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ABSTRACT The present investigation was aimed to assess the extent of variation in grip strength in relation to the
sex and type of deformity among the orthopedically challenged persons affected with upper extremity and to
compare the grip strength with that of control (normal) persons. For this purpose 213 subjects having the age range
20-60 years were selected at random. Among them 109 subjects were orthopedically challenged and 104 subjects were
normal, who were treated as control subjects. Orthopedically challenged subjects were taken from three categories,
viz., stroke patient, accidental patient and arthritis patient. Hand grip strength was measured by using Lafayette Hand
Grip Dynamometer. Some anthropometric measures of the subjects of both groups were taken. The result showed that
the hand grip strength of orthopedically challenged subjects was significantly lesser (p<0.001) than that of the
control subjects in both hands. The male subjects had significantly higher hand grip strength than that of the female
subjects in both groups. The mean values of different anthropometric measures also showed the same results. The grip
strength was found to be significantly correlated with a few anthropometric measures of the subjects. The results of
the ANOVA showed that the grip strength of different categories of orthopedically challenged persons had significant
variations (p< 0.01) only in case of left hand of female subjects. It can be concluded that the lower value of hand grip
strength of the orthopedically challenged persons may be considered during designing control panel, switches and

other hand arm operated devices.

INTRODUCTION

Hand grip strength is an easily obtainable
measure of physical health and muscle function.
Reliable and valid evaluation of hand strength is
very important in determining the effectiveness
of varioussurgical or trestment procedure. During
grip exertion the most exposed areas are the
metacarpal regions (Muralidhar and Bishu 2000).
After acquiring a disability, the amount of
physical activity is found to decrease rapidly,
which leads to a loss of muscle mass and
diminished level of strength (Janssen et al. 1994,
Rimmer 2001). Many peoplewith disabilitiesfall
into a sedentary lifestyle, which usualy leadsto
additional medical problems, such as heart and
lung disease, pressure sores, obesity, osteo-

Corresponding Author:

Prakash Chandra Dhara

Ergonomics and Sports Physiology Division
Department of Human physiology with Community
Health, Vidyasagar University, Medinipore 721 102
West Bengal, India

Telephone: 91-03222-276554 ext — 450 ,

Fax: 91-03222- 275329

Mobile: 09433226695

E-mail: prakashdhara@rediffmail.com/
prakashcdhara@gmail.com

porosis, joint pain, and arthritis (Janssen et al.
1994; Rimmer 2001). With increasing age, muscle
strength decreases and may eventually reach a
level at which weakness starts to restrict the
ability to perform usual activities (Young 1986;
Porter et a. 1995). Mathiowetz et al. (1985a)
studied the effect of elbow position on grip
strength and found it to be higher with the elbow
flexed at 90°. The American Society of Hand
Therapists (Fess et al. 1981), suggesting a
standardized arm positioning for hand strength
tests, concluded that the position of upper
extremity might influence measurements and
recommended that the patient should be seated
with his shoulder adducted and neutrally rotated,
elbow flexed at 90° and the forearm and wrist in
neutral position. The grip strength test measures
the muscular strength of our upper extremities.
Grip strength is often different for each hand and
the preferred hand was usually the strongest.
Thereisastrong correlation between grip strength
and overall upper body strength. A number of
studies have shown that hand grip strength is
both ahighly sexually dimorphic and alateralized
anthropometric measurement (Mathiowetz et a.
1985b; Petersen et a. 1989; Kamarul et al. 2006).
Strength of the grip can be used as an index of
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recovery of arm function. Boissy et al. (1999)
suggest that the paretic maximal grip strength,
normalized with the maximal grip strength onthe
non affected side, appears to be a valuable
outcome measure of upper extremity function in
chronic stroke subjects. Mercierand et a. (2004)
noted that strength is related to the function of the
paretic upper limb. Any of the dynamometrically
measured actions are adequate for characterizing
strength of either Sdeafter stroke, Smplicity of hand-
grip dynamometry upholds its utilization.
Asymmetrica weakness is often found in people
who have cerebral palsy or encounter a stroke
(Rimmer 2001). If there isweakness to one side of
the body, the professiond team (therapists, trainers,
caregivers, and/or exercise physiologist) may want
to make sure that active assistance is used when
working with the affected side during resistance
training (Rimmer 2001). Sunderland et d. (1989)
observed that improvement in grip strength scores
in a group of 38 acute stroke patients closely
pardleled improvements on more complex motor
tasks. This finding suggests that grip strength may
beavaluablemarker for recovery of armfunctionin
acutestroke patients. Zhang et a. (2002) found that
symptomatic hand osteoarthritis is a common
disease among an elderly population. Further,
subjectswith symptomeatic hand osteoarthritis have
wesker grip strength and often have impairment in
hand functions that require either precise pincer
grip or power grip. Grip strength hasaspecific role
in ergonomics especialy for hand tool using. In
ergonomics a hand tool must be designed such a
way that provide abetter fit for the user. Fit it terms
of comfort and efficiency of use, is particularly
important for tools used for long term projects for
occupational activities. It also reduces the risk
potentia injuriesassociated with using of hand toal.
Strength depends upon different factors like age,
sex, arm posdition, wrist position and muscle mass
etc. In general maximum strength reaches pesk
between the ages of 25-35 years, shows a gradua
increase and than accelerated decline with
advancing age (Kalman et d. 1990). Female grip
strength was 61.8% of themae vauefor the 60-69
years age group and decreased to 46.7% for age
90+ (Chaparroet d. 2000).

