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Objective: To examine the prediction of Jamar grip strength value by using

Methods: This study involved 120 subjects, aged 20-59 years old. The grip
strength of subjects were measured using Jamar dynamometer and aneroid
sphygmomanometer cuff method. Spearman analysis was used to evaluate
the correlation between variables and grip strength. Forward stepwise
was used to analyze the regression of Jamar dynamometer using aneroid

Results: There was a weak correlation (r<0.4) between grip strength with
age and BMI, moderate correlation (r = 0.4-0.6) for grip circumference, and
also strong correlation r= (0.6-0.8) for sex, hand length, and hand width.
Jamar grip strength value can be predicted using spyghmomanometer with
the formula of (0.1157 x Sphygmomanometer grip strength value) - (5.696 x

Conclusions: Grip strength correlates with physiological variables. The
variables to predict Jamar grip strength using sphygmomanometer are sex
and age. Regression analysis shows that spyhgmomanometer can be used as
an alternative to measure grip strength and has a valid value to predict the
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Introduction

Grip strength value is an important parameter
to evaluate the management procedure of
hand region, monitor the progression of hand
disability, set up the realistic targets for a
rehabilitation program, and also to evaluate
the ability to return to work.! Grip strength
is also used to predict the total muscle
strength in healthy children, adolescents, and
young adults.? Clinical and epidemiological
studies have shown the potential use of grip
strength as one of the predictors of mortality
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and morbidity of several systemic diseases.
Patients with grip strength disturbance have
higher postoperative complications, longer
duration of hospitalization, and also a higher
rate of rehospitalization.® Grip strength is a
physiological variable influenced by age, sex,
and anthropometry.*

Previous studies have proven that there is
an association between the grip strength and
various anthropometry dimensions.**¢ A study
of anthropometry between Indonesian and
Singaporean population showed significant
mean differences. Geographical origin affects
variations of anthropometry. This has been
confirmed by reports from another research
in Turkish population. Geographical region
has a significant effect on stature and weight
of the Turkish population. Another factor
influencing anthropometry variation is the
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Fig. 1 Modified Sphygmomanometer

socioeconomic factor. Higher socioeconomic
status implies higher income and is associated
with better education, resulting in better
nutrition, better child care, and better medical
and social services.’

The association between grip strength and
anthropometry in some countries has shown
variations in results. The normative value or
prediction formula in one population should
not be used in other population. A study on
grip strength normative value in Netherlands
found that body weight and height have no
significant association with grip strength, but
sex has significant association.® Another study
in Australia presents a different result as it is

able to discover the presence of association
between grip strength and body mass index;
however, their normative value is lower than
that of the international literature.’

The standard instrument to measure grip
strength worldwide is Jamar dynamometer.*°
However, Jamar is rarely found in developing
countries such as Indonesia. This instrument
may be unsuitable for some people due to its
weight and rigidity. There is a need for an
alternative instrument to measure the grip
strength. The aneroid sphygmomanometer
had the potential to be used as an alternative
instrument to measure grip strength.* This
instrument is cheaper and readily available in

Fig. 2 Modified Sphygmomanometer
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Table 1 Data Characteristics

Male (n=48) Female (n=72)
Variable - -
Mean (SD) Median (range) Mean (SD) Median (range)

Age group 20-29

years old (n=30)
Body weight (kg) 75 (58-89) 51.5 (39-75)
Body height (m) 1.70 (0.05) 1.57 (0.06)
BMI (kg/m?) 24.2 (20.71-29.4) 21.36 (16.44-27.54)
Hand length (cm) 19 (17-21) 16.75 (15-19)
Hand width (cm) 8.5 (7.5-9) 7.5 (6.5-7.5)
Grip circumference 16.5 (14.5-18.5) 14.75 (13.5-17)
(cm)
Jamar(kg) 30.66 (15.33-48.66) 16.5 (10.66-21)
Sphygmomanometer 251.66 (183.33-300) 173.33 (136.66-223.33)
(mmHg)

Age group 30-39

years old (n=30)
Body weight (kg) 76.5 (52-95) 54.5 (41-84)
Body height (m) 1.71 (0.04) 1.58 (0.06)
BMI (kg/m?) 26.22 (19.1-30.66) 21.95(17.71-32.88)
Hand length (cm) 19 (17.5-21) 17.5 (16-19)
Hand width (cm) 8.75 (8-9) 7.5 (7-8.5)
Grip circumference 16.5 (15-18.5) 15 (14.5-17)
(cm)
Jamar (kg) 30.83 (24-52) 17.83 (10.66-26)
Sphygmomanometer 253.33 (190-300) 186.66 (110-226.66)
(mmHg)

