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Abstract
Background: Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by chronic inflammation of
the joints, especially of the hands. The evaluation of handgrip strength (HS) and pinch strength can be useful to
detect reduction in hand function in RA patients. The aim of the study was to compare HS and pinch strength
between RA patients (RA Group - RAG) and a non-RA control group (CG) and to relate HS and pinch strength to
functional capacity, duration and disease activity in the RAG.
Methods: A cross-sectional case control study. The RAG was assessed for disease activity by the Disease Activity
Score (DAS-28); for functional capacity by the Health Assessment Questionnaire (HAQ), the Cochin Hand Functional
Scale (CHFS) questionnaire, and the Disability of the Arm, Shoulder, and Hand (DASH) questionnaire; and for HS and
pinch strength (2-point tip-to-tip, lateral or key, and 3-point) using Jamar® and pinch gauge dynamometers,
respectively. Associations were analyzed by Pearson and Spearman tests, and groups were compared by the
independent samples t test, with a significance level of P < 0.05.
Results: The convenience sample included 121 rheumatoid patients and a control group matched by age, sex, and
body mass index. The RAG showed lower strength values compared with the CG in all measurements (P < 0.01,
95% CI) and these values were associated with worse performance in the functional questionnaires and greater
disease activity and duration. There was a strong correlation among the functional assessment instruments.
Conclusions: The decrease in grip and pinch strength, easily measured by portable dynamometers, is a strong
indicator of functional disability in RA patients.
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Background
Rheumatoid arthritis (RA) is a chronic inflammatory
joint disease that preferentially affects the hands, resulting in reductions in muscle strength and mobility and
deformities associated with considerable functional impairment [1, 2]. Loss of muscle strength, made worse by
lack of use [3], can impair the basic grip and pinch functions of the hands. Some studies conducted with portable dynamometers have shown reductions in hand
strength in patients with RA compared with healthy
controls and correlated with functional ability [4–8].
However, such studies exhibit several limitations, such
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as small sample size, lack of control groups, and poor
description of the measurement protocols.
The aims of the present study were to measure the
hand grip strength (HS) and pinch strength of individuals with RA, compared with a control group, and to
correlate hand strength with functional ability and
length and activity of disease.

Methods
This cross-sectional, case-control study was conducted
with individuals with RA (RA group - RAG) followed up
at the rheumatology outpatient clinic, School of Medicine
of Marilia, interior of the state of São Paulo, Brazil.
Controls (Control group - CG), matched by sex, age, and
body mass index (BMI), were selected among escorts of
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patients at the rheumatology outpatient clinic and at the
internal medicine, obstetrics, and otorhinolaryngology
outpatient clinics.
The Institutional Ethics Committee, under Certificate of Presentation for Ethical Appraisal (CAAE)
45,124,815.0000.5413, approved the study. Participants were included in the study after signing an informed consent form. The study was conducted
from September 2015 to September 2016.
Sample size was calculated using a two-tailed test with
the significance level set to 5, 90% power, standard deviation 9.8 kgf [9] for handgrip strength, and a clinically
significant difference of 4.5 kgf. To compensate for eventual losses, the calculated sample size was increased by
20%, resulting in 121 participants per group.
Individuals 18 years old or older were included. RAG
members had to meet the classification criteria formulated by the American College of Rheumatology in 1987
(ACR 1987) or the criteria formulated by the American
College of Rheumatology and the European League
Against Rheumatism in 2010 (ACR/ EULAR 2010) [10,
11]. Exclusion criteria for both groups were understanding, cognition, or sensory deficits hindering participation
in interviews; skin or neurological lesions impairing the
grip and pinch functions; and amputation of the upper
limbs. Individuals with hand joint complaints were excluded from CG.

Fig. 1 Flowchart representing the steps for participant selection
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Patients with RA were subjected to assessment of activity
of disease. All participants were subjected to measurements
of body mass and height (Filizola mechanical scale with stadiometer, 100-g and 0.1-cm precision), functional ability
questionnaires, and hand dynamometry.
Disease activity was assessed by means of the Disease
Activity Score (DAS28) and the measurement of
C-reactive protein (CRP; immunoturbidimetric method)
[12–14]. The DAS28 final score was interpreted according to the following classification: remission ≤2.4; low
disease activity ≤3.2; moderate activity ≤5.5; and high activity > 5.5, and according to the Boolean definition of
remission (2010 ACR/EULAR remission criteria): tender
and swollen joint count < 1, CRP ≤ 1 mg/dl, and visual
analog scale (VAS) score ≤ 1 or Simplified Disease Activity
Index (SDAI) ≤ 3 [15, 16].
Functional ability was assessed by means of 3 questionnaires: a) the Health Assessment Questionnaire
(HAQ), one of the most widely used for patients with
RA and that was translated to and validated for the Portuguese language [17–19]; b) the Cochin Hand Functional Scale (CHFS), developed in France initially for
assessment of patients with RA and then extended to
other conditions, and translated and adapted for Brazilian
populations [20, 21]; and c) the Disability of the Arm,
Shoulder, and Hand (DASH) questionnaire, developed for
assessment of the upper limb functional ability in various
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Table 1 Characteristics of the rheumatoid arthritis group (RAG)
and the control group (CG)
Variables

