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Background: Rheumatoid arthritis is sometimes associated with radiographic evidence of instability of the cervical
spine, most commonly an abnormal subluxation between vertebrae. When this instability compromises the space
that is available for the spinal cord, it may be predictive of paralysis. However, the prevalence of radiographic signs of
instability that are predictive of paralysis among patients with nonspinal orthopaedic manifestations of rheumatoid
arthritis is unknown.
Methods: Radiographs of the cervical spine of patients with rheumatoid arthritis who had undergone total joint arthroplasty over a five-year period were retrospectively reviewed. The radiographs were evaluated for predictors of paralysis (a posterior atlantodental interval of <14 mm or a subaxial space available for the cord measuring <14 mm)
and were compared with traditional parameters of instability (an anterior atlantodental interval of >3 mm or subaxial
subluxation of >3 mm).
Results: Forty-nine of the sixty-five patients who were identified had flexion and extension lateral radiographs available for review. Only one of these patients had a posterior atlantodental interval of <14 mm, and only three had a
space available for the cord that measured <14 mm at one level or more. In comparison, twenty patients had radiographic evidence of instability on the basis of traditional parameters.
Conclusions: Although nearly one-half of the patients in the present study had radiographic evidence of cervical instability on the basis of traditional measurements, only four patients (8%) had a radiographic finding that was predictive of paralysis. Thus, while radiographic evidence of cervical instability was not infrequent in this population of
patients who underwent total joint arthroplasty for rheumatoid arthritis, radiographic predictors of paralysis were
much less common.

R

heumatoid arthritis is a chronic inflammatory disorder that is characterized by polyarticular involvement
of the peripheral joints and the cervical spine. It has
been estimated that 17% to 86% of patients with rheumatoid
arthritis have evidence of involvement of the cervical spine1.
Such cervical spine involvement occurs relatively early in the
course of rheumatoid arthritis, and most patients demonstrate radiographic changes in the cervical spine within the
first few years after diagnosis2,3. Three characteristic patterns
of instability have been described: atlantoaxial subluxation,
cranial settling (also known as basilar invagination), and subaxial subluxation3-7. Although previous authors have reported
that an abnormal anterior atlantodental interval is indicative
of upper cervical instability8, more recent studies have suggested that this finding correlates poorly with the risk of neu-

rologic deterioration9,10. Boden et al. found that a posterior
atlantodental interval of <14 mm and a subaxial space available for the cord of <14 mm were more reliable predictors of
paralysis9.
Several studies have demonstrated a correlation between
the development of cervical instability and destruction of the
peripheral joints7,11. As a result, cervical spine radiographs are
routinely made before any orthopaedic operative procedure requiring endotracheal intubation in patients with rheumatoid
disease. This practice was supported by Collins et al., who
found that sixty-nine (59%) of 116 patients with rheumatoid
arthritis who were undergoing elective hip or knee arthroplasty
had either an anterior atlantodental interval of >3 mm or a subaxial subluxation of >3 mm12. However, Boden et al. showed
that an abnormal anterior atlantodental interval and/or subax-
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ial subluxation correlated poorly with neurologic risk9.
The purpose of the present study was to determine the
prevalence of the predictors of paralysis, as defined by Boden et
al.9, among patients with rheumatoid arthritis who were undergoing total joint arthroplasty. For comparison purposes, we also
recorded the prevalence of an abnormal anterior atlantodental
interval and subaxial subluxation in the same group of patients
and determined the reliability of repeated measurements of
these parameters by three orthopaedic surgeons.
Materials and Methods
he Division of Human Subjects Protection of the Institutional Review Board reviewed and approved the study
protocol. The hospital charts of all patients who had been
managed with a total hip or total knee arthroplasty by the senior surgeon (M.J.C.) at a single institution between 1991 and
1995 were reviewed. All patients who had been diagnosed
with rheumatoid arthritis on the basis of established criteria13
were identified. Flexion and extension lateral radiographs of
the cervical spine that had been made at the time of the total
joint arthroplasty were collected for each of these patients.
A total of sixty-five patients who met the inclusion criteria were identified and, of these, forty-nine had appropriate
radiographs available for review. The average age of the patients at the time of the joint arthroplasty was sixty-two years
(range, thirty-one to eighty-eight years), and the female-tomale ratio was 4.4:1. Flexion and extension lateral radiographs
of the cervical spine that had been made at the time of the arthroplasty were available for all forty-nine of these patients.
For the sixteen patients who did not have adequate radiographs available for review, hospital and outpatient records
were searched in order to confirm that none of these patients
had undergone cervical spine surgery; all sixteen of these patients were excluded from the study.
Each set of radiographs was then independently evalu-
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Fig. 1

