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with the destruction of peripheral and shoulder joints,
and decreased bone mineral density
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Abstract
Objective
To evaluate whether cervical spine changes are associated with the destruction of shoulder or peripheral joints
and with bone mineral density (BMD) in patients with long-term RA.

Methods
An inception cohort of 67 patients with seropositive and erosive RA were followed up for 20 years. Cervical
spine, shoulder, hand and foot radiographs, and the BMD of the lumbar spine and femoral neck were evaluat-
ed.

Results
A positive relationship was detected between the occurrence of atlantoaxial disorders and the destruction of
both shoulder (p < 0.001) and peripheral (p = 0.001) joints. In addition, the severity of anterior atlantoaxial
subluxation and atlantoaxial impaction positively correlated with the grade of destruction in the evaluated
joints. Furthermore, patients with atlantoaxial disorders presented decreased BMD of the femoral neck (p =
0.019). The occurrences of subaxial subluxations (SAS) and subaxial disc space narrowings only associated
with higher onset age of RA.

Conclusions
Patients with severe RA and osteoporosis have an increased risk for atlantoaxial disorders. The co-existence of
shoulder destruction and cervical spine disorders makes the differential diagnosis of shoulder and neck pain
challenging.
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Introduction

Cervical spine involvement is a com-
mon phenomenon in advanced rheuma:
toid arthritis (RA) (1, 2). Anterior
atlantoaxial subluxation (aAAS) and
atlantoaxial impaction (AAIl) are the
most characteristic cervical spine dis-
orders in RA, being detected in 13 -
70% and 4- 35% of the patients, respec-
tively (2, 3). aAAS has been reported to
develop early in the course of RA (3-5),
whereas AAI develops later after sus-
tained inflammation, erosions and col-
lapse of the atlantoaxial joints (6-10).
Furthermore, rheumatoid inflammation
of the facet joints below the second cer-
vical vertebra may cause subaxial sub-
luxations (SAS) (1). However, the dif-
ferential diagnosis between subaxial
subluxations caused by RA and degen-
eration of the cervical spine is often
difficult.

The occurrence of cervical spine sub-
luxations has been reported to associate
with erosiveness of the peripherd joints,
HLA status, and the presence of
rheumatoid factor (RF) and rheumatoid
nodules (3, 6-8, 11, 12). Although pain
in the shoulder-neck region is a com-
mon symptom caused by both cervical
spine disorders and shoulder joint
destruction, a relationship between the
destruction of cervical spine and shoul-
der joints has not been previously stud-
ied.

Osteoporosis due to RA or corticos-
teroids has been suggested to promote
the development of aAAS and AAI (13,
14). This suggestion is based on the
assumption that weakening of the bone
structure increases the risk for destruc-
tion of bony attachments of the
transversal ligament and for collapse of
the lateral masses of atlas and/or axis,
resulting in aAAS and AAI, respective-
ly. However, the relationship between
the rheumatoid cervical spine disorders
and bone mineral density (BMD) has
not been evaluated. Moreover, the stud-
ies concerning the role of corticos-
teroid treatment as a risk factor for cer-
vical spine disordersin RA haveyield-
ed controversia results (6,11,15-17).
Previoudly, we studied the occurrence
of cervical spine changes in a prospec-
tive 20-years follow-up study (10). The
prevalences of aAAS, AAl and SAS
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after 20 years of RA were 23%, 26%
and 19%, respectively. In the present
study, we compared the occurrence of
these disorders to severity of peripher-
al, glenohumeral (GH) and acromio-
clavicular (AC) joint erosions, BMD of
the lumbar spine and femoral neck and
the age of patients at disease onset.

Patients and methods

During 1973-1975, 118 patients with
recent (£6 months) seropositive RA
were admitted to a follow-up study at
the Rheumatism Foundation Hospital,
Heinola, Finland. The selection crite-
ria, data of the collection strategy and
the characteristics of the patients have
been described previously (18-20). The
follow-up examinations were done at
the beginning of the study, and at 1, 3,
8,15 and 20 years from entry. The num-
ber of patients who attended the 8-, 15-
and 20-year check-ups was 103, 74 and
67, respectively. During the follow-up
period 34 patients died and 17 patients
failed to attend the 20-year check-up.
The protocoal of the study was approved
by the ethical committee of Rheuma-
tism Foundation Hospital, Heinola,
Finland.