RAG
n = 121

CG
n = 121

Age (years)

57.50 ± 10.75

57.48 ± 10.48

BMI (kg/m 2)

28.26 ± 5.84

29.74 ± 6.08

Male

14 (11.6)

14 (11.2)

Female

107 (88.4)

107 (88.4)

Sex (%)

Ethnicity (%)
White

81 (66.9)

67 (55.4)

Black

3 (2.5)

12 (9.9)

Brown skin

36 (29.8)

42 (34.7)

Indian

1 (0.8)

–

8 (6.6)

5 (4.1)

Educational level (%)
None
Incomplete elementary school

49 (40.5)

52 (43.0)

Complete elementary school

17 (14.0)

15 (12.4)

Incomplete secondary school

22 (18.2)

5 (4.1)

Complete secondary school

18 (14.9)

37 (30.6)

Higher education

7 (5.8)

7 (5.8)

Single

19 (15.7)

10 (8.3)

Married

65 (53.7)

72 (59.5)

Divorced

19 (15.7)

14 (11.6)

Widowed

14 (11.6)

18 (14.9)

Stable union

4 (3.3)

7 (5.8)

114 (94.2)

115 (95.0)

Marital status (%)

Dominant hand (%)
Right
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conditions and translated, validated, and adapted for the
Portuguese language in 2005 [22, 23].
Hand strength was assessed with the participants sitting on an armless chair, with 90° elbow flexion, forearms in a neutral position, and 0 to 30° wrist extension.
Maximum strength was assessed after a 3-s sustained
contraction; the average of 3 attempts at 1-min intervals
was considered for analysis. During the tests, all participants received verbal feedback by means of the sentence
“strength, strength, strength” [24, 25]. Measurements included a) handgrip strength (HS) measured with a
Jamar® hydraulic dynamometer at handle position 2, as
established by the American Society of Hand Therapists
(ASHT); results were recorded in kilogram-force (kgf )
[24], and b) pinch strength measured using a B&L
Engineering® PG-30 pinch gauge, including 2-point
tip-to-tip pinch strength (classic, between the thumb
and index finger), lateral or key pinch strength (between
the pad of the thumb and the lateral surface of the middle
phalanx of the index finger), and 3-point pinch strength
(between the thumb, index, and middle fingers) [26].
The data were subjected to descriptive statistics; normality was assessed by means of the Kolmogorov-Smirnov
test. Groups were matched 1:1 by sex, age, and BMI and
were compared with the t-test. Correlations were investigated using Pearson’s and Spearman’s tests, and the
strength of correlation was categorized as follows: 0.0 to
0.3, non-significant; 0.3 to 0.5 weak; 0.5 to 0.7 moderate;
0.7 to 0.9 strong; and 0.9 to 1.0 very strong [27]. Intergroup comparisons were performed by means of the independent t-test, with significance level P < 0.05. Analyses
were performed with software Statistical Package for the
Social Sciences (SPSS version 24) - US.

Associated diseases (%)
Systemic arterial hypertension

71 (58.7)

74 (61.2)

Osteoporosis

31 (25.6)

3 (2.5)

Diabetes

18 (14.9)

32 (26.4)

SD: standard deviation; kg/m 2: kilograms per square meter

Results
Figure 1 most participants in the groups were female,
married, and white (self-reported ethnicity) with a low
educational level, reported arterial hypertension, and

Table 2 Hand strength of participants in the rheumatoid arthritis group (RAG) and the control group (CG)
Strength test

RAG

CG

Mean ± SD (kgf)

CG-RAG difference
(%)

