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INTRODUCTION:

One of the most important problems of work physiology is to
determine whether a man's work may be considered as normal or an over-
load. In manual material handling, man is limited by both his skeleto~
muscular system and his cardio-respiratory system. Man's skeleto-
muscular system limits the amount of weight that he can handle at
infrequent intervals. Man's cardio-respiratory system, on the other
hand, limits the amount of weight if the 1ifting Is frequent. An
important aspect of all weight lifting operations is the risk of
structural injuries--in particular to the skeleto—muscplar structure
of the back. Much attention has been given to the problem of back
injuries, and there are numerous publications available on the sub-
ject.

In the United States, the problem today is injuries to the
skeleto-muscular system rather than overload of the cardio-vascular
system. The percentage of industrial injuries due to lifting has
remained constant for the last two to three decades. |In order to
analyze the effects of forces and torques on the spine when a lift is
made and thereby to establish a safety standard for different percen-
tiles of the population, it is essential to know how different vari-
ables in lifting are related to the various forces, torques and

accelerations involved.



LITERATURE REVIEW:

There have been many studies done on lifting due to its
importance in industry. A brief review of the related literature
follows.

Back injuries:

Wayne (1954) and Ruseek (1955) made statistical inquiries and
established the high number of back injuries in tasks involving weight
1ifting. According to Armstrong (1965), Morris, Lucas and Bresler
(1961), and Nachemson (1962) injuries to the spine in lifting seem con-
centrated on the vertebral bodies, intervertebral discs and soft tis-
sues--that is muscles and ligaments. Thus, from a safety viewpoint,
stress is on the skeletal muscular system and not on the cardiovascular
system.

Since the occurance of injury to the lower back is so common,
it has given rise to a specific recommended method of weight 1ifting
(Ministry of Labor and National Service, 1944), Anderson (1951), Cyriax
(1954) and Floyd and Silver (1955). Lifting by bending the trunk, with
the knees kept straight, is more dangerous than the method of lifting
which involves flexed knees and an upright trunk ("'knee-action").

Floyd and Silver proved that the ''knee-action' method minimizes strains

to the posterior ligaments of the spine.

Thieme (1950) concluded that the low back lumbar region is the
main area where spinal injuries occur. In fact, 89% were in the lowest
two lumbar discs which are situated between L-4/L-5 and L-5/S-1 verte-

bral bodies. Perey (1957) established that the compressive strength of
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vertebral discs ranges from about 83 to 126 kg/sq cm for the under 40
group and 30 to 49 kg/sq cm for the over 60 group.

Morris, et al (1961) demonstrated that when a subject is hold-
Ing 90 kg with the trunk flexed 60 degrees from the normal standing
position, and with the arms hanging straight down, the forces on L-5/
S-1 disc are approximately 635 kg. Sonoda (1962) estimated that the
fracture load, the load to fracture the spinal column, for women is
5/6 of that for men. He also found a difference in strength per unit
area of the spinal column existed between men and women. This differ-
ence indicates the difference in the surface area of the vertebral
bodies.

Davis (1963) studied some effects on lifting, pulling and push-
ing on the human trunk. The effects on intra-thoracic and intra-
abdominal pressures, chest diameters and respiratory capacity when
pushing, pulling and stooping to lift increasing series of weights
were examined in 16 male and 15 female adults. For pushing and pulling,
a transverse handle at a standard haight was used; for lifting, a sim~
ple pallet with low handles was used. In this series, pressures within
the trunk cavities were increased when lifting. Similar and sometimes
greater pressure increases occured when pushing but were less common
and less intense when puliing.

Respiratory fluctuations of intra-abdominal pressure increased
markedly, suggesting that increased pulmonary ventilation derived

mainly from increased diaphragmatic excursion.
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Troup (1965) studied back injuries in industfy and back pains
caused by 1ifting or twisting movements. He concluded: 1) Only small
proportions of low back disorders can properly be attrisuted to acci-
dents. 2) Heavy manual work is the major contributing factor. 3) In
men engaged in heavy work, the prevalence of lumbar vertebral degenera-
tion is higher, low back disability is more common and causes more
Incapacity than in those engaged in light work.

Nachemson (1965) demonstrated that, in upright unsupported
sitting, the load on the disc is about three times the body weight
above the level measured. In sitting with forward leaning, the load
on the disc is calculated by the squation:

Eoini (kg) = 30+ 2.8W+ 3.6WSinA
where 30 stands for the "intrinsic'' load, W in kilograms is the body
weight above the level measured, and A is the angle of forward leaning.
Similarly, in the standing position, the load can be calculated from:

Foisc (kg) = 15+ 2.1 W_ +3.6W, SinA
where the factor 'wa' includes not only the body weight but also added
loads carried in the hands or on the shoulder. In all the body
positions studied so far, mathematical expressions can be formulated
by which it is possible to calculate the load on the lower lumbar
discs with ''reasonable accuracy''.

Poulsen (1970) predicted the maximum loads in 1ifting from
measurement of back muscle strength. The formula for prediction is:

Maximum load = L (kg) = 1.4 F - 0.5 BW
where F is maximum pull that can be exerted on a dynamometer in an

attempted extension of the back in the standing position and BW is



body weight in kilograms. The regression lines for maximum load and

back muscle strength, and for maximum-load and predicted maximum load
were different for men and women; men were able to 1ift heavier bur-
dens than women with the same measured back muscle strength.

Poulsen and Jorgensen (1971) studied the back muscle strength
for lifting and stooped working postures. They predicted the formulae
for maximum loads from tests with 50 male and female subjects. For
men,

Maximum lJoad = L (kg) = 1.1 IW
where IW is isometric back muscle strength, and for women,

Maximum load = L {kg) = 0.95 IW - 8.

From tests with 65 rehabilities, it was found that the maximum iso-
metric strength of the back muscles measured at shoulder height should
exceed 2/3 of the body weight, if fatigue and/or pain in the back
muscles is to be avoided during work in a standing position.

Snook and Ciriello {1972) did a literature survey on low back
pain in industry. Davies (1972) considered different aspects of manual
lifting.r These included legal aspects, recommended loads, techniques
of lifting and carrying, dress, pulling and pushing, and pace of work.
A n;w film on lifting and handling was noted and a plea was made to
industry to consider training one or two workers as instructors in
good techniques of physical moving of loads.

Brown (1975) surveyed factors contributing to the development
of low back pain in industrial workers. In this population, back
injuries were more frequent among women, as were absences for other
11lness. Most employees sustaining back injury subsequently returned

to their original jobs.



Kramos, et al (1975) took a new look at the old subject of
back injuries. One of the conclusions was that traditional 1lifting
standards covering how much a worker shoﬁld 1ift jﬁst are not workable.
They found that back injuries resulted from many factors. Work
environment, physical condition, distance and configuration of object,
frequency of the 1ift and even the time of day contributed to the
problem.

Simulation Models:

Fine (1966) developed a model to predict the compressive force
against the lumbrosacral disc, and the weight of the object lifted; all
welghts acted through their respective centers of gravity. The resist-
ing internzl forces were the intensity of intra-abdominal pressure
times the effective abdominal cross-section, the tension in the deep
muscles of the back, and the reactions on the lumbrosacral disc. For
one specific person 1ifting a 40 kg weight, Fine calculated a compres-
sive force of 454 kg on the disc. He also pointed out that a 9 kg part
lifted 1 meter in front of the operator was equivalent to a 27 kg
weight in the upright position (317 kg on the disc).

Chaffin (1967) and Chaffin and Baker (1970) developed a model
of the human body. It assumed the skeletal muscular system to be
analogous to a series of eight solid links representing the major body
segments. The model was restricted to symmetric saggital body-plane
activities. This model could evaluate various static situations, such
as when one is holding a weight or pushing or pulling. This type of a

model represents a rational method for investigating many variables



that affect the physical strength capabilities of any individual
required to perform material handling activitlies.

Chaffin and Martin (1972) made a biomechanical computerized
simulation of human strength in saggital plane activities. This model
is a modification to an earlier biomechanical strength modeling pro-
cedure along with a series of strength prediction curves resulting from
simulations typical of industrial material handling tasks. These fami-
lies of curves predict human strength capabilities for performing gen-
eral tasks (lifts, pushes and pulls) over a wide range of feasible body
positions. Profile curves at the 50th and 95th percentile ranking for
both male and female populations were presented.

Park (1973) further s;udied the biomechanical model and showed
that people assume lifting postures which minimize the physical work
done while reverting to an upright posture, His study also demonstrated
that a rational computer model could be successfully applied in predict-
ing the body postures during weight lifting.

Ayoub, McDaniel and Dryden (1573) studied modeling in lifting
activities. They gave a formula each for men and women, predicting the
maximum lifting weight. The error found was 6 to 8 percent. In con-
clusion, they wrote that predictive models for performance as well as
biomechanical models are very useful in gaining an insight into factors
ana methods in 1ifting activities that relate to lifting capacity of
men.

Drury and Pfeil (1975) studied the performance of a task based
model of manual Tifting. Their paper first demonstrated that the

effect of one variable - age - is similar in a study of 45 subjects



using a non-compact object to that found in previous studies using
compact objects. A model is proposed-to predict 1ifting performance
from a large number of task related variables.

Drury (1975) did a study on predictive models for setting safe
limits in manual materials handling. He showed that duration of 1lift-
Ing at constant weight leads to the same results as the criterion of
maximum weight 1ifted. Other findings are that the height of the
object at both the beginning and at the end of the 1ift are required
to specify performance, and that carrying performance can be treated

as an extension of static lifting performance.



METHOD

The maln objective of thls study was to Find the initial pos
ture of a person as well as forces and torques on the body while Tift-
ing a weight in the symmetrical sagittal plane. |In addition, a simula-
tion with a computerized model was also tried for initial posture pre-
diction.
Jask

The subjects stood on a six axis force platform {Hearn and
Konz, 1968) with their feet in a parallel position; see in Figure 1.
They lifted loads of 5, 10 and 15 kg without jerking in the symmetrical
sagittal plane. The loads were placed at four different initial posi-
tions of (x=25, y=25), (x=50, y=25), (x=25, y=50) and {x=50, y=50) cm.
The distances were measured from the body center line, assuming it
passes through the center of the force platform, and the center of
gravity of the box. The vertical distance was measured from the top
of the force platform to the center of gravity. The final phase of
lifting was to hold the load in front of the body with arms "'straight'
down. The 12 conditions per subject are listed in Table 1. Toteboxes
were weighted with sand and the accelerometer to 5, 10 and 15 kg. The

size of the totebox was 43.2 x 34.3 x 12.7 cm.

Subjects

With a screening procedure as given in Appendix 1, six female
subjects were chosen with the following criteria.

a) body weight iﬁ the range 50-75 kg

b) height in the range 160-180 cm

¢) age in the range 20-35 yr.
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Table 1. Load location and weights.

Load location (cms.)

Weight Condition X

L (kg)

5 1 25 25

L 25 g0

7 50 25

10 50 50

10 2 _ 25 25

5 25 o

8 50 25

1] 50 50

15 3 25 25

6 25 5o

9 50 25

12 50 50
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Then, two subjects were selected from them with similar char-
acteristics as shown in Table 2;. The.subjects were paid $25 for par-
ticipation. Definftions of the varioﬁs strengths measured are given
in Appendix 3.

