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PREDICTORS OF CHANGES IN OBSERVED DEXTERITY DURING ONE YEAR IN
PATIENTS WITH RHEUMATOID ARTHRITIS
W. G. J. M. VAN LANKVELD, P. VAN ’T PAD BOSCH and L. VAN DE PUTTE*
Sint Maartenskliniek and *Department of Rheumatology, University Hospital Nijmegen, Nijmegen, The Netherlands
SUMMARY
Objective. To determine which disease-related variables predict loss of dexterity in patients with rheumatoid arthritis (RA).
Methods. A random sample of 94 RA patients was measured twice 1 yr apart. Dexterity, or hand-related disability, was
measured with the Sequential Occupational Dexterity Assessment (SODA). The SODA measures dexterity in activities of daily
life based on the observation of standardized tasks. Impairment of the hands, disease activity, pain and self-reported functioning
were additionally assessed.
Results. After 1 yr, observed dexterity was significantly decreased. Change in dexterity was predicted by impairment of the
hands at baseline. Changes in dexterity were related to changes in grip strength, disease activity indicators, self-care, depressive
mood and cheerful mood. An increase in the number of swollen joints was most strongly correlated with a decrease in dexterity,
even after controlling for impairment at baseline.
Conclusion. It was concluded that even in patients with longer disease duration, observed dexterity declines gradually.
K : Rheumatoid arthritis, Dexterity, Activities of daily life, SODA, Hand function.

R arthritis (RA) is a chronic disease which
mainly affects the joints. The joints of the hand and
wrist are usually impaired in most patients with RA.
This impairment of the hand may result in disability
in performing activities of daily life (ADL). This loss
of hand-related ability, or dexterity, may result in
dependency, one of the most important stressors of
the disease [1–3].
An important aim of treatment in RA is the prevention of impairment of the joints in the hand and the
resulting disability [4]. Most often, evaluation of treatment of the hand in RA is limited to measurements of
certain conventional parameters like range of motion
of thumb, fingers and wrist, grip strength, and Larsen
score based on radiographic images [5, 6 ]. These
conventional assessments measure impairment of one
individual hand. Impairment is defined by the World
Health Organization as the consequence of a disease
at the organ level. As such, impairment is distinguished
from disability: the consequence of the disease on
functional performance and activity in daily life [7].
In assessing the impact of RA on the hands, research
has shown that conventional measurements are related
to, but not identical to, hand function in daily life
[6, 8]. For the patient, disability in daily life may be
of more importance than the level of impairment [9].
Therefore, the use of standardized tests to evaluate the
effect of treatment on ADL is recommended [10].
A number of tests have been developed to measure
the functional performance of the hand [11]. Examples
are the Jebsen test [12] and the Purdue pegboard test
[13]. The Jebsen hand function test is a series of
standardized tasks representative of hand functioning

