
113

J Int Acad Phys Ther Res 2010; 1: 113-119
ISSN 2092-8475

Copyright Ⓒ International Academy of
Physical Therapy Research

Hand function is the most important part to the
ability to manipulate activity of daily living. The
most important functions of the hand at work are
grasping, applying muscular forces to control and
manipulating objects. Disorders of hand function
cause many difficulties due to the impairment of
sensory and motor function. Therefore, an accurate
evaluation of hand function is important factor in
hand rehabilitation. Evaluation of hand strength is
important in determining the effectiveness of various
surgical or physical therapy intervention. In addi-
tion, normative data are needed to interpret evalua-
tion data to set realistic treatment goals, and to
assess a patient's ability to return to their work
place.

Motor function of hand divided into grip, pinch and
hook, these main key factors should be in harmonic
activity for normal finger movement. Pinch of them
in daily life is fundamental and objective assessment
of pinch strength is needed. Mainly hand function is
evaluated bymeasuring grip or pinch strength.
Joint angle and the distance where the force oper-
ates from axis of joint are determinants of muscle
strength during the measurement. Among them, the
joint angles determine muscle length and muscle
strength(1). Therefore, elbow joint angle affect the
pinch strength(2).
Active insufficiency is that contractile force of
weakenedmusclewhen origin and insertion ofmuscle
become closer. For example, when pinch strength
wasmeasured in the sufficient state of thewrist flexion,
pinch strength isweakened by active insufficiency of
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INTRODUCTION

The purpose of this study was to determine the difference of the
pinch strength according to testing posture(standing and sitting) and
elbow flexion degree(0。, 45。, 90。and 135。). Forty normal young
adults(male: 20, female: 20, mean age: 22.68±2.91 years) participated
in this study.
The methods of this study were categorized as follows: 1) One set of
measurement was performed on four elbow flexion degrees(0。, 45。,
90。and 135。) in two testing postures(standing and sitting) and all
subjects were measured for 3 sets testing procedures in every
experimental sessions. 2) Pinch strength in various elbow flexion
degree was measured after 2 min rest time, and then each test set
was repeatedly performed with 5 min rest time to prevent fatigue of
muscles involved in the elbow joint.
The result was obtained as follow: 1) In standing posture, there was
statistically significant difference at 0。and 45。, 0。and 90。, 0。and
135。, 45。and 90。, 45。and 135。, 90。and 135。. 2) In sitting posture,
there was statistically significant difference at 0。and 45。, 0。and 90。,
0。and 135。, 45。and 90。, 45。and 135。, 90。and 135。. 3) Statistically,
there was no significant difference between standing and sitting pos-
ture in same elbow flexion degree, however pinch strength in stand-
ing posture was higher than sitting posture.
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flexor digitorum superficialis,  profundus and passive
insufficiency of extensor digitorum as antagonist(2).
Kim et al. studied the effect on grip strength with
testing posture and flexion degree of elbow(3). Lee et
al. investigated grasp and pinch strength according
to degree of elbow flexion(4). Lee et al. studied the
effect on grip and pinch strength with elbow and
wrist angle(5). 
As shown above, there are various studies that
measured grasp and pinch strength in different wrist
joint, elbow joint, shoulder joint angles and testing
postures. As far as we are aware, no studies that
investigated pinch strength according to testing pos-
ture flexion degree of elbow have previously been
reported. The purpose of this study, inspects differ-
ence of pinch strength according to testing
posture(sitting and standing position) and flexion
degree of elbow(0。, 45。, 90。, 135。) and is to provide
basic scientific data regarding in this study.

This study was done in 2009. Our subjects consisted
of 40 healthy adults(male 20, female 20). None of the
subjects had any abnormalities and painful condition
of the upper limb. 

Electro-dynamometer(G-100) is connected to E-
LINK Evaluation System(v900s) that was used to
measure the exact pinch strength.
The measurement of elbow joint angle was done
with E-Link Evaluation System(v900s) digitize the
analog signals of elbow joint angle(Fig. 1).

