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Objectives: The aim of this study was to investigate the relationship between the Grip Ability Test (GAT) and disease activity, and hand-specific
self-report questionnaires in patients with rheumatoid arthritis (RA).
Patients and methods: The study included 65 RA patients (55 females, 10 males; mean age 55±11 years; range 24 to 74 years) who were diagnosed
according to the American College of Rheumatology/European League Against Rheumatism 2010 criteria. Duration of disease and duration of
morning stiffness were recorded. The number of tender and swollen joints and hand deformities were identified. A 100-mm visual analog scale
(VAS) was used to assess the intensity of pain at rest and pain during activities of daily living, and stiffness. The grip strength was measured in both
hands by a Jamar dynamometer. Flexion deficit in fingers II-V was recorded as the distance from the distal palmar crease to the tip of the fingers. The
disease activity was measured with the Disease Activity Score 28. Health Assessment Questionnaire, hand and finger function subscale of Arthritis
Impact Measurement Scale 2, and Duruoz Hand Index were completed by all patients.
Results: The mean duration of disease was 10.2±8.2 years (range 1 to 42 years). Significant positive correlations were found between GAT score
and duration of morning stiffness, VAS-pain during activities of daily living, VAS-stiffness, finger flexion deficit of dominant hand, Disease Activity
Score 28, Health Assessment Questionnaire, Arthritis Impact Measurement Scale 2 hand/finger function subscale, and Duruoz Hand Index (r=0.261
to 0.639, p<0.05). There were significant negative correlations between the GAT score and dominant (r= -0.505, p<0.001) and non-dominant hand
(r= -0.399, p=0.001) grip strength. No significant correlation was found between the GAT and duration of disease, and VAS-pain at rest.
Conclusion: Weak to moderate correlations were found between the GAT and disease activity, and hand-specific self-report questionnaires in
patients with RA. An evaluation of patients using a performance-based test such as GAT as well as clinical and laboratory assessments may provide
important additional information about the patients’ hand disability.
Key words: Grip ability test; hand disability; rheumatoid arthritis.

Rheumatoid arthritis (RA) is a chronic inflammatory
disease with an unknown etiology which causes
progressive joint damage. Clinical presentation
may vary from mild, self-limiting arthritis to severe
multisystem inflammation with extra-articular
manifestations. Hand involvement is typically
present in most of the patients and results in pain,
swelling, limitation of motion, weakness, and
deformity. These impairments cause deterioration
in hand function and difficulties in activities of daily
living (ADL).1 Therefore, it is important to evaluate

hand function in clinical practice and in clinical
trials. Several instruments have been developed to
evaluate hand disability in patients with diseases
that affect the hands.2-6 Most of the performance
tests require special equipment, training, and/or
may be too time-consuming. The Grip Ability Test
(GAT) is a quick and easy test of hand function
specifically designed for individuals with RA to
evaluate the outcome of hand training programs.
It has been demonstrated to be valid, reliable, and
sensitive to change by the developers of the test.6
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However, its relationship with disease activity,
hand-specific self-report questionnaires, and hand
deformities in RA patients has not been studied in
detail. The aim of this study was to investigate the
relationship between the GAT and disease activity,
and hand-specific self-report questionnaires in
patients with RA.

finger. The sum of flexion deficits in fingers II-V
(in mm) was used as measures.6

PATIENTS AND METHODS

Disability was evaluated by the Health
Assessment Questionnaire (HAQ),9 Arthritis
Impact Measurement Scale 2 (AIMS2) hand/finger
function subscale,10 and Duruoz Hand Index
(DHI).11

Sixty-five patients (55 females, 10 males; mean
age of 55±11 years; range 24 to 74 years)
with RA, according to the American College
of Rheumatology/European League Against
Rheumatism criteria,7 were recruited in this study
during the period between March and June 2013.
Exclusion criteria were additional diagnoses which
might affect nerve and muscle function or mental
problems. The study protocol was approved by the
Dokuz Eylul University Ethics Committee for Noninvasive Clinical Research. Informed consents were
obtained from all patients.
Demographic and clinical data including age, sex,
hand dominance, disease duration, and duration
of morning stiffness were obtained. A physical
examination was performed and the number of
tender joints and the number of swollen joints were
recorded. The hands were evaluated to find out
the presence and type of deformities. Laboratory
tests which measure disease activity including
erythrocyte sedimentation rate (ESR, mm/h), and
C-reactive protein (CRP, mg/dl) were obtained on
the same day of the recording session.
Hand pain at rest and during ADL was evaluated
separately on a 100 mm visual analog scale (VAS).
Stiffness in hands was also rated by the patients
on a 0-100 mm VAS (0 representing “no stiffness”
and 100 “maximal stiffness).
A Jamar dynamometer (Sammons Preston,
Inc., Bolingbrook, IL, USA) was used to evaluate
the grip strength. Measurement was performed
with the patient sitting in a standardized position
and elbow flexed at a 90° angle. Three trials were
conducted and the mean value was calculated for
each hand. The values were recorded in kilograms.
Composite motion of finger flexion was
assessed by asking the patient to make a fist, and
the distance from the distal palmar crease to the
tip of the fingers was measured by a ruler for each