in daily life. The Purdue pegboard test measures fine
finger motion in manipulating small objects. A major
disadvantage of these tests is that they do not measure
bimanual dexterity. In most ADL, dexterity depends
on the combined action of both hands. Therefore, it is
unclear in what way these unimanual tests are related
to bimanual ADL. This is especially the case in a
symmetrical disease like RA. Because both hands are
generally impaired in RA, dexterity in RA should be
measured bimanually.
One way to circumvent this problem is to use selfreport assessments. A number of scales, like the
Arthritis Impact Measurement Scales (AIMS ) [14] and
the Health Assessment Questionnaire (HAQ) [15],
have separate scales to measure dexterity. The problem
with these scales is that they do not measure dexterity
in controlled conditions. Comparisons cannot be made,
especially when it is unclear whether aiding tools are
used to perform a certain task. Recently, a new
test was developed to measure observed bimanual
hand function in ADL under controlled conditions.
The Sequential Occupational Dexterity Assessment
(SODA) measures hand function in daily life with a
set of 12 standardized tasks deemed important for
daily life by patients [6, 16 ].
The aim of this study is to identify those variables
which predict changes in dexterity. For this purpose,
a group of 94 patients was followed during 1 yr.
Impairment of the hand, disease activity, pain, selfreported functioning and dexterity were assessed at the
beginning and end of this period. Measurements at the
start of the study will be used to predict subsequent
changes in dexterity. Finally, changes in dexterity will
be related to changes in grip strength, disease activity
and self-reported functioning.
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MATERIALS AND METHODS
Patients
A group of 109 patients with classic or definitive
RA, according to the revised 1987 American
© 1998 British Society for Rheumatology
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Rheumatism Association (ARA) criteria [17], were
randomly selected from the out-patient departments of
the Sint Maartenskliniek and the Department of
Rheumatology of the University Hospital in Nijmegen.
This study is part of a 4 yr longitudinal study for
which we needed complete data from 80 patients for
statistical purposes. We estimated that at least 105
patients were needed at entry of the study to reach
this number in the final wave of data collection.
After 1 yr, eight patients dropped out of the study
for reasons unrelated to the study (two patients died,
three patients moved to other parts of the country and
three patients refused to cooperate further in the
study). Of the remaining 101 patients, seven were
excluded from the study because they had undergone
hand surgery in between both measurements. As a
result, data from 94 patients were available for the
study.
Measurements
Demographic variables. For all participants in the
study, gender, age and duration of the disease were
assessed.
Disease activity. Three variables are used as indicators of disease activity: erythrocyte sedimentation rate
( ESR) according to Westergren (mm in 1st h), the
number of painful joints and the number of swollen
joints. The short 28-joint-count version of the Ritchie
score was used. Studies have shown that these three
variables are good indicators of general disease
activity [18].
Impairment of the hand. For each hand, the range of
motion of the joints was assessed [19]. Range of
motion of the wrist was assessed by measuring the
extension, flexion, pronation, supination, radial and
ulnar deviation in grades. Mobility of each finger was
assessed by measuring the minimal distance to the
middle of the palmar wrist crease. In a similar way,
the minimal distance between the thumb and the
middle of the first palmar crease of the little finger was
measured. For each hand, the number of the following
deformities was counted: boutonniere, swan-neck,
hand scoliosis, ulnar deviation, deformity of the thumb
and median nerve compression. The Jamar dynamometer was used to measure grip strength in kilograms.
For each hand, grip strength was measured three times.
The average score for each hand is used. Radiographic
abnormalities in the hand were assessed according to
the Larsen score [20].
Dexterity. Dexterity was measured with the SODA.
The SODA measures bimanual functional abilities in
ADL. The test is developed to measure differences in
dexterity within the RA population. The SODA is a
test of 12 standardized tasks which measure dexterity
without interference from impairment of the elbow
and shoulder. Separate scores for each individual hand
are made for six tasks. The therapist rates the performance on the test on 18 scales ranging from 0 (unable
to perform the task) to 6 (able to perform the standardized task without difficulty). The range of scores on
the SODA is thus 0–108. A higher score means greater

TABLE I
Tasks of the SODA
Writing a sentence
Picking up an envelope
Picking up coins
Holding the receiver of a telephone to one ear
Unscrewing a tube of toothpaste
Squeeze toothpaste on a toothbrush
Handling spoon and knife
Buttoning a blouse
Unscrewing a large bottle
Pouring water in a glass
Washing hands
Drying hands

dexterity. The SODA was shown to be both reliable
and valid. Internal consistency expressed in Cronbach’s
alpha = 0.91; test–retest reliability r = 0.93. For a full
description of the construction, validity and content
of the test, see van Lankveld et al. [6 ]. The 12 tasks
of the SODA are described in Table I.
Self-reported functioning. All patients completed a
Dutch health status questionnaire, the ‘Invloed van
Reuma op Gezondheid en Leefwijze’ (IRGL). The
IRGL, partly derived from the AIMS [14], measures
physical, psychological and social aspects of health
status in patients with RA. The reliability and validity
of the IRGL scales are satisfactory [21]. The scale
‘self-care’ is used as a measure of self-reported
dexterity.
Pain. Pain was assessed with three measures. In
addition to the IRGL pain scale, general pain was also
assessed with a visual analogue scale ( VAS ). Pain was
also assessed separately during the performance of
SODA. After each task, the patient was asked whether
performing this task was painful or not. Summing the
number of painful tasks resulted in the SODA pain
score (score ranges from 0 to 12).
Procedure
After giving their informed consent, patients were
scheduled for sequential visits to a rheumatologist and
a research occupational therapist on the same day.
Measurements made at the beginning of the study are
referred to as baseline measurements. One year after
the first assessment, patients were contacted again to
be scheduled for a second measurement. Reasons for
drop-out were documented.
All measurements were made by the same occupational therapist and rheumatologist. All measurements
were made at time 1 and 2, except for range of motion
of thumb, fingers and wrist, counting of deformities,
and Larsen score. These variables were only assessed
at baseline.
Statistical methods
Data were analysed using SPSS statistical procedures. Computations are based on the variables available using pairwise deletion of missing data. To reduce
the number of impairment variables in the analyses,
the separate measurements for the left and right hand
on each impairment variable are summed. Correlations
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TABLE II
Baseline characteristics of patients participating in the study (range)
Ratio female/male
Age (yr)
Duration of the disease
Ratio right/left-handed
Larsen score
Left
Right
Number of deformities
Left
Right