The examiner explained to the subjects regarding

the procedure followed by a demonstration. The sub-
jects used pulp pinch with the dominant hand. The
posture of pulp pinch is performed as follow thumb
abduction, MP and PIP joint of index finger flexion,
DIP joint of index finger extension.
The one set of measurement was performed four
elbow flexion degrees(0。, 45。, 90。, 135。) in two testing
posture(standing and sitting). All subjects were
measured 3 sets during every experimental session
and we got the mean values of pinch strength. Pinch
strength in each elbow joint angle was measured
with 2 min rest and each set was performed with 5 min
rest for prevent to fatigue(Fig. 2, 3, 4). 

MATERIALS ANDMETHODS

Instrument 

Procedure

FFiigg.. 11.. Electro-dynamometer(G-100)

FFiigg.. 22.. Pulp pinch

FFiigg.. 33.. Angle of elbow joint in standing posture
(A) 0。 (B) 45。 (C) 90。 (D) 135。

AA BB

CC DD
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The results were analysed by SPSS/Window(version
12.00) with p<.05 as statistical significance. In order
to get the mean values of the subjects, we used
descriptive statistics. The relationship of pinch
strength according to elbow flexion degree(0。, 45。,
90。, 135。) was examined by using paired sample t-
test and independent sample t-test was used to get
the relationship of pinch strength according to test-
ing posture(standing and sitting) in same elbow flex-
ion degree.

The subjects of this study consisted of 40 healthy
adults(male 20, female 20) and the general charac-
teristic of them is the mean age 22.69±2.91, the
mean height 168.15±7.18 and the mean weight 59.25
±8.77(Table 1).

There was statistically significant difference at 0。
and 45。, 0。and 90。, 0。and 135。, 45。and 90。, 45。
and 135。, 90。and 135。. There was maximum pinch
strength in elbow flexion degree 0。, there was mini-
mum in 135。and pinch strength gradually decreased
from 0。to 135。(Table 2)(Fig. 5). 

There was statistically significant difference at 0。
and 45。, 0。and 90。, 0。and 135。, 45。and 90。, 45。
and 135。, 90。and 135。. There was maximum pinch
strength in elbow flexion degree 0。and there was
minimum in 135。and pinch strength gradually
decreased from 0。to 135。(Table 3)(Fig. 6).

Statistically, there wasn't significant difference
between standing and sitting posture in same elbow
flexion degree, but pinch strength in standing posture
was higher than sitting posture(Table 4)(Fig. 7).

RESULTS

Data Analysis

Pinch Strength According to Elbow Flexion
Degree in Standing Posture.

Pinch Strength According to Elbow Flexion
Degree in Sitting Posture.

Pinch Strength According to Testing Posture in
Same Elbow Flexion Degree.

FFiigg.. 44.. Angle of elbow joint in sitting posture
(A) 0。 (B) 45。 (C) 90。 (D) 135。

TTaabbllee 11.. General characteristics of subjects

Age(years)

Height(cm)

Weight(kg)

22.68±2.91

168.15±7.18    

59.25±8.77

Mean±SD    

AA BB

CC DD

0-45。

0-90。

0-135。

45-90。

45-135。

90-135。

0。
45。
0。
90。
0。
135。
45。
90。
45。
135。
90。
135。

5.66±1.86
5.54±1.83
5.66±1.86
5.45±1.80
5.66±1.86
5.33±1.61
5.54±1.83
5.45±1.80
5.54±1.83
5.33±1.61
5.45±1.80
5.33±1.61

.034*

.001**

.000***

.043*

.001**

.040*

Elbow 
flexion (。) Mean±SD p

* p＜.05, ** p＜.01, *** p＜.001

TTaabbllee 22.. Summary of measurement of pinch
strength in standing posture
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FFiigg.. 55.. Comparison of pinch strength according
to elbow flexion in standing posture

Degree

P
in
ch
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(k
g
)