Disease activity was assessed according to
the Disease Activity Score 28 (DAS28). This is a
composite index based on the number of tender and
swollen joints, patient’s global assessment (VAS) of
disease activity, and an acute phase reactant.8 We
used CRP values to calculate the DAS28.

The HAQ is a self-administered questionnaire
which consists of 20 questions in eight categories
of functioning. The total score ranges between
0 and 3, with higher scores indicating greater
disability. The Turkish version of the HAQ, which
has been reported to be valid and reliable, was used
in the present study.12
The AIMS2 is a disease-specific 78-item
questionnaire which measures many aspects
of health status including physical function,
psychosocial aspects, and pain in 12 scales. The
score ranges from 0 to 10 (10 corresponds to worst
possible health) for each subscale. The hand and
finger function subscale of the validated Turkish
version of AIMS2 was used in this study.13
Duruoz Hand Index is a questionnaire which
consists of 18 questions evaluating hand function
in five subcategories: kitchen, dressing, hygiene,
office, and other. Patient rates the amount of
difficulty during the activities on a scale from
0 to 5, with 0 corresponding to “no difficulty”
and 5 corresponding to “impossible to do”. The total
score ranges between 0 and 90. The questionnaire
was developed to evaluate hand function in RA
patients11 and the Turkish version was also found
valid and reliable in patients with several other
diseases including stroke, traumatic hand injury,
and diabetes.14-16
The GAT is a performance-based test of hand
function specifically developed for subjects with
RA. It consists of three items which represents
different grip types used in daily life:
1. Put a 25 cm of Tubigrip elasticized
tubular bandage (Seton, Healthcare Group Plc,
Oldham,UK) over the non-dominant hand [Size D
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(7.5 cm width) for women and size F (10 cm width)
for men],
2. Pick up a metal paper clip (30x10 mm) from
the table with the dominant hand and place it on a
letter envelope (11.5x16 cm), and
3. Lift a one liter jug of water with the dominant
hand and fill a cup (size 200 ml) with water.
Time needed to perform each item is recorded
in seconds and a correction factor of 1.8 is used for
items (1) and (2). The score ranges between 10 and
276, with a high score corresponding to decreased
hand function. If the patient is unable to perform
an item in 60s, time is recorded as 60s for that
item. Mean score for healthy controls was found
16.5s (range 11.0-20.0).6
Statistical analysis
Statistical analysis was performed using the
SPSS version 15.0 for Windows software program
(SPSS Inc., Chicago, IL, USA). Non-parametric
tests were used as most of the dependent
variables were not normally distributed (ShapiroWilk test). Correlations between different variables
were analyzed by Spearman rank correlation.
Differences between subgroups were analyzed
using the Mann-Whitney U test. A p value of
<0.05 was considered statistically significant.

RESULTS
The mean disease duration was 10.2±8.2 years
(range 1-42 years). Sixty-three patients (97%)
were right-handed, and two patients (3%) were
left-handed. Duration of morning stiffness was

39±67 minutes (range 0-240 minutes). Table 1
shows clinical parameters, disability and GAT
scores of the patients.
At least one hand deformity was found in
14 patients (21.5%). Table 2 shows the number of
patients with different types of hand deformities.
The total number of hand deformities in a patient
ranged from 0 to 8.
Correlations between the GAT score and the
study parameters are given in Table 3. Significant
positive correlations were found between the
GAT score and the duration of morning stiffness,
VAS-pain during ADL, VAS-stiffness, finger
flexion deficit of dominant hand, DAS28, HAQ,
AIMS2 hand/finger function subscale, and DHI,
(r=0.261 to 0.639, p<0.05). Significant negative
correlations were found between the GAT score
and the dominant (r= -0.505, p<0.001) and nondominant hand (r= -0.399, p=0.001) grip strength.
No significant correlations were found between the
GAT and the duration of disease, and VAS-pain
at rest.
When patients with and without deformities
were compared, patients with deformities had a
longer disease duration and lower dominant hand
grip strength (p=0.03 and p=0.01, respectively)
while the GAT scores did not differ significantly
(p>0.05).
When women and men were compared with
regard to study parameters, men had a greater grip
strength in both the dominant and non-dominant
hand (p=0.009, p=0.014, respectively). There
were no significant differences between the GAT
scores of women and men (p>0.05).

