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The Strain Index(Sl) has been commonly used to evaluete
the musculoskeletal disorders(MSDs) of upper extremities.
Recently, the American Conference of Governmentd Indudtria
HygienistsS(ACGIH) adopted the Threshold Limit Vaue for
hend activity level (HAL TLV) focused on the hand, wrigt, and
forearm. The M SDsrisks of 37 repetitive works conducted a an
automobile dimate control sysem manufacturing factory were
evduated using both the HAL TLV and the S, and the results
by two methods were compared. Also, measured repetitive
frequencies of upper limbs joint were mesured using
electromyogram and dectrogoniometer. The evaluation results
of the HAL were rdated with the repetitive frequency data of
upper limbsjoint by dectrogoniometer, and the NPF wasrelated
with %MV C of ECU. The evduation result of HAL TLV was
highly related with the SI score(r=0.66, p<0.01). Of tota 37
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tasks, 25 tasks(67.6%) were exceeded the TLV and 34
taskq(91.9%) exceeded the S limit. Although therewasahigh
relationship betweenthe HAL TLV and S score, theHAL TLV
underestimated the risk in comparison with the SI. The
corrdation coefficients(r) between the HAL TLV data and the
repetitive frequency of upper limbs joint were 0.45 ~
0.55(p<0.01). The MSD symptoms was Sgnificantly different
between high risk groups and low risk groups evauated by
HAL TLV(p<0.02), but was nat different between two groups
by SI. In condusion, theHAL TLV isaproper toal for repetitive
works

Key Words : musculoskeletal disorders, repetitive upper
limb work, Hand Activity Level TLV,
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Fig. 1. HAL(o to 10) rating scaes.
Table 1. Three NPHo to 10) rating methods
Borg Scale .

0, A

%MV C Seore Verbal Anchor Moore-Garg Observation NPF

0 0 Nothing at all - 0

Extremely weak .

5 05 (just noticezble) Barely noticeable or relaxed 05

10 1 Very weak - 1

20 2 Weak(light) Noticeable or definite effort 2

30 3 Moderate - 3

Obvious effort, but unchanged

40 4 ) facial expression 4

50 5 Strong(heavy) - 5

60 6 - Substantial effort with changed 6

70 7 Very strong facial expression 7

80 8 - - 8

Q0 9 - Uses shoulder or truck for force 9

100 10 Extremely strong i 10

(almost maximum)

*Maximum Voluntary Contraction

Table 2. AL and TLV corresponding to ratio

AL (Action Limit)

TLV(Threshold Limit Values)

Temperature () 0.56

0.78
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Table 3. Rating criteria of the Strain Index
; Duration of ; Duration
Rating Intensity of exertion Effort/ Hand/wrist Speed of oer day
exertion (% of cydle) minute posture work (hrs)
1 light <10 very good very good <1
somewhat
2 hard 10-29 good slow 1-2
3 hard 30-49 9-14 fair fair 2-4
very hard 5079 15-19 bad fair 4-8
near
5 maximal >80 >20 very bad very fast >8
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Table 4. General characteristics of the subje ds
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HALS H# 470 2 rdingd (-3 4] 7
FE wH) o} rding 6( A &4 Q1 F 2ol B W) 9 F 1t
A=orh NPF= 33 46 0 % Borg Scde®. 2 o) %
Moderate) 9} 735H(Srong) ] £ 71 Ao 8f Fsit}.

Rdio:= #7 09325 TLVl Raio=078< = akslg) o.n
379 = 349o] AL (Ratio=056) & Z3}sjom 1 = 251
o] TLV Ratio=0.78) & =¥}3}9ith. 9 Hr} dyl= g7 247
o|m 37y = Aol 7|5 58 2¥sIqlth

AL(Action Limit)

TLV(Threshold Limit Values)

Number of total sample 37
Gender male 37(100)
female 0(0.0)
Marital status married 35(94.6)
single 2(5.4)
Education middle school 1(2.7)
high school 34(91.9)
university 2(54)
Age(year) 30-34 8(21.6)
35-39 17(45.9)
40-44 8(21.6)
45-49 4(10.8)
Work duration (months) 1945+28.8°

*Number of subjects(percentage, %), "Mean= standard deviation

Table 5. Relationship between the prevalence of MSDs symptoms and the characteristics of the subjeds

Variables Oddsratio 9% C. 1.