0-45

0-90

0-135

45-90

45-135

90-135

0。

45。

0。

90。

0。

135。

45。

90。

45。

135。

90。

135。

5.03±1.80

4.90±1.79

5.03±1.80

4.80±1.78

5.03±1.80

4.66±1.71

4.90±1.79

4.80±1.78

4.90±1.79

4.66±1.71

4.80±1.78

4.66±1.71

.037*

.005**

.001**

.047*

.001**

.043*

Elbow 
flexion (。)

Mean±SD p

* p＜.05, ** p＜.01, *** p＜.001

TTaabbllee 33.. Summary of measurement of pinch
strength in sitting posture
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FFiigg.. 66.. Comparison of pinch strength according
to elbow flexion in sitting posture
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0。

45。

90。

135。

standing

sitting

standing

sitting

standing

sitting

standing

sitting

5.66±1.86

5.03±1.80

5.54±1.83

4.90±1.79

5.45±1.80

4.80±1.78

5.33±1.61

4.66±1.71

.127

.115

.108

.074

Elbow 
flexion (。)

Testing  
posture  

Mean±SD p

* p＜.05, ** p＜.01, *** p＜.001

TTaabbllee 44.. Summary of measurement of pinch strength
according to two testing posture at same elbow
flexion degree 
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The human hand enables creative and emotional
expressions as well as grasping an object or instru-
ment and operating it to perform independently in
ordinary life(6).
Among movements of the hand, pinch is the basic
motion in daily life(7), and is classified into the tip
pinch, side pinch, key pinch and pulp pinch(8). These
require sufficient muscle power and joint mobility in
not only the fingers and elbow joints, but also the
forearm, arm and shoulder(9).
Evaluation of the hand functions is mainly done by
measuring the strength of gripping or pinching(10).
The grip strength should be performed at least 20lb
or more while the pinch strength be performed 5-7lb
or more for daily life activities(11). It is very impor-
tant in rehabilitation to accurately assess the hand
functions. It is used to determine the level of impair-
ment and enables objective evaluations on improve-
ments by comparing before and after treatment(12). 
The grip and pinch strength measurement have
been generalized as the most common method to
assess hand functions for understanding the level of
daily life of  patients with rheumatic arthritis. 
Previous studies indicated that the testing posture
and flexion level of the elbow joint affected the pinch
strength. Oh et al. reported that the grip strength
had a high correlation with pinch strength(13), while
Kim et al. showed a significant difference in grip
strength depending on four different flexion angles
of the elbow joint(3). Grip strength decreased as the
elbow joint flexion angle widened. Lee et al. investi-
gated the effects of elbow joint and wrist joint angles
on grip strength and pinch strength(5). This study

results showed that as the elbow joint bent from 0。
to 90。, the grip strength and pinch strength
decreased. Kendall and McCreary accounted for
these results as from a human biomechanics point of
view, the grip strength by the elbow joint flexion
level is considered to be related to the muscle
length-tension relationship(14).
As the elbow joint flexion increases, it becomes dis-
advantageous in producing the tension needed for
functional contraction. Kuzala and Vargo theoreti-
cally explained that when the elbow joint becomes
more flexed, the flexor digitorum superficialis and
profundus gradually shortens and turns into a
mechanically disadvantageous state(15). They clari-
fied that grip strength decreases as the elbow joint
flexion increases. The result of this study showed a
similar outcome with previous studies that pinch
strength increases as the elbow joint angle changes
from 135 。of flexion to 0 。of extension.     
However, on the contrary to this study, Lee et al.
studied the effects of elbow joint flexion angle on
grip and pinch strength(4). They reported that pinch
strength increases as the elbow joint changes from
extension to flexion. 
Kim et al. showed a significant difference in grip
strength depending on the testing posture(3). Berger
also pointed out that there was a difference in grip
strength depending on testing posture, showing a
greater grip strength in a standing posture than sit-
ting(16). They explained that their results support
the concept that standing increases central and
peripheral stimulation and enhances muscle power
which leads to the improvement of grip strength. Also,
the muscle contraction time and spatial coherence is
larger in standing than sitting.   
However, there was no significant difference in
pinchstrength depending on testing postures at the
same elbow joint flexion angle, but it was greater in
standing posture than sitting when comparing with
the mean values. 

