
Ergonomic evaluation and improving measures of tasksperformed in a general hospital

The objectives of this study were to ergonomically evaluate
varying tasks performed in a general hospital and to propose
their improving measures based on the evaluation results. The
tasks found in the hospital were largely classified into two
groups of manual materials handling and awkward posture
related tasks. Ergonomic tools of NLE, 3-D SSPP and RULA
were used for evaluating workload of the tasks. The major
findings are: 1) L5/S1 compressive force of patient transferring
by one person exceeded the maximum permissible
limit(6,400N) by NIOSH. The L5/S1 compressive forces for
most of the patient transferring tasks by 2-4 persons were larger
than the action limit (3,400N), and the tasks by five persons
were analyzed to be safe in the view of L5/S1 compressive
force; 2) patient repositioning tasks by 2-3 persons were

hazardous on the basis of L5/S1 compressive force, while most
of the tasks by 4-5 persons were safe; 3) many tasks performed
in wards were found to be stressful, most of which resulted from
improper heights of their working tables or working points. Of
varying tasks in general hospitals, patient transferring was the
most stressful. Based on the results of this study and high
prevalence of musculoskeletal disorders from other studies, it is
recommended that the ergonomics program be introduced and
enforced for doing improving activities systematically
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35 80% 16 37%
Knibbe Friele, 1996 incidence

rate
Marras 1999

43 53% 31 48%
Lagerstrom 1995; Ando 2000 1990

1998 nursing home

Silverstein 2001

Bureau of Labor Statistics, 1999
2005

12 44%
2005

28 58% 2005
81.6%

10.9 62.5%
Bork 1996; Cromie 2000

2004
68.3% 65% 65%

48.3% 23.3% REBA
Rapid Entire Body Assessment

46.2 100.0%

2004

NIOSH

2004

A 

2004

33.2% 40% 6
NIOSH National

Institute for Occupational Safety and Health
U.S. Department of Health and Human Services, 1997
1 1

NIOSH I

60.0% 12 46.0% 33
58.7% 27 43.7% 14 62.5% 15

57.1% 4 6
8, 18 29, 30,

25 12
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NIOSH
Niosh Lifting Equation, NLE

3 D SSPP 3 D Static
Strength Prediction Program NLE

NIOSH

NLE Recommended Weight
Limit, RWL

Lifting Index, LI LI
1

3 D SSPP

L5 S1 lumbosacral disc, 5
3 D SSPP L5/S1

Double LP Linear Programming
model Bean 1988

Gagnon 2001
NIOSH L5 S1

3,400N Action Limit, AL
6,400N Maximum Permissible Limit, MPL

3,400N
3,400 6,400N

6,400N
Waters 1993

3 D SSPP
3D SSPP

L5 S1
2003 2004

2005
25 29

172.5cm 70.1kg
159.3cm 54.8kg

Chaffin 1999
11.8%

9.9% 88.2% 90.1%

1

2

2 3 2
1

2

3 4
4 2

2 5
2

3

RULA Rapid Upper Limb Assessment;
McAtamney and Corlett, 1993 RULA

OWAS Ovako Working Posture
Analysis System RULA, REBA

OWAS, REBA RULA
2005

RULA

1
CT, MRI

1 2
2 5
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1 5 1
45 cm

81 cm 80 cm

L5/S1 1
1

50kg 6,400N
2

1 leg lifter L5/S1
80kg 3,000N

3,400N
1 trunk lifter

L5/S1
70kg 2

50kg
4

3
L5/S1 2,000N

80kg 4
70kg

5
lifters on bed 80kg

80kg
ifters on floor

60kg L5/S1 compressive force
60kg

8 5

Body weight of a patientfor patientLifting
Type

Wheel
chair 
to bed

Bed 
to 
bed

Number of

lifters 

1 

2

3

2

2

3

4

5

Position of
lifters(No.)

