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Original Article

An Evaluation of Hand Dominancy and its Relationship with Hand
involvement and hand Dexterity in Patients with Rheumatoid Arthritis

Romatoid Artritli Hastalarda El Dominansisi ile El Tutulumu ve Becerisi Arasindaki
[ligkinin Degerlendirilmesi

Ebru UMAY, Alev CEVIKOL, Aytiil CAKCI

Department of Physical Medicine and Rehabilitation, Ankara Diskapi Yildirim Beyazit Training and Research Hospital, Ankara, Turkey

Objectives: This study aims to evaluate whether hand
dominancy in patients with rheumatoid arthritis (RA) using
their right hand dominantly is associated with clinical and
radiological involvement of the hand and hand dexterity.

Patients and methods: Two hundred and forty-nine
patients (238 females, 11 males; mean age 53.0+11.8
years; range 25 to 78 years) with right-hand dominance
were included in this study. In the evaluation of hand and
wrist involvement in the patients, the range of motion
(ROM) of the wrist, metacarpophalangeal joints (MCPJs)
and proximal interphalangeal joints (PIPJs) were measured
and the presence of deformities and tenosynovitis was
recorded. Hand dexterity was assessed using the nine
hole peg test, hand grip capacity (six types), and grip
strength. The Larsen score was calculated, the results
were compared between two hands.

Results: Range of motion limitation in wrist flexion, extension
and total number of PIPJs, piano key sign, and boutonniere
deformity were more common in the dominant (right) hand.
The right hand was stronger than the left; however, there
was no difference between the hands in terms of their grip
types. The radiological findings of the right hand were more
destructive than those of the left hand.

Conclusion: Our study results suggest that patients
with RA have a higher incidence of joint limitation and
radiological damage in the dominant hand and some
deformities can be observed more frequently in the
dominant hand. However, the dominant hand is still
stronger than the non-dominant hand.

Key words: Dominancy; grip strength; hand; joint involvement;
rheumatoid arthritis.

Amagc: Calismamizda sag elini dominant olarak kullanan
romatoid artritli (RA) hastalarda el dominansisi ile klinik ve
radyolojik olarak el tutulumu ve el becerisi arasinda iligki
olup olmadiginin deg@erlendirilmesi amaglandi.

Hastalar ve vyéntemler: Calismaya sag elini
dominant olarak kullanan 249 hasta (238 kadin,
11 erkek; ort. yas 53.0£11.8 yil; dagihm 25-78
yil) alindi. Hastalarin el ve el bilegi tutulumunun
degerlendiriimesinde, el ve el bilegi eklem hareket
acikhgr (EHA), metakarpofalangeal eklemler (MKFE)
ve proksimal interfalangeal eklemler (PIFE) &lcilda
ve deformitelerin ve tenosinovitin varhgr kaydedildi.
El becerisi nine hole peg testi, el kavrama kapasitesi
(altr tip) ve kaba kavrama kuvveti ile degerlendirildi.
Larsen skoru hesaplandi ve sonuglar iki el arasinda
kiyaslandi.

Bulgular: El bilek fleksiyon, ekstansiyon ve total
PIFE EHA kisithligi, piyano tusu belirtisi ve digme
iligi deformitesi varligi dominant (sag) elde daha
fazla idi. Sag el sol ele gdére daha kuvvetli bulundu,
fakat iki el arasinda kavrama tipleri agisindan farkhlik
saptanmadi. Sag elin radyolojik bulgulari sol ele gére
daha destriktif idi.

Sonug: Calisma bulgularimiza gére, RA’h hastalarin
dominant eli daha fazla eklem kisithih@r ve radyolojik
hasar icermekte idi, ayrica bazi deformiteler dominant
elde daha fazla gbézlenebilmekte idi. Ancak, bu
sonuglara ragmen, dominant el halen dominant
olmayan elden daha kuvvetlidir.

Anahtar sozcikler: Dominansi; el kavrama kuvveti; el; eklem
tutulumu; romatoid artrit.
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Rheumatoid arthritis (RA) is the most common
inflammatory disease in society today. It is chronic,
systemic, and painful, and the symmetrical
involvement of the peripheral joints leads to
deformation and progressive joint destruction.!