63%/37%
56.34 (20–78)
13.33 (1–47)
90%/10%
21.65 (0–92)
22.27 (0–54)
0.60 (0–4)
0.69 (0–4)

between measurements of each hand showed a strong
symmetry in this sample (range of motion for
fingers 0.46 < r < 0.62; range of motion of wrist
0.63 < r < 0.79; number of deformities r = 0.74;
Larsen score r = 0.89; grip strength r = 0.92). The
changes in average score between time 1 and time 2
were tested using two-tailed T-tests for paired samples.
Relationships between variables are expressed in
Pearson correlations (r). Confidence intervals of 95%
are given for significant Pearson correlations. Multiple
correlations (MR) were computed using regression
analysis.
RESULTS
In Table II, descriptive characteristics of the patients
at baseline are given for the 94 patients selected for
analysis. Larsen score and number of deformities are
given for the right and left hand separately.
Most of the patients in the sample are middle-aged
females. Most patients are right-handed. It should be
noted that the average duration of the disease in this
sample is high. On average, 13 yr have passed since
diagnosis.
Table III shows the average scores on ESR, number
of painful joints, number of swollen joints, grip
strength for each hand separately, SODA, SODA pain,
self-reported functioning and general pain at time 1
and 2. Differences between both assessments were
tested using T-tests for pairwise comparisons.
The only significant change between time 1 and time
2 was found in observed dexterity. SODA score at
baseline is 84.76 (.. = 19.57) with a range from 14
to 108. The correlation with SODA score after 1 yr
was r = 0.76 (P < 0.001). The average SODA score
fell to 78.45 (.. = 20.2). This is a significant decrease
in dexterity in 1 yr (mean difference = –6.29,
T-test for pairwise comparisons: T = 4.48, d.f. = 93,
P < 0.001). Pairwise comparison of average scores on
ESR, number of painful joints, number of swollen
joints, grip strength, mobility, self-care, IRGL pain,
VAS pain and SODA pain showed that none of these
variables changed between the two assessments.
In Table IV, correlations are given between diseaserelated variables at baseline and SODA at baseline, as
well as change in SODA score between both measurements. The first column of Table IV shows Pearson
correlations between demographic variables, impairment variables, disease activity, pain, self-reported
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TABLE III
Changes in disease-related variables between time 1 and 2 (..)
Time 1
ESR
Painful joints
Swollen joints
Grip strength
Left
Right
SODA
SODA pain
IRGL mobility
IRGL self-care
IRGL pain
VAS pain

Time 2

32.43 (18.02)
7.35 (6.05)
5.80 (5.10)

31.20 (19.41)
6.80 (6.16)
5.72 (4.04)

11.00
11.72
84.76
3.33
16.66
22.59
15.57
34.63

11.65 (9.01)
11.58 (9.55)
78.45 (20.20)**
3.60 (3.52)
16.76 (5.98)
22.20 (6.65)
15.09 (4.00)
30.83 (22.16)

(9.26)
(10.23)
(19.65)
(3.92)
(6.17)
(6.23)
(4.21)
(24.70)