In the present investigation an attempt has
been made to find out the degree of variation in
grip strength between orthopedically challenged
and normal persons as well as to assess the
difference in grip strength among different
categories of orthopedically challenged subjects.
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METHODOLOGY

Site and Subjects: The study was carried out
in National Institute of Orthopedically
Handicapped in Kolkata, and in Midnapore
Rehabilitation Centre for Children (MRCC)
located in Paschim Midnapore District, West
Bengal for orthopedically challenged subjects.
For the controlled subjects study was conducted
in municipal areas of Midnapore town and
different villages of Midnapore Sadar subdivision.
For this purpose 213 subjects having the age
range 20-60 yearswere sel ected at random. Among
them 109 subjectswere orthopedically challenged
and 104 subjects were normal, who were treated
as control group. Orthopedically challenged
subjects had upper extremity disorder and they
were divided into three categories, viz., stroke
patient, accidental patient, and arthritis patient.
Both orthopedically challenged and control
subjectswerefurther divided into maleand female
groups. All the subjectsvolunteered for the study.

Measurement of Hand Grip Strength: The
static grip strength measurement was performed
by having the subjects maximal grip by using
hand grip dynamometer (Lafayette, USA). This
hand grip dynamometer features a dual pointer
system to retain the minimum effort. The testing
range on adual scalewas (0-100) kg/ (0-220) Ib.
Before taking measurements the subjects were
requested to stand in acomfortable position. The
subject was asked to squeeze the dynamometer
as hard as possible without moving the rest of
the body. Thus the final grip strength measured
for both hand and reading was taken from the
dynamometer scale, when the pointer no longer
moved. The test was performed when the upper
arm was hanging normally beside the body with
forearm forming an angle of 90° at elbow.

Anthropometric Measurements: Thesewere
taken (height, weight, total arm length, upper
arm length, lower arm length, palm length, fist
girth, and hand grip circumference) in standardi-
zed condition and using proper landmarks after
Weiner and Lourie (1969), Ermakovaet al. (1985)
Sodhi (1991).