P

Handgrip R

17.74 ± 9.23

25.94 ± 8.33

30

< 0.01

Handgrip L

17.34 ± 8.87

25.85 ± 8.32

31

< 0.01

2-point tip-to-tip pinch R

3.47 ± 1.56

5.24 ± 1.49

32

< 0.01

2-point tip-to-tip pinch L

3.33 ± 1.58

4.98 ± 1.39

31

< 0.01

3-point R

4.55 ± 1.99

6.87 ± 2.10

32

< 0.01

3-point L

4.50 ± 2.05

6.57 ± 1.95

30

< 0.01

Lateral pinch R

6.02 ± 2.40

7.79 ± 1.96

21

< 0.01

Lateral pinch L

5.60 ± 2.31

7.26 ± 1.86

21

< 0.01

kgf: kilogram-force; R: right; L: left. Independent t-test
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Table 3 Length and activity of disease and functional ability of
participants in the rheumatoid arthritis group (RAG)
Variables (n = 121)

Mean (±SD)

Length of disease (years)

Median [P25-P75]
10 [5–16]

DAS28

2.98 (±1.32)

HAQ

0.87 [0.31–1.75]

Cochin Hand Functional Score

8 [1–27]

DASH

20 [7.50–43.33]

N: sample; SD: standard deviation; P25-P75: 25th and 75th percentiles; DAS28:
Disease Activity Score; HAQ: Health Assessment Questionnaire; DASH:
Disability of Arm, Shoulder, and Hand

were right-handed for writing and performing activities
of daily living (ADL). Details on the characteristics of
the participants from both groups are described in
(Tables 1 and 2).
Rheumatoid factor tested positive in 78.5% (n = 95) of
participants in the RAG; data on anti-citrullinated protein antibodies (ACPAs) were missing for 43 patients.
The drug most widely used by patients was methotrexate,
71.9% (n = 87), followed by leflunomide, 52.9% (n = 64),
and hydroxychloroquine, 38% (n = 46) (Tables 3 and 4).
Length of disease did not exhibit any significant correlations with activity of disease, scores on questionnaires,
or functional ability.
In a separate analysis by age range (10-year interval) in
the RAG, we found that HS decreased after 35 years of
age and was more accentuated after 65 years of age. In
the CG, the highest strength level was exhibited by G2,
with a gradual decline with age (Table 5).
The scores on the functional ability scales showed
strong mutual correlations: HAQ and CHFS 0.789
(P < 0.01), HAQ and DASH 0.825 (P < 0.01), and
CHFS and DASH 0.820 (P < 0.01), but weak correlations with activity of disease.
There was no correlation of hand strength and functional ability with RA Boolean remission (Table 6).

Discussion
The handgrip strength and pinch strength were lower
among the patients with RA compared with the controls.

Page 4 of 8

Handgrip strength and pinch strength were lower among
patients with poorer functional ability but showed weak
correlations with activity and length of disease.
The average age of the participants was 58 years; age
did not exhibit a correlation with HS, as has been described in the literature [1, 18, 28–31].
A study conducted with healthy individuals found that
the peak HS occurred in the age range of 25 to 39 years;
pinch strength remained stable until age 59 years,
followed by a gradual decline together with age [32]. In
another study performed with healthy Brazilians, peak
HS occurred in the age range of 35 to 39 years, followed
by a gradual decline with age [33]. A study that analyzed
patients with RA did not find a difference in 2-point pinch
after 5-year follow up [34]. However, the meta-analysis
conducted by Beenakker et al. [31] showed a decline of
HS before age 50 years, suggesting that the disease might
cause premature aging. In our study, we did not find a
clear-cut strength reduction gradient, but strength declined in the groups with patients older than 35 years,
similar to previous studies; this variation might be attributed to the expected loss of muscle mass and strength that
occurs after age 40. The group with patients older than
65 years old showed additional HS reduction, which is
consistent with the frailty developed by older seniors [35].
There is controversy regarding hand strength and
dominance. Some studies conducted with healthy individuals found significant differences, with the dominant
hand being the strongest [36]. Two studies simultaneously analyzed patients with RA and healthy individuals. In one study, the dominant hand was 20% weaker
than the non-dominant one among patients with RA
and 8% stronger among healthy individuals [37]. The
other study found differences among the healthy participants only [38]. In our study, we did not find a correlation between strength and dominance in either group;
in addition, dominance might be influenced by several
factors, such as work and leisure demands [39].
Regarding associated diseases, systemic arterial hypertension was the most prevalent in the analyzed sample.
Use of cardiovascular medications has been associated

Table 4 Negative correlations among hand strength, functional ability, activity, and duration of disease in the rheumatoid arthritis
group (RAG)
Variables