For the computerized model, subjects were asked to go through
a series of different joint strengths. These strengths and the other
data as body weight, body height, load weight and load location were
the input data for the computerized model, which predicted the initial
posture during 1ifting for each condition. The values of various
strengths are given in Table 2. Figure 2 shows the strength measure-
ment procedure.

Procedure

Using a random number table, two sequences were cobtained for
performing the 4 (initial positions) x 3 {weights) = 12 conditions. To
counter balance any serial effect, the sequence was also performed in
the reverse order. Table 3 shows the random sequences for each sub-
ject. At each trial, each subject made three 1ifts. Thus there were
data for six lifts/subject at each condition.

Before each run, the center of gravity of the subject was
aligned with that of platform's (cartwheel and somersault torgues
registered zero). The placement of subject's feet was marked with
tape so that the position did not shift appreciably throughout the
experiment. To assure smooth and steady lifts throughout the experi-
ments, the subjects were given pretest training. The subjects practiced

lifting in synchronization with a videotape of the task for ten lifts.



Table 2. Individual characteristics of subjects.

Characteristics

Age (yrs)

Weight (kgs)

Height (cms)

Max. 02 intake (m1/kg/min)
Back flexibility (degrees)
Trunk flexibility (nc dimension)
Leg strength (kg)

Back strength (kg)

Grip strength (kg)

Average arm push (kg)

§ body fat (%)

Radius length (cm)

Tibia length {(cm)

Foot length (cm)

Standing elbow height {cm)

Length of wrist to hand's center of

gravity (cm)

Knee extension @ 90 deg. (kg-cm)
Back extension 2@ 80 deg. {(kg-cm)

Shoulder flexion 2 30 deg. (kg-cm)

Elbow flexion & 90 deg. (kg-cm)

Ankle extension € 90 deg. (kg-cm)

Knee flexion @ 90 deg. (kg-cm)

Hip extension @ 90 deg. (kg-cm)

"‘Subject L

‘Subject C
26 22
65.5 61.5
177 172
b5.5 35.5
83 95
0.667 0.763
439.9 49.6
85 68
28 25
22 11.5
23 22
25.4 25.4
42.5 39.4
2h.1 22.9
114.3 109.9
7.0 6.35
893. 54 1427.69
1440.18 3497.59
137.16 160.07
203.2 203.2
675.64 914.40
935.99 708.67
hhh. 50 £55.57
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Table 3. Random sequence of conditions for subjects.

Subject L Subject C
Sequence 1 Sequence 2 | Sequence 1 Sequence 2
07 03 ok 06
02 06 01 08
10 08 11 03
oh 01 07 02
1 03 09 10
05 12 12 05
12 05 05 12
03 1 10 03
01 04 02 07
08 10 03 1
06 02 08 01

03 07 06 04



16
After the preparatory session, a 1ift occured every 20 sec with a 60
sec interval between conditions. An assistant lowered the box to the
Initial position.

During the experiment, frontal, vertical and lateral forces
and twist, cartwheel and somersault torques wére recorded. An accelero-
meter measured the vertical acceleration of the totebox.

The subject's body was marked (with masking tape having a black
dot on it) at eight different link joints (ear, shoulder, elbow, palm
(wrist), thigh, knee, lower leg, and toe) to aid the analysis of posi-
tion at different times; see Table 4. To record the various postures,
a Bolex 16 mm movie camera was used to take a continuous picture of 64
frames per second, with a grid at the back of the subject to locate
the position of different links with respect to time. Three lights
were used to illuminate the working area for the pictures. Thus we

have the position of each link at every time during lifting.



Table 4. Cinematographical record.

‘Subject -

17

Reel ﬁos.
L 1, 2, 3 and 4
c 5, 6, 7 and 8
Equipment placement
Lamera
distance from subject 510 cm.
lens height from floor 93 cm.
speed 64 fps
Time clock
distance from camera 585 cm.
Lighting
distance 60, 75 and 255 cm. o3
frontal
lateral
n2
Dl
Joint markings
ear, shoulder, elbow, palm (wrist),
thigh, knee, lower leg and toe.
Anatomical measurements (cm)
Subject L Subject C
elbow to wrist 25 25
knee to ankle k1 39
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RESULTS AND DISCUSSION

1. Analysis of Forces and Torgueas

Forces and torques were measured in three directions. They
are vertical, frontal and lateral forces and twist, cartwheel and
somersault torques as shown in Figure 3. Vertical acceleration of the
box also was measured.

Peak values of each force and torque were recorded for each
condition. Peak values of vertical force, lateral force and somer=-
sault torque were positive, and peak values of frontal force, cart-
wheel torque, twist torque and vertical acceleration were negative.
The peaks occured just after the subjects started Tifting the box from
the shelf. Values for vertical force are given in Table 5, for (verti-
cal force)/{weight 1ifted) in Table 7, for frontal force in Table 3,
for lateral force in Table 11, for cartwheel torque in Table 13, for
somersault torque in Table 15, for twist torque in Table 17 and for
vertical acceleration in Table 19. Since the task was mainly 1ifting
In the symmetrical sagittal plane, the peak values of lateral force,
cartwheel and twist torques were small. Even the vertical acceleration
of the box was small.

A sign test was used to analyze the data because
a) It is a distribution free (non-parametric) methed,

b) 1t is efficient for a paired-group method.

The results are summarized as follows. Analysis for vertical

force is given in Table 6, for the (vertical force)/(weight 1ifted) in

Table 8, for frontal force in Table 10, for lateral force in Table 12,
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for cartwheel torque in Table 14, for somersault torque in Table 16,
for twist torque in Table 18. and for vertical acceleration in Table
20.

The level of significance for the analysis is 0.05.

Vertical Force

Tables 5 and 6 show that the weights of 5, 10 and 15 kg are
significantly different. The positions 1 vs 2, 2 vs 3, 2 vs L and
3 vs 4 were significantly different whereas position 1 vs 3 and 1 vs b
were not significantly different.

(vertical force)/(Weicht lifted)

This is a transformed variable from the experimental values.
The weight lifted was calculated by
Weight lifted = (body weight - weight of feet) + load weight.
The weight of the feet = 0.02 (w) + 0.7 where w is body weight in kg,
see Damon et al. (1966). This ratio gives an interesting and informa=
tive result.
Tables 7 and 8 show that the comparisons between weights
5 vs 10, 5 vs 15 and 10 vs 15 are not significantly different. The
ratio is independent of the load weights. The value of the ratio
remains almost constant. The mean value is 0.60; that is, the value
of the vertical force is about 60 % of the weight lifted.

Frontal Force

Tables 9 and 10 show that the weights 5 vs 10 and 5 vs 15
are significantly different, but positions 1 vs 2 and 3 vs L are not

significantly different.
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Table 5. Vertical force (kg) experimental values.
= (Tm _ Sub #L
SF = 1 2.28 kg Sub #C
POSITION OF LOAD (in cms)
WEIGHT 2 3 4 =
OF (x=25 y=25)  (x=25 y=50)  (x=50 y=25) (x=50 y=50)- -
LOAD SUBJECTS e
(in kas) L C L C L c L C
36.48 38.76 34.20 31.92 43.32 43.32 h41.04 40.81
36.48 34.20 35.34% 34.20 44.46 41.04  39.90 35.3h
5 38.76 Lk2.18 35.34 31.92 43.32 38.76 38.76 36.48
- " 45.60 39.90 36.48 34.20 41.04 42.18 37.62 35.34
45.60 41.04 38.76 34.20 42.18 39.90 43.32 38.76
43.32 L4446 37.62 34.20 L1.04 42.18 37.62 38.76
SUM__ 246.25 250.55 217.74 200.6k 255.36 247.38 238.26 225.49 1871.65 .
MEAN _ hi.04 50.09  36.29 33.k4k 542.56 hi.23 39.71 37.58 - 38.99 =
§6.75 541.04  L5.60 39.22 Lo./7% h3.32 42.18 h1.04 ,
46.74 L1.04 L46.7% 38.30 45.60 43.32 42.18 b1.04
10 47.88 42.18 50.16 39.44 h6.74 h2.41  43.32 42.18
Lh 46 45.60 L46.74% '37.62 52.44 LL.46 42,18 43.32
43.32 41.50 b5.60 37.62 45.02 L44.92 4h.h6 39.90
LL. L6 45.60 47.88 h1.04 52.44 43.32 43.32 42.18
SUM__ 273.60 256.96 282.72 233.2h 292.98 261.75 258.04 249.66 2108.9
MEAN _ L5.60 42.83  L7.12 38.87 48.83 h3.63 L3.01 41.61 43.94
%9.02 48.79 L6.7h 39.90 L47.88 L1048 L5.60 41.04
51.30 Li.oh 47.88 143.32 49.02 43.32 49.02 42.18
15 52.44 47.88 L6.7h L4446  50.16 43.32  63.84 L1.0h4
49.02 41.50 50.16 L40.81 52.44 50.16 52.44 43.32
50.16 LL4.46 49.02 h41.04  52.44 LL.46 52.44 45,60
_ 47.88 41.95 49,02 40,58 47.88 L46.74  50.16 47.88 =
SUM __ 299.82 265.62 289.56 250.11 299.62 269.04 313.50 261.06 22L48.53
MEAN  49.97 Lkh.27 48.26 41.69  49.97 44.84 52.25 43.51 L6, 84
SuB #1 SUB #2
3267.65819.66 763.12 790.02 683.99 853.16 778.17 809.80 736.21 2961.49
§5.38 45.54 542.40  543.39 38.00  47.12 43.23 4L.99 40.90 471.13
1582.78 1574.01 1626.33 - 1546.01 6229.13
E}.gz 50.25 55.15 52.95 3.2




Table 6. Comparison between conditions for vertical force.

Position Mean value (kg)
2 40.9
4 42.9 *
1 Ly, 0 * *
3 45,2 x
Weight Mean value (ka)
5 39.0
10 3.9
15 L6.8

* non-significant groupings are connected by asterisks (significance
level = 0.05).
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0.57 0.60
0.535

3. 44
0.58

0.59

3.93
0.66
0.60

3.55
0.59
0.61

0.62

3.76
0.63
0.63

3.31
0.55
0.54

0. 565

3.63

0.61

0.59

3.50
0.53
0.60

0.605

3.75
0.63
0.61

SUM

MEAN

OVERALL
MEAN
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Table 8. Comparison between conditions for (vertical force)/

(weight lifted).

Position

Weights

15
10

Mean value
0.57
0.53
0.61 *

0.62 *

Mean value

3k

0.58

%

0.60

0.61 *

* non-significant groupings are connected by the asterisks

level = 0.05).

