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국문요약 

악력의 방사효과 

이상협 
Hunterdon 발달센터 물리치료실 

이 연구의 목적은 우세한 손과 그렇지 않은 손에서 방사효과가 악력에 어떤 영향을 미치 
는가 얄아보는데 었다. 연구대상은 의료기관에 있는 30명이며 연령은 32 :t 9.23세， 체중분포 
73.8 :t 23.7 kg이며， 신장은 170.26 :t 10.24 cm 이었다. 연구 대상자들의 악력은 4가지 다른 
조건에서 측정되어졌다. 첫째 조건은， 방사효과가 잠재적으로 가능한 상태에서 우세한 손의 
최대악력을 측정， 둘째 조건은， 방사효과가 잠재적으로 불가능한 상태에서 우세한 손의 최 

대악력을 측정， 셋째 조건은， 방사효과가 잠재적으로 가능한 상태에서 우세하지 않은 손의 

최대악력을 측정， 넷째 조건은， 방사효과가 잡재적으로 불가능한 상태에서 우세하지 않은 
손의 최대악력을 측정하였다. 연구결과로는 어떤 조건에서도 방사효과가 잠재가능과 불가 
능의 최대악력비교에서 이원분산분석(two-way ANOV A)결과 통계학적으로 어떤 차이점도 
없었다(F[l， 116] == .0016, p<.05). 이 연구결과는 정상인에 있어서 방사효과가 악력에 미치 
는 영향을 통계학적으로 발견할 수 없다는 결론을 내렸다. 그 이유로는 방사효과가 최대악 
력에 미치는 영향이 10-20%의 최대 근육 수축범위이며 척추상위 억제 기전(supraspina1 
inhibitory mechanìsm)이 방사효과의 활동을 억제한다는 이론에 의한다. 

핵섬단어: 악력; 방사. 

Inìroducìion 

Grip strength provides a Guick and objec
tive index of the functìona1 integrity of the 
upper extremìties (Myers et a1, 1980). It ìs 
wide1y used as an assessment measure in 
physic려 and rehabilitation rr때icine. Measure
ments usìng a hand dynamometer are adopted 

clinically to allow comparison between an 

indi vidua1' s grip strength reading and estab-

1ished norms, or between the injured and 

the uninjured 1imbs. This measurement, 

however, is usually influenced by a number 

of factors , such as the position of the re
mainder of the body during testing. Com 
parison and interpretation of data without 
identifying and controlling such affecting 

factors would not be reliable. 

For years, studies have been conducted to 

investigate the effect of body posture and arm 

position on subjects grip strength. Teraoka 

(1979) that, for all age groups and for both 
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sexes, grip strength was higher for subjects 

who stood than for those who sat. He also 

reported higher grip strength for subjects 

sitting than for those who were supine. 

Teraoka ’s findings were further supported 

in a recent study by Balogun (1991) that 

grip strength in the sitting position with 

elbow at 90 degrees flexion has the lowest 

score. The highest value was recorded with 

the subject standing with elbow in full ex

tension. Pryce (1980) studied the effect of 

wrist joint position on grip strength. He 

obtained significantly lower grip strength 

scores when the wrist was positioned in 15 

flexion and 30 degrees ulnar deviation. His 

study agreE영 with the finding of 암clft (1972) 

who also found significantly lower scores 

when the wrist was held in 15 flexion. A 

study by 0 ’Driscoll (1992) , however, found 

that grip strength in a wrist position other 

than the self-selected position yields a de

crease in score. Data in studies examining 

the effect of elbow joint position on grip 

strength 머so varγ. Mathiowetz and associates 

(1985) obtained a significantly higher grip 

strength in the 90 degrees elbow flexed 

position than in the fully extended position. 

A recent study by Su (1994) found the highest 

mean grip strength measurement recorded 

when the shoulder was positioned at 180 

degrees of flexion with elbow in full exten

sion. Generalization of body position to pro

duce optimal grip strength is difficult to 

compare as different testing protocols were 

used in these studies. 