The hand represents the earliest affected joint in
RA. Wrist involvement occurs most often (70-90%),
but RA can also be found in the metacarpophalangeal
joints (MCPJs) and proximal interphalangeal joints
(PIPJs).”) The effect of RA in the joints ranges from
minor damage and functional impairment to severe
destructive arthritis with significant disability.?
In the majority of patients, this is due to joint
involvement leading to limitations in range of motion
(ROM), joint deformities, and muscle atrophy."**!

Persistent synovitis and the development of
bone erosion are typical features of RA, with the
synovitis being defined symmetrically in the hand
and foot joints. This definition is also included
in the American College of Rheumatology (ACR)
classification criteria. Although symmetrical joint
involvement is widely accepted, it has been reported
in some studies that inflammation increases due
to trauma and excessive activity, and as a result,
the findings in the dominant hand are likely to be
more severe than in the non-dominant hand.l*®
In line with this and in view of the asymmetrical
and unilateral involvement in patients with
chronic neurological diseases (i.e., poliomyelitis,
meningioma, encephalitis, and neurovascular
syphilis) along with the study results that indicated
preserved limb paralysis, it can be concluded that
symmetrical involvement of joints does not always
occur with RA.®'In fact, this aspect has been clarified
in the literature in which the anti-inflammatory
effects of physical rest and immobilization were
noted.'>" However, there are other studies that have
reported no difference between the two hands.!2*3

Because of these conflicting results concerning
symmetrical involvement, our aim was to evaluate
whether hand dominance in patients with RA is
related to the clinical/radiological involvement of the
hand and hand dexterity.

PATIENTS AND METHODS

Two hundred and forty-nine patients (238 females,
11 males; mean age 53.02+11.76 years; range 25 to 78
years) with right-hand dominance who were diagnosed
with RA according to the ACR classification criteria
were included in the study, and informed written
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consent was obtained from each participant. The
study was also approved by the local ethics board and
was performed in accordance with the principles of
the Declaration of Helsinki.

Patients with left-hand dominance or a history
of previous hand and/or wrist trauma were excluded
from the study along with those who were bedridden
according to the Steinbrocker functional staging
classification system (Stage IV) and those with
bone and/or joint involvement due to neurological,
metabolic, or endocrine disease.

The patients’ demographic characteristics,
such as age, gender, education, marital status, and
job status were recorded as well as their disease
features (duration of disease, number of tender
and swollen joints, and disease stage according to
the Steinbrocker functional staging classification
system) and their general health assessment (GHA)
levels. Each patient also underwent a laboratory
test to obtain the erythrocyte sedimentation rate
(ESR) (mm/h), C-reactive protein (CRP) (mg/L), and
rheumatoid factor (RF) (IU/mL) levels. In addition,
the disease activity score 28 (DAS 28) was calculated
by using the number of tender and swollen joints,
ESR, and GHA.

To evaluate the hand and wrist involvement of the
patients, the ROM of the wrist, MCPJs, and PIP]Js was
measured via goniometry.

The results for the wrist were obtained by
performing separate tests to determine whether
there was ROM limitation was present with regard
to flexion and extension. Measurements of <80°
and <70° respectively indicated limited ROM. The
results for the MCPJs and PIPJs were evaluated
according to the total ROM, which is the sum of
the flexion and extension ROM. Measurements
of <135° and <100° respectively indicated limited
ROM.

Additionally, deformities such as joint subluxation
and dislocation, which are common in RA, were
noted, and the presence of nodules, tendinitis, and
tenosynovitis was also recorded. The results were
then labeled as “present” or “absent”, and the number
of affected fingers was documented.

Hand dexterity was evaluated using the nine-hole
peg test (NHPT), the patients’ grip capability for six
basic grip types, and their grip strength. The NHPT
consists of a block with nine holes in which the subject
has to place nine accompanying pegs. The subject is
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scored based on the amount of time (in seconds) that
it takes to place and remove all nine pegs.

To assess grip type capability, the six hand
grip types that were described by Schlesinger!
the spherical, cylindrical, and hook grips used for
grasping large objects as well as the lateral, palmar,
and fingertip grips used for grasping small objects
were examined. The results were recorded as “no
difficulty”, “some difficulty”, or “not capable” based
on how well they completed the task and the condition
of both of their hands.

