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MRI bone oedema predicts eight year tendon
function at the wrist but not the requirement for
orthopaedic surgery in rheumatoid arthritis
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Objective: To investigate the role of early magnetic resonance imaging (MRI) of the wrist in predicting
functional outcome in rheumatoid arthritis.
Methods: MRI scans of the dominant wrist were scored for synovitis, tendon inflammation, bone oedema,
and erosion at first presentation (n = 42), at 1 year (n = 42), and at 6 years (n = 31). At 8 years, clinical
reassessment (n = 28) was undertaken. Tendon function was graded 0–3 for movement, tendon sheath
swelling, and pain on resistance at nine flexor and extensor tendons of the hand. Hand function was also
assessed using the Sollerman grip test. The requirement for joint or tendon surgery by 8 years was
determined by telephone survey in 39 of the original 42 patients.
Results: At 8 years, tendon function was highly correlated with hand function (Sollerman score, R = 20.51,
p = 0.005) and global function (health assessment questionnaire score, R = 0.53, p = 0.004). Using a
model incorporating baseline and 1 year MRI scores, the MRI bone oedema score was strongly predictive
of tendon function at 8 years (x2

2 = 15.3, p = 0.0005), as was the MRI bone erosion score (x2
2 = 9.23,

p = 0.01). Hand function was also predicted by the baseline MRI erosion score (p = 0.02). MRI variables
did not predict the requirement for surgery, but patients who had surgery were more likely to show
progression of MRI bone erosion scores between baseline and 1 year (p = 0.008).
Conclusions: Extensive MRI bone oedema and erosions at the wrist in early rheumatoid arthritis predict
tendon dysfunction and impaired hand function in the medium term but not the requirement for joint or
tendon surgery.

F
unctional outcome in rheumatoid arthritis is influenced
by the extent of structural damage to bones, joints, and
tendons plus the severity of joint inflammation.1 It has

been estimated that 90% of patients will develop some form
of functional disability, and in around 65% this will be
moderate to severe.2 3 Hand function is liable to be affected by
inflammation and erosion at the small joints of the hand and
by tendon rupture. The latter will influence pinch and power
grip, resulting in limitation of hand movement and power.
Predictors of global function have been identified in
rheumatoid arthritis and include indicators of disease activity
such as high erythrocyte sedimentation rate (ESR) and
C reactive protein levels4 5 but there have been no studies
investigating specific predictors of hand or tendon function.

Magnetic resonance imaging (MRI) is emerging as an
important imaging tool in rheumatoid arthritis. It combines
the ability to image structural damage such as bony erosion
and tendon rupture with excellent soft tissue resolution,
revealing the presence of inflammation in the synovium,
tenosynovium, and probably the periarticular bone.6 We have
reported that early MRI evidence of bone marrow oedema at
the carpus is a predictor of global function in the medium
term, as measured by the physical function component of the
medical outcomes short form 36 (PF SF-36).7 We have also
recently shown that MRI evidence of tendinopathy is a
predictor of tendon rupture after six years.8 In this study, we
recalled the same patients at eight years to assess outcome in
terms of tendon function in the dominant hand. We
compared this with hand function, as measured by the
Sollerman grip test,9 and with measures of global function.
We then used data obtained prospectively in these patients to
determine whether tendon function at eight years was

predicted by abnormalities on early MRI. We also examined
data for predictors of the requirement for orthopaedic surgery
in this cohort at eight years.

METHODS
Patient population and clinical assessments
Recruitment, demographics, and assessment of this patient
population have been described previously.10 Briefly, patients
with a diagnosis of rheumatoid arthritis11 were recruited
between 1994 and 1996 from an early arthritis clinic.
Approval for this study was granted by the Auckland ethics
committee. The inception cohort numbered 42 patients, but
because of patient drop out, full clinical data were available
for only 28 patients at eight years (in 2004). At eight years,
the median age of the study cohort was 55 years (range 39 to
78), 65% being female. Their demographic variables and drug
treatment profiles are shown in table 1. For information
regarding surgical outcome, attempts were made to contact
all patients from the inception cohort by telephone. Three
had emigrated and could not be contacted, but a surgical
history (of orthopaedic procedures related to rheumatoid
arthritis) was obtained in 39 of the original 42 patients. This
included one patient who had died before this eight year
follow up study took place but for whom a review of the
clinical records provided the necessary information.