This study showed that the difference of the pinch
strength following the testing posture and degree of
elbow flexion with subjects of normal young adults
with the following results.
The result measured pinch strength depending on
the degree of elbow flexion the standing posture and
sitting posture. It had noticeable difference in all
posture for 0。and 45。, 0。and 90。, 0。and 135。, 45。and

CONCLUSION

FFiigg.. 77.. Average of pinch strength according
to two testing posture at same elbow flexion

DISCUSSION
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90。, 45。and 135。, 90。and 135。. However, there was
no difference in the pinch strength following the
testing posture in the same angle. On the average, it
was highest at 0。for both testing postures with the
lowest at 135。and the pinch strength was higher in
the standing position than the sitting position.
Therefore, the degree of the elbow flexion influences
on the pinch strength and the testing posture did not
any influence in this study. 
On the basis of this study, when devising the treat-
ment plan and training to effectively improve the
pinch strength for patients with weakened the pinch
strength due to the disease or damage in clinical
treatment. The degree of elbow joint curvature
above is adjusted to exercise more efficient skill
training.

REFERENCES

1.

2.

3.

4.

5.

Kim JW, Lee KM. Evaluation of Isometric
Shoulder Strength in Korean Adults Using a
Hang-Held Dynamometer. J Kor Acad  Rehabili
Med 1996; 20(1): 186-193.
Smith LK, Weiss EL, Lehmkuhl LD . Brunnstrom's
Clinical Kinesiology 5th ed. F.A. Davis Company;
1996.
Kim TS, Park YK, Park YH, Bae SS. The Effect
on Grip Strength with Testing Posture and
Flexion Degree of Elbow. J Kor Soci Phys Ther
1995; 7(1): 43-49.
Lee CR, Kim KJ, Kim BW. The Effect on Grasp
and Pinch Strength According to Degree of
Elbow Flexion in Normal Adult. J Kor Acad
Orthop Manu Ther  2008; 14(2): 25-33.
Lee HJ, Yi SJ. The Effent on Grip and Pinch 

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Strength with Elbow and Wrist Angle. J Kor Soci
Phys Ther 2003; 15(4): 967-973.
Trombly CA. Occupational  therapy for physical
dysfunction 3rd ed. Bltimore; Williams, Wilkins
Co; 1989.
Lee SM. A Review of Hand Function. J  Acad
Kor Phys Ther Sci 2002; 9(4): 155-168. 
Nordin M, Frankel VH. Basic biomechanics of
the musculoskeletal system 3rd ed. Lippincott
Williams and Wilkins, Philadelphaia; 2001: 421-
425.
Hunter JM, Schneider LH, Mackin EJ, Callahan
AD. Rehabilitation of hand, St. Louis. CV Mosby;
1984: 101-132. 
Mathiowetz V, Weber K, Volland G, et al.
Rehability and validity of grip and pinch
strength evaluations. J Hand Surg(Am) 1984;
9(2): 222-226.
Nalebuff E, Philips CA. Rehabilitation of the
Hand ; Surgery and Therapy, 3rd ed. St. Louis
Mosby; 1990.
Pratt PN, Allen AS. Occupational Therapy for
Children, 2nd ed. St. Louis, Mosby; 1989: 570-
575.
Oh HW, Park ES. The Standard Value of Hand
Grip and Pinch Strength in Preschool and School
Age Children. J Kor Associ of Occup Ther 2000;
8(1): 57-75. 
Kendall M, McCreary EK. Muscle testing and
function. Baltimore ; Williams, Wilkins, as cited;
1991. 
Kuzala EA, Vargo MC. The relationship between
elbow position and grip strength. Am J Occup
Ther 1991; 46(6): 509-512.
Berger R.A: Applied exercise physiology.
Philadelphia; Lea, Febiger; 1991: 245-246. 
Balogun, JA, Akomolafe, CT, Amusa, LO. Grip
strength effect of testing posture and blbow
position. Arch Phys Med Rehabili 1982; 72: 280-
283.