Handgrip

2-point tip-to-tip pinch

3-point pinch

Lateral pinch

D

E

D

E

D

E

D

E

HAQ

0.585*

0.528*

0.446*

0.472*

0.505*

0.501*

0.470*

0.555*

DASH

0.606*

0.559*

0.453*

0.444*

0.484*

0.486*

0.444*

0.535*

CHFS

0.606*

0.512*

0.452*

0.448*

0.496*

0.474*

0.474*

0.509*

Length of disease

0.168

0.196**

0.171

0.204**

0.189**

0.217**

0.187**

0.238*

DAS28

0.431*

0.401*

0.473*

0.436*

0.467*

0.424*

0.341*

0.336*

HAQ: Health Assessment Questionnaire; DASH: Disabilities Arm, Shoulder, and Hand; CHFS: Cochin Hand Functional Scale. Pearson’s correlation test for DAS28;
Spearman’s correlation test for all others; * P < 0.01, ** P < 0.05
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Table 5 Handgrip strength per age range in the rheumatoid
arthritis group (RAG) and the control group (CG)
RAG

CG

Age range

HS R
Mean ± SD

HS L
Mean ± SD

HS R
Mean ± SD

HS L
Mean ± SD

26–35 - G1

25.53 ± 14.89

20.67 ± 14.26

30.17 ± 11.49

32.33 ± 10.54

36–45 - G2

16.37 ± 8.22

18.54 ± 7.94

34.13 ± 8.51

33.75 ± 9.66

46–55 - G3

17.55 ± 8.13

17.39 ± 7.86

27.54 ± 8.20

27.67 ± 7.07

56–65 - G4

18.18 ± 9.77

18.30 ± 9.52

24.96 ± 8.44

24.90 ± 9.49

+ 65 - G5

14.75 ± 11.52

13.61 ± 10.22

22.46 ± 5.66

21.93 ± 4.45

HS R: right handgrip strength; HS L: left handgrip strength

with HS reduction in a cohort of older adults [40]. In
our study, neither hypertension nor use of medications
– with similar prevalence rates in both groups – showed
a relationship with hand strength.
There was no difference in hand strength according to
the use of synthetic drugs for disease control. An isolated correlation was detected between pinch strength
and the use of a biological agent, without sufficient
consistency to infer a causal relationship.
Rheumatoid factor – related to poor prognosis in
RA – tested positive in 78.5% of the RAG, somewhat
above the average of 70% reported in the literature [18];
however, positive rheumatoid factor was not associated
with hand strength. Data on ACPAs were missing for 43
patients; therefore, we did not investigate their correlation
with hand strength.
A meta-analysis performed in 2010 [31] found that the
average HS of patients with RA was 17.68 kgf. Although
the analyzed studies had excluded individuals with diabetes mellitus, chronic obstructive pulmonary disease,
and testosterone and/or growth hormone deficiencies,
the abovementioned value is similar to the one we found
in the present study, in which patients with such conditions were not excluded. Alomari et al. [41] found a 30%
reduction in HS among patients with RA compared with
healthy individuals recruited from the local community
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without ischemia, systemic arterial hypertension, angina,
diabetes mellitus, anemia, dyslipidemia, kidney failure,
obesity, or higher cardiovascular risk and who were nonsmokers. Even without excluding participants with any
of these conditions, in our study, we found a similar difference between patients and controls.
The study by Dedeoğlu et al., which correlated hand
strength with pain, activity of disease, functional ability,
and joint lesions in RA, found average values of 24.6 kgf
for HS, 4.4 kgf for tip-to-tip pinch strength, 5.65 kgf for
3-point pinch strength, and 6.65 kgf for lateral pinch
strength. These values are higher than those found in the
present study; however, Dedeoğlu et al. excluded individuals with diabetes mellitus, hypo- or hyperthyroidism, and
cervical disc disease [9], constituting a sample with a profile different from the one met in clinical practice. In
addition, their study did not include a control group.
The data described above show that there is wide variability among studies, with the issue of the inclusion of
control groups being crucial. When designing our study,
we took special care to include a control group with a
profile similar to the one of patients seen in clinical
practice, who have several associated diseases, and to
match the groups according to variables with potentially
strong influences on hand strength. We believe that one
strength of our study is that it has satisfactory internal
quality without any impairment of its external validity.
In their study, Poole et al. [42] found that among patients with RA, HS, 2-point tip-to-tip, and 3-point pinch
strength were lower with lower hand functional ability,
as measured by means of the CHFS. Another study
assessed HS, 2-point tip-to-tip, 3-point pinch strength,
and lateral pinch strength and found the same correlations with functional ability [9]. Although utilizing a
small sample of 36 patients with RA, Adams et al. [4]
found that DASH showed a strong correlation with HS
and 3-point pinch strength and suggested that DASH is
the best instrument to discriminate the functional ability
of the upper limbs. Similarly, the study by Nampei et al.