MRI and radiography
MRI scans of the dominant wrist were obtained at first
presentation (baseline), then again at one and six years using
a 1.5 Tesla MR scanner (GE Signa Horizon) as described
previously.10 The small field of view (8 cm) was chosen to
optimise resolution, and included the distal radioulnar,
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radiocarpal, and mid-carpal joints as well as the metacarpal
bases, but did not include the metacarpo-phalangeal joints.
T1 weighted pre- and post-contrast (Gd-DTPA) sequences
were done in coronal and axial planes, interrupted by a T2
weighted axial fat suppressed fast spin echo sequence for
better definition of bone marrow oedema. All MR images
were assigned a score for synovitis, tendonitis, bone oedema,
and bone erosion by two musculoskeletal radiologists in a
blinded fashion. The two sets of values were averaged to
obtain the final scores. Conventional radiography of the
hands and feet was also done and scored for erosion and joint
space narrowing using the Sharp-van der Heidje system, as
previously described.12

Assessments of disease activity and global function
Disease activity measures—including 66 and 68 swollen and
tender joint counts, analogue pain scores, physician and
patient global assessments, and C reactive protein and ESR—
were obtained. The three-variable disease activity score
(DAS) was derived according to the method described by
van der Heidje et al.13 Patients were asked to complete self-
administered questionnaires including the Stanford health
assessment questionnaire (HAQ)14 and the SF-36 survey.15

Tendon integrity and function score
Nine extensor and flexor tendons of the dominant hand,
including extensor pollicis longus and brevis, extensor carpi
radialis and ulnaris, extensor digitorum and indicis, extensor
digiti minimi, flexor carpi radialis and ulnaris, and flexor
digitorum superficialis and profundus were scored 0–3 for
ability to perform a dictated manoeuvre (function), tendon
sheath swelling, and pain upon resistance, to give a
maximum (worst) possible score of 27 for all tendons.
Where tendon rupture was confirmed clinically or according

to surgical notes, the full disability score for that tendon was
assigned.

Hand function assessments
Hand function was measured using the Sollerman grip
function test9 which examines seven of the most commonly
used hand grips, unilaterally and bilaterally, by asking
patients to complete a series of 20 tasks within a given time.
Figure 1 shows the Sollerman test kit and a sample activity.
Pinch and volar grip capabilities were tested with simple
activities such as turning a door handle, picking up coins,
using a screwdriver, and doing up a zip. A score of 0–4 was
given depending on the time and ease with which each task
was completed, with a total score out of 80 (maximum score
indicating full hand function).

Statistical analysis
A Spearman’s correlation was carried out on the eight year
tendon function, Sollerman, and HAQ scores to assess
correlations between these functional measures. The dis-
tribution of the eight year tendon function score was such
that parametric methods were not applicable; thus it was
categorised into 0, 0–5, and .5. Logistic ordinal regression
models (for the categorised tendon score) and multiple linear
regression models (for Sollerman scores) were used to
investigate whether MRI scores for bone oedema, bone
erosion, tendonitis, and synovitis at baseline and one year
predicted functional scores at eight years. Statistical models
incorporated baseline variables alone initially, and then year
1 variables were added to investigate whether predictive
ability was improved. To determine whether there was an
association between six year MRI tendinopathy and eight
year tendon function at each site, scores were reduced to
present or absent and a generalised linear model with a logit
link was used. For surgical outcomes, patients were separated
into two sets of two groups: + or 2 for joint replacement
surgery, and + or 2 for general rheumatoid arthritis related
surgery (including tendon repair). Logistic regression was
then used to investigate the association between early MRI
scores and the probability of having surgery.

RESULTS
Tendon function correlates with hand function and
HAQ scores
Each of the nine flexor and extensor tendons at the wrist was
examined and scored for pain on movement, swelling (of the

Table 1 Demographic, clinical, and drug treatment
profiles of patients with rheumatoid arthritis at eight years
(n = 28)

Female : male (n) 19 : 9
Age at 8 year follow up (y) (median (range)) 55 (39 to 78)
European : Maori : Pacific Islander (n) 22 : 5 : 1

Functional assessments (median (range))
Sollerman score 72.5 (64 to 80)
HAQ score 0.27 (0 to 1.75)
PF SF-36 score 67.5 (0 to 100)
DAS score 2.21 (0.58 to 5.47)
Tendon function score 1 (0 to 17)

