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Hand Grip Strength as a Predictive Tool for Upper 
Extremity Functionality, Balance, and Quality  
of Life in People With Multiple Sclerosis
Meral Seferoğlu, MD; Meliha Kasapoğlu Aksoy, MD; and Abdulkadir Tunç, MD

ABSTRACT
BACKGROUND: Upper extremity strength and function are 
rarely assessed in routine multiple sclerosis (MS) care. This 
study aimed to evaluate hand muscle strength and function-
ality in individuals with MS and investigate correlations with 
upper extremity function, cognitive status, health-related qual-
ity of life (HRQOL), and balance.

METHODS: A cross-sectional study was conducted with  
45 consecutive individuals with MS between the ages of  
18 and 65. Upper limb motor strength was evaluated using a 
hand grip strength dynamometer. Upper limb functional capac-
ity was assessed using the Nine-Hole Peg Test (9HPT) and 
the Duruoz Hand Index (DHI). Balance, coordination, and falls 
were measured with the Berg Balance Scale (BBS), Falls Effi-
cacy Scale (FES), and the 30-Second Chair Stand Test (30CST). 
Cognitive function was evaluated using the Montreal Cognitive 
Assessment instrument and the Symbol Digit Modalities Test. 
Level of HRQOL was assessed using the self-reported 54-item 
MS Quality of Life-54 questionnaire.

RESULTS: Out of the 45 participants (80% women, mean age 
36.6 ± 8.6 years), higher hand grip dynamometer measures were 
strongly correlated with better DHI, 9HPT, BBS, FES, and 30CST 
scores. In the regression analysis, a 1-unit increase in dynamom-
eter measures led to a 0.383 increase in overall HRQOL score.

CONCLUSIONS: This study demonstrates that increased hand 
grip strength (HGS) is associated with better hand functional-
ity, balance, and HRQOL in individuals with MS. It provides 
evidence to support more systematic measurement of HGS in 
the care of people with MS. 
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Multiple sclerosis (MS) is a central nervous system 
disease characterized by various neurological dis-
abilities resulting from progressive inflammatory 

and neurodegenerative processes.1 People with MS often expe-
rience symptoms that significantly impact their quality of 
life (QOL), including muscle weakness, sensory deficits, and  
cognitive impairment.2-4

Approximately 66% of individuals with MS experience 
upper limb motor impairments, greatly affecting daily activi-
ties.5 Hand dysfunction, along with fatigue, ambulation, and 
cognitive decline, has been associated with increased unem-
ployment, which highlights the importance of addressing 
these deficits in MS.6 Despite the disabling effects and negative 
impact on QOL, little is known about the exact frequency and 
severity of upper extremity dysfunction in individuals with 
MS. Additionally, accurately assessing upper limb movements 
is challenging due to their inherent variability.

Hand grip strength (HGS) is a reliable measurement of 
upper extremity muscle strength to determine functional 
capacity. It reflects the force generated from the combined 
contraction of extrinsic hand muscles.7 HGS measurement 
is recommended as a modality to assess muscle strength 
and is the simplest method for evaluating muscle func-
tions in clinical practice.8 Previous studies have shown that 
increased HGS is strongly associated with preserved mobility,  
functional status, higher levels of daily living activities, and 
decreased disability.9-11

With an incidence of 40% to 65% in individuals with MS, 
cognitive impairment is reported to be a predictor of long-
term disability. The severity of cognitive decline appears to be 
related to patients’ ages and levels of physical disability, and 
certain cognitive aspects can predict functional status in MS.12 
Impaired balance is also a disabling symptom that negatively 
impacts independence and autonomy, leading to falls and inju-
ries. It can be present even in the early stages of the disease 
course, sometimes even in the absence of physical disability.13 
People with MS tend to have lower health-related quality of 
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life (HRQOL) levels.4 Muscle weakness, balance and gait abnor-
malities, fatigue, and other functional deficits significantly 
contribute to their lower HRQOL.4,14

This study aims to evaluate HGS and hand functionality in 
individuals with MS and investigate their correlations with cog-
nitive status, HRQOL, and balance states in these individuals.

METHODS
Participants
This cross-sectional analytical study was conducted in the 
neurology department of Bursa Yüksek İhtisas Education 
and Research Hospital (Bursa, Turkey) from February 1, 
2020 to May 1, 2020. Ethical approval was obtained from the  
institutional research committee, and all subjects provided 
written informed consent.