RESULTS

A comparison of hand grip strength was made
between the subjects of orthopedically
challenged and control groups (Table 1). Results
showed that the hand grip strength was
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Table 1: Comparison of hand grip strength (kg) (Mean+SD) between orthopedically challenged and

control subjects

(CM= Control Male, CF= Control Female, OCM= Orthopedically challenged Male, OCF= Orthopedically challenged

Female, RH=Right Hand, LH=Left Hand)

CM (n=55)  CF (n=49) OCM (n=57)

OCF (n=52) % Difference
CM& CF& CM& OCM &
OCM OCF CF OCF

RH 31.71+£5.35 22.59+4.36*** 15.9+10.2###
LH 31.21+5.15 21.51+4.41** 18.05+9.06###

10.83+5.65* * ### 49.86 52.06 28.76 31.89
10.89+5.93***###  42.17 49.37 31.08 39.67

w.r.t male subjects *** p<0.001 ** p<0.01
w.r.t control subjects ### p<0.001

significantly higher in male subjects than that of
thefemal e subjectsin both categories of subjects.
Therewas also asignificant difference (p<0.001)
in grip strength between the orthopedically
challenged and control subjectsin both the sexes.
There was a remarkable variation in hand grip
strength between orthopedically challenged
subject and control subjects. The grip strength
of control male subjects was 49.86% higher in
right hand and 42.17% higher in left hand than
that of the male orthopedically challenged
subjects; the values were 52.06% and 49.37%
higher in right hand and left hand respectively in
control female subjects than that of the female
orthopedically challenged subjects.
Anthropometric parameters viz. height,
weight, arm length, palm length, hand grip
circumference and fist girth were compared
between the group and within the group (Table
2). This result showed that different anthro-
pometric dimensionswere significantly higher in
malein comparison to the femal e subjectsamong

the orthopedically challenged and control
subjects. In case of male subjects, there was a
significant differencein different anthropometric
measures, viz., weight, total arm length, fist girth
and hand grip circumference between control and
orthopedically challenged subjects. On the other
hand, anthropometric measures, viz., upper arm
length, fist girth and hand grip circumference had
significant difference between orthopedically
challenged and control female subjects.
Correlation coefficient (r) between hand grip
strength and different anthropometric variables
of both male and female control and orthope-
dically challenged subjects has been presented
in Table 3. In male and female orthopedically
challenged subjects, the correlation coefficient
between hand grip strength and other anthro-
pometric variables, viz., hand grip circumference,
palm length, arm length and fist girth represented
poor correlation in most of the cases. However,
infemale orthopedically challenged subjects, the
grip strength was significantly correlated with

Table 2: Comparison of anthropometric parameter (Mean+SD) between orthopedically challenged and

control subjects

Control

Orthopedically challenged

Female Male Female

Male
Height (cm)
Weight (kg) 57.4 +6.26
Total arm length (cm) Right Hand  54.35+£3.92
Left Hand 54.41+3.9
Upper arm length (cm) Right Hand  29.87+1.91
Left Hand 30.06+2.65
Lower arm length (cm) Right Hand  24.16+3.35
Left Hand 24.19+3.3
Palm length (cm) Right Hand  10.18+0.67
Left Hand 10.14+0.69
Fist girth (cm) Right Hand  24.9 +2.04
Left Hand 26.88+2.16
Hand grip circumference Right Hand  18.65+2.44
(cm) Left Hand 18.63+2.66

165.17+5.4 153.32+5.48*** 166.32+6.34

150.55+12.19***

53.08+7.32*** 61.75+8.54### 56.96+16.28***

50.08+2.75*** 56.34+4.67# 51.34+ 4.15***
49.38+2.71*** 55.85+4.65 51.6 + 4.15***
28.51+£3.42*** 30.35+2.13 27.53+ 1.95***
28.46+1.66* 30.52+£3.12 27.62+ 1.85%**#
22.06+2.31*** 24.86+2.46 22.84+ 2.32*%**
22.12+2.31*** 24.79+2.39 22.74+ 2.08***
9.3 +0.64*** 10.66+2.31 9.17+ 0.8***
9.24+0.59*** 10.72+2.39 9.3 £ 1.69***