Illustration showing the cervical measurements that
were indicative of instability. AADI = anterior atlantodental interval, PADI = posterior atlantodental
interval, SAC = space available for the cord, and
SAS = subaxial subluxation.

Fig. 2

Radiographs of the cervical spine of a patient with a substantially increased anterior atlantoaxial interval (7 mm) and subaxial subluxation
(4 mm). The posterior atlantoaxial interval (15 mm) and the subaxial space available for the cord (16 mm) were within normal limits.
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TABLE I Measurements for Each Level*

Level

Anterior Atlantodental
Interval (mm)

Posterior Atlantodental
Interval (mm)

Subaxial
Subluxation (mm)

Space Available
for the Cord (mm)

C1-C2

2.7 ± 0.1

20.9 ± 0.2

C2-C3

0.5 ± 0.1

18.0 ± 0.1

C3-C4

1.0 ± 0.1

17.5 ± 0.2

C4-C5

0.7 ± 0.1

17.2 ± 0.2

C5-C6

0.5 ± 0.1

17.2 ± 0.1

C6-C7

0.1 ± 0.0

17.3 ± 0.1

*The values are given as the mean and the standard error of the mean.

ated by three reviewers, all of whom were unaware of the clinical and neurologic status of the patients. Four parameters
were measured: the posterior atlantodental interval, the subaxial space available for the cord, the anterior atlantodental interval, and subaxial subluxation (Figs. 1 and 2). The greatest
measurement on either flexion or extension lateral radiographs was recorded. Instability was defined as a posterior atlantodental interval of <14 mm, a subaxial space available for
the cord of <14 mm at one level or more, an anterior atlantodental interval of >3 mm, or subaxial subluxation of >3 mm
at one level or more. All radiographs were read twice by each
reviewer, and the values were averaged. The readings by the
three reviewers were then averaged, and the standard error of
the measurements was obtained.
Results
he average measurements for all forty-nine patients are
shown in Table I. The spinal segments that demonstrated
instability, as defined in Figure 1, are presented in Table II.
Only one patient had an abnormal posterior atlantodental interval, and three patients had an abnormal subaxial
space available for the cord (Tables II and III). No patient had
<14 mm of subaxial space available for the cord at more than
one level. Thus, four (8%) of the forty-nine patients had pre-

T

dictors of paralysis according to the criteria of a posterior atlantodental interval of <14 mm and/or a space available for
the cord of <14 mm.
Fifteen patients (31%) had an abnormal anterior atlantodental interval, and seven patients (14%) had abnormal
subaxial subluxation (Table III). Subaxial subluxation was
present at one level in three patients, at two levels in three patients, and at three levels in one patient. Of the three patients
with an abnormal space available for the cord, only one had
subaxial subluxation of >3 mm. In total, twenty (41%) of the
forty-nine patients had one measure of instability or more.
Three of the forty-nine patients had previously undergone atlantoaxial arthrodesis. One of these patients had development of a pseudarthrosis at the C1-C2 level and had a
posterior atlantodental interval of 12 mm in flexion and an
anterior atlantodental interval of 5 mm; the subaxial measurements for this patient were unremarkable. The two other patients went on to have a solid fusion and had normal anterior
atlantodental and posterior atlantodental intervals. However,
one of these patients had a space available for the cord of 13
mm at C3-C4 and subaxial subluxation of 3 mm at C2-C3.
Of 1764 possible measurements, 1666 (94%) were visualized sufficiently to be measured for the present study. The
average interobserver difference was 1.3 mm for the anterior

TABLE II Number of Patients with Instability at Each Level*

Level

Anterior Atlantodental
Interval of >3 mm

Posterior Atlantodental
Interval of <14 mm

Subaxial Subluxation
of >3 mm

Space Available for
the Cord of <14 mm

C1-C2

15 (31%)