Power grip strength was measured by a Jamar hand
dynamometer (Baseline hydraulichand dynamometer,
Irvington, NY, USA) with the hand semipronated.
The patients were seated and the elbow, upper wrist,
and thumb had 90° flexion. Pinch strengths were
assessed by a pinch meter (Baseline hydraulic pinch
gauge, Irvington, NY, USA) in the lateral, palmar,
and fingertip positions, and measurements were
performed three times consecutively, with the mean
values being recorded in kilograms.

Additionally, the Larsen score was calculated
in the radiological evaluation, and the following
15 joints were evaluated: the four quadrants, six
MCP]Js, and four PIPJs of each wrist along with the
interphalangeal joint (IP]J) of the two thumbs. Each
joint was scored on a scale ranging from 0-5, and a
total score for each patient ranging from 0-70 was
then obtained.

All of these parameters were evaluated separately
for the left (non-dominant) and right (dominant)
hand, and the results were subsequently compared.

Statistical analysis

Data analysis was done using the SPSS version
11.5 for Windows software program (SPSS Inc.,
Chicago, IL, USA), and the continuous variables
were evaluated with the Shapiro-Wilk test to
determine whether they differed from the normal
distribution. Chi-square tests were used to compare
descriptive statistics, and the results were given
as mean = standard deviation for continuous
variables and frequencies and percentages (%)
for nominal variables. Statistically significant
differences between the groups related to normally
distributed continuous variables were identified
via Student's t-test for dependent groups, whereas
the significance of difference in terms of normal
undistorted continuous variables was performed
using the Wilcoxon rank sum test for independent
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groups. Furthermore, the significance of difference
for nominal variables was analyzed using Pearson’s
chi-square test. The Pearson (normally distributed
continuous variables) and Spearman (normal
undistorted continuous variables) correlation
coefficients were performed for those correlations
deemed to be significant. Values of p<0.05 were
considered to be statistically significant.

RESULTS

The mean disease duration in patients was 15.00
(18.60+14.39) years, and the demographics distribution
and disease characteristics along with the laboratory
parameters of the patients are shown in Table 1.

The comparisons and distributions of the
RA-induced findings according to the right and
left hands, including ROM limitations, deformities,
nodules, tendinitis, and tenosynovitis are shown in
Table 2.

Table 1. Distribution of demographic and disease
characteristics along with the laboratory parameters of the
patients (n=249)

Parameters n % Mean+SD

Age (years) 53.0+11.8
Gender
Female 238  95.6
Male 11 4.4
Education duration
<5 years 215  86.3
>5 years 34 137
Marital status
Married 202 81.1
Single 33 133
Widowed/divorced 14 5.6
Employment
Housewife 236 94.8
Blue-collar worker 4 1.6
White-collar worker 9 3.6
Disease duration (years)
Steinbrocker stage (I-1V)
Number of tender joints
Number of swollen joints
General health assessment
(0-100 mm)
Erythrocyte sedimentation
rate level (mm/h)
Rheumatoid factor
level (IU/mL)
C-reactive protein
level (mg/L)
Disease activity score
28 level

SD: Standard deviation.

18.60+14.39
1.97+0.36
8.97+8.35
2.75%3.14
46.38+27.27
30.14+20.38
115.17+£193.10
13.00+17.14

4.57+1.52
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Table 2. Comparison and distribution of rheumatoid arthritis-induced symptoms according to the dominant (right) and non-
dominant hand (left)

Right upper extremity Left upper extremity
n % Median Min.-max. Mean+SD n % Median Min.-max. Mean+SD P

Wrist flexion ROM

limitation 141 56.6 124 49.8 0.003¢
Wrist extension ROM

limitation 205 82.3 188 75.5 0.003¢
MCP] ROM limitation 158 63.5 151 60.6 0.8129

The number of limited joints 1.97+1.34 1.82+1.29 0.189¢
PIP] ROM limitation

(not belonging to any deformity) 104 41.8 79 31.7 0.001 ¢

The number of limited joints 1.68+1.58 1.52+1.53 0.001¢
MCPJ subluxation 79 317 71 285 0.277¢