In addition, some minor factors such as 

the wrist extension angles, dynamometer 

settings and biofeedback are usually over

looked, but surely play a significant role in 

the test result. 0 ’Driscoll (1992) found that 

the degree of wrist extension was inversely 

and linearly related to how large a setting 

on the Jamar Dynamometer was used. Most 

studies agree that level 2 or 3 is the optimal 

setting for maximum grip strength (Crosby, 
1994; Hamilton, 1994; 0 ’ Driscoll, 1992). 

Biofeedback using visual challenge is also 

found to produce a good reliability with 

the highest and most realistic peak forces 

(Spiikerman et al, 1991). 

Therapists use hand grip as a way of 

strength training and also as an evaluation 

tool for assessing the integrity of upper 

limb. When looking at hand grip we often 

see patients activate the muscIes of other 

body paπs while attempting a maximum 

hand grip performance. This phenomenon 

is a result of a mass movement pattem in 

norma1 activity, which promotes the required 

selective irradiation, when performing against 

resistance. Irradiation was also described 

as associated movements, motor overflow, 

activity transfer to the contralateral limb, 
cross-education of the unused limb, crossed 
reflex phenomenon, synkinesis, and mirror 

movements which can be observed in the 

contralateral side as subjects perform volun

tary maximal contract. Irradiation has been 

used as a strategy of treatment in proprio

ceptive neuromuscular facilitation (PNF) and 

in cross exercise to prevent or decrease 

atrophy, to maintain motor coordination, and 

to increase muscIe strength of the affected 

limb in the cIinical setting (Devine, 1981). 

The studies, regarding the effect of irradia

tion, however, are limited and poorly docu

mented in terms of Quantitative muscIe 

strength (Devine, 1981; Laz않us， 1992; Moore, 
1975). The lack of research warrants our 

need to study the effects of irradiation on 

grip strength. 

The purpose of this study was to deter-
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mine whether the use of irradiation would 

enhance hand grip strength. Measurement 

of both dominant and non -dominant hands 

were compared. Quantification of the hand 

grip via hand dynamometer might be useful 

in determining whether to incorporate irradi

ation into the rehabilitaion process. 

Methods 

Subjects 

Our sample consisted of thirty subjects 

(11 male, 19 female) who are employees of 

Table 1. Subjects demographic data 

Mean 

Age (years) 

Height (cm) 

Weight (kg) 

32.9 
170.3 
73.8 

a health care facility in New Jersey. The 

subjects’ age range was 22 to 63 years old. 

α1 average, they weighed 73.8:t23.66 kg and 

were 170.3:t1O.24 cm tall (Table 1). All sub

jects reported themselves in good health. 

Gross ROM of upper extremities was found 

to be within functional limits and the subjects 

were able to assume test position without 

difficulty. Two subject were left-hand domi

nant; the remaining twenty-eight subjects 

were right-hand dominant. No subjects were 

ambidextrous. Prior to testing the subjects 

completed a screening form. 

n
-
낌
 잃
 M 

S-9 

m 
경
 

Min. 

22 
180 
47.67 

Max. 

63 
210 
149.8 

Instrument 

An adjustable-handle Jan1ar dynamometerl) 

was used to measure grip strength. The 

device was factory-calibrated. The second 
position of the handle CBechtol, 1954) was 

used for a11 subjects during testing. 

Testing Protocol 

Each subject was required to perform the 
following four experimental conditions: 1. 

maximum hand grip with dominant hand 

without potential irradiation; 2. maximum 
hand grip with dominant hand with potential 
irradiation; 3. maximum hand grip with non
dominant hand without potential irradia 

1) Manufactured by Janmr Jackson, Ml 49203 

USA 

tion; and 4. maximum hand grip with non

dominant hand with potential irradiation. 