Physical characteristic data obtained included age, gender, 
time since diagnosis, and current treatments. Disability was 
evaluated by a neurologist using the Expanded Disability 
Status Scale (EDSS).15 The participants had a confirmed diag-
nosis of relapsing-remitting MS according to the revised 
McDonald criteria16 and an EDSS score between 0 and 5.5. 
Participants were between the ages of 18 and 65.

Exclusion criteria were current pregnancy, having an MS 
relapse within the preceding 3 months, sensorial problems not 
caused by MS, unilateral sensory perception loss, upper motor 
neuron injury (eg, stroke survivors), history of peripheral 
neuropathy, and upper limb orthopedic limitations that could 
interfere with study procedures.

Quantitative Measures
All assessments were performed by the same physician in a 
quiet, well-illuminated room.

Upper Limb Functional Capacity: Hand Grip Strength
Upper limb motor analysis was assessed in a seated posi-
tion with the patient’s feet on the ground. The HGS of the 
dominant hand was measured by the Jamar Plus+ Digital Hand 
Dynamometer (Sammons Preston). Since the reliability and 
validity of the Jamar dynamometer has been evaluated as high, 
it has been considered a gold standard in the assessment of 
grip strength.17 Hand dominance was determined by asking the 
patients which hand they used for writing. The test was per-
formed in a seated position with the shoulder of the tested arm 
adducted, the elbow flexed at 90°, and the forearm and wrist set 
in neutral position. Grip strength tests were performed 3 times 
with 1-minute intervals between each, and the average of the  
3 measurements was calculated.18

The Nine-Hole Peg Test (9HPT) and the Duruoz Hand Index 
(DHI) were used to evaluate upper limb functional capacity. The 
9HPT is a well-known, standardized, quantitative test of upper 
limb function. It has a strong test-retest reliability for individu-
als with MS.19 The test was performed in a seated position with 
the dominant hand. The chronometer was started as soon as 
the patient touched the first peg. The chronometer was stopped 
when the last peg hit the container. 

The DHI is an 18-item self-report questionnaire designed to 
evaluate activity limitations of the hand. It was first developed 
for individuals with rheumatoid arthritis.20 Questions are 
grouped in 5 domains: in the kitchen (8), dressing (2), hygiene 
(2), in the office (2), and other (1). The patient is instructed to 
answer each question in terms of the level of difficulty they 
experience when completing various tasks without help from 
another person or assistive device. Individual items are scored 
on a 6-point Likert scale where 0 is without difficulty and 5 is 
impossible. The 18 individual scores are summed to obtain a 
composite score. The total score ranges from 0 to 90 with higher 
scores indicating poorer hand functioning.

Gait and Balance
The Berg Balance Scale (BBS), Falls Efficacy Scale (FES), and the 
30-Second Chair to Stand Test (30CST) were used to assess bal-
ance, coordination, and falls. The BBS has been validated in sev-
eral populations and cutoff scores have been established to iden-
tify the risk of falls and the need for a gait aid for ambulation.21,22

The FES questionnaire has 10 listed activities with  
responses on a Likert scale from 1, very confident at perform-
ing the listed activities, to 10, not confident at all. The total FES 
score was obtained from the sum of these 10 items, ranging 
from 10 to 100.23

The 30CST was used to evaluate leg strength and endur-
ance. This test was developed to overcome the floor effect 
that older adults expereinced with the 5 to 10 repetitions of 
the Sit to Stand Test.24

Quality of Life
The self-reported 54-item MS Quality of Life questionnaire 
(MSQOL-54) supplements the generic 36-Item Short Form 
Health Survey with 18 disease-specific questions that measure 
social and cognitive functioning, sexual functioning, pain, 

PRACTICE  
POINTS

Hand grip strength is easy to measure with  
a dynamometer, yet often overlooked in  
multiple sclerosis care. 

In our study, hand grip strength was strongly 
correlated with measures of upper extremity 
function, balance, falls efficacy, and quality of life. 