The cervical spine radiographs of 67
patients [56 women and 11 men; mean
age 61.2 years (range 37 - 86 years)]
taken at the 20-year examination were
evaluated. Lateral-view cervical spine
radiographs (during flexion and exten-
sion) were taken using a 150 cm tube-
to-plane distance (10). A diagnosis of
aAAS was made if the distance be-
tween the anterior aspect of the dens
and the posterior aspect of the anterior
arch of the atlas was > 3 mm. AAl was
diagnosed using the Sakaguchi-Kauppi
(S-K) method, which has been devel-
oped in particular for screening purpos-
es and evaluates the position of the
alas in relation to axis (21). It divides
the condition into 4 grades (Grade |
represents norma and Grades I1-1V
abnormal). SAS was diagnosed if a
vertebrahad moved > 3 mm in relation
to the next vertebra when measured
from the posterior line of the vertebral
bodies. Subaxial disc space narrowings
were a so evaluated. Because the aAAS
and AAI are the most specific cervical
spine disorders for RA, they are re-
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Table . Larsen score/grade of peripheral ,glenohumeral (GH) and acromioclavicular (AC) jointsin RA patients with and without atlantoax-

ial disorders (aAAS or AAI).

Patients without atlantoaxial disorders Patients with atlantoaxial disorders p vaue
N of radiographs Median (IQR) N of radiographs Median (IQR)
available available
Larsen score of peripheral joints (0-100) 45 33 (16,48) 22 68 (47,81) 0.001
Larsen grade of GH joints (0-10) 40 2 (0,3 21 4 (37) <0.001
Larsen grade of AC joints (0-10) 40 3 (19 21 5 4,7 <0.001

N: number; IQR: interquartile range.

ferred to atlantoaxia disorders in the
text.

Radiographs of the hands and feet of all
patients were taken in the antero-poste-
rior projection at the 20-year follow-
up. The Larsen grades for the 1st to 5th
metacarpophalangeal joints, the wrists,
and the 2nd to 5th metatarsophalangeal
joints (20 joints) were assigned and
added to form a Larsen score of O to
100. Shoulder radiographs were taken
only at the 15-year check-up, and they
were available from 61 patients. The
sums of the left and right GH or AC
joint Larsen grades were calculated to
describe the destruction of these central
joints (i.e., the range of joint destruc-
tion varied from 0 to 10).

At the 20-year check-up, the BMD of
the lumbar spine (L2 — 4) and femoral
neck was measured using dual X-ray
bone densitometry in 53 and 57 pa-
tients, respectively. The BMD of the
patients is described as a Z-score,
which represents the number of stan-
dard deviations (SD) from the mean,
weight-adjusted BMD for persons of
the same age and sex.

The occurrence and severity of the
atlantoaxial disorders and SAS were
compared to the age of the patients at
disease onset; Larsen grades for GH
and AC joints at the 15-year follow-up;
and the Larsen score for peripheral
joints and BMD of the lumbar spine
and femoral neck at the 20-year follow-

up.

Statistical analysis

The results are expressed as mean and
SD, median and interquartile range
(IQR) and 95% confidence intervals
(95% ClI). Statigtical comparison be-
tween groups was performed using the
Student’s t-tes or Mann-Whitney U-

Table Il. Correlation between the severity of atlantoaxial disorders (aAAS and AAI) and
Larsen score/grade of the peripheral and shoulder joints.

Larsen score/grade

Atlantoaxia distance (mm)

Severity of atlantoaxial
impaction (S-K grade)

r (95% Cl) r (95% Cl)

Peripheral joints
Glenohumeral joints
Acromiodavicular joints

0.44 (0.22100.61)
0.46 (0.2410 0.64)
0.40 (0.17 to 0.60)

0.44 (0.22100.61)
0.37 (0.13t00.57)
0.41 (0.1810 0.60)

S-K: Sakaguchi-Kauppi method; r: correlation coefficient; Cl: confidence interval.

test. Correlations were estimated with
Spearman’s correlation coefficient
method. The normality of variables was
evaluated by the Kolmogorov-Smirnov
test, with a Lilliefors test or Shapiro-
Wilk test.

Results

A positive relationship was observed
between the occurrence of atlantoaxial
disorders (aAAS and AAI) and the
destruction of peripheral, GH and AC
joints (Table 1). All associations were
statistically significant. Moreover, the
grade of destruction in these joints cor-
related to a certain extent with the
severity of aAAS and AAI (Table II,
Fig. 1, Fig. 2).

The BMD at the femoral neck was sig-
nificantly decreased in patients with
atlantoaxial disorders (Table I11). How-
ever, the differencein BMD of thelum-
bar spine between the two groups did
not reach statistical significance. The
results were similar even if patients
with aAAS or AAI were evaluated sep-
arately (data not shown). No relation-
ship was found between the occurrence
of atlantoaxial disorders and the age of
patients at the onset of RA or the gen-
der of the patients.