Table 1. Clinical parameters, disability and Grip Ability Test scores of the patients

Visual analog scale pain-rest
Visual analog scale pain-activities of daily living
Visual analog scale stiffness
Grip strength, dominant hand (kg)
Grip strength, nondominant hand (kg)
Flexion deficit, dominant hand (mm)
Flexion deficit, nondominant hand (mm)
Disease Activity Score 28
Health Assessment Questionnaire
AIMS2 hand/finger function
Duruöz Hand Index
Grip Ability Test
SD: Standard deviation; AIMS2: Arthritis Impact Measurement Scale 2.

Mean±SD

Median

Range

22.8±24.8
41.3±29.2
22.7±28.6
20.4±7.9
19.1±7.9
3.9±13.1
1.2±4.9
2.9±1.1
0.6±0.6
3.1±2.2
11.6±13.2
31.1±11.4

10
50
10
18
18.3
0
0
2.7
0.5
3
6
27.2

0-90
0-100
0-90
7-40.6
4-38.6
0-90
0-30
0.96-5.25
0-2.3
0-8
0-47
17.4-69.6
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Table 2. Number of patients with hand deformities
Hand deformity

Right hand

Swan neck
Boutonniere
Z deformity
Ulnar deviation of the metacarpophalangeal joint
Volar subluxation of the metacarpophalangeal joint

DISCUSSION
Rheumatoid arthritis is a systemic inflammatory
disease in which most of the patients suffer
from involvement of the hands.1 Traditionally,
hand assessment in RA patients includes
measures of impairment such as pain, stiffness,
swelling, range of motion, and deformities.
Although these measures of impairment provide
information about the clinical status of patient
and may give some opinion about hand function,
they may not exactly demonstrate the amount
of difficulty that the patients have in daily life.
Therefore, a comprehensive assessment of
hand function should include tasks simulating
everyday functional activities.17 The GAT is
an ADL-based hand function test which was
developed by Dellhag and Bjelle from the more
general Grip Function Test by Sollerman. It was
designed for individuals with RA to evaluate the
outcome of hand training programs.6 In this
study, we evaluated the relationship between
the GAT and disease activity, and hand-specific
self-report questionnaires in patients with RA,
and found acceptable degrees of correlation.
Table 3. Correlations between Grip Ability Test and
clinical parameters, disease activity and subjective
disability measures
Grip Ability Test (r)
Disease duration
Duration of morning stiffness
VAS-pain-rest
VAS-pain-ADL
VAS-stiffness
Grip strength, DH
Grip strength, NDH
Flexion deficit, DH
Flexion deficit, NDH
DAS28
HAQ
AIMS2 hand/finger function
Duruöz Hand Index

0.063
0.331**
0.006
0.261*
0.442**
-0.505**
-0.399**
0.267*
0.105
0.351**
0.639**
0.603**
0.617**

VAS: Visual analog scale; ADL: Activities of daily living; DH: Dominant hand;
NDH: Nondominant hand; DAS: Disease Activity Score; HAQ: Health Assessment
Questionnaire; AIMS2: Arthritis Impact Measurement Scale 2; * p<0.05; ** p<0.01.