**P < 0.001.

‘self-care’ and SODA score at baseline. Confidence
intervals at 95% for significant correlations are given
in parentheses. The second column shows the correlation between the same variables and change in SODA
score. SODA change score was calculated by computing the difference between both SODA scores
(SODA2 − SODA1). The distribution of SODA
change scores was normal ( Kolgoromov–Smirnov
goodness of fit test, K-S Z = 0.59, P = 0.87). A positive score on SODA change reflects an increase in
bimanual dexterity. Individual variables within each
block of impairment variables, disease activity variables and pain variables are highly intercorrelated.
Therefore, MR were computed between these sets of
variables and SODA and SODA change.
Dexterity assessed with SODA at baseline is not
related to gender or age. Duration of the disease is
weakly related to SODA score. Patients with longer
disease duration tend to have a lower SODA score.
The set of impairment variables is significantly related
to SODA at baseline (multiple R = 0.69). This means
that 48% of the variation on SODA is explained by
the impairment measurements of the hands. A high
Larsen score, high number of deformities of the hand,
and low range of motion of the thumb and fingers are
related to poor performance on the SODA. Grip
strength and range of motion of the wrist are positively
related to SODA score. Multiple regression was performed to determine which impairment variables contributed independently to the variation in SODA score.
To this end, all impairment variables were entered in
a stepwise regression analysis with SODA as dependent
variable. Grip strength, range of motion of thumb and
the number of deformities each made an independent
contribution to the explanation of variation on SODA
(multiple R = 0.62).
The number of painful joints is the only indicator
of disease activity which is negatively related to SODA.
ESR and the number of swollen joints are unrelated
to SODA.
Pain was assessed with three different measures.
Each pain measure has a negative correlation with
SODA score. High levels of pain, either general level
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TABLE IV
Correlations between demographic, impairment, disease activity, pain, self-report dexterity assessments at baseline, and SODA at baseline and
SODA change. For the last four blocks of variables, multiple correlations are given
SODA

SODA change
95% CI

r
Demographic variables
Age
Gender
Disease duration
Impairment
Larsen score
Grip strength
Deformities†
ROM thumb
Index finger
Middle finger
Ring finger
Little finger
ROM wrist
Extension
Flexion
Abduction
Adduction
Pronation
Supination
Multiple correlation

0.06
−0.07
−0.21*

(−0.40, −0.01)

−0.11
−0.08
−0.13

−0.28*
0.46**
−0.36**
−0.38**
−0.30**
−0.32**
−0.34**
−0.37**

(−0.46, −0.08)
(0.29, 0.61)
(−0.52, −0.17)
(−0.54, −0.19)
(−0.47, −0.10)
(−0.49, −0.13)
(−0.51, −0.15)
(−0.53, −0.18)

−0.30**
0.10
−0.29**
−0.21*
−0.30**
−0.16
−0.15
−0.15

0.36**
0.30**
0.36**
0.23*
0.37**
0.28**
0.69**

(0.17,
(0.10,
(0.17,
(0.03,
(0.18,
(0.08,

0.52)
0.47)
0.52)
0.41)
0.53)
0.46)

Disease activity
ESR
No. of painful joints
No. of swollen joints
Multiple correlation

−0.04
−0.56**
−0.05
0.56**

(−0.68, −0.40)

Pain
Pain (IRGL)
Pain ( VAS)
Pain during SODA
Multiple correlation

−0.39**
−0.53**
−0.54**
0.58**

(−0.55, −0.20)
(−0.66, −0.37)
(−0.67, −0.38)

Self-reported dexterity

r

0.64**

(0.50, 0.75)

95% CI

(−0.47, −0.10)
(−0.47, −0.09)
(−0.40, −0.01)
(−0.47, −0.10)

0.09
0.11
0.14
0.12
0.04
0.07
0.53*
−0.01
0.06
0.13
0.14
0.24*
0.11
0.20*
0.26

(0.04, 0.42)
(0.00, 0.39)

−0.09

*P < 0.05; **P < 0.01; r, Pearson correlation; CI, 95% confidence interval.
†Boutonniere, swan-neck, hand scoliosis, ulnar deviation, deformity of the thumb and median nerve compression.