In contrast to atlantoaxial disorders, no
significant relationship was found be-
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tween the occurrence of SAS and the
destruction of peripheral, GH or AC
joints, or BMD of the lumbar spine or
femoral neck. However, the preva-
lences of SAS and subaxia disc space
narrowings associated with the late
onset age of RA. In patients with SAS,
the mean age at onset of RA was 48
(SD 8) years and in the other group 39
(SD 12) years (p = 0.015).

Discussion

In the present study the cervical spine
changes after 20 years of RA were
compared to the BMD and the periph-
eral joint Larsen score after 20 years of
RA, and to the shoulder joint erosions
after 15 yearsof RA. Unfortunately, the
shoulder joint radiographs were not
taken at the 20-year check-up. Howev-
er, 15 yearsis already a very long fol-
low-up period and we believe that the
results at that point well describe the
development of shoulder joint destruc-
tionsin long-term RA.

Our findings confirm the results of
cross-sectional and shorter follow-up
studies, which have demonstrated that
RA patients with highly erosive periph-
era joint disease have an increased risk
for cervical spine changes (3,8, 11).
Since severe cervical spine disordersin
RA may cause the compression of neu-
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Fig. 1. Scatter diagram of the atlantoaxial distance based on the Larsen score for the periphera joints
(0-100). The straight line demonstrates the limit of normal values for atlantoaxial distance (£ 3 mm).
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Fig. 2. Scatter diagram of the Sakaguchi-Kauppi grade of atlantoaxial impaction by the Larsen score
for the periphera joints (0-100).

182

ral and vascular structuresin the area of
spinal cord and brainstem, and thereby
eventually result in quadriparesis or
sudden death, patients with severe RA
should have cervical spine radiographs
taken at regular intervals and the fre-
guency should be determined by the
clinical state (22-25). Furthermore, cer-
vical spine radio-graphs should a ways
be evaluated be-fore major surgery to
avoid serious complications caused by
intubation during anaesthesia (26, 27).
Patients with RA often experience
chronic pain in the neck and shoulder
region. In our study patients with atlan-
toaxial disorders also presented des-
truction in the shoulder joints. Thus, in
patients with destruction in either of
these areas, both structures, as well as
soft tissue surroundings, may be the
origin of pain, which should be remem-
bered in clinical work. In addition to
careful clinical examination, advanced
imaging methods such as ultrasound
and magnetic resonance imaging may
be needed for the successful treatment
of pain in thisregion (28-30).
Previously, Rasker and Cosh (11) re-
ported that the extent of aAAS is asso-
ciated with the severity of MCP joint
damage in long-term (15 years) RA.
We also observed a positive relation-
ship between the atlantoaxial distance
and the severity of peripheral or shoul-
der joint destruction, although the cor-
relation was not very strong (Fig. 1,
Table I1). However, one has to bear in
mind that in patients with severe atlan-
toaxial facet joint disease, the rough-
ness of the articular surface may reduce
atlantoaxial movement or even stabilise
the atlantoaxial joint to a certain posi-
tion (9). For example, in the present
study 6 out of 16 patients with aAAS
presented “stabilized subluxation” in
which @aAAS occurred in both the flex-
ion and extension positions of the neck.
Because of this phenomenon, a strong
correlation between the atlantoaxial
distance and the severity of peripheral
or shoulder joint destruction should not
even be expected. Instead the progres-
sion of AAI is more closely related to
the activity and duration RA and there-
fore aso to the destruction of the evalu-
ated joints. This correlation can be
observed in Figure 2, although in the
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Tablelll. Lumbar spine and femoral neck Z-scores of bone mineral density (BMD) in RA patients with and without atlantoaxial disorders

(8AAS or AAL).
Patients without alantoaxial disorders Patients with atlantoaxial disorders p vaue
N BMD Z-score N BMD Z-score
Mean (95% Cl) Mean (95% ClI)
Lumbar spine 37 0.45(-0.20t0 1.11) 16 -0.35(-0.97t0 0.27) 0.13
Femoral neck 40 -0.30 (-0.63t0 0.04) 17 -1.00 (-1.48t0 -0.52) 0.019

BMD Z-score: number of standard deviations from the mean BMD of age- and sex-matched healthy controls; Cl: confidence interval.

present study the small number of pa-
tients with severe AAI prevents exten-
sive anaysis.