Left hand

Both hands

Total

2
2
3
7
1
1		2
1
1
3
5
1
1
4
6
1		
3
4

In the present study, the GAT had the
strongest correlation with the self-report disability
questionnaires. The GAT scores correlated
moderately with both patient-perceived hand
disability (DHI and hand/finger subscale of
AIMS2) and general disability (HAQ). Dellhag and
Bjelle6 reported significant correlation between
the GAT and the HAQ; however, they did not
include a questionnaire specific to hand in their
study. Eberhardt et al.18 also reported that GAT
was significantly related to HAQ in RA patients
in their study, however, their study did not also
include any hand-specific questionnaire. The
correlation between the GAT and the HAQ, which
is a generalized measure of disability, suggests
that hand dysfunction has a considerable impact
on general disability. Adams et al.19 explored
the relationship between Disability of the Arm,
Shoulder and Hand (DASH), GAT and several
measures of hand impairment in patients with
early RA. They found a significant correlation
between the DASH and the GAT.
We assessed the intensity of hand pain during
the day both at rest and during ADL. Pain at rest
did not correlate with GAT scores; however, there
was a weak correlation between GAT and pain
during ADL. Dellhag and Bjelle6 measured the
intensity of hand pain in two different conditions:
with non-resisted motion and with resisted motion
during the performance of GAT items. Both were
found to correlate significantly with the total GAT
score.
The intensity of stiffness in hands and the
duration of morning stiffness were both correlated
with GAT in our study. Dellhag and Bjelle6 also
reported a significant correlation between hand
stiffness and GAT. In another study, Vlieland et
al.20 investigated the relationship between hand
function and clinical variables. Hand function
assessment included Jebsen test and the authors
reported a significant correlation between stiffness
of the hands and hand dysfunction.
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Muscle strength has been reported to be lower
in RA patients compared to healthy controls.21,22
Significant correlations between grip strength and
general disability,23,24 as well as hand dysfunction,20,24
have been found in studies where hand function
was evaluated by methods other than GAT. In
our study, GAT correlated significantly with both
dominant and non-dominant hand grip strength.
Dellhag and Bjelle6 measured grip strength of only
the dominant hand, and reported a significant
correlation with GAT. In three other studies,
significant correlations between grip force and
the GAT were found. Two of these studies were
composed of only early RA patients,19,25 and the
third one18 included only patients with highly active
disease with most of them having severe hand
dysfunction.
We found a weak correlation between
DAS28 and hand disability evaluated by the
GAT. Several previous studies have reported
weak to moderate correlations between disease
activity and hand or upper extremity disability;
however, hand disability was assessed with selfreport questionnaires, not by GAT, in these
studies.24,26-29 In a study by Eberhardt et al.,18
in which GAT was used to evaluate hand
disability, GAT was not significantly associated
with disease activity. The authors considered
that this might have resulted from the fact that
most of their patients already had severe hand
dysfunction. Their study group was composed of
patients all receiving anti-tumor necrosis factor
(anti-TNF) therapy with high disease activity. Our
study population included patients in remission
as well as patients with low, moderate or high
disease activity, although the number of patients
with high disease activity was relatively low.
Weak correlations between disease activity and
disability measures suggest that evaluation of
hand disability may add important information to
evaluation with traditional assessment methods.
Hand deformity is one of the main characteristics
of RA. Most common deformities are buttonhole
deformity, swan neck deformity, and ulnar
deviation of the metacarpophalangeal joints.
Different deformities may develop simultaneously
in the same hand. Johnsson et al.30 observed
the development of hand deformities in early
RA patients in a prospective study. The results
showed that hand deformities considerably
affected both hand function and overall function.
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Tatekin et al.31 reported that patients with ulnar
deviation had higher DHI scores and lower grip
strength. Vliet Vlieland et al.20 reported that
ulnar deviation and Z deformity were important
determinants of hand function. Adams et al.19
found a weak to moderate correlation between
the degree of ulnar deviation and GAT in early
RA patients. In our study, grip strength of
patients with deformities was lower than that of
patients without deformities, but the GAT scores
did not differ significantly. Discrepancies between
studies may result from the differences between
assessment methods and study populations. The
prevalence of hand deformities was generally low
in our study. In addition, we could not explore the
relationship between the GAT scores and different
types of deformity, since the number of patients
in each subgroup of deformity was quite low.
In our study, finger flexion deficit of the
dominant hand correlated significantly with GAT.
This result is in line with the finding of Dellhag
and Bjelle.6 In addition, they used the hand
and wrist items of the Keitel Functional Test,
which assesses joint limitations, and reported a
significant correlation with GAT. Three studies
evaluated range of motion of the hand joints
by Signals of Functional Impairment, in which
the patient performs opening grip, pinch grip,
and thumb opposition in addition to finger
flexion.18,25,32 All reported significant correlations
between Signals of Functional Impairment and
GAT.
There are several limitations of this study.
The number of patients with high disease activity
in our study population was low, as assessed
by the DAS28. In addition, the prevalence
of deformities was lower than in most of the
studies in the literature. It would have been
optimal, if the study population had been more
heterogeneous with regard to disease activity
and hand deformities.
In conclusion, weak to moderate correlations
were found between the GAT and disease activity,
and hand-specific self-report questionnaires in
patients with RA. An evaluation of patients
with a performance-based test such as GAT as
well as clinical and laboratory assessments may
provide important additional information about
the patients’ hand disability.
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