Hand grip strength could be a useful predictor of 
overall function and quality of life in people with 
multiple sclerosis and it is easy to integrate into  
routine clinical assessments. ■
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energy, health anxiety, and overall quality of life. Aggregate 
scores are generated for mental HRQOL (MCS-54) and for physi-
cal HRQOL (PCS-54). The standardized scores range from 0 to 
100 and higher scores indicate better HRQOL.25,26 

Cognitive Assessment
The Montreal Cognitive Assessment (MoCA) and the Symbol 
Digit Modalities Test (SDMT) were used to evaluate participants’ 
cognitive function. The MoCA is a 30-point test that assesses 
several cognitive domains, including visuospatial/executive 
functions, naming, memory, attention, language, abstraction, 
and orientation.27 The SDMT28 is a digit substitution test that 
examines attention, visual scanning speed, perceptual speed, 
and tracking and is very sensitive to various 
neurological disorders. It has become the most 
commonly used neuropsychological test of  
processing speed in MS.29 

Statistical Analyses
Statistical analyses were carried out using the 
SPSS/PC software (version 23.0). Descriptive 
statistical methods (frequency, percentage, 
mean, standard deviation, median, min-
max) were used to assess the study data. The 
Shapiro-Wilk test confirmed that the data 
showed normal distribution. The independent 
samples t test was used to compare quantita-
tive data according to groups. The relationship 
between the variables in the patient group was 
examined by the Pearson correlation. Analysis 
of categorical data according to groups was 
performed using the χ2 test. Stepwise multiple 
regression analysis was used to evaluate the 
relationship among factors. Significance level 
was taken as P < .05.

RESULTS
A total of 80 persons with a diagnosis of 
relapsing-remitting MS (RRMS) for at least  
1 year were screened for eligibility. Of the 80, 
35 were excluded from the analysis (32 patients 
did not meet inclusion-exclusion criteria and 
3 declined to participate). Of the 45 persons 
included, 36 were women (80%); the mean age 
was 36.6 ± 8.6 (range 21-57) years. The mean 
disease duration was 7.1 ± 6.1 (range 1-23) 
years. Forty-two (93.3%) patients were using an 
MS-immunomodulating therapy: 12 glatiramer 
acetate, 12 interferon, 16 oral therapies (fingo-
limod, teriflunamid, dimethyl fumarate), and  
2 ocrelizumab. The average EDSS for the RRMS 
group as a whole was 1.9 ± 1.3 (range 0-5.5).

All parameters were evaluated with the Mann-
Whitney U test. The median value of the 9HPT 
repeated was 22.1 (16.8-21.11) for women and  
25.6 (19.7-35.1) for men and showed a significant 

difference according to sex (P = .027). The median physical 
health value was 57.5 (20-100) in women and 90 (35-100) in 
men, thus, it was significantly higher in men (P = .048). There 
was a significant difference between the sexes in terms of 
sexual function, with a median value of 66.7 (0-100) for women 
and 100 (8.3-100) for men (P = .018). The satisfaction in sexual 
function median was 50 (0-100) for women and 100 (0-100) 
for men (P = .046). When the mean value of general QOL was 
compared by sex, men (72 ± 15) had significantly higher results 
than women (57.8 ± 18.8) (P = .041). Women with MS generated 
less force (45.6 ± 21) than men (70.5 ± 26.7) as measured by the 
dynamometer grasp performance, demonstrating a strength  
difference with a moderate effect size (P = .04). Other variables 

TABLE 1. Differences Between Male and Female Participants 
A. Test score, median (min-max)