Procedure 

Upon arrival to the physical therapy de

partment, subject screening forms were 
attainE었， gross assessnnent of upper extremity 

ROM was examined, and ability to maintain 

testing position was checked. The subjects 
were given instructions including the stand

ard position and process of the measurennent 
for testing. One pre-trial (at self-selected 

condition) was allowed to familiarize su비ect 

with the instrument. The sequence of the 
testing conditions was de않rmin려 by a blind 
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fold drawing from four hidden cards. subject were asked to, "Release". The sub-

The subjects were positioned sitting in jects were not allowed to view the data of 

armless chair with subjects shoulders adducted her or his performances. All data were col 

and neutrally rotated, while forearm and lected by the same tester and one recorder. 
wrist joints were held in neutral position 
as suggested by the American Society of 
Hand Therapists. The elbows extended fully. 

The hip and knee joints were kept at 90 

degrees of flexion and neutral position of 

the head and ankles was asked. The subjects 

were also asked not to lean for back support. 

Encouragement was given to maintain stand • 

ard position throughout testing. 

For conditions without possible irradiation, 
the inactive upper extremity was held as 

relaxed as possible in the testing position. 

For conditions with possible irradiation, the 

non-tested hand gripped a tennis ball maxi 

mally in synchrony with the testing hand. 

One grip measurernent was taken in kilogram 

units for each experimental condition. To 
minimize the effects of fatigue, the resting 

time given between trials was a minimum 

Statistical Analysis 

The descriptive statistics show a trend 

for differences among the trials. Descriptive 

statistics were calculated for the mean and 

standard deviation of the four different con

ditions. Differences between the means for 

the dominant and non-dominant upper ex

tremity were tested for statistical significance 

using a two-factor analysis of variance 
(ANOV A) for repeated measures. The two 

factors were groups (dorninant, non-dorninantl 

and trials (with a ball; possible irradiation, 

without a ball; no irradiation) and a two • 

factor ANOV A (2 x 2) was used to analyze 

data for differences between right and left 

hand grip strength, and the effects of iπa

diation. An alpha level of .05 was used as 

the criterion for all tests of statistical sig 
of two minutes. nificance. 

During the test, standardized verbal com 

mands were given by the tester: "You should 

squeeze the dynamometer as hard as you 
Results 

can." , Are you ready?", "Go!", "Squeeze, 
squeeze, squeeze!" The subjects performed The means and standard deviations of the 
maximum hand grip for a period of five subject's grip strength at the four experi 

seconds, and the contraction was timed with mental conditions are presented in Table 2. 

a digital watch. At the fifth second, the 

Table 2. Average grip strength (kg) of a11 subjects at different experimental 

conditions 

Dominant 

Non-dominant 

Without a ba11 

With a ba11 

Without a ba11 

With a ba11 

42.93 
42.97 
39.77 
39.97 

16.28 
17.22 

16.30 
15.37 

n 
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No statistically significant differences were 

found between experimental conditions (F 

[1, 116] 3.92, p::;;: .05) , although better 

performance were seen with potential irra 

diation, both in dominant (42.97 vs. 42.93) 

and non-dominant hands (39.97>39.77). In 

non-dominant hand grip strength, the differ 

ences with potential irradiation were greater 

than in those of dominant side. 
For the total group, the four different 

conditions indicated that a non-significant 

interaction occurs in the two-factor ANOV A. 

Table 3 presents the ANOV A results for 

the main effect of trials. No interaction bet 

ween the dominant /non-dominant hand 

irradiation was revealed (Table 3). 

Table 3. Results of the two-way analysis of variance (ANOV A) perfonned 

on the data of four different conditions 

Source of Variation df MS F 

Dominant / 

Non-dominant 1 285.210 1.140 
(Factor A) 

lrradiation (Factor B) 1 .410 .002 
Factor A x B 1 .205 .001 
Within cells 116 

In consideration of the differences between 

potential irradiation and non -potential irra 

diation on the strength of the dominant and 
non -dominant hand' s grip strength, the in

fluence of potential irradiation could not be 

found statistical1y. 