Age group 40-49

years old (n=30)
Body weight (kg) 65 (56-76) 62 (43-74)
Body height (m) 1.64 (0.03) 1.54 (0.04)
BMI (kg/m?) 24.91 (19.84-27.91) 26.81(18.13-31.11)
Hand length (cm) 18 (17-19.5) 17 (15.5-18.5)
Hand width (cm) 8.5 (8-9) 7.5 (7-8.5)
Grip circumference 15.5 (14-16) 14.5 (13-16.5)

(cm)
Jamar (kg) 30.66 (22.66-41) 16.33 (12.66-23.33)
Sphygmomanometer 233.33 (166.66-276.66) 153.33 (106.66-200)
(mmHg)

Age group 50-59

years old (n=30)
Body weight (kg) 57 (46-70) 54 (41-113)
Body height (m) 1.63 (0.03) 1.55 (0.04)
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BMI (kg/m?)
Hand length (cm)
Hand width (cm)

Grip circumference
(cm)

Jamar (kg)

Sphygmomanometer
(mmHg)

20.76 (16.29-26.23)
18.5 (17.5-20)
8 (8-9)
15.5 (14.5-17.5)

26.33 (18.66-33.66)
213.33 (160-256.66)

22.89 (18.22-47.03)
17 (15.5-18.5)
7.5 (6.5-8)
14.5 (13-16.5)

14.66 (7.33-20.33)
136.66 (113.33-183.33)

all health facilities. This instrument also has an
accuracy that is equivalent with the mercury
sphygmomanometer.!' Sphygmomanometer
has softer surface and it is lighter than Jamar
dynamometer. It is also more comfortable to
be used by individuals with hand disability,
such as rheumatoid arthritis, or those who are
in the recovery phase of a post-hand injury.

The grip measurement that is performed
using sphygmomanometer will require some
adaptation. Unmodified sphygmomanometer
can cause difficulties in grip stabilization
and change in diameter during inflation.
Cuff method needs to be simple with quick
preparation.’? This method is suitable for
everyday use because it does not require a
dedicated sphygmomanometer as it still can
be used for blood pressure measurement.

Hamilton et al."* discovered that the use
of sphygmomanometer for measuring grip
strength is valid. This study also produced
a prediction formula of Jamar grip strength
value using sphygmomanoter in young women
(25-39 years old).

There is currently no study on Jamar grip
strength value using sphygmomanometer for

all adult population (20-59 years old) yet. The
prediction formula from Hamilton study does
not account the age, sex, and anthropometry.
This study aimed to discover the predictability
of Jamar grip strength value using a modified
sphygmomanometer cuff method in adults
aged 20-59 years old.

Methods

Participants of this study were 120 healthy
adults in Dr. Hasan Sadikin General Hospital,
Bandung. The consecutive sampling method
was used until the required number of
participants is met. Participants gave consent
beforeparticipating. Theinclusioncriteriawere
adults between the age 20-59 years old and
independent in activity daily living. Subjects
were excluded if they had hand deformity
(musculoskeletal or neuromuscular), hand
pain, or history of heart disease, metabolic,
and rheumatic disease. This study has been
ethically approved by Health Research Ethics
Committee of Faculty of Medicine Universitas
Padjadjaran.

Hand grip's median value graphic
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Fig. 3 Hand Grip Median Value Graphic
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Table 2 Multivariables Correlation toward

Hand Grip Strength

Variable R p Value
Sex and Jamar -0.794 0.000
Sexand 0724 0.000
sphygmomanometer
Age and Jamar -0.152 0.097
Age and
sphygmomanometer -0.381 0.000
BMI and Jamar 0.243 0.007
BMI and
sphygmomanometer 0.189 0.039
Hand length and Jamar 0.658 0.000
Hand length and
sphygmomanometer 0.632 0.000
Hand width and Jamar 0.695 0.000
Hand width and
sphygmomanometer 0.681 0.000
Grip circumference and
Jamar 0.523 0.000
Grip circumference and 0.586 0.000
sphygmomanometer ’ )
Jamar and 0.835 0.000
sphygmomanometer ' ’

The grip strength measurement used
Jamar dynamometer and sphygmomanometer
aneroid. Jamar dynamometer has 5 handle
positions, and the second handle position was
used for all subjects.'*

The adaptation used for shygmomanometer
aneroid is the cuff method. The inflatable
part was folded into four equal parts and the
remainder part of the cuff was wrapped around
the inflatable part and fixed with a Velcro cuff.
The sphygmomanometer was inflated to 100
mm Hg and its valve was kept closed to remove
the folds from the inflatable portion. Then, the
pressure was reduced to 20 mm Hg, and the
valve was closed again to prevent leakage.

