
Field Application and Evaluation of the ACGIH Hand Activity Level TLV®

The Strain Index(SI) has been commonly used to evaluate
the musculoskeletal disorders(MSDs) of upper extremities.
Recently, the American Conference of Governmental Industrial
Hygienists(ACGIH) adopted the Threshold Limit Value for
hand activity level (HAL TLV) focused on the hand, wrist, and
forearm. The MSDs risks of 37 repetitive works conducted at an
automobile climate control system manufacturing factory were
evaluated using both the HAL TLV and the SI, and the results
by two methods were compared. Also, measured repetitive
frequencies of upper limbs joint were mesured using
electromyogram and electrogoniometer. The evaluation results
of the HAL were related with the repetitive frequency data of
upper limbs joint by electrogoniometer, and the NPF was related
with %MVC of ECU. The evaluation result of HAL TLV was
highly related with the SI score(r=0.66, p<0.01). Of total 37

tasks, 25 tasks(67.6%) were exceeded the TLV and 34
tasks(91.9%)  exceeded the SI limit.  Although there was a high
relationship between the HAL TLV and SI score, the HAL TLV
underestimated the risk in comparison with the SI. The
correlation 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 significantly different
between high risk groups and low risk groups evaluated by
HAL TLV(p<0.01), but was not different between two groups
by SI. In conclusion, the HAL TLV is a proper tool for repetitive
works.
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Strain
Index SI Moore and Garg, 1995

American Conference of Governmental Industrial
Hygienists ACGIH Hand Activity Level Threshold
Limit Values HAL TLV ACGIH 2005a

hand activity level HAL
normalized peak

force NPF 2

HAL TLV

electrogoniometer
HAL
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Borg Scale HAL
Ratio HAL NPF NPF 10

HAL
Table 2 Ratio 0.56 0.78

Action Limit AL
0.78 HAL TLV 0.78

2) The Strain Index(SI)
SI Table 3

SI score 5

2 3
HAL TLV Strain

%MVCA Moore-Garg Observation
Borg Scale

Score Verbal Anchor
NPF

Nothing at all

Extremely weak
(just noticeable)

Very weak

Weak(light)

Moderate

-

Strong(heavy)

-

Very strong

-

-

Extremely strong
(almost maximum)

-

Barely noticeable or relaxed 

-

Noticeable or definite effort

-

Obvious effort, but unchanged 
facial expression

-

Substantial effort with changed 

facial expression

-

Uses shoulder or truck for force

-
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AL(Action Limit) 

0.56

TLV(Threshold Limit Values)

0.78Temperature ( )

0 2 4 6 8 10
Hand idle most
of the time; no

regular
exerions

Consistent, 
conspicuous, long
Pauses; or  very
slow motions

Slow, steady
motion/exertions;

frequent, brief pauses

Sready
motion/exertion;
infrequent pause

Rapid, Steady
motion/exertions;
no regular pauses

Rapid, Steady
motion/difficulty

keeping up or
continuous
exertion
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Rating Intensity of
exertion

Effort/
minute

Hand/wrist
posture

Speed of
work

Duration of
exertion

(% of cycle)

Duration 
per day

(hrs)

light

somewhat
hard

hard

very hard

near
maximal

1

2

3

4

5

10

10 29

30 49

50 79

80

4

4 8

9 14

15 19

20

1

1 2

2 4

4 8

8

very good

good

fair

bad

very bad

very good

slow

fair

fair

very fast

Index SI Moore and Garg, 1995

ACGIH HAL TLV ACGIH, 2005a; ACGIH, 2005b
HAL NPF 

NPF 10 HAL Ratio
Ratio 0.56 0.78 Action

Limit AL 0.78 HAL
TLV 0.78

HAL TLV
2 electrogoniometer

SG type, Biometrics, UK 1 Q type,
Biometrics, UK

Flexor
Digitorum Superficialis: FDS

Extensor Carpi Ulnaris: ECU Pre
amplifier SX230, Biometrics, UK

100% Maximum Voluntary Contraction:
MVC isometric contraction 3

root mean square RMS
normalization

40

30
2

electrogoniometer SG type, Biometrics, UK 1
Q type, Biometrics, UK

2
1

40 30

HAL TLV SI
Independent Samples t test

NIOSH

1 1 

Relative Activity
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Odds ratio 

2.182
1.677
1.154
1.021

95% C. I.

0.125 38.182
0.132 21.331
0.956 1.392
0.995 1.047

Variables

Marital status
Achievement
Age(year)
Work duration(months)

AL(Action Limit) 

male
female

married
single

middle school
high school
university

30-34
35-39
40-44
45-49

(months)

TLV(Threshold Limit Values)

37

37(100)A

0(0.0)

35(94.6)
2(5.4)

1(2.7)
34(91.9)

2(5.4)

8(21.6)
17(45.9)
8(21.6)
4(10.8)

194.5 28.8B

Number of total sample

Gender

Marital status

Education

Age(year)

Work duration

t-test
SPSS for Windows, Release 12.0 SPSS Inc.

Sigma Plot 8.0.2

Table 5

30 40

HAL 4.7 rating 4
rating 6

NPF 4.6 Borg Scale
Moderate Strong
Ratio 0.93 TLV Ratio 0.78

37 34 AL Ratio 0.56 25
TLV Ratio 0.78 SI 24.7

37 34 5
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Fig. 2 HAL TLV SI HAL TLV 
SI

Pearson r 0.66 p 0.001
y 50.7 x 22.5 

1
Table 6 1 2

22.9 6.4
19.2 5.6 14.7 5.7

56.9 16

2 HAL
Table 7

HAL
Electro goniometer Biometrics UK

HAL
0.548

1 %MVC
Table 8 ECU FDS

%MVC 2.6 1.6%
3.4 1.5%

%MVC 6.0 2.6%

2 Borg Scale NPF

Table 9 HAL TLV NPF
NPF

%MVC
r 0.40 p 0.05

NPF
p 0.05
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Task

no.