Discussion 

The results presented the influence of 
irradiation did not elicit increased hand grip 
strength, either the dominant or the non
dominant hand. In terms of theorγ， supraspinal 
inhibitory mechanisms may work for con

trolling irradiation (Lazarus, 1992). Several 
researchers have demonstrated that the in
fluence of irradiation was reduced voluntarily 

but not eliminated in normal subjects and 

the supraspinal inhibitory mechanisms did 

not control irradiation efficiently in patients 
with central nervous system dysfunction 

(Cemacek, 1961; Todor and Lazarus, 1986). 

Electromyography (EMG) has been the 

most common measure of irradiation to 

compare the muscles activation at the con
tralateral limb (Cemacek, 1961; Devine, 1981; 

Hoppf, 1974; Lazarus, 1992; Moore, 1975; 
Todor and Lazarus, 1986). Moore (1975) 
reported the effect of irradiation was 10% 
to 20% range of maximal voluntary isometric 
contraction in normal subjects. Another study 
<Devine, 1981) reported 8.5% to 23.9% range 

of maximal voluntary isometric contraction 

in contralateral agonist and 9.4% to 16.2% 
in contralateral an얹go띠st in healthy su비ects. 

That amount of activity may not be enough 

” 
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to influence hand grip strength significantly. 

In addition, in Todor and Lazarus's study 

(1986), some subjects demonstrated the acti

vation of contralateral antagonist muscles 

was greater than the EMG activity from 

contralateral agonist muscles. In other words, 
when the sU비ects squæzed a bal1 rnaximally, 
the contralateral side of finger extensors 

was activated greater than the activation 

of finger flexors. Grip strength, therefore, 

was lirnited by the activity of finger exten 

sors. In our study, the effect of irradiation 

of grip testing showed a decrease of maxi

murn grip in 12 (40%) subjects: grip strength 

increased in 13 subjects (43.3%) and un 
changed in 5 subjects (16.6%) comparing 

dominant hand with and without potential 

irradiation. 

The limitation of our study is that the 

maximal effort was not controlled quantita 

tively. Lazarus (1992) studied patients and 

normal subjects under different intensity of 

active limb force. He reported that both 

groups demonstrated a significant increase 

in the amount of irradiation with increasing 
active limb force. Therefore, further study 
should consider an objective control proce
dure of quantitative active limb force meas-

ures 

In data col1ection, our study focused on 

preventing fatigue because a cumulative 
fatigue factor may increase the effect of 
irradiation (Spiikerman, 1991). Furtherrnore, 
Hamilton (1994) commented on the four 
methods of 1. the score of one triaI; 2. the 

mean score of two trails; 3. the mean score 
of three trials, and 4. the highest core of 

thræ trials of data collection. He deterrnined 
grip strength scores were not significantly 

different in reliability. Thus, our study re

corded one trial of the grip strength in each 

condition. On the other hand, Kroll (1967) 

mentioned that, "If the error variances are 

random and uncorrelated, then the proper 

procedure is to use the mean of all available 

trials". Additional1y, Mathiowetz and associates 

(1984) spoke in their study of maximal grip 

strength on a series of 27 healthy female 

subjects showed the reliability based on the 

mean score of three tests was greater than 
that of the mean score of two tests or a 

single test. Hence, further study might try 

to figure out the effect of irradiation on grip 

strength by using the mean score of three 

tests. 

Conclusion 

In this study, the effect of irradiation on 
grip strength of healthy subject was examined. 

The result did not demonstrate significant 

differences either in comparison of the domi

nant, non-dominant or potential irradiation. 

Finally, our study concluded that healthy 
subject show her or his hand grip strength 
without significant effect of irradiation of 
the domínant or non-dominant hand. 

These results suggest that effect of iπa
diation is not enough to alter subjects hand 

grip strength in healthy subjects. Further 

study should be attempted by using elec

tromyography or a more sensitive instrument 

to catch the little amplitude of irradiation 

effects, and to demonstrate the muscle ten
sion quantitatively. 