1 (2%)

C2-C3

3 (6%)

1 (2%)

C3-C4

3 (6%)

1 (2%)

C4-C5

4 (8%)

0 (0%)

C5-C6

2 (4%)

0 (0%)

C6-C7

0 (0%)

1 (2%)

*The values are given as the number of patients, with the percentage in parentheses. All percentages are based on a denominator of fortynine patients.
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TABLE III Number of Patients with Each Type of
Instability, Regardless of Level*

Type of Instability

Number of
Patients

Anterior atlantodental interval of >3 mm

15 (31%)

Posterior atlantodental interval of <14 mm

1 (2%)

Subaxial subluxation of >3 mm

7 (14%)

Space available for the cord of <14 mm

3 (6%)

*The values are given as the number of patients, with the percentage in parentheses. All percentages are based on a denominator of forty-nine patients. The number of patients with subaxial
subluxation is less than the sum total of the levels of instability
in Table II because some patients had instability at more than
one level, as described in the text.

atlantodental interval, 2.0 mm for the posterior atlantodental
interval, 0.6 mm for subaxial subluxation, and 1.5 mm for the
space available for the cord.
Discussion
ost orthopaedic surgeons make flexion and extension
lateral radiographs for all patients with rheumatoid arthritis who are scheduled to undergo total joint arthroplasty.
This practice is supported by the presumed prevalence of cervical instability in these patients3-7 as well as by the findings of
Collins et al., who reported an abnormal anterior atlantodental interval and subaxial subluxation in fifty-five (49%) and
twenty-four (21%) of 113 patients, respectively, who were undergoing total joint arthroplasty12.
Nevertheless, Boden et al. found that the posterior atlantodental interval and the space available for the cord were much
better predictors of neurologic compromise than were the anterior atlantodental interval and subaxial subluxation9. Those investigators reviewed seventy-three patients, all of whom had
been specifically referred for the treatment of rheumatoid arthritis of the cervical spine. Consequently, many of the patients
in their study had radiographic parameters that were predictive
of paralysis. In comparison, we assessed patients with severe
joint destruction of the hips and/or knees who were scheduled
to undergo total joint arthroplasty. Therefore, we believe that
the patients in the present study are more representative of
those who are seen by orthopaedic surgeons in clinical practice.
To our knowledge, the prevalence of the predictors of
paralysis (as described by Boden et al.) has never been reported for a population of patients with rheumatoid arthritis
who were scheduled to undergo total joint arthroplasty. In the
present study, all patients had documented rheumatoid arthritis with notable hip and/or knee involvement requiring total joint arthroplasty. Radiographic landmarks were clearly
visualized for 1666 (94%) of 1764 of the measurements, and
the average interobserver variation was only 1.4 mm. Only
four (8%) of the forty-nine patients had an abnormal posterior atlantodental interval or space available for the cord that
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was predictive of paralysis. In comparison, twenty (41%) of
these same forty-nine patients had radiographic evidence of
instability (an abnormal anterior atlantodental interval or
subaxial subluxation). Furthermore, of the four patients who
had a predictor of paralysis, two had known upper cervical instability and had already undergone atlantoaxial arthrodesis.
Unfortunately, we could not ascertain from the available medical records whether the other two patients demonstrated
symptoms of cervical spondylitis. However, this implies that,
at most, only two patients in the present study may have had
predictors of paralysis that were not evident clinically.
The present study suggests that the prevalence of cervical instability that is predictive of paralysis in patients with
rheumatoid arthritis who require total joint arthroplasty may
be much lower than previously reported12. This observation is
consistent with that of Christensson et al., who found only
seventy-four patients with rheumatoid arthritis in the Swedish
population (of approximately eight million people) who required cervical stabilization procedures in 199314.
The applicability of the current study is limited by the
relatively small number of patients. This was largely due to
our strict inclusion criteria that defined patients with rheumatoid arthritis as those in whom the disease had been documented and who had peripheral manifestations that were
sufficient to require total joint arthroplasty. In addition, the
study was retrospective and radiographic in nature. As such,
neurologic findings were not consistently documented in the
medical records and thus were not directly considered. Correlation between predictors of paralysis and neurologic dysfunction, well described by Boden et al.9, was not repeated in the
present study. 
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