(significance



Table 9. Frontal force (kgs) experimental values

1™ = 2.269 kgs - SUB AL
SF:
1™ = 0.818 kgs  SUB #C

POSITION OF LOAD (in cms)

25

WE IGHT 1 2 3 b
OF (x=25 y=25) (x=25 y=50) (x=50 y=25) (x=50 y=50)
LOAD SUBJECTS
(in kgs) L . C L C L C L C
9.08 5.32 10.21 4,50 11.35 9.82 7.94 16.77
10.21  4.50 5,67 3.44 7.94 18.81 11.35 15.13
5 10.21 9.90 11.35 7.36 12.48 13.09 6.81 9.00
15.88 14.72 15.88 5.73 17.02 15.54 18.15 16.36
13.61 18.00 15.88 10.80 3.08 16.61 13.16 13.09
22.69 18.81 12,48 12,27 11.35 15.71 18.15 13.09
SUM 81.68 71.25 71.47 44,10 69.22 39.58 75.56 383.44  536.30
* MEAN 13.61 11.838  11.91  7.35 11.5% 14.93 72.59 13.91 12.21
7.94 10.63 14.75 18.41 19.29 21.68 12.48 22.09
9.08 12.27 1L4.75 16.11 19.29 26.18 14.75 17.18
10 9.08 15.54 20.42 18.00 21.56 21.68 15.88 23.48
19.29 13.91 3.08 13.09 15.88 26.59 17.02 15.62
13.61 17.18 13.61 12.68 24,96 17.18 18.15 16.52
15.88 20.45 18.15 7.44 24,96 16.77 22.69 15.62
SUM 7h.88 89.98 90.76 85.73 125,94 130.08 100.97 110.51 808.85
MEAN 12.48 15.00 15.13 14.29  21.00 21.68 16.83 18.42 16.85
14.75 18.00 10.21 9.82 18.15 22.09 20.42 24.54
15.88 12.43 9.08 13.50 23.83 22.25 20.42 24.05
15 15.88 24.13 17.02 10.23 27.23 21.27 24,96 26.59
13.61 15.62 9.08 9.82 20.42 22,09 27.23 21.27
19.29 17.18 7.94 9.82 30.63 20.45 20.42 20.45
12.48 13.91 9.53  9.41 15.88 17.18 19.29 19.63
SUM 91.89 101.27 62.86 62.60 136.1L4 125.33 132.74 136.53 849.36
MEAN 15.32 16.88 10.48 10.43 22.69 20.89 22.12 22.76 17.70
SUB #1 SUB #2
1114.11 258.545 262.50 225.09 192.43 331.30 3h4.99 309.27 330.48 1130.40
15.47 13.80 14.58 12,51 10.69 18.41 19.17 17.18 18.36 15.70
510.95 417.52 676.29 639,75 2245 .51
15.19 11.60 18.79 17.77 15.59




Table 10. Comparison between conditions for frontal force.

Position

2

Weight

10
15

Mean value (kg)

11.6 *
14.2 =
17.8 =
18.8 =*

Mean value (kg)
12.2
16.9 *
17.7 *

26

% non-significant groupings are connected by asterisks (significance

level = 0.05).
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These comparisons show an interesting result. It indicates

that frontal force is significantly different for the objects positioned

at different distances from the body center line; that is, it is the 'x
distance which matters. But for a given 'x' distance the vertical
height 'y' of the object does not matter for these experimental condi-
tions. That is, for a given horizontal distance, frontal force doesn't

differ significantly for vertical heights.

Lateral Forca

Tables 11 and 12 show that the weights 5, 10 and 15 are not
significantly different, but positions 1 vs 4 and 3 vs 4 are signifi-
cantly different.

Cartwheel Torgue

Tables 13 and 14 show that the weights 5, 10 and 15 are not
significantly different as well as positions 1, 2, 3 and 4 are not sig-
nificantly different.

Somersault Yorgue

Tables 15 and 16 show that the weight comparisons 5 vs 10, 5 vs
15 and 10 vs 15 are significantly different. That is, all the weights
are significantly different for somersault torque values. Positions
1vs 2 and 3 vs 4 are not significantly different.

These findings seem to confirm the results of the frontal force.
The values of the somersault torque are significantly different for the
objects which are at different 'x' distances. But, for a given 'x'
distance, the vertical height 'y' of the box didn't matter for these

experimental conditions.
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Twist Torque

Tables 17 and 18 show that the weight comparison 10 vs 15 is
significantly different as well as the position comparison 2 vs 3 is
significantly different.

Vertical Acceleration

Tables 19 and 20 show that the weight comparisons 5 vs 10 and
5 vs 15 are significantly different. None of the position comparisons
are significantly different.
Thus, most of the comparisons between weights and between
positions (23 out of 36 comparisons) for lateral force, cartwheel
.torque, twist torque and vertical acceleration of the box are not sig-
nificantly different. This was as expected because of symmetrical

sagittal plane lifting.



Table 11. Lateral force (kgs) experimental values.

29

. mm _ - SUB #L
SF: 1 = 2,215 kg SUB #C
POSITION OF LOAD (in cms)
WEIGHT 1 2 3 5
OF (x=25 y=25) (x=25 y=50) (x=50 y=25) (x=50 y=50)
LOAD SUBJECTS
(in kgs) ~ T T T T T T T T
9.97 6.65 2.22  3.32 6.65 8.86 4.43 5.54
h.h3  4.43 6.65 2.24 L.43  7.75 6.65 5.54
5 6.65 8.86 5.54  6.65 4. 43  6.65 5.54 8.86
11.08 8.8 11.08 6.65 11.08 9.97 6.65 4.43
11.08 8.86 9.97 7.75 11.08 9.97 7.75 L.43
11.08 6.65 7.75 8.86 ¢.=27 11.08 9.97 '5.54
SUM 54,29 L4.31  L3.21 35,45 47.64 54,28 L0.99 34.34 354.51
MEAN 9.05 7.39 7.20  5.91 7.9 9.05 6.83 §5.72 7.39
6.65 5.54 8.36 4.43 L, L3  6.65 5.54 5,54
5.3 B.86 7-75 7.75 6.65  L4.43 6.65 5,54
10 3.32 6.65 6.65 8.42 7.75 8.86 6.65 4,43
9.97 6.65 11.08 6.55 8.86 7.53 8.86 6.65
9.97 8.86 9.97 7.75 8.86 3.99 8.86 6.65
9.97 7.97 9.97 6.65 11.08 6.42 8.86 5.54
SUM 4L 31 44,53 Sk 23 L41.65 L47.63 37.88 L5 42 34,35 350.05
MEAN 7.39  7.42 9.05 6.94 7.94% 6.31 7.57 5.73 /.29
9.97 5.76 6.65 5.98 7.75 11.08 7.75  9.97
9.97 6.65 6.65 6.42 8.86 8.86 6.20 6.65
15 13.29 7.53 8.86 5.54 7.75 8.86 6.65 4.43
' 7.75 8.86 8.86 7.31 6.65 13.29 12.18 5.54
9.97 6.65 11.08 5.54 7.75 9.97 11.08 6.65
8.86 8.86 11.08 6.42 9:.97 .75 9.97 6.65
SUM L9.81 L4.31 53.18 37.21 48.73 59.81 53.83 39.89 386.77
MEAN 8.30 7.39 3.86 6.20 8.12 9.97 8.97 6.65 8.06
SUB #1 SUB #2
683.32 148.541 123.15 150.67 11Lk.371 1L4L.00 151.97 150.2L 108.58 508.01
8.10 8.25 7.40 8.37 6.35 8.00 8.44 7.79 6.03 7.06
281.56 2554.38 295.97 248.82 1091.33
7.82 7.36 022 6.91 7.58




Table 12. Comparison between conditions for lateral force.

Position Mean value (kg)
4 6.9 *
2 7. x %
1 7.8 %
3 8.2 *®
Weight Mean value (kg)
10 7.3 %
5 7.4 %
15 8.1 *

* non-significant groupings are connected by asterisks (significance
level = 0.,05).



Table 13. Cartwheel torque (kg-m) experimental values.

. Lmm _ _ Sus #L
SF: 17 = 0.913 kg-m SUB #C
- POSITION OF LOAD (in cms)
WEIGHT 1 7 3 4
OF {x=25 y=25) (x=25 wv=50) (x=50 y=25) (x=50 y=50)
LOAD SUBJECTS
{in kgs) L T L E L 3 L B
1.37 0.37 0.91 0.64 2.7 1.37 0.91 0.91
0.46 0.46 0.91 0.55 1.37 0.4 0.91 0.46
[ 0.91 0.73 0.91 1.10 1.37 0.9 1.37  1.37
0.91  1.37 0.91 0.46 1.37  1.37 0.91 0.91
0.46 0.27 0.46 1.28 0.91 0.91 0.91 0.46
0.91 0.82 0.46 0.27 0.91 0.46 1.37  1.83
SUM 5.02  §.G2 L.56 L.30 B.67 ©.48 6.3 E£.94 L,
MEAN 0.84 0.67 0.76 0.72 1.56 0.91 1.06 0.99 0.
0.91 0.91 2.28 1.28 0.91 0.73 0.91 0.18
0.91 1.19 0.91 0.9 0.91 0.64 0.46 0.00
10 0.91 1.10 1.83 1.00 0.91 1.00 1.37 2.65
1.37  1.37 0.00 0.27 0.91 0.82 0.91 0.00
0.91 2.19 0.27 0.91 1.83 0.09 0.91 0.73
1.37 1.10 0.91 0.91 0.46  0.91 1.37  0.46
SUM £.38 7.85 £.20 5.28 £.93 &,j9 5.93 L,02 L5,
MEAN 1.06  1.31 1.03 0.88 0.99 0.70 0.99 0.67 0.
0.46 2.7% 0.91 1.55 1.83 0.37 2.74  1.10
1.83 1.10 0.91 0.82 1.37 0.55 0.91 1.00
15 1.83 0.73 1.83 0.73 0.91 0.09 1.83  0.91
0.09 1.10 0.91 0.82 0.91 1.10 0.91 0.91
0.91 0.91 0.4 0.09 0.91 0.82 1.10 1.10
0.4 0.82 0.64 1.10 1.37 0.h6 1.83  0.46
SUM 5.58  7.40 .6 5.11 7.20  3.39 9.32 5. 48
MEAN 0.93 .23 .94 0.85 1.22  0.57 1.55  0.91
SUB #1
76.93 16.93 19.28 16.42 14.69 21.90 13.06 21.63 15.44
1.07 0.9  1.07 0.91 0.62 1.22 0.73 1.20 0.86
36.26 31.11 3k. 96 37.07
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Table 14. Comparison between conditions for cartwheel torque.