of pain or pain during SODA, are related to low
SODA score. These relationships remained significant
after controlling for grip strength, range of motion
of thumb and number of deformities (partial correlations: IRGL pain r = −0.36, P < 0.01; VAS pain
r = −0.42, P < 0.01; pain during SODA r = −0.52,
P < 0.01). Pain during SODA has the strongest partial
correlation with SODA score. Pain during SODA was
the only pain variable selected in a stepwise regression
analysis with SODA as dependent variable controlling
for grip strength, range of motion of thumb, and
number of deformities (multiple R increase 0.12,
P < 0.001).
Because the IRGL scale ‘self-care’ measures selfreported dexterity, the strong relationship with SODA
(r = 0.64) is expectedly high.
Change in SODA score is unrelated to gender, age
and duration of disease at baseline. Impairment of the
hands at baseline is related to successive change in
SODA score (multiple R = 0.53, P < 0.05). Larsen
score, number of deformities, and range of motion of

thumb and index finger have significant individual
correlations with SODA change score. Grip strength
and range of motion of the wrist at baseline are
unrelated to SODA change. Stepwise regression analyses were carried out with the individual impairment
variables at baseline as independent variables and
SODA change as dependent variable. Larsen score,
and range of motion of thumb and index finger each
made an independent contribution to variation in
change in SODA score. Disease activity at baseline,
assessed with ESR and number of painful and swollen
joints, is unrelated to successive change in SODA
score. The multiple correlation of the three pain
scores combined on SODA change is not significant.
However, two of the three pain measures have weak
correlations with successive changes in SODA score.
Both general pain measured with the IRGL and SODA
pain at baseline are related to an increase in dexterity.
When controlling for Larsen score and range of motion
of thumb and index finger, these relationships were
not significant.
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TABLE V
Correlations between changes in disease activity, grip strength, selfreport measures and change in SODA score
SODA T2 – T1
Changes in
ESR
Number of painful joints
Number of swollen joints
Grip strength
Self-care
Pain IRGL
Pain VAS
SODA pain
Depressive mood
Cheerful mood

r
−0.18
−0.29**
−0.35**
0.24*
0.24*
−0.24*
−0.13
−0.31**
−0.24*
0.22*

95% CI
(−0.47, −0.09)
(−0.52, −0.16)
(0.04, 0.42)
(0.04, 0.42)
(−0.42, −0.04)
(−0.48, −0.11)
(−0.42, −0.04)
(0.02, 0.41)

*P < 0.05; **P < 0.01; r, Pearson correlation; CI, 95% confidence interval.