Disease activity (median (range))
ESR (mm/h) 26 (2 to 104)
C reactive protein (mg/l) 5.7 (0.1 to 78.7)
Swollen joint count 3 (0 to 25)
Tender joint count 3 (0 to 32)

Drug treatment (n (%))
NSAIDs 15 (54%)
DMARDs 17 (61%)

hydroxychloroquine 4
sulfasalazine 5
methotrexate 10
leflunomide 2

Ever DMARD use 25 (89%)
Cytotoxic agents 3 (11%)
Prednisone 9 (32%)
Steroids 5 (18%)
Analgesics 3 (11%)

DAS, disease activity score; DMARD, disease modifying antirheumatic
drug; ESR, erythrocyte sedimentation rate; HAQ, health assessment
questionnaire; NSAID, non-steroidal anti-inflammatory drug; PF SF-36,
physical function component of the medical outcomes short form 36 item
health survey; RF, rheumatoid factor; y, years.

Figure 1 Photograph of a patient undertaking one of the tasks in the
Sollerman grip function test, showing his ability to use a screwdriver to
turn a screw into the board.
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tendon sheath), and ability to perform a dictated manoeuvre.
Scores were then summed to give a total tendon function
score at eight years. Tendon function scores ranged from 0
(normal) to 17 in the 28 patients examined, and were highly
correlated with scores for hand function (Sollerman:
R = 20.51, p = 0.005) and global function (HAQ: R = 0.53,
p = 0.004) (fig 2).

MRI bone oedema strongly predicts tendon function
Using a x2 model, we investigated whether early MRI scores
(quantifying synovitis, tendinopathy, bone oedema, and bone
erosion at the wrist) could predict eight year tendon function.
When the model included only baseline MRI variables, none
of the individual measures was predictive (p.0.2 for all).
However, when baseline and one year values were included,
the MRI bone oedema score was strongly predictive of
function (x2

2 = 15.3, p = 0.0005) (table 2). The MRI bone
erosion score was also predictive (x2

2 = 9.23, p = 0.01), and
there was a trend towards prediction by MRI tendonitis and
synovitis scores (x2

2 = 5.38, p = 0.07 and x2
2 = 5.03, p = 0.08,

respectively). When all baseline and one year MRI variables
were used in the model, 61.6% of the variability of the eight
year tendon function data were predicted.

A similar analysis was undertaken using the eight year
Sollerman hand function score as an outcome measure.
When all baseline and one year MRI scores were included in
the model, 26% of the variability of the eight year Sollerman
score was predicted but no single MRI variable reached
significance (table 2). When baseline MRI variables were
tested individually, the MRI bone erosion score was
predictive of the eight year Sollerman score (F1,26 = 6.20,
p = 0.02) but when all baseline MRI variables were included
in the model, significance was lost, as all variables were
highly correlated with each other. Interestingly, the Sharp
score from baseline was not predictive of eight year tendon
function or hand function (p.0.2).

MRI tendinopathy at six years was not associated with
tendon function at eight years
Data were available from a previous study of this cohort
documenting MRI evidence for tendinopathy at six years.8 No
association was found between the six year MRI tendino-
pathy score and the eight year tendon function score when
this was examined at individual tendon sites. This result may
have been influenced by the effects of surgery as five patients
had had tenosynovectomy or tendon transfer operations by
the eight year time point (table 3).

Prediction of orthopaedic outcome
Twelve of the 39 patients (31%) for whom surgical data were
available had undergone orthopaedic rheumatoid arthritis
related surgery by eight years, 10 having had joint replace-
ment operations. A description of their demographics, base-
line clinical and MRI scores, and orthopaedic procedures is
given in table 3. There was a greater increase in the median
bone erosion score from baseline to one year in the surgery
group than in the non-surgery group (2.0 v 0.0 at baseline
and 9.0 v 2.5 at year 1, p = 0.008) (fig 3). However, no single
MRI measure was capable of predicting either joint replace-
ment or general rheumatoid arthritis related surgery at eight
years (p.0.2 for all).