Position Mean value (kg-m)
2 0.86 *
3 0.97 *
1 1.01 *
L 1.03 #
Weight Mean value (kg-m)
5 0.92 *
10 0.95 =
15 1.03 *

% pnon-significan:
level = 0.05).

groupings are connected by asterisks (significance

32
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Table 15. Somersault torque (kg-m) experimental values.
SF: 1™ = 0.976 kg-m
‘POSITION OF LOAD (in cms)
WEIGHT 1 2 b
OF (x=25 vy=25) (x=25 y=50) (x=50 y=25) (x=50 y=50)
LOAD SUBJECTS
{in kgs) L C L C L C L -
3.42  3.90 1.95 1.95 4,39 0.98 5.88 7.03
0.98 2.93 2.44 2.73 5.86 5.17 5.86 5.95
5 1.95 3.03 3.42  2.93 5.37 5.86 4.88 5.86
3.90 2.93 2.93 3.90 6.83 7.81 6.34 6.83
4.39 2.73 2.44 2,54 5.86 6.64 5.86 8.10
1.95 5.08 1.46 3.71 5.83 7.22 5.86 7.03
SUM 16.59 23.60 i4.64% 17.76 35.14 33.68 32,68 40.80 212.89
MEAN 2.77  3.513 2.zL 2,95 5.85 5.61 5.81 3.30 L L
T 4.39 1.4% .34 1.95 5.3 7.542 6.3L 6.3h
5.37 3.42 6.83. 2.93 5.86 6.93 5.86 7.03
10 5.86 1.76 6.83 2.15 6.34 7.22 6.83 7.22
3.63 4.88 0.0 k.98 7.81  7.81 7.37  7.81
4,88 5.95 3.90 4.20 7.81 6.83 6.83 6.6k
4.39 5.76 6.34 2.44 6.83 7.81 6.83 7.22
SUM 27.92 23.23 30.24 18.65 L0.99 L4.02 Lp.06 L2.26 267.37
MEAN 4,65 3.87 .04 3.11 5.83 7.34 5.68  7.04 5.57
1.95 2.73 1.95  6.83 7.81  7.32 7.81  7.81
4,88 3.90 3.90 5.86 5.37 7.81 7.81 8.78
15 3.90 6.73 k.39 6.83 7.81 7.81 7.37 7.91
2.93 5.86 3.42 6.34 7+31 722 6.83 8.00
4.88 7.22 .39 6.25 8.30 8.00 7.81  7.81
4L.39 7.02 3.90 5.395 7.37  7.03 5.8 8.78
SUM 22.93 33.46  21.95 323,06 44,03 L5.19 43,459 43,09 298.20
MEAN 3.82 5.58 3.66 5.34 7:34 7.53 7.24 8.18 5+ 21
SUB #1 - SUB #2
371.66  67.4L 77.29  66.83 74.%:7 120.156 122.89 117.23 132.15 L06.80
5.16 3.75 4.29 3.71 1, 14 6.63  6.83 5.51  7.34 5.65
144, 141.30 243.05 242.38 @
.02 3.93 «93

e




Table 16. Comparison between conditions for somersault torque.

Position

2

Weight

10
15

* non-significant groupings are connected by asterisks (significance

level = 0.05).

‘Mean value (kg-m)

3.9 *
.o =
6.8 *

7.0 *

‘Mean value (kg-m)

b.4
5.6
6.2

34
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Twist torque (kg-m) experimental values.

Table 17.

SUB #L
sSuB #C

1™ = 0.087 kg-m

SF:

(in cms)

POSITION OF LOAD

WEIGHT

y=50)

(x=50

(x=50 y=25)

=50)

(x=25 y=25) {x=25 vy

OF
LOAD

SUBJECTS

(in kgs)

......

. L] L ] - -
o000

0.22
0.17 .
0.17
0.26
0.30
0.22

5

9.52
0.20

1.58
0.26

SUM
. MEAN

0.18 ~0.27 0.22

0.11

iC

0.22

------

------

10

12.26
0.26

1.71

1.5]

1.80
0.25

0.30

1.61
0.27

1.08

SUM

0.29

MEAN

P~ 0o WUh o
Ll ol A W A W o]
L] - 4 L) * .
[eNoeNaoNoNeNel
LAY M AD O P~
MM N -
L] L] L] - L] -
(o eNeNolele
T O O N0
Lt oAy o

------

15

1.38
0.23

-47
0.25

1.82 13.21

0.30

1.58
0.26

1.63
0.27

2.09
0.35

52 1.72

i

SUM

0.28

0.29

0.25

MEAN

SUB #2

SUB #1

18.02
0.25

5.11

0.28
9.50 34.99
0.26

4.39
0.24

5.03
0.28

4,75

0.26

3+59
0.20

3.89
0.22

16.97

22

25

0.24

oy
[%al
M~

o

-
~

00 I~
~icN
L] L]
[ept o]

0.24

o
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Table 18. Comparison between conditions for twist torque.

Position

10

15

* npon-significant groupings are connected by asterisks (significance

level = 0.05).

Mean value (kg-m)

0.21 *
0.23 * *
0.26 * *

0.27 *

Mean value (kg-m)
0.20
0.26 *

0.28 *

36
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Table 19. Vertical Acceleration (m/secz) experimental values.
1™ = 1.6358  SUB #L
SF:
1™ = 1.1547  SUB #C
POSITION OF LOAD (in cms)
WE IGHT A
OF (x=25 y=25) (x=25 y=50) (x=50 y=25) (x=50 y=50)
LOAD SUBJECTS
(in kgs) L c L c L C L C
3.27 6.35 1.80 5.77 4,91 9.81 4,09 8.08
4,91 8.66 2.45 L4, 62 L.91 10.39 6.54 6.93
5 3.27 L.62 3.44 5,77 4,91 6.93 2.45  6.35
4L.03 10.39 k.91 7.51 4,91 9.24 4.91 6.93
L.91 8.08 6.54 8.08 4,91 8.08 3.27 5.77
7.36 8.08 L.91 6.93 4.91 8.08 3.27 5.77
SUM 77.81 46.18  2L.05 38.68 29.46 52.53 2%.53 39.83 2383.07
MEAN L.6Lk  7.70 4,01 6.45 .91 8.76 L.09 6.64 5.90
4,09 5.77 2.45  5.77 3.27 4.04 4,09 3.46
k.91 3.46 3.27 3.46 3.27 6.93 4.0 4.04
10 L.og 3.46 L.09 3.46 3.27 4.62 3.27 3.h6
3.27 8.66 L.09 3.46 4,09 6.93 3.27 3.h46
k.91 8.08 4,09 5.77 3.27 6.35 2.45  3.46
4.09 8.08 4.91 L. o4 3.27 6.93 3.27 L.04
SUM 77.36 37.51  22.90 25.96 _ 20.h4 35.80 20.64 21.92 212.53
MEAN L. 52 6.25 3.82 4.33 3.41 5.97 3.44 3.65 4,43
L.09 3.46 L.03 3.46 1.6 3.h6 5.73 6.93
4,09 3.46 3.27 6.35 3.27 h4.04 L.09 4.62
15 4.91 4.62 4,09 4.62 3.27 5.20 4.91 4.62
3.27 3.46 3.27 3.46 3.27 k.04 L.09 5.20
3.27 L4.62 3.27 2.31 3.27 4.62 4,91 h.62
L.o9 3.46 4.09 3.46 4,09 4.62 5.73 4.62
SUM 73,72 23.00  22.08 23.66 18.81 25.98 29.h6 30.61 197.40
MEAN 3.95 3.385 3.68 3.94 3.14  4.33 4,91 5.10 4.11
SUB #1 SUB #2
291.26  78.85 106.77 69.03 88.30 68.71 114.31 754.63 92.36 L401.74
4,05 .38 5.93 3.84h  4.91 3.82 6.35 L.15 5.13 ;.58
155.66 157.33 183.02 166.99 693.00
5.16 4,37 5.08 L. 64 4,81

————
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Table 20. Comparison between conditions for vertical acceleration of

box.
Position ‘Mean value (m/secz)
2 by =
L 4.6 =
3 5.1 %
1 5.2 %
Weight ‘Mean value (m/secz)
15 h.1 =
10 4.4 =
5 5.9

* non-significant groupings are connected by asterisks (significance
level = 0.05).
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2. Analysis of Initial Posture and Predicted Posture.

In this study, the human-body was divided into seven links as
shown In Figure 4. The pictures give the initial posture taken by the
subjects during lifting. The initial posture was defined as the pos-
ture taken by the subjects just before lifting the totebox from shelf.
The film was analyzed on an analyzer. As shown in Table 4, different
Jolnts of the body were marked with masking tape. These markings were
used to determine the actual angles of the different links. As shown
In Figure 4, five angles were measured to describe the initial posture.
The values for angle a, (ankle) are given in Table 21, for angle a,
(knee) in Table 23, for angle as (hip) in Table 25, for angle a,

' (shoulder) in Table 27 and for angle as {elbow) in Table 29. Figures
5 through 12 show the actual initial posture for different positions.
Since the subjects were asked to do a squat 1ift, their initial posture
showed that the back was at an angle of 45-50 degrees to the horizontal.

To predict the initial posture, the computerized mathematical
model developed at the University of Michigan (Park, 1973) was used
wlth slight modifications at KSU. It gives initial posture angles for
a glven data of various strengths of subjects, weight of the load, and
the location of the load.

This program, for the conditions of the experiment, tends to
glve a bend 1ift with the ankle angle (angle al) of 85-90 degrees. In
the experiment, subjects were asked to do a squat lift so the ankle
angle had a range of 50 to 80 degrees. This condition was modified in

the computer program. The data input was the actual value of ankle



Figure 4,

Human body divided into seven links.al, an a3.

2 and ag are the angles rieasured and predicted,
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angle for each condition as an "optimum angle''. Based on that angle,
the other angles were calculated by minimizing a constraint--in this
case, minimizing the low back compression. The predicted values of
different angles are given in Table 31. These angles are also plotted
for each condition as shown in Figures 5 through 12.

A sign test was used to analyze the conditions for the actual
values of angles. See Table 22, Table 24, Table 26, Table 28 and
Table 30. None of the compariscn for the weights 5, 10 and 15 are
significantly different. Ffor ankle, knee and hip angles all compari-
sons for positions are significantly different. But for shoulder
and elbow angles the positions 1 and 2 were not significantly differ-
‘ent. This indicates that when the object was closer to the subjects,
the shoulder and elbow angles didn't change significantly.

Comparing the actual angles and the angles predicted from the
model, there is a large difference in the hip angle. This is mainly
because the model predicts a bend 1ift by minimizing the back compres-
sion. Again, due to bent back, the shoulder and elbow angles differ
from the actual angles. The model seems to give a good prediction of
angles for position 2 (x=25, y=25 cm).

Due to unidentified reasons, the model does not give any out-
put for subject L for 5 out of the 12 conditions. The program worked
very well for all the conditions for subject C.

One of the main factors involved in calculating the low back
compression is the distance of the weight from the body center of

gravity. This distance has a smaller value for a bend 1ift compared



Table 21. Values of actual angle a, (ankle) (degrees).

Weights (kg) 5 10 15 Mean
Subjects L c L C L c
Posltion
{cms)
1. (25, 25) 69.1 71.1  67.6 69.6 66.9 69.4 £9.0
2. (25, 50) 79.8 80.5 64.5 79.8 80.5 78.0 78.5
3. (50, 25) 53.7 52.9 54,8 55,8 51.8 59.6 54.8
4. (50, 50) 57.9  56.8 58.7 58.4 59.8 58.5  58.4
65.1  65.3 61.4 65.9 648 66.4
Mean
65.2 63.7 65.6
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Table 22. Comparison betwéen conditlons for angle a, (ankle).

Position ‘Mean value (degrees)
3 54.8
4 58.3
1 69.0
2 77.2
Weight Mean value {degrees)
10 63.7 *
5 | 65.2 %
15 65.6 *

* npon-significant groupings are connected by asterisks
(significance level = 0.05)



Table 23. Values of actual angle a, (knee) (degrees).

bs

Weights (kg)

10

15

Mean
Subjects L c L c L c
Position
(ems)
1. (25, 25) 139.4 147.3 139.5 146.3 143.3 147.5 143.9
2. (25, 50) 121.1  124,9 135.9 127.4 121.6 124.0 125.8
3. (50, 25) 148.1 159.3 150.2 153.7 149.7 155.3 152.7
k. (50, 50) 131.9  141.3 133.8 139.6 139.0 142.3 138.0
135.12 143.20 139.9 141.8 138.4 142.3
Mean
139.2 140.8 140.4
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Table 24. Comparison between conditions for angle a, (knee) .