According to post-mortem examina-
tions and plain radiographs, osteoporo-
sis is commonly observed in rheuma-
toid cervical spine, and has been sug-
gested to be involved in the develop-
ment of atlantoaxia disorders (1, 14,
24, 27). Since BMD of the cervical
spine is difficult to examine and normal
BMD values are not available, BMD of
the lumbar spine and femora neck
were used in the present study. Interest-
ingly, patients with atlantoaxial disor-
ders presented lower BMD at the
femoral neck than the other patients.
However, the decrease in BMD of the
lumbar spine in patients with atlantoax-
ial disorders when compared with the
other patients did not reach statistical
significance. Previously, osteophytes
and end plate erosions have been
described to affect the measurement of
BMD at the lumbar spine (31). There-
fore in older patients, asin our study;, it
is more relisble to measure BMD of the
femoral neck. On the basis of our re-
sults, we propose that highly destruc-
tive disease with cervical spine changes
may cause axial loss of bone due to
inactivity and/or inflammation. On the
other hand, decreased BMD in the cer-
vical spine may be a contributing factor
in the development of aAAS and AAI.
To further evaluate the influence of
osteoporosis in the development of cer-
vical spine changes, additional studies
are needed.

In spite of variability in the diagnostic
criteria of SAS, the presence of SAS
has been reported to be associated with
erosions in the peripheral joints (4, 8,
11). In the present study, no correlation
was found between SAS and the

destruction of periphera or shoulder
joints. Instead, the occurrence of SAS
and subaxial disc space narrowings was
associated with late onset age of RA,
indicating that patients with these dis-
orders were older and therefore also
presented more degenerative changes
in their cervical spine. Indeed, subaxial
disc space narrowings most frequently
occurred in the disc space C5/6, which
is more likely to be affected by degen-
erative disease than RA. In conclusion,
we suggest that in the majority of
patients, SAS and disc space narrowing
were caused by degenerative disease
rather than RA itself.

Taken together, the existence of cervi-
cal spine disorders in patients with
severe peripheral joint disease should
be taken into account in clinical work
in order to diagnose and effectively
treat these disorders. Moreover, rheu-
matoid patients with severe peripheral
joint disease are also likely to have low
BMD, which may contribute to further
destruction of the cervical spine and
thereby increase the risk for complica-
tions caused by these disorders.

Acknowledgments

We thank Mr Hannu Kautiainen for
valuable assistance in the statistical
analysis and Dr Pia Isoméki for valu-
able comments on the manuscript.

References

1. BLAND JH: Rheumatoid arthritis of the cer-
vical spine. J Rheumatol 1974; 1: 319-42.

2. HALLA JT, HARDIN JG, VITEK J, ALARCON
GS: Involvement of the cervical spine in
rheumatoid arthritis. Arthritis Rheum 1989;
32: 652-9.

3. PAIMELA L, LAASONEN L, KANKAANPAA
E,LEIRISALO-REPO M: Progression of cervi-
cal spine changes in patients with early
rheumatoid arthritis. J Rheumatol 1997; 24:
1280-4.

4. WINFIELD J, YOUNG A, WILLIAMS P, COR-

183

10.

11.

12.

13.

14.

15.

16.

17.

. ODA T,

BETT M: A prospective study of the radio-
logical changes in hands, feet and cervica
spine in adult rheumatoid disease. Ann
Rheum Dis 1983; 42: 613-8.

. NEVA MH, KAUPPI MJ, KAUTIAINEN H et

al.: Combination drug therapy retards the
development of rheumatoid atlantoaxial sub-
luxations. Arthritis Rheum 2000; 43: 2397-
401.

. SMITH PH,BENN RT, SHARP J. Natural his-

tory of rheumatoid cervical luxations. Ann
Rheum Dis 1972; 31: 431-9.

. MATHEWS JA: Atlanto-axia subluxation in

rheumatoid arthritis. Ann Rheum Dis 1974;
33: 526-31.

FUJWARA K, YONENOBU K,
AZUMA B, OCHI T: Natural course of cervi-
cal spine lesions in rheumatoid arthritis.
Spine 1995; 20: 1128-35.

. KAUPPI M, SAKAGUCHI M, KONTTINEN

YT, HAMALAINEN M, HAKALA M: Patho-
genetic mechanism and prevalence of the sta:
ble atlantoaxial subluxation in rheumatoid
arthritis. J Rheumatol 1996; 23: 831-4.
NEVA MH, KAARELA K, KAUPPI M: Preva-
lence of radiological changes in the cervical
spine - A cross-sectional study after 20 years
from presentation of rheumatoid arthritis. J
Rheumatol 2000; 27: 90-3.

RASKER JJ, COSH JA: Radiological study of
cervical spine and hand in patients with
rheumatoid arthritis of 15 years duration:An
assessment of the effects of corticosteroid
treatment. Ann Rheum Dis 1978; 37: 529-35.
YOUNG A, CORBETT M,WINFIELD Jetal.:
A prognostic index for erosive changesin the
hands, feet and cervical spinesin early rheu-
matoid arthritis. Br J Rheumatol 1988; 27:
94-101.