Female (n = 36) Male (n = 9) U test P value

30CST 11 (2-30) 12 (6-25) 136 .49

DHI 4 (0-54) 0 (0-35) 140.5 .52

BBS 52.5 (13-56) 56 (22-56) 125.5 .29

FES 26.5 (16-60) 21 (18-36) 102 .09

9HPT 24.1 (18.6-44) 28.7 (17.8-35.9) 96 .06

9HPT/R 22.1 (16.8-21.11) 25.6 (19.7-35.1) 84 .027

Physical health 57.5 (20-100) 90 (35-100) 92.5 .048

Role limitations (physical cause) 75 (0-100) 50 (0-100) 152 .77

Role limitations (emotional cause) 66.7 (0-100) 66.7 (0-100) 161 .98

Emotional well-being 52 (28-72) 48 (36-100) 131.5 .38

Cognitive function 55 (0-100) 70 (25-90) 122 .26

Sexual function 66.7 (0-100) 100 (8.3-100) 80 .018

Change in health 50 (25-100) 50 (25-100) 141.5 .54

Satisfaction with sexual function 50 (0-100) 100 (0-100)  94 .046

MSQOL, physical health composite 51.1 (27.4-154.9) 70.8 (32.3-85.1) 108 .13

B. Test score (mean ± SD)

Female (n = 36) Male (n = 9) T test P value

Dynamometer 45.6 ± 21 70.5 ± 26.7 –3.002 .004

MoCA 23.1 ± 4.8 23.4 ± 2.1 –0.220 .83

SDMT 31.3 ± 11.4 31.2 ± 6.2 0.014 .99

MSQOL, pain 57.3 ± 28.4 66.1 ± 22.3 0.859 .40

MSQOL, energy 43.3 ± 23.1 52.7 ± 14.2 –1.164 .25

MSQOL, health perceptions 50.1 ± 25 57 ± 16.5  –0.782 .44

MSQOL, social function 66.5 ± 24.3 74.2 ± 16.8 –0.893 .38

MSQOL, health distress 58.4 ± 26.2 67.2 ± 24.3 –0.920 .36

MSQOL, overall QOL 57.8 ± 18.8 72 ± 15 –2.104 .04

MSQOL, mental health composite 54.6 ± 18.8 63.3 ± 18.4 –1.249 .22

Note: P < .05 was statistically significant.
9HPT, Nine-Hole PegTest; 9HPT/R, Nine-Hole Peg Test repeated dominant hand; 30CST, 30-Second 
Chair to Stand Test; BBS, Berg Balance Scale; DHI, Duruoz Hand Index; FES Falls Efficacy Scale; MoCA, 
Montreal Cognitive Assessment; MSQOL, MS Quality of Life questionnaire; QOL, quality of life; SDMT, 
Symbol Digit Modalities Test; T test, independent samples t test; U test, Mann Whitney U test.
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did not differ according to sex (P > .050) (See  
TABLE 1).

Hand grip dynamometer measurements were 
strongly correlated with DHI (P = .001), 9HPT 
(P = .018), BBS (P = .001), FES (P < .001), and 30CST 
(P = .001) scores, but not with EDSS (P = .45) or 
MoCA test (P = .251) scores. Additionally, the SDMT 
was significantly correlated with 9HPT (P = .013), 
DHI (P = .006), BBS (P = .021), and 30CST (P = .003) 
scores, but not with grip strength measurements 
(P = .109) (See TABLE 2).

Dynamometer measurements were found to be 
statistically significant in predicting overall QOL, 
with each unit increase resulting in an increase 
in overall QOL score of 0.383 (P = .001, SI = 0.104, 
R2 = 0.523 Stepwise Method).

DISCUSSION
The present study was conducted to draw atten-
tion to the hand muscle strength and functional-
ity in people with MS and to investigate its associ-
ation with balance, cognition, and QOL. We found 
strong correlations between hand grip dynamom-
eter measures and hand functionality tests (DHI, 
9HPT), as well as balance measures (BBS, FES, 
30CST). Regression analysis revealed that higher 
dynamometer scores were significantly correlated 
with better QOL.

Previous studies have shown that upper limb 
motor function is significantly affected by the 
level of disability in people with MS.30,31 In the 
Dubuisson et al study, 95% of people with MS considered upper 
limb function to be more important than lower limb function.32 
There are still no standardized, uniform disability scales to 
evaluate upper limb functionality in people with MS.30 In our 
study, we used the DHI and 9HPT to assess upper extremity 
functionality and the Jamar Plus+  Digital Hand Dynamometer 
to evaluate HGS. Although the HGS test was originally designed 
for patients undergoing hand surgery, it has been shown to 
have a strong association with decreased physical fitness and 
reduced muscle strength.33 We observed that increased HGS 
was strongly linked to better upper extremity function and bal-
ance but not with cognitive status and disability scores. It was  
positively correlated with QOL.

As reported in previous studies, people with MS gener-
ally exhibit lower HGS due to motor weakness.34,35 It has been 
demonstrated that a change of 5.5 kg (12 pounds) or more in 
hand grip strength and 20% or more in the 9HPT falls beyond 
the range of day-to-day variability and reliably indicates a 
true change in functionality for people with MS.36,37 Similar 
to our study, research has also shown that a deficit in hand 
grip strength negatively impacts QOL and leads to subsequent 
dependence for those with MS.38,39 A study by Aristotelous et 
al also showed that hand grip strength was not associated with 
cognitive performance, but was linked to HRQOL, supporting 
our findings.40 While most studies have focused on evaluating 

lower extremity strength due to its impact on patients with mild 
disability, our study highlights the growing importance of upper 
extremity strength in the later stages of MS, especially when 
patients require walking aids.39 However, we believe that the 
earlier stages of the disease are more appropriate for evaluating 
upper limb strength and functionality. Our study also demon-
strates that hand function or upper limb functionality consti-
tutes a separate disability area that is distinct from the EDSS, 
which can significantly affect QOL and merits further investiga-
tion in future studies.