Position Mean value (degrees)
2 125.8
b 138.0
1 143.9
3 152.7
Weight Mean value (degrees)
5 139.2 #
15 140.4 *
10 140.8 *

* pnon-significant groupings are connected by asterisks
(significance level = 0.05)



Table 25. Values of actual anglé ag (hip) (degrees).

Le

Weights (kg) 5 10 15 Hsarn
Subjects L c L c L c
Position
{(cms)
1. (25, 25) 28.9 39.3 30.1 36.9 32.4 36.9 4.1
2. (25, 50) 44,3 L48.4% 39,4 4B.3 46.7 50.8 6.4
3. (50, 25) 38.7 50.3 36.0 45.5 40.1 Lo.6 1.9
4, (50, 50) 55.3 56.0 51.2 58.0 L6.8 57.2 5L.1
41.8 48.5 39.2 47.2 41.5 46,4
Mean
45,2 43,2 44,0




Table 26. Comparison between conditions for angle a3 (hip).

Position Mean value (degrees)
1 34.1
3 b1.9
2 46.4
b 54.1
Weight Mean value (degrees)
10 43.2 *
15 L0 *
5 45,2 *

* non-significant groupings are connected by asterisks
(significance level = 0.05)
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Table 27. Values of actual angle ay (shoulder) (degrees).

48

Weights (kg)

10

15

Mean
Subjects L c L c L c
Position
(cms)
1. (25, 25) -84.8 -68.5 -85.0 -71.7 -81.6 -68.3 -76.8
2. (25, 50) -82.8 -70.7 -77.8 -66.1 -80.3 -65.3 -73.8
3. (50, 25) -77.6 -49.,2 -71.8 -57.0 =71.1 -53.2 -63.3
4, (50, 50) -64.4 -45.5 -63.7 -46.3 -68.0 -44.0 -55.3
-77.4 -58.5 =-74.6 =-60.3 -75.3 -58.0
Mean
-68.0 -67.4 -66.6




Table 28. Comparison between conditions for angle ay (shoulder).

Position " Mean value (degrees)
4 -55.3
3 -63.3
2 -73.8 *
1 -76.8 *
Weight Mean value (degrees)
15 -66.6 *
10 -67.4 *
5 -68.0 *

%#non-significant groupings are connected
{significance level = 0.05)

by asterisks
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Table 29. Values of actual angle ag (elbow) (degrees).

50

Weights (kg)

10

15

Mean
Subjects c L c L c
Position
(cms)
1. (25, 25) -72.3 -69.8 -71.6 -71.3 -70.3 -=70.9 -71.1
2. (25, 50) -70.h -72.4 -59.6 -71.1 -69.6 ~-70.2 -69.2
3. (50, 25) -56.6 -56.6 ~-56.6 -58.4 -59.0 -55.6 -57.1
L, (50, 50) -£3.2 -49,2 -52.2 -52.8 -43.3 -48.2 -49.8
-63.1 -62.0. =-60.0 -63.4 -60.6 -61.2
Mean
-62.6 -61.7 -60.9




Table 30. Comparison bétween conditions for angle as (elbow).

Position Mean value (degrees)
[ -49.8
3 -57.1
2 -69.2 *
1 =71.1
Weight Mean value (degrees)
15 , -60.9 *
10 -61.7 *
5 -62.6 *

* non-significant groupings are connected by asterisks
(significance level = 0.05)

51
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5 kg 10 kg

—— Actual posture

-~=== Predicted posture

Figure 5. 1Initial postures of subject L for position 1:(25,25) cm.
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10 kg

-———  Actual posture
———— Predicted posture

15 kg

Figure 6, 1Initial postures of subject L for position 2:(25,50) cm.



Figure

7o

L

5 kg 10 kg

Actual posture

15 kg
Initial posture of subject L for position 3:(50,25) cm.
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10 lgg

"Actual posture

----- Predicted posture

15 kg
Figure 8, 1Initial posture of subject L for position 4:(50,50) cm.
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10 kg

Actual posture

------ Predicted posture

15 kg

Figure 9. Initial postures of subject C for position 1:(25,25) cm.



Actual posture

----- Predicted posture

Figure 10. Initial postures of subject C for position 2:(25,50) cm.
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Actual posture

~—=-- Predicted posture

15
Figure 11. 1Initial postures of subject C for position 3:1(50,25) em.
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Actual posture

=--- Predicted posture

15 kg
Figure 12, 1Initial postures of Subject C for position 4:(50,50) cm.
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Table 31. ''Optimum' value of angles given by model for all conditions.
i ag a, ag
Condition L c L c L L c L c
1 69.1 71.1 122.5 116.3 -8.8 -3.8 -119.8 -119.3 -74.6 -84.7
2 67.7 69.6 132.5 118.8 -3.8 -1.9 -119.7 -118.6 -65.1 -84.1
3 66.9 69.4 143.1 119.4 +1.9 -1.9 -119.0 -119.5 -55.1 -82.9
4 79.8 80.5 108.8 103.1 16.9 23.1 -119.8 -118.9 -77.8 -86.0
5 64.5 79.8 130.0 104.6 35.6 23.5 -111.7 -120.3 -67.1 -84.3
80.5 78.0 121.3 106.9 17.5 24.4 -119.5 -119.2 -59.2 -83.2
7 52.9 143.1 -4 4 =113:9 -20.9
8 55.8 143.1 -4.4 -110.0 ~21.7
9 59.6 141.3 -4.4 -105.5 ~25.4
10 57.9 56.8 143.8 138.1 -4.4 -9.4 -106.6 -112.7 13.7 22.2
11 58.4 140.0 4.4 -115.5 4.0
12 £8.5 145.0 0.0 -106.8 18.0
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to a squat lift. Thus, for a low back compression, the distance
between the load and the body center of gravity should be reduced.

Table 32 shows the comparison of different angles between
Park (1973) and the present study. Park (1973) had similar initial
position of loads. The values of angles a, (ankle), a, (knee) and
ag (elbow) changed 10, -8 and -5 degrees, while angles as (hip) and ay
(shoulder) changed about =25 degrees. One of the main reasons is due
to the difference in instructions. In this study, subjects were
asked to do a squat 1ift, whereas Park did not specify the method of
lifting; his subjects then lifted with a bend posture.

There are two fixed points in all conditions. They are the
position of the load and the feet. As the angles a,, a, and ag do
not differ much from Park's, the position of hip as well as elbow is
the same for both cases. It is only the other angles a3 and a that
adjust themselves so that the position of hip and elbow remains almost the

same in both a bend and a squat lift.
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Table 32. Comparison of initfal posture angles between Park (1973)
and present study.
Positions a, a, a : ay a
(degrees)| (degrees) (dearees) (degrees) (deg?ees)
(cms) |P D d|P D d|P D d [P D d}| P D d
1 1] L]
(25, 25) |75 69 6 124 111 13| & 34 -30|-106 -77 -29| -80 -71 -8
2
(25, 50) |78 77 1 |116 126 -10|38 46 -8 |-102 -74 -28| -74 -69 -5
3
(50, 25)[69 55 14 (132 153 -21| 6 L2 -36| -82 -63 -19| -61 -57 -4
. 4
(50, 50) {77 58 19 [122 138 -16{23 54 -31f-79 =55 -24| -50 -50 O
Mean 10 -8 -26 -25 =5
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CONCLUS IONS

The study measured different forces, torques, angles and
accelerations involved in lifting. It also Includes some facts about
the initial posture taken during lifting.

For the vertical forces, the weights are significantly differ-
ent and the vertical force remains constant with respect to the weight
lifted. The value of this ratio was 0.60 j.e. 60 % of the weight
lifted contributes to the vertical force.

For the frontal force and the somersault torque, only the 'x'
distance of the load affects the force or torque. For a given 'x' dis-
" tance, the vertical height 'y' does not affect force or torque.

As the lifting was in the symmetrical sagittal plane the values
of lateral force, cartwheel, and twist torques were small. The vertical
accelerations of the box also were small.

Regarding the initial posture prediction, the simulation model
predicts a bend 11ft instead of a squat 1ift. One of the main factors
which play the important role is the distance between center of gravity
of the box and the center of gravity of the body. In predicting the
posiure, this distance plays a major role. For a low back compression,
this distance should be minimized.

The initial posture angles did not differ significantly for all
welghts of 5, 10 and 15 kg. For shoulder and elbow angles positions 1
and 2 were not significantly different. For ankle, knee and hip angles,

all comparisons were significantly different. The above results show
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that when the object was closer to the subjects, the shoulder and elbow
angles did not change significantly.

Another interesting result was also found. It Is only the hip
and shoulder angles that adjust themselves so that the position of hip

and elbow remains almost the same in both a bend and a squat lift.
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APPENDIX 1
Application for approval submitted to the committee on research

involving human subjects.



Objective:

Task:

Subjects:

70

The main objective of this study is to find the posture
of a person as well as forces and torques on the body
while 1ifting a weight in a symmetrical sagittal plane.
In addition to this experiment, a simulation with com-
puterized model will also be tried for posture prediction.
The subjects will be standing on a six-axis force platform
(Hearn & Konz, 1968) and they will be asked to 1ift loads
of 5, 10 and 15 kgs., without jerking and standing upright
in the symmetrical sagittal plane. The loads will be
placed at four different initial positions of (x=25, y=25),
(x=25, y=50), (x=50, y=25) and (x=50, y=50) from the sub-
ject. The final phase of 1ifting will be the hands holding
the load in front of the body and arms ''straight' down.
For this experiment, two subjects will be used. Subjects
will be selected so that their individual characteristics
comply with the following selection criterion, and also the
subjects have quite similar characteristics.

(a) Subjects will be females

(b) The body weight should be between 50-75 kgs

(c) The body height should be between 160-180 cms

(d) The age range should be 18 to 26 years

(e) They will have to go through a screening procedure

as shown in the Appendix.

The subjects will be paid ($25) for their participation.
However, to assure smooth and steady lifts throughout the

experiments, the subjects will be given a pretest training.
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Procedure: Using a random number table, two sequences will be obtained
for performing 4 (initial positions) x 3 (weights) = 12 conditions.
To counter balance any serial effects, the sequence will also be per-
formed in reverse order. At each condition, each subject will make
three 1ifts. Thus there will be data for six 1ifts/subject at each
condition.

Before each run, the center of gravity of the subject will be
aligned with the platform's. (Cartwheel and somersault torques regis-
tered zero). The placement of subject's feet will be marked with tape
so the position will not shift appreciably throughout the experiment.
The subjects will be asked to practice lifting in synchronization with
a videotape of the task for 10 minutes. After the preparatory session,
three 1ifts will be made for each condition, one every 20 seconds with
a one-minute interval between conditions. An assistant will lower the
box to the initial positions.

During the experiment,‘with the help of the force-platform,
frontal, vertical and lateral forces as well as twist, cartwheel and
somersault torques Qill be recorded.

