some cases compress the spinal cord.

In the peripheral joints (fundamentally hands and feet), it is
well demonstrated that the presence of BME is closely linked
to the degree of synovitis and is a predictor of the radiographic
erosive progression [20]. It is believed that the same process,
which is well documented in the peripheral joints, also affects
the atlantoaxial joint [28].

Reijnierse and coworkers observed a fivefold increased
risk of neurologic dysfunction when MRI revealed atlas ero-
sion and cranial settling, as evidenced by a decreased distance
of the dens to McRae’s line [22].

In two subjects, an abnormal cervico-medullary angle (<
135°) was also found. On the sagittal MRI scan, the normal
cervicomedullary angle is between 135° and 175°. Patients
with a cervicomedullary angle of less than 135° had cranial
settling and clinical signs of C2 root pain, neural compression,
or myelopathy [21, 29, 30].

Recognizing the predictive factors of the cervical spine
involvement may allow the identification of those subjects
who need a more aggressive therapy and a tighter control.
Our patients with atlantoaxial synovitis showed significantly
higher DAS44 score than patients without craniovertebral
junction involvement. Moreover, the results of our research
revealed that ACPA and peripheral erosive disease are indica-
tors of a high risk of early involvement of the atlantoaxial joint
in terms of synovitis.

Various studies tried to identify prognostic factors of radio-
graphic damage in patients with ERA. ACPA and radiograph-
ic joint damage are believed to be the most important outcome
measure in ERA populations in the majority of the research
[31–33]. The finding that cervical arthritis is linked to periph-
eral erosive disease is not a surprise [34, 35]. The correlation
between arthritis of the atlantoaxial joint and peripheral radio-
graphic damage could reinforce the theory of the primary in-
fluence of synovitis over that of bone destruction, as already
demonstrated during the initial phases of the disease in the
hands and feet [36, 37].

Magarelli and colleagues pointed to the early beginning of
the cervical spine synovitis in patients with active and evolv-
ing RA. In their study, the ESR had a significantly higher
mean value in patients with atlantoaxial instability compared
to patients who did not have this kind of involvement. A
higher mean value of DAS28 was revealed in the first group
compared to the second one. Moreover, in 80% of the patients
with atlantoaxial instability ACPA and RF were present, and
all the patients of the first group had radiographic erosive
changes [38]. Chellapandian et al. found a correlation between
the involvement of cervical spine with disease duration, tender
joint count, SJC, joint deformities, extra-articular features
such as rheumatoid nodules, RF positivity, and erosions in

X-rays of hands and feet [39]. Paimela and colleagues evalu-
ated prospectively 67 RA patients. They revealed the early
presence of spinal damage in those patients with a higher
disease activity and with a peripheral erosive disease [40].

Bouchaud-Chabot et al., in a review of the literature,
highlighted the presence of a severe peripheral erosive disease
among the risk factors of the cervical spine arthritis [41].

The results coming from our study corroborate those from
the works previously cited. The positivity of biological
markers such as ACPA, high disease activity, as well the pe-
ripheral erosive disease, are predictive factors for the develop-
ment of the atlantoaxial involvement in patients with RA,
even in the subjects with early disease.

The major limitations of this study have to be mentioned.
First of all, the results of could be somewhat limited by the
small sample size, which makes it difficult to extrapolate the
findings in this cohort to other settings. For this reason, our
findings are only applicable to ERA patients. Secondly, syno-
vitis was evaluated without the administration of intravenous
contrast. The contrast medium utilization allows a good dis-
tinction between a hypervascularized synovium, a fibrous
pannus, or a synovial effusion [4]. However, fat-suppressed
T2-weighted and STIR sequences, which can reveal increased
water content, can be considered a good alternative to
contrast-enhanced sequences to identify synovitis in RA pa-
tients [27, 42]. In our opinion, and in that of other researchers,
MRI without contrast is likely to be sufficient for some pur-
poses [42, 43].

Finally, from a practical point of view, in daily practice, the
indication for a cervical spine MRI in subjects with early
disease in absence of symptoms seems difficult to justify.

However, taking into account the significant prevalence of
the atlantoaxial joint synovitis, even in the absence of symp-
toms, we believe that a baseline cervical spine MRI in patients
with active and erosive ERA, who are seropositive for ACPA,
could be strongly considered [44].

In conclusion, MRI identification of atlantoaxial synovitis
provides additional information regarding disease activity in
patients with ERA, and may be a possible marker of disease
progression. Further studies in larger populations with ERA
are needed to provide information for comparison with our
results. Predicting which ERA patients with asymptomatic
atlantoaxial synovitis will progress to being symptomatic
and could benefit from therapeutic intervention will be an
important area of future research.
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