EULDERINK F, MEIJERS KAE: Pahology of
the cervical spine in rheumatoid arthritis: A
controlled study of 44 spines. J Path 1976;
120: 91-108.

BALL J, SHARP J Rheumatoid arthritis of
the cervical spine. Mod Trends Rheumatol
1971; 2: 117-38.

STEVENS JC, CARTILIDGE NEF, SAUNDERS
M, APPLEBY A, HALL M, SHAW DA:
Atlanto-axial subluxation and cervical mye-
lopathy in rheumatoid arthritis. Q J Med
1971; 40: 391-408.

RUDGE SR, DRURY PL, LLOYD-JONES JK:
Long-term corticosteroids and cervical sub-
luxation in non-rheumatoid patients. Rheu-
matol Rehabilit 1981; 20: 102-5.

KAUPPI M, KONTTINEN YT, HONKANEN V,
SAKAGUCHI M, HAMALAINEN M, SAN-



aAAS and AAI associate with severe RA / M.H. Neva et al.

18.

19.

20.

21.

TAVIRTA S. A multivariate analysis of risk
factors for anterior atlantoaxial subluxation
and an evaluation of the effect of glucocorti-
coid treatment on the upper rheumatoid cer-
vical spine. Clin Rheumatol 1991; 10: 413-
418.

KAARELA K: Prognogtic factors and diag-
nostic criteria in early rheumatoid arthritis.
Scand J Rheumatol 1985; Suppl. 57: 1-54.
KAARELA K, LUUKKAINEN R, KOSKIMIES
S: How often is seropositive rheumatoid
arthritis an erosive disease? A 17-year fol-
low-up study. J Rheumatol 1993; 20: 1670-
73.

KAARELA K, KAUTIAINEN H: Continuous
progression of radiological destruction in
seropositive rheumatoid arthritis. J Rheuma -
tol 1997; 24: 1285-7.

KAUPPI M, SAKAGUCHI M, KONTTINEN YT,
HAMALAINEN M: A new method of screen-
ing for vertical atlantoaxial dislocation. J
Rheumatol 1990; 17: 167-72.

22.

23.

24.

25.

26.

HOPKINS JS: Lower cervical rheumatoid
subluxation with tetraplegia. J Bone Joint
Surg 1967; 49 B: 46-51.

NAKANO KK, SCHOENE WC, BAKER RA,
DAWSON DM: The cervical myelopathy
associated with rheumatoid arthritis: Analy-
sis of 32 patients, with 2 postmortem cases.
Ann Neurol 1978; 3: 144-51.

MIKULOWSKI P, WOLLHEIM FA, ROTMIL P,
OLSEN I: Sudden death in rheumatoid arthri-
tis with atlanto-axial dislocation. Acta Med
Scand 1975; 198: 445-51.

NEVA MH, MYLLYKANGAS-LUOSUJARVI R,
KAUTIAINEN H, KAUPPI M: Mortality asso-
ciated with cervica spinedisorders- A popu-
lation-based study of 1666 patients with
rheumatoid arthritis who died in Finland in
1989. Rheumatol ogy 2001; 40: 123-7.
COLLINS DN, BARNES CL, FITZRANDOLPH
RL: Cervical spine instability in rheumatoid
patients having total hip or knee arthroplasty.
Clin Orthop 1991; 272: 127-35.

184

27.

28.

29.

30.

31

MEIKLE JAK, WILKINSON M: Rheumatoid
involvement of the cervical spine:Radiologi-
cal assessment. Ann Rheum Dis 1971; 30:
154-61.

PETTERSSON H, LARSSON EM, HOLTAS S et
al.: MR imaging of the cervical spine in
rheumatoid arthritis. Am J Neuroradiol 1988;
9:573-7.

BOHNDORF K, SCHALM J: Diagnostic radio-
graphy in rheumatoid arthritis: Benefits and
limitations. Bailliere's Clin Rheumatol 1996;
10: 399-407.

READ JW, PERKO M: Shoulder ultrasound:
Diagnostic accuracy for impimgement syn-
drome, rotator cuff tear, and biceps tendon
pathology. J Shoulder Elbow Surg 1998; 7:
264-71.

VON DER RECKE P, HANSEN MA, OVER-
GAARD K,CHRISTIANSEN C: The impact of
degenerative conditions in the spine on bone
mineral density and fracture risk prediction.
Osteoporosis Int 1996; 6: 43-9.