Subject’s identity, age, and sex data were
collected. Each participant was measured for
body weight, body height, hand width, hand
length, hand grip circumference, and hand grip
strength. The hand width was measured from
ulnar part of distal palmar crease to radial part.
Hand length was measured from distal wrist
crease to the tip of middle finger. Hand grip
circumference was measured by gripping the
cone where the tip of the thumb and middle
finger met, then the cone circumference was
measured.

Examination position during grip strength
measurement was in accordance with the rules
of the American Society of Hand Therapists
(ASHT). This testing position is described as
sitting in a straight-backed chair with the feet
flat on the floor, the shoulder adducted and
neutrally rotated, elbow flexed at 90°, forearm
in a neutral position, and, in all cases, the arm
should not be supported by the examiner or by
an armrest. The grip strength measurement
using dynamometer is presented vertically
and in line with the forearm to maintain the
standard forearm and wrist positions.

Participants were asked to grip up to 3
seconds using the dominant hand with 3 times
repetition and a minute rest between the grips.
All participants were measured using Jamar
dynamometer first, then sphygmomanometer
aneroid cuff method.

Spearman’s correlation test was used to
understand the relationship between the
two instruments and between the hand grip
with anthropometry factor. The analysis was
continued with linear regression.

Results

There were 120 participants (48 males and
72 females). The normality test using Shapiro
Wilk shows that only body height that had
normal distribution (Table 1). Adult’s hand
grip reached the peak value in age group
30-39 years old, and decreased after 40
years old, both in males and females (Fig. 3).
Correlations between the two instruments and
others variables were tested using Spearman
Correlation test and a confidence interval of
95% is listed (Table 2)

Age and Jamar do not show any significant
correlation, whereas others variables had
significant correlations with both Jamar and
sphygmomanometer. Age and BMI had a weak
correlation with the grip strength (r<0.4).
The moderate correlation (r=0.4-0.599) was
between grip circumference and grip strength.
The strong correlation (r=0.6-0.799) was
between sex, hand length, hand width and grip
strength. The strongest correlation (r>0.8)
was found between grip strength by Jamar and
sphygmomanometer.

The regression analysis was performed
using the forward stepwise method. The
Variablesthatareaccounted intotheregression
were grip strength, sex, and age. The hand
length, hand width, and grip circumference
have had correlation with sex already. They
are not accounted to regression analysis to
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Table 3 Regression Coefficient for Jamar Grip Strength

Std. err.

Std. err.

T(117) p Value

Beta of beta Beta of beta
Sphygmomanometer 0.9738 0.0375 0.1157 0.0045 25.9539 0.0000
Sex -0.1953 0.0244 -5.6959 0.7129 -7.9900 0.0000
Age 0.1480 0.0439 0.0824 0.0245 3.3692 0.0010

avoid the autocorrelation. During the analysis,
there were 4 outliers found. After excluding
the outliers from the regression analysis, the
regression coefficient for Jamar grip strength
was calculated (Table 3).

The variables had a significant regression
coefficient towards Jamar grip strength with
a prediction value of R = 0.986. This residue
of prediction was tested, producing a mean of
= 0.015 and SD 3.79 (Table 3). T test for the
residu presented a t count = 0.43 (p>0.05).
This means that the mean of residu = 0. The
normality test with Shapiro Wilk produced W
= 0.977 (p=0.346), which presented a normal
distribution of the residu.

Based on the residu testing, this prediction
was valid to predict Jamar grip strength of
dominant hand using sphygmomanometer in
WestJavaadultpopulation.Theformulais]Jamar
grip strength value using sphygmomanometer
=(0.1157 x sphygmomanometer grip strength
value) - (5.696 x sex) + (0.0824 x age).
(constanta for sex : 1 for female, 0 for male).

Discussion

Grip strength reaches its peak value in the
age group of 30-39 years old and decreases
after 40 years old. This result corresponds
with previous studies in Australia, Netherland,
and England.®***Previous study involved
participants aged 20-34 years old, making
the description of association between grip
strength and age does not represent all adult
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