The number of subluxated joints 0.63+1.18 0.59+1.22 0.2869
Piano key sign 61 24.5 45 181 0.0379
Ulnar deviation 82 329 79 317 0.459¢

The number of deviated joints 0.0 0.0-4.0  0.52+0.97 0.0 0.0-4.0  0.49+0.89 0.272*
Boutonniere deformity 124 49.8 104 41.8 0.001¢

The number of deformed joints 0.0 0.0-5.0  0.92+1.10 0.0 0.0-4.0  0.78+1.08 0.001*
Swan neck deformity 145 58.2 143 574 0.213¢

The number of deformed joints 0.0 0.0-5.0  1.24+1.22 0.0 0.0-5.0  1.18+1.22 0.132*
Z deformity of the thumb 78 31.3 71 285 0.354¢
Nodules 24 9.6 18 72 0.0549
Interosseous atrophy 154 61.8 155 62.2 0.782¢
Hypertrophic degeneration 83 333 82 329 0.7409
De Quervain’s tendinitis 2 038 2 0.8 1.000¢
Trigger finger 4 16 0.8 0.318¢
Dupuytren’s contracture 35 141 29 116 0.1099
Min.: Minimum; Max.: Maximum; SD: Standard deviation; ROM: Range of motion; MCPJ: Metacarpophalangeal joint; PIPJ: Proximal interphalangeal joint; * Wilcoxon rank sum test;
¢ Student’s t-test.

Significant limitations were found in the right
hand compared with the left regarding wrist
flexion and extension (p=0.003, r=0.617; p=0.003,
r=0.742, respectively), the total number of PIPJs
(p=0.001, r=0.880), and the number of affected
PIPJs (p=0.001, r=0.513). In terms of the piano
key sign, boutonniere deformity, and number of
fingers with this deformity, the right hand had
significantly higher figures than the left (p=0.037,
r=0.582; p=0.001, r=0.837; p=0.001, r=0.421,
respectively).

The mean duration for the NHPT was 34.50
(33.81+12.60) seconds for the right hand and
41.00 (43.30+12.84) seconds for the left hand,
but the difference was not statistically significant
(p=0.053).

The distribution of right and left hand grip
capability with regard to the six grip types and

a comparison of the results are presented in
Table 3. However, no significant differences were
found (p>0.05).

Furthermore, the distribution of grip strength
in the two hands and a comparison of the results
are shown in Table 4. We determined that the right
hand was significantly stronger than the left in all
of the tests (power grip strength: p=0.013, r=0.527;
lateral grip strength: p=0.027, r=0.378; palmar
grip strength: p=0.034, r=0.287; and fingertip grip
strength: p=0.041, r=0.385).

According to the evaluation of the patients on
the basis of the Larsen score, the mean score was
39.50 (43.49+23.59) in the right hand and 32.00
(41.66+20.78) in the left hand. This difference was
statistically significant in favor of the right hand

(p=0.031, r=0.164).
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Table 3. Distribution of grip type capabilities of the dominant (right) and non-dominant
(left) hands and a comparison of the results
Grip type Right hand Left hand
n % n % p
Cylindrical grip type
No difficulty 185 74.3 189 75.9
Some difficulty 57 22.9 53 21.3 0.207*
Not capable 7 2.8 7 2.8
Spherical grip type
No difficulty 195 78.3 201 80.7
Some difficulty 49 19.7 40 16.1 0.318*
Not capable 5 2.0 8 3.2
Hook grip type
No difficulty 204 81.9 209 83.9
Some difficulty 38 15.3 34 13.7 0.109%*
Not capable 7 2.8 6 2.4
Lateral grip type
No difficulty 171 68.7 174 69.9
Some difficulty 65 26.1 63 25.3 0.451%
Not capable 13 5.2 12 4.8
Palmar grip type
No difficulty 169 67.9 171 68.7
Some difficulty 62 24.9 59 23.7 1.000*
Not capable 18 7.2 19 7.6
Fingertip grip type
No difficulty 160 60.2 174 69.9
Some difficulty 66 30.6 64 25.7 0.053%*
Not capable 23 9.2 11 44
* Pearson’s chi-square test.
Table 4. The distribution of grip strengths of the right and left hands and a comparison of the results
Right Left
Median Min.-max. Mean+SD Median Min.-max. Mean+SD p
Power grip strength (kg) 9.64 0.0-30.84 10.08+6.69 8.31 0.0-27.21 8.85+6.09 0.018*
Lateral grip strength (kg) 3.90 0.0-9.66 3.64+2.32 3.71 0.0-9.25 3.45+2.21 0.026*
Palmar grip strength (kg) 3.44 0.0-8.30 2.89£1.97 2.99 0.0-7.98 2.71+1.89 0.032
Fingertip grip strength (kg) 2.30 0.0-5.44  2.26%1.53 2.04 0.0-4.80 1.81£1.43 0.041
Min.: Minimum; Max.: Maximum; SD: Standard deviation; * Wilcoxon rank sum test.