22.59+£2.12***
22.88+2.02* **
16.97+2.92*

16.59+£3.13***

26.56+2.76###
26.53+2.68###
15.68+3.64###
15.71+3.58###

23.86+ 2.89***#
23.71+ 2.89***
12.64+ 3.04*** ###
12.77+ 2.64*** ###

w.r.t male subjects *** p<0.001 ** p<0.01 * p<0.05
w.r.t. control ### p<0.001 # p<0.05
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Table 3: Correlation coefficient (r) between hand grip strength and different anthropometric measures
of right hand (RH) and left hand (LH) among orthopedically challenged and control male and female

subjects
Control Control Orthopedically Orthopedically
Male Female challenged challenged
Male Female
RH LH RH LH RH LH RH LH
Hand grip circumference (cm) 0.23 0.18 0.04 0.06 0.03 0.12 0.32* 0.31*
Palm length (cm) 0.02 -0.07 0.30* 0.24 -0.19 0.10 0.04 0.38**
Total arm length (cm) 0.10 0.14 0.45* -0.19 -0.11 0.10 0.02 0.04
Upper arm length (cm) 0.11 0.15 -0.22 0.03 0.14 0.15 -0.07 0.24
Lower arm length (cm) 0.41**  0.07 0.25 0.04 -0.29* 0.10 -0.05 -0.03
Fist Girth (cm) 0.27* 0.22 -0.04 -0.19 0.20 0.29* 0.09 0.39**

** p<0.01 * p<0.05

hand grip circumference in both the hands, and
with palm length and fist girthin case of left hand.
But in case of male orthopedically challenged
subjects grip strength had a significant positive
correlation with fist girth in the left hand and
significant negative correlation with lower arm
lengthintheright hand. It was also been revea ed
that there was no significant correlation between
grip strength and hand grip circumference among
control subjects of both sexes. In femal e subjects
the total arm length and palm length of the right
hand were significantly correlated with hand grip
strength. In case of male subjects a significant
correlation was observed between grip strength
and lower arm length and fist girth of the right
hand.

The orthopedically challenged subjects are

divided into three categories according to their
source of problems, as mentioned earlier. The
significance of difference of grip strength among
the subjects of those three groups was evaluated
by analysisof variance (ANOVA). Incase of male
orthopedically challenged subjects there was no
significant differencein hand grip strength among
three categories of orthopedically challenged
male subjectsin both hand (Table4). On the other
hand, in orthopedically challenged female
subjects there was a significant difference (p<
0.01) in hand grip strength among three categories
of female orthopedically challenged subject in left
hand, although no such differenceis noted in the
right hand.

A post hoc analysis of hand grip strength
among different categories of orthopedically

Table 4: One way ANOVA of hand grip strength (Kg) among different category of orthopedically challenged

male and female subjects

Sex Category of orthopedically Grip strength (kg)
challenged subjects
RH F ratio LH F ratio
Orthopedically Stroke case (n=23) 15.09 + 10.08 1.26 18.26 + 10.07 0.76
challenged Mae Arthritis case (n=7) 11.57 £+ 5.97 140 + 6.06
Accidental case (n=26) 18.02 + 11.10 19.08 + 10.12
Orthopedically Stroke case (n=6) 6.08+ 276 2.79 14.17 £ 8.21 6.26**
challenged Female  Arthritis case (n=26) 11.87 £+ 3.62 12.48 + 4.56
Accidental case (n=27) 10.81 £ 7.92 7.32 + 5.58

** p<0.01

Table 5: Post hoc analysis of grip strength (Kg) of female orthopedically challenged subjects

Category of orthopedically Stroke case Arthritis case Accidental case
challenged subjects

Hand type RH LH RH LH RH LH

Mean 6.08 14.17 11.87 12.48 10.81 7.32

Stroke case Mean difference -5.79 1.69 -4.73 6.85
Significant level P< 0.001 NS P< 0.01 P< 0.05

Arthritis case Mean difference 1.06 5.16
Significant level NS P< 0.01
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challenged subjects, viz., stroke case, accidental
case and arthritis case was made in female
subjects(Table5). Fromthisanalysisit wasnoted
that patients with stroke cases had significantly
lower grip strength than that of the patients with
arthritisin theright hand. However, in case of | eft
hand, the strength of patients with stroke cases
showed significantly higher values than that of
the patients with accidental cases. The subjects
with arthritis cases had significantly higher
strength than that of accidental cases in the left
hand (p<0.01).