Cognitive impairment has been reported in up to 65% of 
individuals with MS,40,41 and in our study, cognitive status was 
significantly correlated with hand functionality and balance 
tests, but not with hand muscle strength, similar to the study of 
Aristotelous et al.40 Previous literature suggests that increased 
functional capacity is linked to better cognition, possibly due 
to increased blood flow to the brain, improved cardiometabolic 
health, and reduced chronic inflammation levels.41 However, 
conflicting results exist,42,43 necessitating further studies 
with larger MS populations, especially focusing on upper  
limb function evaluations.

Both the mental and physical components of HRQOL are 
reported to be negatively affected in people with MS.44 Reduced 
HRQOL was associated with fatigue, depression, and disability 
in a previous study.45 In addition, cognitive decline was shown to 

TABLE 2. Correlation Analysis of Upper Limb Strength, Balance,  
and Cognition Tests

 Dynamometer DHI 9HPT/R 9HPT BBS 30CST FES MoCA

DHI
r –0.467

P .001

9HPT
r –0.352 0.487 0.804

P .018 0.001 <0.001

9HPT/R
r –0.377 0.482

P .011 0.001

BBS
r 0.472 –0.746 –0.390 –0.432

P .001 <0.001 0.008 0.003

30CST
r 0.468 –0.543 –0.555 –0.563 0.698

P .001 <0.001 <0.001 <0.001 <0.001

FES
r –0.529 0.378 0.347 0.411 –0.485 –0.376

P <.001 0.010 0.019 0.005 0.001 0.011

MoCA
r 0.251 –0.239 –0.425 –0.191 0.069 0.167 –0.365

P .096 0.113 0.004 0.210 0.654 0.272 0.014

SDMT
r 0.242 –0.403 –0.441 –0.367 0.344 0.438 –0.285 0.531

P .109 0.006 0.002 0.013 0.021 0.003 0.058 <0.001

EDSS
r –0.116 0.188 0.248 0.276 –0.324 –0.320 0.151 –0.071

P .45 0.22 0.10 0.07 0.03 0.03 0.32 0.64

Notes: P < .05 is statistically significant.
9HPT, Nine-Hole PegTest; 9HPT/R, Nine-Hole PegTest repeated dominant hand; 30CST, 30-Second 
Chair to Stand Test; BBS, Berg Balance Scale; DHI, Duruoz Hand Index; EDSS, Expanded Disability 
Status Scale; FES, Falls Efficacy Scale; MoCA, Montreal Cognitive Assessment; P, P value; QOL, 
quality of life; r, Spearman correlation coefficient; SDMT, Symbol Digit Modalities Test.
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negatively affect HRQOL independent of physical disability.46 
Consistent with previous studies, higher disability scores indicated 
lower sexual functions, satisfaction with sexual function, overall 
QOL, and physical health composite scores in our study. Increased 
HGS and younger age indicated a better QOL, as expected. 

Some limitations should be considered when interpret-
ing our results, including the cross-sectional design, which 
limits conclusions about the direction of the association and 
precludes any inferences of causality or temporality. The study 
sample consisted of people with MS, so it may not fully rep-
resent the entire MS population. Low sample size and inclu-
sion of only ambulatory persons with an EDSS score of up to  
5.5 were other limitations.

CONCLUSIONS
This study highlights the importance of hand muscle strength and 
functionality in individuals with MS and its correlation with their 
cognitive status, balance, and HRQOL. Enhancing hand function-
ality and muscle strength can significantly impact independence, 
daily activities, and QOL for people with MS. Loss prevention and 
early restoration of hand function should be emphasized before 
the onset of significant morbidity. Further investigations are nec-
essary to identify the most useful hand functionality or muscle 
strength test as an outcome measure in clinical trials of neuropro-
tective or neuroreparative therapies in MS. ■
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