For the posture of the subjects, a Bolex 16 mm movie camera
will take continuous pictures at 64 frames per second (fps), with a
grid at the back of the subject. Four lights will be used to brighten
the working area for the pictures. The subject's body will be marked
at 8 different link joints to aid the analysis of position at different
times. Thus we will have the position of each link at every time

during lifting.
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For the computerized model, subjects will be asked to go
through a series of different joint strengths. These strengths and
other data as body weight, body height, load weight, load location will
be the Input data for the computerized model, which will predict the

postures during lifting.
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APPLICATION FOR APPROVAL TO USE HUMAN SUBJECTS

1. PROJECT TITLE: - Forces and torques on different parts of body as
well as posture prediction while lifting ... simulation and exper-
imental values.

2. PROPOSED SPONSOR: - Dept. of Industrial Engineering

3. PERSONNEL INVOLVED: -

Name Dept. Phone
Dr. Stephan A. Konz Industrial Engineering 532-5606
Girish D. Desai Industrial Engineering 532-5606

4. ATTACHED 1S A COPY OF THE PROJECT PROPOSAL

A. RISK:

The subject participating in the experiment are exposed to the
poséibility of physical risk. This includes the possibility of strain
to both the cardio-vascular and skeleto-muscular system. To minimize
the risk associated in participating in the experiment a four stage
subject screening procedure has been introduced. (As | am going to
use the same subjects as Mr. Coetzee, | will have same screening pro-
cedure, which is as follows). Each stage will consist of the following:

Stage 1. Subject will be given a questionnaire (see attachment 1)
to be completed by themselves in which background information is sought
regarding ailments that could be aggravated by their participation in
the 1ifting experiment. Any subject answering in the affirmative to
any of the questions will be automatically rejected from further consi-

deration.
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Stage 2. Subjects will be given a physical fitness test in which
emphasis will be placed on their cardiovascular muscular strength, and
muscle flexibility profile. Attachment gives a description of the test
procedure. The fitness test will be conducted in conjunction with the
Department of Health, Physical Education and Recreation at KSU under
supervision of Dr. William B. Zuti. Subjects with a performance rating
below the minimum specified (see attachments 2 and 3) will be screened
out.

Stage 3. During this stage the subjects will be given a routine
roentgenogram and the reporting radiologist will be asked to complete
the questionnaire shown In the attachment 4. Any subject with more than
two abnormalities of minor importances or worse (class B or C abnormal-
ities) will be screened out.

Stage 4, Subjects will be given a physical examination by a local
physician. The physician will have all prior information (questionnaire,
physical fitness profile and x-ray report) available for final clearance
of the subjects.

It is believed that while there is always risk associated in any
experiment involving human subjects the above screening procedure is a
sufficient attempt to minimize the possibility of such an occurance.

While there is no Immediate personal benefit to the participating
subjects, there is a significant contributional potential in the study
itself which could lighten the discomforts man is suffering from back

pain.
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B. [INFORMED CONSENT:

The procedure for securing iInformed consent Is outlined in the

attachment 5.

C- EMERGENC]ES:
The procedure for emergencies Is not outlined in the proposal.
The possible emergencies that may arise are:
1. Cardiovascular strain
2. Skeleto-muscular strain
3. Injury due to dropping the object that is being lTifted.
The preventive procedure was partly outlined in A above under RISK.
- In addition to this the possibility of cardiovascular strain will be
minimized by the fatigue recovery time of at least 300 seconds between
consecutive tasks. To prevent skeleto-muscular strain the weight of
the object will not be more than 15 kg- which is well within current
International Labor Office (ILO) limits. (ILO gives 55 kg. as their
recommended 1imit). Injury due to dropping the object will be reduced
by having wooden tote-boxes and sand as their contents.
In the unlikely event of an emergency the following facilities can
be used depending on the severity of the emergency.
1. Student Health Service (100 meters from the Human Factors
Laboratory)
2. Ambulance from the Memorial Hospital (3 min.)
3. A passenger vehicle for transportation to the hospital
4. First aid kit in the laboratory itself

5. A telephone about 3 meters from the experiment site.
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D. PRIVACY

The procedure for keeping research private is not addressed speci-
fically in the proposal. However all questionnaires and other test
reports will be either destroyed or returned to the subjects that are
screened out. The remaining subjects will be allocated a number on a
random basis and thereafter identified only by it. On completion of
the research the documents containing private information will be
destroyed. The pertinent data will, however, remain in possession of

the Department of Industrial Engineering in a coded form.

E. STATEMENT OF AGREEMENT

The below named individual certifies that he has read and is willing

to conduct the activities in accordance with the Handbook for Research,

Development, Demonstration, or other Activities Involving Human Subjects.

Further, the below named individual certifies that any changes in the
procedures from those outlined above or in the attached proposal will
be cleared through committee 8290, The Committee on Research Involving

Human Subjects.

Signed Date:
The Responsible Individual
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ATTACHMENT - 1

STAGE 1. SUBJECT SCREENING QUESTIONNAIRE

Name Age Date

Address - Occupation
Body weight (1b)
Phone Height (in.)

(Please check correct answers. |If any of the answers is 'yes',

please explain on the back page).

10.

11.

12.

‘Have you ever had severe pains in the chest?

.amount of exercisel

YES NO

Have you ever had weight lifting training?

Have you ever formally instructed a safe weight
lifting method?

Has a doctor ever said your blood pressure was
too high or too low?

Are you often conscious of heavy beating of
your heart?

Does your heart often beat very rapidly?

Do you get out of breath with an ordinary

Do your hands and feet feel cold even In
hot weather?

Has a doctor ever said you had heart trouble?

Do you suffer from frequent painful cramps In
your legs?

Have your joints ever been painfully swollen?

Do your muscles and joints always feel stiff?




13.

14,

15.
16+

17.

18.

19.
20.
21.
32
23.
24,

25.
26.

27.
28.
29.

30.

YES NO

Do you usually have severe pains In the arms
or legs?

Are you crippled with severe rheumatism
(arthritis)?

Do you suffer from weak or painful feet?

Do you have pains in the back that make it
hard for you to keep up with your daily
activities?

Are you troubled by a serious bodily
disability or deformity?

Have you ever had a medical problem
associated with weight lifting?

Is your skin usually sensitive or tender?

Do you have frequent severe headaches?

Do you frequently feel faint?

Have you fainted more than twice in your life?

Was any part of your body ever paralyzed?

Have you ever noticed a twitching of any
part of your body?

Did you ever have a convulsion (epilepsy)?

Were you ever treated by a doctor for
anemia (thin blood)?

Have you ever had a serious operation?

Have you ever had a serious injury?

Has a doctor ever said you had a hernia
(rupture)?

Do you sweat or tremble a lot during examina-
tions or questioning?
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YES NO

31. Do you get nervous and shaky if anyone is
watching you?

32. Does every little effort wear you out?

33. Do you suffer from severe nervous exhaustion?

34. Are you considered a sickly person?

As indicated by my signature below and being of sound mind, 1 agree
that the above questionnaire has been correctly and truthfully com-
pleted to the best of my knowledge. | also further understand that
all the data contained therein is confidential and | agree to allow

publication of any or all of the data in a coded form.

79

Signature of Subject Date

Signature of witness Date
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ATTACHMENT - 2

PHYSICAL FITNESS PROFILE

The physical fitness profile will be obtained with the help of the
Department of Health, Physical Education and Recreation at the Kansas
State University. Information In the profile will be used in two

ways. The first will be as a means of screening potential subjects

and the second as inputs to the regression model. For screening pur-
poses the subject's fitness performance will have to meet certain
minimum requirements in each of the fitness categories. Table 1 shows
these requirements. The minimum requirements are set for both male

and female subjects and are determined from the least acceptable levels

for the oldest subject group.

The physical fitness profile will be made up of three kinds of tests,
namely, a test of the cardiovascular and respiratory fitness condition,
the body's flexibility and its strength. Cardiovascular fitness is an
indication of the aﬁount of oxygen the body can deliver to the working
muscles. A simple explanation as to the reason that cardiovascular
fitness is a measurement of the fitness performance is that: 1) in
order for a large amount of oxygen to be delivered, one must have
'"good" hemoglobin to carry the oxygen, 2) a good pumping system is
required to transport the blood through the arteries, veins and capil-
laries, and 3) a good pump (the heart) is needed to move the blood;

therefore the individual that can deliver more oxygen has a better
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cardiovascular and respiratory system. A test of thé cardiovascular
and respiratory system also glives an Indication of the '"overall"
physical condition of the body because cardiovascular fitness is
Influenced simultaneously by the condition of all working muscles.
Body flexibillity is the range of motions available in a joint. Ade-
quate flexibility can contribute to increased work performance,
Increased resistance to muscle injury and soreness, and a general
state of good health. Body strength is the amount of external force

that a muscle or group of muscles can exert.

For the cardiovascular fitness the "bike-test'" (bicycle ergometer)
will be used. Body flexibility will be subdivided into shoulder,
trunk, and back flexibility. Body strength will be measured in terms
of left and right grip strength, leg, back and arm push strength. The
procedure for testing the flexibility and isometric strengths are

described in Zuti (1975) and also by Asmussen (1959) and Poulsen (1970).

Figure 6.1 shows the fitness sheet to be completed for each potential
subject. The arthropometric data obtained in the fitness profile will

also be used directly as inputs to the mathematical model formulation.

The fitness test will be conducted in a one hour session in which the
flexibility and strength .test will be done first. In each of the test
measures the subject will be asked to perform the test three times.

The best performance out of this will then be taken as the measured
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flexibility or strength. After the completion of these tests, the
subject will be given sufficient time (15 minutes) to rest before the
blecycle test Is started. This is done to avoid fatigue prior to the
start of this test. Specific care will also be given to the accuracy

of observing the different fitness measures.



Table 1. Minimum Fitness Requirements.
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Sex

Fitness test

Male

Female

Cardiovascular

Back flexibility
Trunk flexibility
Shoulder flexibility

Average grip strength

Isometric back muscle
strength

isometric leg muscle
strength

Average arm push strength

34 m1/kg/min.

Relative rating

7

Relative rating

4

Relative rating
10

50 kg
Greater than 67%
of body weight
140 kg

Greater than 50%
of body weight

29 ml/kg/min.