M SD 14.7 5.7         22.9 6.4     19.2 5.6    56.9 16

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

10.3B

8.9
15.5
10.6
19.2
12.4
9.9
10.5
15.1
13.8
13.8
12.6
11.7
12.9
17.2
29.0
18.7
13.7
19.4

19.8
15.5
26.7
18.0
25.5
23.0
17.5
16.8
20.1
19.8
18.9
20.6
17.4
22.0
23.7
39.4
29.8
21.3
23.4

13.7
10.4
11.7
10.7
20.6
12.0
17.9
17.7
17.1
18.1
15.9
18.8
18.5
16.4
24.0
31.2
20.1
18.5
17.9

43.8
34.8
53.9
39.3
65.3
47.4
45.3
45.0
52.3
51.7
48.6
52.0
47.6
51.3
64.9
99.6
68.6
53.5
60.7

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

15.8
14.6
7.0

10.2
14.7
13.4
12.2
10.3
12.6
11.0
11.2
8.4

17.6
26.8
33.5
23.4
16.0
10.2

24.9
42.4
14.2
20.4
22.2
23.6
20.7
24.1
25.0
20.9
18.3
13.5
23.9
30.3
34.3
29.7
25.8
15.2

19.8
23.8
15.4
24.6
21.5
19.7
20.8
18.1
24.8
13.2
17.5
15.3
22.3
30.3
34.8
27.1
18.0
13.3

60.5
80.8
36.6
55.2
58.4
56.7
53.7
52.5
62.4
45.1
47.0
37.2
63.8
87.4

102.6
80.2
59.8
38.7

Wrist 

deviation

Wrist 

flexion

Elbow

flexion
SumA

Joint
Task

no.
Wrist 

deviation

Wrist 

flexion

Elbow

flexion
Sum

Joint

Wrist deviation

0.503**

Wrist flexion

0.450**

0.760**

Elbow flexion

0.548**

0.786**

0.690**

SumA

0.547**

0.929**

0.905**

0.899**

HAL

Wrist deviation

Wrist flexion

Elbow flexion

%MVC NPF
r 0.42 p 0.05

37 25
12

Table 10 Fig. 3, Fig. 4 HAL TLV SI 

t test
HAL TLV

TLV Ratio 0.78 1.03
0.72 p 0.05 SI
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M SD 2.6 1.6              3.4 1.5              6.0 2.6

Task

no.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

4.3B

1.5
3.0
1.7
2.9
0.8
2.4
1.7
2.7
3.4
2.2
1.4
2.2
1.9
1.8
2.5
2.0
1.6
4.1

0.8
1.1
2.5
1.5
4.8
1.9
3.9
2.1
3.9
7.0
3.6
5.9
3.3
3.3
5.3
3.3
2.4
4.9
2.6

3.9
6.3
4.4
3.2
3.8
4.9
5.5
7.3
8.3
4.1
4.9
2.3
7.9
7.9
6.6
5.7
11.0
16.1

Muscle

ECU FDS SumA

1.2
2.6
2.4
1.2
2.2
1.5
2.6
3.0
1.5
1.7
2.4
1.4
2.5
2.9
3.1
1.5
6.2
10.2

2.9
3.3
2.4
2.2
1.8
2.9
2.5
4.3
6.3
2.1
2.9
1.3
4.9
4.9
3.6
3.7
5.0
6.1

4.8
3.1
5.5
3.5
7.8
2.9
5.9
4.1
6.9
10.0
5.6
6.9
5.3
5.3
7.3
6.3
4.4
6.9
6.6

Task

no.

Muscle

ECU FDS Sum

NPF

%MVC of ECU

%MVC of FDS

%MVC of ECU

0.40*

%MVC of FDS

0.31

0.34*

SumA

0.42*

0.82**

0.81**

Workers with MSD 

symptoms(N=25)

Nomal workers(N=12)

Average

SD

Average

SD

HAL TLV

1.03*

0.34

0.72*

0.19

SI

27.6

23.3

18.7

29.6
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p 0.05 SI 37 34 SI score
5 HAL TLV

HAL TLV HAL
NPF

Ratio

TLV Ratio 0.78

Borg Scale
NPF

p 0.05 HAL

r 0.45 0.55 p 0.01
Borg Scale

HAL TLV

Freivalds & Eklund, 1993 &
1999

SI Score 5 SI socre 5
Threshold SI score SI Score 5

TLV
HAL TLV SI

SI score 6
hand wrist posture

3 Intensity of exertion HAL TLV
Duration of Exertion Effort Minute HAL TLV

HAL
HAL TLV SI score

HAL TLV NPF Rating Scale 12
SI Intensity of exertion Rating

scale 5 NPF Rating
SI 6 SI Score

Intensity of exertion
SI Score 3.64

NPF HAL
1.28 SI HAL TLV

SI duration per day 4 8 
score 1, 8 score 1.5 HAL TLV

4

SI % duration of exertion efforts per
minute HAL NPF

SI

HAL TLV SI

workers with MSD Symptoms
Nommal workers

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

H
A
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V
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HAL TLV
SI

p 0.05 SI

HAL TLV Ovako Working Analysis System OWAS
Karhu 1977 Rapid Upper Limb Assessment RULA
McAtamney, 1993

HAL TLV
SI

1

2 HAL
3 r 0.45

0.55 p 0.01
3 NPF

r 0.40 p 0.05

4 HAL TLV SI
r 0.66 p 0.01

5 HAL TLV 67% SI
92% HAL TLV SI

6
HAL TLV

SI

HAL TLV SI
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