Acknowledgment 

We thank the director of Kessler Institute 
for Rehabilitation Inc. (East Facility) for her 

cooperation and encouragement during data 

collection. 

η
 ω 



한국전문물리치료학회지 제6권 제4호 

KAUTPT Vol. 6 No. 4 1999. 

References 

Balogun JA, Akomolafe CT, Amusa LO. 
Grip strength: Effects of testing posture 

and elbow position. Arch Phys Med 

Rehabi1. 1991;72:280-283. 

Bechtol CO. Grip test: Use of a dynamome

ter with adjustable handle spacing. J 

Bone Joint Surg. 1954;36:820-824. 

Cernacek ]. Contralateral motor irradiation

cerebral dominance: Its changes in 
hemiparesis. Arch Phys Med Rehabi1. 

1961;4:165• 172. 

Crosby CA, Wehbe MA, Mawr B. Hand 

strength: Normative values. J Hand 

Surg [Am] 1994;19:665-670. 

Devine KL, Leveau BH, Yack H]. Electro

myographic activity recorded from an 

unexercised muscle during maximal 
isometríc exercise of the contralateraI 
agonists and antagonists. Phys Ther. 

1981;61:898-903. 

Hamilton A , Balnave R, Adams R. Grip 

strength testing reliability. ] Hand Ther. 

1994;7:163-170. 

Hoppf HC, Schlegel HJ, Lowitzsch K. Irra 

diation of voluntary activity to the 
contralateral side in movements of normal 
subjects and patients with central motor 
disturbances. Europ Neuro1. 1974;12:142 

147. 

Kraft GH, Detels PE. Position of function 
of the wrist. Arch Phys Med Rehabi1. 

1972;53:272-275. 

KroIl W. Reliability theory and research 
decision in selection of a criterion score. 

Research Quarterly. 1967;38:412-419. 

Lazarus ]C. Associated movement in hemi 
plegia: The effects of force exerted, 

limb usage and inhibitory training. Arch 

Phys Med Rehabi1. 1992;73:1044-1049. 

Mathiowetz V, Weber K , Volland G, et a1. 

Reliabílity and validity of grip and pínch 

strength evaluatíons. J Hand Surg. [A 

m] 1984;9:222-226. 

Mathiowetz V, RennelIs C, Don때oe L. Effect 

of elbow position on grip and key pinch 

strength. ] Hand Surg. 1985;10A:694-

697. 

Moore ]C. Excitation overflow: An elec

tromyographic investigation. Arch Phys 

Med Rehabil. 1975;56:115-120. 

Myers DB, Grennan DM, Palmer DG. Hand 
망i.p function in patients with rheumatoíd 

arthritis. Arch Phys Med Rehabil. 1980; 

61:369-372. 

O'Driscoll S찌T， Horii E, Ness R, et a1. The 

relationship between wrist position, grasp 

size, and grip strength. J Hand Surg 
[Am] 1992;17:169-177. 

Pryce Jc. The wrist posítion between neutraI 
and ulnar deviation that faciIitates the 

maximum power grip strength. ] Biomech. 

1980;13:505-511. 

Spiikerman DC, Snijders C], Stijuen T , et a1. 

Standardization of grip strength meas

urements. Effects on repeatability and 

peak force. Scand J Rehabil Med. 1991; 

23:203-206. 

Su CY, Lin JH, Chien TH, et a1. Grip 

strength in different positions of elbow 

and shoulder. Arch Phys Med Rehabi1. 

1994;75:812-815. 

Teraoka T. Studies on the peculiarity of grip 

strength in relation to body positions 

and aging. ] Med Sci. 1979;25:1-17. 

Todor JI, Lazarus Jc. Exertíon level and 
the intensity of associated movements. 
Develop Med Child Neuro1. 1986;28:205-
212. 

14 -