In Table V, Pearson correlations are given between
change scores in ESR, number of painful joints,
number of swollen joints, grip strength, self-care, pain,
psychological functioning and change in SODA score.
For each variable, change scores were computed by
subtracting the score at baseline from the score after
1 yr.
Changes in dexterity assessed with SODA are related
to changes in three of the four objective measurements:
number of painful joints, number of swollen joints and
grip strength. The observed decrease in dexterity is
related to an increase in disease activity, measured by
the number of painful and swollen joints, and a
decrease in grip strength. Partial correlations between
changes in observed variables and changes in SODA
score were computed controlling for Larsen score, and
range of motion of thumb and index finger at baseline.
Partial correlations between changes in these four
observed variables and change in SODA are significant
( ESR −0.23, P < 0.05; number of painful joints
−0.24, P < 0.05; number of swollen joints −0.33,
P < 0.01; grip strength 0.25, P < 0.05). The direction
of these partial correlations shows that an increase in
disease activity is related to a decrease in SODA score.
Additional regression analyses were computed to determine which variable is most strongly related to change
in SODA score. Larsen score and range of motion of
thumb and index finger at baseline were first entered
in the equation with SODA change as dependent
variable (multiple R = 0.48, P < 0.01). Next, change
in ESR, number of painful joints, number of swollen
joints and grip strength were entered in a stepwise
regression. Together, they explained an additional 12%
of the variation in SODA change (F change = 3.46,
P < 0.05). Stepwise selection procedure resulted in the
selection of change in number of swollen joints as the
sole variable explaining an additional proportion of
variation in SODA change (multiple R increase = 0.08,
P < 0.01).
Changes in SODA are related to changes in a
number of self-reported measurements. A decrease in
SODA score is related to a decrease in self-reported
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dexterity assessed with the IRGL scale ‘self-care’.
Change in SODA score is related to changes in general
pain assessed with the IRGL pain scale. The relationship with changes in general pain assessed with the
VAS is not significant. A decrease in SODA score is
related to an increase in pain during the SODA test.
Finally, changes in SODA are related to changes in
self-reported psychological functioning. A decrease in
SODA is correlated with a decrease in ‘cheerful mood’
and an increase in ‘depressive mood’.
DISCUSSION
The findings in this study show that even within a
sample of patients with moderate to long disease
duration, there is a slow but marked decrease in
dexterity. The observed loss of dexterity is not only
statistically significant, but also clinically relevant,
amounting to one-third of the standard deviation at
baseline.
Duration of disease is only weakly related to dexterity at baseline and unrelated to change in dexterity.
Loss of dexterity may thus be apparent in any stage
of the disease. It seems, therefore, that even after a
prolonged duration of the disease, there may be considerable loss of dexterity.
Impairment of the hands at baseline is related to
subsequent loss of dexterity. High Larsen scores and
a high number of deformities, as well as impairment
of range of motion of thumb and index finger, are
related to loss of dexterity. These variables are indicative for damage to the joints due to cumulative disease
activity [22]. These findings seem to indicate that
patients with an aggressive and destructive disease
which has resulted in abnormalities in the hands are
more likely to experience further loss of dexterity than
patients with less damage to the joints in the hands.
Disease activity does not predict subsequent changes
in SODA, but an increase in disease activity does. The
average score on ESR, number of swollen joints and
number of painful joints in this sample does not change
between the two assessments. However, disease activity
does vary over time within each patient [23]. Those
patients who experience an increase in disease activity
are more likely to lose some of their dexterity than
patients whose disease activity has decreased or
remained equal. Disease activity seems both to determine change in grip strength and change in SODA.
The fluctuation of disease activity over time is one of
the reasons why not all patients experience loss of
dexterity over a period of 1 yr. A minority of patients,
25%, had equal or improved score on the SODA at
second assessment compared to the first assessment.
Pain is strongly associated with SODA score at
baseline. Both general pain and pain during SODA
were related to SODA score. Pain during SODA was
more strongly related to SODA after controlling for
impairment of the hands than both general pain measures. This might be expected because the SODA score
is based on observation of the therapist, and the
patient’s evaluation of the difficulty of each task.
Consequently, the relationship between change in
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SODA and change in pain during SODA might also
have been expected.
The relationship between SODA change and the
changes in self-reported physical and psychological
functioning further validate the sensitivity of the
SODA. A decrease in SODA score is related to a
decrease in ‘self-care’. The observed change in dexterity
is thus reflected in the self-reported dexterity. The
change in SODA score is also related to changes in
psychological functioning. A decrease in SODA score
is related to a decrease in ‘cheerful mood’, while
‘depressive mood’ is increased. These last findings
underline the importance of dexterity in ADL activities
for the patient’s psychological functioning.
The relationship between SODA and impairment of
the hands at baseline strongly resembles the relationships reported in other studies using different instruments. The set of variables used to assess the
impairment of the hands explained 48% of the variation
on SODA. Similar relationships between impairment
and dexterity have been reported using different instruments to measure dexterity [8]. Measurements of
impairment of both hands explain only ~50% of the
variation in dexterity. This means that patients with
similar impairment of the hand may vary considerably
in their dexterity.
The conclusion of this study is that it is important
to measure dexterity in ADL activities. Conventional
measures relevant to the separate hand, like range of
motion, grip strength and Larsen score, explain only
part of the limitations in ADL activities. To the patient,
this ADL function of the hands is more important
than conventional measures of the hand. In clinical
practice, improving the patient’s functioning is the
most important aim of treatment. Therefore, the
SODA may be of assistance in clinical practice to
measure the patient’s dexterity and evaluate treatment.
Recently, two studies have reported results using
measurements of observed hand function in ADL [8,
24]. The observed hand function test [8] and the grip
ability test [24] are both short instruments which are
easy to use in clinical practice. However, their sensitivity to changes in dexterity in patients is unclear. SODA
is relatively easy to administer and is sensitive to
change. Therefore, SODA seems to be a good instrument to measure changes in dexterity in evaluation
studies. The SODA is currently being used in a study
to measure the effect of hand surgery on dexterity.
Furthermore, the patients described in this article will
be followed longitudinally to investigate the deterioration of dexterity over a number of years.
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