-

Leg(1)

Trunk(1)

Leg(1)

Trunk(2)

*

*
Leg(1)

Trunk(2)

*
On bed(2)

On floor(3)

50kg

7,539( 578)

2,544( 188)

5,158( 414)

2,544( 188)

3,398( 269)

4,063( 335)

2,265( 155)

1,677( 122)

4,790( 394)

3,095( 244)

3,172( 255)

2,981( 217)

60kg

8,674( 699)

2,649( 196)

6,148( 488)

2,649( 196)

3,670( 293)

4,697( 384)

2,554( 178)

1,785( 130)

5,321( 443)

3,309( 263)

3,439( 278)

3,149( 229)

70kg

10,149( 778)

2,745( 203)

7,139( 562)

2,745( 203)

3,922( 317)

5,421( 439)

2,829( 201)

1,883( 138)

5,965( 496)

3,512( 282)

3,700( 301)

3,316( 241)

80kg

11,624( 888)

2,852( 211)

8,141( 637)

2,852( 211)

4,167( 341)

6,145( 497)

3,092( 223)

1,989( 147)

6,742( 556)

3,706( 300)

3,955( 324)

3,483( 254)



165

10
NIOSH

2
transfer pole

1 3

L5/S1 50kg
3,398N

60kg L5/S1
3,670N, 3,922N, 4,167N 2

L5/S1 

sit to stand lift( 3

2
3

4 draw sheet

2
L5/S1

2,265N, 2,554N, 2,829N, 3,092N

2
2 5

6
3 4 8 5

3 D SSPP L5/S1
2
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4 5 4 80kg
L5/S1 3,400N

2 3
L5/S1

4
2 3 4

draw sheet
L5/S1 2

80kg L5/S1 3,234N
2 3

7 ceiling lift

Number of workers

2 persons
2 persons *
3 persons
4 persons
5 persons

3,958( 317)
2,271( 159)
3,510( 279)
2,809( 220)
2,567( 200)

4,392( 355)
2,600( 185)
3,510( 279)
3,046( 240)
2,761( 216)

4,812( 392)
2,921( 211)
3,811( 304)
3,280( 259)
2,952( 232)

5,217( 428)
3,234( 237)
4,099( 329)
3,510( 279)
3,140( 247)

50kg 60kg 70kg 80kg

Body weight of a patient

NLE criteria
Layer

Layer height (cm)

RWL(kg)

LI

2

15

8.5

1.5

3

30

8.9

1.4

4

45

8.8

1.4

5

60

8.4

1.4

6

75

8.2

1.5

7

90

8.1

1.5

8

105

8.0

1.6

8 7 8

10.0kg, 11.5kg, 12.5kg
8

RULA action level 4

NLE LI
3

1 NLE
12.5kg LI 1.6
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LI .0

6

RULA action level 2

1

9 9

70cm 80cm

RULA 3 4
9 action level 3, 4, 3, 3, 3

10
RULA action level 2

62 95cm

10cm Eastman Kodak Company,
1983

60 70cm
50cm 

RULA action level 2

1 2 10 15
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1 RULA
action level

11 11

2kg

hook and
loop

RULA action level: 2

3
80cm

30cm
12 a, RULA action level 3

85 90cm
15cm 12 b

RULA action level 2

4

13 a RULA action level: 3

13 b
RULA action level: 2

1 5 3 D SSPP
L5/S1

5
NIOSH

1
L5/S1

(a) before improvement (b) after improvement

(a) before improvement (b) after improvement



169

2 70kg 
1 2

Marras 1999

2 5 3 D SSPP

L5/S1

REBA
2004

2004
1 2

1 5 1
2 5

Marras 1999

20 NIOSH
0.2

MacLeod, 1995
sling, ceiling lift, sit to stand lift

nursing home sit
to stand lift, gait belt 
zero lift program

Silverstein 2001

draw sheet

Marras 1999 draw sheet

3, 5

L5/S1
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1 1 L5/S1 NIOSH

2 4
L5/S1 5

2 2 3
4 5 4 80kg

3

4
RULA
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