Marita status 2.182 0.125-38.182
Achievement 1.677 0.132-21.331
Age(year) 1.154 0.956-1.392
Work duration(months) 1.021 0.995-1.047
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Retioof HAL TLV
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Fig. 2. Plot of the HAL TLV score andthe Sl score. The regression line shown is given by
y =507 x - 225 (N=37, *=0.44, p<0.001).
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Table 6. Repetitive frequendes of by joirts measured by ele ctrogoniometer

Joint Joint
Task Task
Wrist Wrist Elbow Wrist Wrist Elbow
no. m no. Sum
deviation flexion flexion deviation flexion flexion
1 10.38 19.8 13.7 438 20 15.8 24.9 19.8 60.5
2 8.9 155 10.4 34.8 21 14.6 424 23.8 80.8
3 15.5 26.7 11.7 53.9 22 7.0 14.2 154 36.6
4 10.6 18.0 10.7 39.3 23 10.2 20.4 24.6 55.2
5 19.2 25.5 20.6 65.3 24 14.7 22.2 215 58.4
6 12.4 23.0 12.0 474 25 13.4 23.6 19.7 56.7
7 9.9 175 17.9 45.3 26 12.2 20.7 20.8 53.7
8 10.5 16.8 17.7 45.0 27 10.3 24.1 18.1 52.5
9 15.1 20.1 17.1 52.3 28 12.6 25.0 24.8 62.4
10 13.8 19.8 18.1 51.7 29 11.0 20.9 13.2 451
1 13.8 18.9 15.9 48.6 30 11.2 18.3 175 47.0
12 126 20.6 18.8 52.0 31 8.4 135 15.3 37.2
13 11.7 174 18.5 47.6 32 17.6 23.9 22.3 63.8
14 129 22.0 16.4 51.3 33 26.8 30.3 30.3 87.4
15 17.2 23.7 24.0 64.9 34 335 34.3 34.8 102.6
16 29.0 39.4 31.2 99.6 35 234 29.7 27.1 80.2
17 18.7 29.8 20.1 68.6 36 16.0 25.8 18.0 59.8
18 13.7 21.3 18.5 535 37 10.2 15.2 13.3 38.7
19 194 23.4 17.9 60.7
M +SD 14,7 £5.7 229164 19.2+5.6 56.9116

*Wrist deviation+wrist flexion+clbow flexion, "Number/minute

Table 7. Correlation between the 1AL and the repetition of the upper limbs by electrogoniometer

Wrist deviation Wrist flexion Elbow flexion Sum?
HAL 0.503** 0.450** 0.548** 0.547**
Wrist deviation 0.760** 0.786** 0.929**
Wrist flexion 0.690** 0.905**
Elbow flexion 0.899**

Pcarson rho, ** p<0.01 ; AWrist deviationtwrit flexion+c bow flexion
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Table 8. Results of %MVC of ECU and FDS

Task Muscle Task Muscle

no. ECU FDS Sum? no. ECU FDS Sum
1 4.3 0.8 4.8 20 1.2 2.9 3.9
2 15 11 31 21 2.6 3.3 6.3
3 3.0 25 55 22 24 24 4.4
4 1.7 15 35 23 1.2 2.2 3.2
5 29 4.8 7.8 24 2.2 18 3.8
6 0.8 1.9 29 25 15 2.9 49
7 24 39 59 26 2.6 25 55
8 1.7 2.1 4.1 27 3.0 43 73
9 2.7 39 6.9 28 15 6.3 8.3
10 34 7.0 10.0 29 17 2.1 41
1 2.2 36 5.6 30 24 29 49
12 14 59 6.9 31 14 13 2.3
13 2.2 33 53 32 25 49 79
14 1.9 33 53 33 29 49 79
15 1.8 53 73 34 3.1 3.6 6.6
16 25 33 6.3 35 15 3.7 5.7
17 2.0 24 44 36 6.2 5.0 1.0
18 1.6 49 6.9 37 10.2 6.1 16.1
19 41 2.6 6.6

M +SD 26+16 34+15 6.0+26

RMVC of ECU + %MV C of FD'S,"%MVC

Table 9. Correlations between the NPI" and %6MVC

%MV C of ECU %MV C of FDS Sum?
NPF 0.40* 0.31 0.42*
%MV C of ECU 0.34* 0.82**
%MVC of FDS 0.81**

*9%MVC of ECU+ %MVC of FDS
Pcarson rho, * p<0.05, #* p<0.01

Table 10.HAL TLV scores and Sl soores betwe enworkers with MSD symptoms and nomal workers

HAL TLV S
Workerswith MSD Average 1.03* 276
symptoms(N=25) SD 0.34 233
Average 0.72 18.7
Nomal workers(N=12) SD 0.19 29.6

* 1 p<0.05
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Fig. 3. Comparing HAL TLV swres between workers
with MSD symptoms and normal workers.
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Fig. 4. Comparing Sl scores between workers with
MSD symptoms and normal workers.
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