Relative rating

9

Relative rating

6

Relative rating
10

30 kg
Greater than 67%
of body weight
80 kg

Greater than 50%
of body weight




ATTACIMENT -

BACK X-RAY
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REPORT

Location . _— . .. Date s
e . _  Age ___Sex
ght Weight - ) . ]
vious Historys . - .!,l;".f.. e S
-
ABNORMALITIES OF MINOR IMPORTANCE B, ADNORMALITIES OF INCREASED IMPORTANCE
{Combination of severol mey be important) : .Queslionable Acceptance tor Sustoined Heavy Work
Mild wogism lumber joints . : . . {Combinotian ol severol is signilicant)

Miaor spina bifido oceulia (X<Ray iindings only)
Schmerl's noces L 1-2-3 A

Miner cong. defects = no symptoms . b

\inar lordosis
Jstecerthritis = K-Ray only
Winimgi Scoliosis

& Lumber Verlebrae : 1 3 2

SN LN [ RINI RN

Mnrked tropism lumbar joints or !aeen

E:lcnswe spine bifida oceuire

. Schmerl’s nodes L 3.4.5 — & lozz lumbor curve

: Moderate degenerative changes upper lumbor or lesser
in lumbar spine

Mild 1o moderote scoliasis -
Decrcase in Tumbar segments {5 re 4}

Tronsitional.lumbosacrol vertebra & no pseudoarthrosis

Minimc! Narrowing L -5, $-1 interspace

AZNCRIMALITIES INDICATING SUBSTANCARD RISK FOR SUSTAINED REAVY WORK

- Sacrcyloiysis or sponcyielisthesis

P

9. | | Anwc osteamyelitis or svhstentiateo hisrory of asteo-
myelitis, or reaclive change af socroiliec in younger

. Treasational iumbosocroi vertedra with pscudoarthrasis
== L H . . persons
T Narrewing intervertebicl spoce L 3-4-5, especially ase . .
secialed with marginci spurring, scierosis, ete. Upper 10. C. Sympteometic esteoarthritis or rheumoroid
lumaet rerrowing possisly less significont J1. [ Hernieted nucleus pulpnsu.s, or }nsfcﬁ' of surgery re.
~= Marked hypertrophic degencration - ugpper lumbar, 12, [ Discose of sacroilicc. or lumbosscrel joints, chronie
Jagdcrate o = Ld.5cnd , with radiated pain; pesiural deloﬂmt ics ondfor limilae
Milder e * if under 30 years | tion of motion, lumbaer
" Cecllapscd or wedsed vertebra; evidence old fractures ’ 13, Rotary scoliotis
— P 3 3 '} Y
" of verienroi bedy or acural orch, or multiple deiect 14. J Degenerative diseases {i.e. asleoporosis}
Fpineatal Hansrprue procest 15. [J Delinite epiphysitis delormity
=) Ieanplasm ahdesinuciios of bone 16. [] Multiple Schmorl’s nodes
T Eaxtensive spire bifida of 2 or more vertebrae ) f
T Prior back surgery; rogie-opague meterials cvidence
srevious infections; Morie-Strumpell spondylitis; major
congenital anomeoly, discase of lumbosacral or sacro-
ilioc joints
CRIPTION AND DIAGNOSIS
Signed M.D.
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ATTACHMENT -4

FITNESS SHEET

Name Age (years) Height (em)

Address Sex Weight (kg)
Phone

Date Resting heart rate ____ (B/M)

Resting blood pressure (B/M)

1. Bike test: KPM HR
average

Est. O 1. Est. 02

2 mi7kg/min
2. Flexibility: Back s trunk ’
3. Strength: Left grip ______, right grip _ (kg), leg (kg),
back muscle (kg), left arm push {kg),
right arm push ____ (kg).
Average grip strength " (kg)

Average arm push strength (kg).
4, Skinfold: Chest , 1liac , Tricep .
Waist girth {cm), % body fat , ldeal weight

PERSONAL HISTORY

What is your past history of exercise?

Recent regular exercise - type
Recent occasional exercise - type
Current formal exercise
Former athlete - sport

Fitness testing summary.
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ATTACHMENT - 5

INFORMED SUBJECT CONSENT

- Name
Address
Personnel: Stephan A. Konz Professor, Dept. of Industrial
Engineering
Girish D. Desai Graduate Student, Dept. of
Industrial Engineering
1. 1, , belng of sound mind and

(name of subject)
years of age, do hereby consent to, authorize and request each of the

persons named above (and the agents, employees and fellow employees of
each of them) to undertake and perform on me the proposed procedure,
treatment, research or investigation (herein called 'Procedure') iden-
tified and explained in the document entitled:

'Forces & Torques on body as well as posture prediction while lifting'

simulation and experimental values which document dated is

attached to and is hereby made part of this consent.

2. | have read the attached document, referred to-#e above, and |

have been fully advised of the Procedure and the possible risks (cardio-
vascular and skeleto-muscular straln or damage) and complications
Involved in it, all of which risks and complications | hereby assume

voluntarily.



Signed at this day of » 1975, in

the presence of the witnesses whose signatures are below, opposite

my signature.

Witnessed by:

87

Subject's signature First witness signature

Second witness signature



APPENDIX 2

Simulation Model - Computer Program
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Table . Llist of input data and format

(A11 input data Is in Inch-pound system.)

Card Usage Start Format Description
No. Column
0 Control 1 I Blomechanical stress factor specifi-

cation (2=low back compression)

2 I Posture plot request (0=no)
1 Anthropo- 1 A2 Subject number or name
metry
10 F10.2 Subject weight
20 u Subject height
30 1) Radius length
40 " Length from wrist to hand-center of
gravity
50 u Tibia length
60 4 Foot length
70 " Standing elbow height
2 Strength 10 F10.2 Knee extension @ 90 deg.
20 " Back extension @ 90 deg.
30 1 Shoulder flexion @ 30 deg.
4o " Elbow flexion @ 90 deg.
50 L Ankle extension @ 90 deg.
60 u Knee flexion @ 90 deg.
70 " Hip extension @ 90 deg.
3 Task 1 F5.2 Weight of the load

6 1 Horizontal distance from ankle to
the hand with load

1 " Vertical distance from floor to
the hand with load




ILLEGIBLE

THE FOLLOWING
DOCUMENT (S) IS
ILLEGIBLE DUE
TO THE
PRINTING ON
THE ORIGINAL
BEING CUT OFF

ILLEGIBLE



LEvVEL 21t MATN DATE = 15357
C PSUEDODYNAMIC RIOCMFCAAM{CAL SIMULLATICN MCODFL
€ CF PCSTURES DUPING SYHSMETRIC SAGITTAL PLANE LIFTING
c
DIMENSICN AMNGES),NPTLS)
CALL TARLF
10 CALY SuRY
20 CALL TASK{EMDS,ANGIL))
TF{ENNSERLU.) R TO 10
OSFV=90y0qgaqcqgonang,
00 51 IK=90,14%,5
AMGEZ )= 1K
DN 50 [H'OC=1GC,185,5
AGE3IY)=1K1ICC-100,
JPANGE=0
CALL SFUJRANGE yANG.SFV)
GC TO (S2,51,450",JKANGE
IFISEVL.GT.CSFV) G0 TC 50
on 39 J=1,5
30 OPT(J)=AMGI])
OSFV=SF Y
50 CCNTINUE
51 CCATIAUE
£2 CONTINUE
] IF{0SFV.FR.759559999G699599,) GO TQ 20
T0 DA 910 1A=l ,4
© IGRID=8J0 /125 [N=-L1)}
IAF=CPT(1}=120-1G21IR
IAT=NPT{ L) ~100+52IN
IKF=CP7(2)=130-1521[N0
IKT=CPT(2)*100+¢IG2IC
IHFIQC=NPT({3)*1nNI=-1GRIND+1CIT)
THT100=NPT[2) %102+ T1GP ID+100CD
00 80 IXK=1kF,1ET,IGREN
ANG( 2)=IX/1L0.
00 BO [HIQO=I[rFLlJJ,THTL0D,ICGRID
ANGI3)=(111CO-t2C00)/10C.
JRAMGE=0
CAIL SFUJRANCE 4ANG.SFV)
IF{JRANGE LNELC)Y 50 T 20
IFISFV.GTWNSFY) 5 TL RO
DO 75 J=1,5
75 OPT(J)=ANGL U]
DSFy=5FYV
80 CONTTINUE
90 CONTINUE
CALL PLTICPT)
M=0
N=0
99 GO TN 20
END

16749756

PAGE 20
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:§
;*fnnlnau IV 6 LFVCL 21 TABLE DATE = 75357 16749756 PAGE 01
' ~"ocol SURRMLT INC TALIE
C DAYA INTTIALIZATICN SECTICA
0002 IMPLIGTT REAL{K,L)
ocel CIMFRSICN AMKLE(LDJI0),STARK(1CI0),5TPFSS5(2519)
* 0004 DIMENSION STOFE[45) ,KTNRF (27} AN (51 ,RLID),STINT(S),
THT AR (3 o STOPFUA5) gL TOREL2 1) (FTCRFL2T) , ANGLE{S) 4 COSINE (5D,
=N 2FIGIAONY yLIAKI 342 )y ORNINLA 2] 0% (4D, 3), FACEHILG,)
i C AVERAGE TOMNUE CAPAVILITY CURVFS (SHIFTEL ACCUPRING TC TEST STRENGTH VALUES)
-7 0cCcs CATA KTCRE /=1410.4=145%3.y =14%5., —15304,-1350.,-1678., =1650.,
l"l(‘qZ- |"‘7-§_,¢ l‘l.-’;go l‘l”?1-|-1:‘0()- |-1"J5-|-lq1‘3-|'lg"'ﬁ-|'lq’f10v
2=1920,.3=176Tas=18510s=17580 = 1561 o= 1535, 4- 1618, ,— 12347, ,-1262.,
3-11854,-1103./ +XTORF /195.,225447255492B5.931%4+350.,375.,415.,
§ * 445049530 3570, 95600 9HC00 955M0a 46754 977Ce 12004 935%.9R5544925.
» 59#‘}.,960..‘7&‘».,"‘-60-.‘"-4:]..915.'-WL)./
'~ D00s DATA HTORE /2400, 22505, 32570442595 .92510,92465,,2420442370,,23234,
- 1226009720009 2057¢ 421150 +2CCa 32075, ¢2C70e 420654 42C00.,2055.,
‘ 220500 32045, 420404,2035.92330.,2925.42022.42315.4,
1 32010.+2025.4°CC7. /
oony BTUREIX)=33£5.0123-23.547%x
. ©ocCe DATA STECRE /895,700 ,9%044965,4983., 1003441027 .+104%4.,1351.,107L4y
11082.,1089., 10624, 1CEB. ¢ LCT6. 41085, 41025, ,673. 4,532.,900..373.,
- 2848 gR25¢ 330 Tars 7 3007 T9as 7620474950971 as T 901655967204 655.463%as
. BE100 15050 15554 1527034909804 44224,3784,3334,230.,210.7,
. 4STORE / =840,,-62001=0T0er1=725a 1= 76864 4—20Ce +=232.3=Pi5Juy
' 58834 3=0042 =927 0r=022.3=94340,1-952.1-96041-304,3-56T,,-36%9.,-9569,,
> 6~CShK7, '..(;64.'-1';(,1_._5*5‘0. |'q"-)C- y—544.,4-%33, |‘(121-|'909-|"'394- v
T-& ?'J.,—n63.,-J'MT..-FJ}O.,-EJ‘!..—7&.?..—765.1-740.1"7[3”-636. [l
B=65%0 y=532 4 1-00T 0y =974, 4-5424 =510/
0009 DATA ETORF  /600.r485095950155%a 4872446682965 3. 371 704736447524,
. 17650 07750 s 7700y 777w g7 T ey 590474700 72334¢721.,T05.96E9.46724765%4,
26739, 321 .v£E074 4583445654 ,5474/y PL1/3.14156265/
l=> 0010 REAC(5,11) [WSF,IPLOT
i octL1 11 FCRMAT(211) o .
2 0Cl2 no §50 1=1,1¢0C
oc13 ANKLE( ()=,
0014 STACK(])=9.
a0ls 550 CONT INUF
v+ 0Cl6 DN 555 [=1,2500C
oCc17 STRESSIT)=0.
=¥ Q0c18 555 CCNT INUE
, ocie ¥=0
= 0020 N=0
0021 RFTURN
ocz2>? ENTRY SUBRJ
C SURJFCT DATA SECTICN
0023 N=N+1 :
. 0024 113 PEAD(5,111 ,FAD=2001) MAME ,dSIGHT s FEIGHT yLLA, KAND,LLL, FUOT,HTE, k+CARD 1
o ITTPRKE, TTORRF, TTHRSF, TTORFF , TTORAE , TTCOKF ,TTCRFE *SCARD 2
, 0C€25 111 FORYAT(AZ,T1),7FL0.2/T10.7FL) .0 )
0026 SINV=((TTORKE=-1%332.9) /417 .+ (TTNARE-1209.893)/305. ¢+ .
LOTTONASF=T43.7) /159 ¢#( TTN2EF=A16.)/120.7) /4.
oc27 IFITTORAL.GT.0L) 37 TR 140
. 0028 TTPPACG=126%,+600. % TTORKE=164C.5) 7419,
) 0029 TTORKF=6455 ,7+71 . 2(VITHKE=-144C.%) /416G,
. 0cao TTNRIT =263P, T#G41 .~ [TIMPAE-12(7.233]/395.
. 0031 140  TTORSFE=733.2+¢153 .2 (TTAMSF-743,1) /155,
> 0C32 HIGH=?.54*FFIGhT