DISCUSSION

In our study, we aimed to evaluate whether right-hand
dominancy in patients with RA was related to the
clinical/radiological involvement of the hand and hand
dexterity. Our results showed that ROM limitations
associated with wrist flexion and extension along
with the total number of PIPJs as well as the presence

of piano key sign and boutonniere deformity were
more commonly observed in the right hand. In the
assessment of grip and pinch strengths, the right hand
was stronger than the left, but there was no difference
between the hands regarding their grip type capability.
Furthermore, the radiological evaluation findings in
the right hand were more destructive than in the left.
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Rheumatoid arthritis (RA) is a progressive disease
that leads to joint destruction and deformities, and
joint ROM is affected from the first years of the
disease."™ Previous studies have revealed that the
earliest erosions occur in the second and third MCP]Js
followed by the wrist joint."®”) It has also been
reported that finger joint involvement was observed
less often than other joint involvements. To our
knowledge, no similar study exists in the literature
that has evaluated ROM limitation. Adams et al.
studied the hand involvement of 119 patients who had
been diagnosed with RA for less than five years and
reported that the limited wrist ROM in the dominant
hand was greater than that of the non-dominant hand.
They did not evaluate flexion and extension ROM
separately but calculated them by combining the total
ROM. As in our study, no difference was determined
with regard to MCPJ involvement, and they did not
evaluate PIPJ involvement independently.

In our study, it was found that the ROM
limitations related to wrist flexion and extension
together with the PIPJs were much greater in the
dominant hand, but MCPJ involvement was similar
in both hands. As reported in the literature, MCP]
involvement occurs in the early stages; therfore,
since the patients in this study had an average
disease duration of 15 years, our results were
expected.'®”! In addition, it has been hypothesized
that involvement of joints like the wrist and PIPJs
is due to longer disease duration.

In the literature, the studies that have compared
both hands in terms of joint deformity, tenosynovitis,
and nodules in RA have reported conflicting results.
While some reported no differences between the
hands,['21318] others found that these conditions
associated with RA were seen more frequently in the
dominant hand.'™® One reason for the dissimilar
results is that different deformities have been
evaluated, and various methods have been used in the
assessment process. In two studies similar to ours,®!!
both hands were compared in terms of boutonniere
and swan neck deformities, ulnar deviation, and
flexor tenosynovitis, and no differences was seen
between the hands.

Greater deformity was observed in the right hand
than left hand in our study with regard to piano key
sign and boutonniere deformity, and no differences
were detected concerning swan neck deformity, ulnar
deviation, Z deformity, tenosynovitis, interosseous
atrophy, or hypertrophic degeneration.
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Piano key sign is a characteristic of caput ulna
syndrome, which is caused by distal radioulnar
joint instability and ulnar head subluxation. Wrist
involvement in RA often begins with the ulnar side
and also affects the extensor tendons in later stages of
the disease.?"!

In our study, the greater occurrence of wrist ROM
limitations and detection of piano key sign in the right
hand were evaluated as compatible results because we
believe that the reason for the high number of patients
with piano key sign was due to greater wrist joint
involvement in the dominant hand.