DISCUSSION
Hand function is an important aspect of global function,
influencing more than half the activities mentioned in the
HAQ score. In an orthopaedic population, loss of hand
function has been directly linked to loss of earning capacity,
emphasising its significance as an indicator of disability.16

Tendon function at the wrist and hand has not been explored
as an outcome measure in rheumatoid arthritis, but tendon
rupture clearly has a significant impact on function, and a
previous study on this cohort showed that rupture had
occurred in four of 34 patients (12%) by six years.8 The
current analysis deals with outcome at eight years, by which
time the number of patients in our cohort available for
examination had fallen to 28 from the original 42. We
quantified tendon function at the dominant hand by devising
a score that measured tendon inflammation, integrity, and
function and used the same tendon groups as had been
examined on MRI scans taken previously.8 10 The Sollerman
grip test was selected as a measure of hand function as it was
designed to reflect the commonest grips used in daily
activities, has established validity and reliability in rheuma-
toid arthritis, and focuses on the hand.17

We found that the eight year tendon function score was
strongly predicted by the MRI bone oedema score derived
from baseline and one year scans, and to a lesser extent by
the MRI bone erosion score. The bone oedema score has stood
out as a predictor of adverse outcome in several studies from
this cohort of patients, at different stages of disease and
using different outcome measures. A site specific analysis
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Figure 2 (A) Correlation between the tendon function score and hand
function (Sollerman score) (R = 20.51, p = 0.005). (B) Correlation
between the tendon function score and global function (HAQ score)
(R = 0.53, p = 0.004). HAQ, health assessment questionnaire.

Table 2 Predictors of tendon function and hand function
at eight years

Variables*

Tendon Sollerman hand
function score function score

Statistic p Value Statistic p Value

MR bone oedema x2
2 = 15.3 0.0005 F2,19 = 0.33 0.7

MR bone erosion x2
2 = 9.23 0.01 F2,19 = 0.84 0.4

MR tendonitis x2
2 = 5.38 0.07 F2,19 = 0.02 0.97

MR synovitis x2
2 = 5.03 0.08 F2,19 = 0.26 0.7

All MR variables R2 = 0.616 R2 = 0.261

*Model includes MR variables at baseline and one year.
MR, magnetic resonance.
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showed that bone oedema was a pre-erosive change at one
year18 and six years.12 The baseline bone oedema score was
also a predictor of radiographic progression (D Sharp score)12

and of global functional outcome (PF SF-36) in these
patients at six years.7 Despite a loss of power for the current
analysis with attrition of patient numbers by eight years, the
bone oedema score still figures as the most important
predictor of outcome, this time measured by the tendon
function score. Our studies and those of others have revealed
that MRI bone oedema is common in early rheumatoid
arthritis and potentially affects many joints.10 19 20 Its histo-
pathological equivalent has yet to be determined but several

lines of evidence suggest it may represent an inflammatory
infiltrate in subchondral bone.21 If so, it may be a marker for
that subset of patients who develop ongoing active joint
inflammation, affecting bone and soft tissues such as
tendons. Persistent tenosynovitis has been linked to a late
risk of tendon rupture.22 Additionally, the role of bone
oedema as a harbinger of erosions could be linked to tendon
dysfunction, as the other mechanism postulated for tendon
rupture in rheumatoid arthritis is friction of the tendon
against sharp eroded bony surfaces.22

Results were not as positive for prediction of hand
function, as measured by the Sollerman grip test. There
was a significant association between the baseline MRI bone
erosion score and the eight year Sollerman score when
individual MRI measures were examined, but this disap-
peared when all MRI scores were included in the model
owing to the interrelatedness of the variables. However, the
combination of all MRI scores at baseline and one year did
predict 26% of the variability of the eight year hand function
score. One possible reason for the disparity between tendon
function and hand function as outcome measures in this
analysis would be that hand function had been influenced by
surgical procedures in many patients by eight years. For
example, patient No 58 underwent extensive surgery to the
wrist in 1997, including tenosynovectomy and a tendon
transfer procedure rerouting the extensor indicis to extensor
pollicis longus (which had been ruptured). Her hand
function at eight years was relatively good (Sollerman 75/
80) but as tendon rupture had been confirmed at surgery her
tendon function score (for EPL) was high. A similar
explanation may account for our inability to find an
association between the six year MRI tendinopathy and
eight year tendon function scores at individual sites.