Table 6 Hand strength of patients with rheumatoid arthritis (RA) and Boolean remission or active disease
RA in remission (n = 8)

RA in activity (n = 113)

Hand strength

Mean ± SD (kgf)

Handgrip R

18.44 ± 5.71

17.69 ± 9.44

> 0.05

Handgrip L

19.63 ± 5.88

17.18 ± 9.04

> 0.05

2-point tip-to-tip pinch R

4.03 ± 1.20

3.43 ± 1.58

> 0.05

2-point tip-to-tip pinch L

4.10 ± 1.50

3.28 ± 1.57

> 0.05

3-point R

4.82 ± 0.99

4.54 ± 2.05

> 0.05

3-point L

5.44 ± 2.14

4.43 ± 2.03

> 0.05

Lateral pinch R

6.46 ± 1.62

5.99 ± 2.45

> 0.05

Lateral pinch L

6.98 ± 1.99

5.50 ± 2.30

> 0.05

kgf: kilogram-force; R: right; L: left; Independent t-test

P
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[43] concluded that there were significant correlations of
2-point tip-to-tip, 3-point pinch strength, and lateral
pinch strength with loss of hand function among patients with RA. This is the only study that also described
associations with thumb and index deformities. In
addition, our study showed associations with hand function, but we did not record deformities.
The DAS28 score (2.98 ± 1.32) showed a weak correlation with grip and pinch strength. A recent study found
a moderate negative correlation between DAS28 score
and grip and pinch strength, as measured with a dynamometer coupled to a smartphone; the authors concluded that HS might contribute to the assessment of
disease activity in the outpatient setting [44]. In addition,
a recent pilot study reported a reduction of HS among
patients with RA and high disease activity and a negative
correlation of HS with pain and swelling [38].
In contrast, in our study, we observed a weak correlation between strength and disease activity, which was
not expected because the hand joints have considerable
weight on the DAS28 scores. There were correlations for
some of the hand strength parameters, but those correlations were below 0.3 in all cases, i.e., they were clinically insignificant.
There was not any significant difference between patients with Boolean remission and active RA; however,
the low representation of the former, just 8 patients,
makes drawing robust conclusions difficult [38, 45].
Like ours, one study observed a strong correlation between CHFS and HAQ [9], which reinforces the fact that
RA hand involvement impairs functional ability in a global manner [46].
In the validation study of CHFS for the Brazilian
population, it showed moderate correlation with DASH.
Conversely, in our study, these two instruments showed
a strong correlation, which might be accounted for by
the fact that RA affects not only the small but also the
large joints of the upper limbs. There is considerable
overlap among the items assessed with the HAQ, CHFS,
and DASH, rendering their simultaneous use unnecessary. However, there is a wide diversity of parameters
cited in the literature; thus, we chose to apply all three
instruments to enable comparisons with other studies.
Length of disease had a significant, albeit, weak correlation with functional activity, as was the case of the study
by Dedeoğlu et al., who used CHFS [9], and Toyama et al.
[34], who employed DASH, which must be quite variable
as a function of disease aggressiveness, early diagnosis,
and intensity of treatment in each patient.
We believe that our study provides a relevant reference for the measurement of hand strength in patients
with RA, as the sample size was larger compared with
the studies available in the literature [37, 38, 41, 45, 47].
In addition, we used a control group composed of
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individuals with sociocultural profiles similar to those of
the RA patients and matched per sex, age, and BMI;
therefore, both the internal and external validity are satisfactory. Nevertheless, we admit some limitations, such
as not having recorded radiological deformities of the
hands and fingers, which might be associated with measurements of strength.
Several issues still need to be elucidated. Our sample
did not have a sufficient number of patients for assessment of the hand strength impairment at baseline, which
might contribute to discriminating the roles that inflammation and sequelae play in loss of strength. The sample
size was also restricted for the purpose of drawing conclusions on male patients. What is the correlation between hand strength and lower limb strength and risk of
falls? What are the impacts of rehabilitation programs
and physical exercise on hand strength among patients with
RA? These data will contribute to elucidate the potential of
hand strength measurement along the follow-up of patients
with RA as an additional parameter for therapeutic
decision-making to contribute to improve the functional
ability and quality of life of patients and disease control.
We conclude that handgrip and pinch strength were
lower in patients with RA compared with individuals
without disease. Grip and pinch strength were inversely
correlated with global functional ability and hand and
upper limb function; however, they showed weak correlations with activity and length of disease.
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