DISCUSSION

The magnitude of hand grip strength of
orthopedically challenged and control subject
showed appreciable difference. Previous studies
(Rantanen et al. 1998) have demonstrated that
muscle strength differsin disabled elderly women.
A remarkably lower grip strength (31% to 52%)
in orthopedically challenged subjects might be
due to the muscle weakness, which was caused
by the diseases (arthritis or stroke) or accidents.
Hakkinen et al. (2002) suggested that decreased
muscle strength of the upper and lower extremities
as well as trunk has been repeatedly reported in
rheumatoid arthritis patients. The percentage of
decrease in strength might depend on the degree
of severity of the abnormality. Rice et al. (1998)
reported that rheumatoid arthritis caused a 90%
decrease in grip strength compared to healthy
persons. In addition to that the physically strong
persons usually perform more physical work than
the orthopedically challenged persons. The
relative disuse of muscles in orthopedically
challenged persons might cause atrophy of the
same. Other workers(O'Rellly etd. 1997; Kdli et
al. 2005) also showed that the patients with
osteoarthritis had muscle weakness and
possessed lower grip strength than that of normal
subjects.

Sex isanother important factor which showed
a large difference in grip strength among the
subjects. Leyk et al. (2007) also found conside-
rable differences in hand-grip strength between
young male and female adults. Ranganathan et
al. (2001) found a43% grip strength decrease in
older women compared to older men, vs. 34%less
grip strength in young women when compared
to young men. Similar resultswere al so appeared
from study of other groups of investigators
(Balogumet al. 1991; Richardset a. 1992 and Su
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et a. 1994). Themale subjectsof the present study
possessed appreciably greater grip strength
(28% to 39%) than that of the female subjects
both in cases of orthppedically challenged and
control subjects. The sex difference in hand grip
strength was likely due to higher levels of
androgenic hormones (Page et al. 2005), greater
muscle mass (Kallman et a. 1990) and greater
height and weight in boys and men (Kamarul et
al. 2006; Kuh et al. 2006). Further, theactivity level
might be another factor related to the gender
differencein grip strength. Usually men perform
with greater work load than that of women in
professional work aswell asin daily activities.

The male subjects had higher anthropometric
measures than that of the female subjects.
However, all the body dimensions were not
significantly different between the orthopedically
challenged subjects and control subjects of both
the sexes. Therefore, it appeared from the results
that all the physical characteristics of subjects
not always influenced the grip strength. The grip
strength had a poor correlation with different
body dimensions in both orthopedically
challenged and control subjects.

The difference of grip strength in different
category of orthopedically challenged women
might be due to the variation in the degree of
abnormality. The reasons behind the weakening
the muscle was different in three cases. Lower
value (42.91%) ingrip strengthinright side of the
women having stroke may due to the fact that
they have been affected unilaterally asaresult of
stroke (Boissy et al. 1999). McAniff et al. (2002)
suggested that if a person was impaired only on
one side, a unilateral task might be possible,
whereas a bilateral task might be difficult or
impossible. However, only 17.0% of the popula-
tion wasfound to beweak on only oneside, which
tends to downplay the significance of this
limitation. From the post hoc analysis of the
present data it has been noted that in stroke case
there was a significant difference in hand grip
strength when compared to that of the arthritis
case and accidental case of female orthopedically
challenged subject and in arthritis case there was
asignificant differencein hand grip strength with
accidental case of female orthopedically
challenged subjects. Therefore, the hand grip
strength may not be differentiating properly in
different categories of orthopedically challenged
subject. However, lower sample number may be
the cause of non-significant difference between
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hand grip strength and different categories of
orthopedically challenged subject both in male
and female subjects.

CONCLUSON

The hand grip strength of the orthopedically
challenged and normal persons varied as a
function of sex. In addition to those different
anthropometric measures, especially hand
dimensions did not influence the hand grip
strength of orthopedically challenged and normal
persons. The data of orthopedically challenged
persons may be used in designing control panel,
switches and other hand arm operated devices
for them. It may be designed differentially for
different category of orthopedically challenged
subjects. The data may be used by the manu-
facturers who are engaged in making tools and
furniture for the orthopedically challenged.
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