Joint replacement surgery is eventually required (within 22
years of onset) in 25% of rheumatoid patients.23 Wolfe et al
found a series of variables reflecting disease activity were
predictive of total joint arthroplasty and these included the
ESR, global severity, and HAQ score. We examined surgical

Table 3 Demographic, clinical, and surgical details of 12 patients requiring orthopaedic surgery by eight years

Patient No/
Baseline clinical scores Baseline MRI scores

age (y)/sex HAQ DAS ESR CRP Sw/Td jnt Tendonitis Synovitis Bone erosion Bone oedema

21/46/F 1.3 4.77 41 27 16/32 3 4.5 0 0.5
27/45/M 0.1 2.88 57 10 6/4 2.5 15.5 0 0
34/49/F 0.7 4.74 46 19 18/26 2.5 8 1.5 2
36/46/M 0 4.24 35 18 15/17 3 0 0.5 0
39/68/F 0.6 4.01 30 9 10/26 0.5 6 2 6
41/81/F 1.8 5.16 103 16 11/29 1 4 0 0
47/58/F 0.7 4.02 22 39 14/16 1 6 0.5 0
58/51/F 1.6 7.57 131 23 38/44 2.5 7 3 8
61/62/M 1.3 4.31 27 60 12/25 1 14.5 9 9
62/60/F 1.1 5.97 73 53 22/42 2 8 5.5 0.5
68/71/F 1 4.15 79 99 5/13 1 12.5 1.5 3.5
73/72/F 0 4.87 100 66 22/18 3 12.5 8.5 1.5

Type of surgical procedure:
Patient 21: Left flexor synovectomy.
Patient 27: Right wrist fusion + Sauve Kapanji procedure.
Patient 34: Right knee yttrium synovectomy + later TKJR.
Patient 36: Lateral arthrotomy right elbow + synovectomy; capsular release; radial head excision; posterior arthrotomy + olecranon osteotomy + synovectomy.
Patient 39: Left THJR.
Patient 41: TKJR, failed with sepsis proceeded to arthrodesis.
Patient 47: Right wrist Steinman pin fusion.
Patient 58: Dorsal tenosynovectomy; synovectomy distal radioulnar joint; EI to EPL tendon transfer; Sauve Kapandji procedure left wrist; right THJR.
Patient 61: Right wrist fusion; dorsal tenosynovectomy + reconstruction of extensor tendon right wrist; Darrach’s procedure left wrist; dorsal extensor
tenosynovectomy left wrist
Patient 62: Carpal tunnel release/exploration; fusion of IPJ of right thumb; dorsal extensor synovectomy of right wrist.
Patient 68: Multiple joint replacements including fingers, hip, elbow, and shoulder.
Patient 73: Left dorsal tenosynovectomy + flexor tenosynovectomy for little, ring, and middle fingers
CRP, C reactive protein; DAS, disease activity score; EI, extensor indicis; EPL, extensor pollicis longus; ESR, erythrocyte sedimentation rate; F, female; HAQ, health
assessment questionnaire; IPJ, interphalangeal joint; M, male; MRI, magnetic resonance imaging; Sw/Td jnt, swollen and tender joint scores; THJR, total hip joint
replacement; TKJR, total knee joint replacement; y, years.
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Figure 3 MRI bone erosion score at baseline and one year for surgery
and non-surgery groups. Top and bottom squares joined by lines
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baseline and 9.0 v 2.5 at year 1 follow up, p = 0.008). MRI, magnetic
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outcome in our cohort at eight years and found that 12 of 39
patients (31%) had had some form of rheumatoid arthritis
related orthopaedic surgery, including 10 (26%) who had had
joint replacement or arthrodesis. We consider our cohort to
represent the spectrum of patients with more severe disease
as they were enrolled on the basis of fulfilling ACR criteria for
rheumatoid arthritis at presentation, when symptoms had
been present for a median of four months. In very early
rheumatoid arthritis, these criteria are known to be relatively
insensitive and to select for a more severe disease popula-
tion.24 We found no evidence that MRI variables reflecting
the extent of joint erosion and inflammation in early disease
could predict surgery at the eight year point. Unfortunately, it
is difficult to interpret this result as the small size of our
cohort would preclude detection of anything less than a very
major effect. Furthermore, the eight year point is relatively
early in terms of joint replacement surgery, and studying the
same cohort at 15 and 20 years might be necessary to obtain a
true picture of this outcome measure. However, there was
clear evidence that those in the surgical group had faster
progression of MRI erosive change from baseline to one year,
indicating that they were destined for more severe articular
damage in the long term.

Conclusions
We have presented data suggesting that MRI bone oedema,
bone erosion, and to a lesser extent synovitis and tendonitis
detected at the wrist in early rheumatoid arthritis have
prognostic significance in terms of hand and specifically
tendon function in the medium term. Studies conducted over
longer periods including larger numbers of patients are
required to determine whether early MRI can help to predict
surgical outcome.
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