We also discovered that boutonniere deformity
occurred more often in the right hand. Swan neck
and boutonniere deformities occur in approximately
half of the patients with RA.?Y When evaluated
separately, the buttonhole deformity has been
reported in 36% of RA patients and swan neck
deformity in 14%.°" Boutonniere deformity occurs
especially because of the involvement of the PIPJs,
whereas swan neck deformity may include three joint
involvements consisting of the MCPJs, PIPJs and
distal interphalangeal joints (DIPJs). In our study,
PIP] involvement differed between the two hands,
but MCP]J involvement was the same. Boutonniere
deformity most likely occurred significantly more in
the dominant hand due to the difference in the PIP]
involvement.

In addition, interosseous atrophy and hypertrophic
degeneration, both commonly seen in RA, were
detected in similar proportions in both hands in
our study. There have been reports that interosseous
muscle atrophy results from the pain caused by MCPJ
involvement, reflex inhibition after the pain, and
non-use of the hand.”*! Hypertrophic degeneration
occurs as a result of chronic synovitis of the MCP]J,
but we identified no significant difference in terms
of ROM limitation and subluxation of the MCP].
Therefore, we believe that our result is consistent with
other study results concerning this issue.

In addition, we detected no differences between
the right and left hands regarding the presence of
tenosynovitis and nodules, which corresponds to
other results that have been previously reported
in the literature.'® We do not believe that this
occurred because tenosynovitis and nodules are
established deformities but because the change
in deformities depends on the effectiveness of
treatment. In fact, there are reports in which
the appearance of tenosynovitis and nodules was
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reduced, and changes took place based on the
treatment received.2*2°!

We used the NHPT as one of the assessment tools
in this study. In the literature, the NHPT has rarely
been used to evaluate the differences associated with
hand dominance, but it has been frequently used to
assess grip strength. The only study that used the
NHPT for evaluative purposes was conducted by
Adams et al.’® who found no difference in terms of
hand dexterity between the right and left hands in 119
patients with early RA. They also compared the right
and left hands in terms of power grip strength but
again found no significant difference was reported.
Other studies in the literature have also failed to find
any differences related to power grip strength, but
the dominant hand strength has been reported to be
higher numerically.®®2¢

According to studies in which the grip strength
of both hands of healthy subjects was evaluated, the
dominant hand was 10% stronger,*”?® and we also
found that the dominant hand was significantly
stronger with regard to both power grip strength
and pinch strength. However, the difference in
the strength between the hands was less than
10%. In addition, strength levels were higher in
the dominant hand in our study, though at lower
levels than has been reported for healthy people.
Our results were reasonable because our patients
had different profiles compared with those in
previous studies (number, gender, sociocultural
status, disease activity level, medications used) and
because of the different compensatory mechanisms
that were implemented. In our opinion, more
comprehensive and wide-scale studies are needed
in order to clarify this issue. Furthermore, since
to our knowledge no other study has focused on
grip type capability, we had no way to compare our
findings.

While there are many studies in the literature
that have compared the hands in terms of
radiological involvement, the reported results are
conflicting. This could be because a variety of
different evaluation methods have been used in
previous studies, such as standard radiography and
bone mineral density (BMD)."®%2l In the studies
that used the Larsen score, it was noted that the
dominant hand had more joint space narrowing and
erosion compared with the non-dominant hand,
which was similar to our findings.”® However,
in one of his studies, LuukkainenP” evaluated
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the radiological difference between the hands of
each patient with early RA and found no greater
difference in destruction level in the dominant
hand. In our study, more radiological damage was
detected in the dominant hand, but this can be
attributed to the fact that since our patients had an
average disease duration of 15 years, the difference
between the hands was more significant.

Conclusion

In this study, greater joint limitation,
radiological damage, and deformity were detected
in the dominant hand of the patients with RA. This
result supports the idea that overuse of the hand
and trauma increases joint damage in patients
with RA. Despite these results, the dominant
hand is still stronger with respect to grip strength
(though not to the extent of the healthy subjects),
and there is no difference between the hands
in terms of grip capability. Thus, factors other
than joint involvement are believed to affect the
formation of grip strength and grip capability.
However, more comprehensive and wide-scale
studies are needed in order to clarify the reasons
for these results.
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