0033

LLA=2,54"LLA
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~ FORTRAN IV 5

| N6
7 Q035
S 0C36
» 0017
~ 9038
~ 003S
~0C40
__ 0cal
. 0042
0Ccs3
< 0044
0045
“DC4e
0067
“gcuA
. 0c49
0050

I 0cs)
~ 0052
_pos3
“0Cs54

~0es5
0css
0057
©cse
0esS .
-, 0060
' pcel
. .0062
0063
- ~CE4
© 0055
- 0C66
- 0ee7?
. 0C68
. 0C6S
- -DCTO
0c7l
Ak

" -per3
0CT4

& 0075
0c7e
270077
oc7e
*'ocr9

;= ¥

~ “0CRC
ocel
* 0082

**ocr3

L0024
- " ocas
. -0086

LEVEL 21 TABLE DATE = 75357 16749756 PAGE 00O
WCGH=2,54%HAND
LLL=2.5420L1LL
FOCT=2,54«FCOT
HTF=2.54*HTH

C LENGTHS FRQM JUIMTS TN CEMTFRS OF GRAVITY (DEMPSTER,
FW=1.CT09" LLA
SE=S.ACTS2+(.SE46™LLA)
FORARM=tW +.4CGH 2
ARM=SFE+FCRAFM 3
AK=1.C7To*LLL
KH=13,782534(.2LT72+LLL)
FA=FODT=[2,.2/26.1)
HTS=hTF+SF
HSS=HTS=(FA+AK+KH)
FEAD=HISH-FTS
ECGLA=0 .430s W
SCGUA=0,43(=SE
ACGLL=C.567%AK
KCGUL=0.5677KH
FCCTS=( HSS+READ) 2,156
HL5S1=,195%HSS
L5515=.305~HSS

C STAMCARD LIAK LCCATINMN=c-——mcmememmc e
SYK=FA+AK
SYH=SYK +KH
SYE=HTS-SE
SYLOAD=HTS-ARY R
SYCLL=FA®ACGLL
SYCUL=SYK +KC UL
SYCT=SYH+HCCTS
SYCUA=HTS=SCGUA
SYCLA=SY[-ECGLA .
STACK(1C*N=-€}=SYCLA ' . o
STACK{10%M=-T7)=SYCLL
STACK{1ID*N-G)=SYLT
STACK{10~N=-5) =SYCLA -
STACK (10%M=-%)=S5YCUL - . : ’ .
STACK({1DxN=3)=5YE
STACK{ 10%N=-2)=SYH
STACK(1Jxn—=-1)=SY<
STACK(L10*N})=SYLAD ,

C MASS DF BODY SEGMENTS [(NRILLIS AND CCNTINI, 1968)—==-—=—==
W=WEIGHT= {=-C.%45315%)
WH=.015*W
WLA=. 03654
WUA=,C6H2* %
WT=.55480 ~
wWUL=.209%W .
WLL=.CO92"W

C RESULTANT FOPCFS [DIRECTICN: +DChN)
RW==hH ) -
RE==(WLA- W)
RS==[WUA-PT)

C (% CF TRUNK WEIGHT ARNVE L5/S1 CISC=0.,615)
RLSS1=RS-D,£55*WT
RH==[WT-HKS)
RK==(WUL-PH])
RA==(WLL-2K ] -

ET AL,y 1955, 19&4)

-



FORTRAN IV G LEVFL

ocaz
ccas

0089
0cso
ageal
oce2
ccal
0094
0ces

0056
ccs?
00938
0Css
olco
o101
olo?
01013
0104

ol05
0L05
o107
o103
01Gs
ol10
oIl
o1tz
oL3
oll4
o115
0114
otr7
o113

o119
oL29
o121
o122
0123
0124
0125
olL26
o127

oL218
o129
0L30
o121
0122
0132
0134
0135
0l36
0137
0133
013%8

21 TARLE CATE = 75357

RFTI)RN
ENTRY TASK({EADS, ANAGL)

C TASK DATA SECT O er anr g agasd Ar S r s XAk R ARt €N
300 REAN(S,301,FNN=2301) LPS,KHOR,VED
301 FPRMATI3AFS.2)

ENDS=LBS +HC 4V 12
IFIENDS JEC.0L.) RETURN

LAOAD= L3S*,45359

ACCLX==,0925+,C1CAHCEDTHIIR
ACCLY=.91442+,00%314657F0-,123405*STOV*42
1= COCCERIAEWF ICHTHF [LHT+.0CO050CSS*WEIGHT=HEIGHT=ST OV
WLCAD=LOADESART{ [ L. +ACOLY )22 FACCL X% %2)
ALFA=-ATAN{ACCLX/ (Lo+ACCLY))

HORZ=2.54*HNN

VERT=2.54%VER

IF(HPR.GEL15.) AMNGY1=T7G,A

IF(HOR.LT.15.) ANGl=176.3

RETURM

ENTRY SF(JRANGE ,ANG,SFV)

M=M+1l

C FEASISILITY CHECK AAD CCMOUTATICKN SECTICNxA3 s hanxdinhs

580

C SHORTFENIMG INM "ESY™ LIN& CUE TO 2-LINX STRUCTULRE OF BACK-===--

6CQ

685

€C REACHARILITY CHECK SELTION===——==

707

93 ZET2=130.0+ANGIL)=ANG(2)

ANKLE (4*M=2)=7ET2

STRESS( 144M=13)=2FT2

STRESS(14%M— S)=aNGI1L)
STRESS({14%5M=-3)=aNGI(2)

"STRESS( 14%M=-T7)=ANG( 2)
IFIZET2.LE50..0R.26T2.6G54180.) GO TO 1QC2
ZET3=182.9+ANG(3)-ANG(2)
STRESS(14*M-12)=2ET72
TF{ZET3.LEL3D,.0,2ET3.GELLBD,.) GO TO 1003
D0 580 J=1,3

ANGLE(J)=ANC(JI50.217453
SINE(J)=STNIANGLELJ)]
CNSINE(JY=COSTANGLECJ]))

HIPCHG=ANG(2)=-ANG{2) -
PANG=AMAX 1 { 0., 23 (HIPCHG=-2T4) )% 0L 7453
IF (ABSUHIPCHG).GEL 5.0} GO TN &85
HS=HSS

GO 140 7¢O

HLXX=HL551*COS{PANG}
HLYY=HLSS1#SIN(PANG)
LSXX=SNRT (LSS 1S*%2-HLYY*%2})
HS=LSXX+HLXX

XK=AK*CUSINFLL]
IFI{XK.GELHIFR?) GO TC 1001
YK=FA+AK%S INF{ L)
XH=XK+KH=CCSINFE(?)

YH=YK +KH=*STAF( 2)

X4 =HSTCCSINE(3)

XS=XHX%
YS=YH#ISESINE(3)
X56=HCRZ~-XS

YS56=VFRT=YS

XS6A= ([ X562 )4 (Y561%2))
F2=50RT(X564)

14/45/56

93
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16/7%9/56

FORTRAN IV G LEVEL 21 TABLE DATE = 715357
0140 IFIF? .CT. AR~) GN TG 10D?
' C ARM AVGLES COMPLTAT] |Mm=—=cmcmemmccc e cecmm——m———
otal SHZ2= Ox(AIMEF2)
0ol4? R2=SOPTIAAS(ISYY=SE )~ [SNM2=F(RFIV)=(SN2-F2)}/5M2))
0t4 BETA2=2=ATANIP 2/(SM2-FTRARY) )
0144 TRUSMZ=F2) JLF. L070)1) Z:158=p]
0145 [FULSM2=F2) GT. CCOCL) 7P TOR=2%=ATANIRZ/{SM2-F2})
0146 ANGLEI&)=AKSINIYRA/F2)=-ATTAZ
oL47 TFIX56. LT o Te e ANILYSG LT 0da) ANGLE(4)==ARSIM(YSA/FP?)-BETA2=-P |
01419 IFIXS6uLTuCaadNDaY56 a0k ada) ANGLELHY=-ARSINIYSG/F2)-LETAZ24P 1
014¢S ANCGLE(S)=P 1 +ANCLE(L) =77 THR
015C ANG(&)}=ANGLE (4 ) 77,2547
0151 STRESSIL4=m=c)=ANG(4])
oi52 IF{ANG(4).LE.=12).) SC T 1003
0153 ANGIS)=ANGLE(5) 57,2657
0154% STRESS(14=¥=9)=A4GTS)
0155 ZET4=1Ed. +ANG T4 )-ANG(2)
0154 STRESS(14=¥-111=7FT4
o157 TF{ZFT4 .l Ee-40..0". Z2F14,£E,130.) GO TO 1003
0158 2ETS5=725T52%57,294&7
a159 STRESS(14*M=1Q)=7FTS
alsc IF(ZETS LlE a4 )aaMRJIETS.GELLIRD,) GO TC 1003
C LIFTING LINK CEMTER LOCATINN=-==— _—— -
0161 DC 730 J=4,5
0162 SINECLJ) =STMIANGLEC(J) )
0163 730 CCSINFUJI=CCSTAMGLELI))
0l¢s XE=XS+SE*CSINE(4)
0165 YE=YS+SExSINFL4)
[+ §41.3 750 HCGT=[HS+REAN) T .2%8
0167 YOULL=FA+ACGLL=SIMNE(L)
01&3 YCUL =YK +KCGUL=STNET 2)
0165 ¥YCT=YR+HOGT*SINEL3)
ol7C YOUA=YS+SCGLA® STNE(4)
o171 YCLA=YE+ECCLAZSTIELS)
o172 XCLL=ACGLL*CILSINE(L)
0173 XCUL=XK+KCGULL *CNSIHNE( 2}
0174 XCi=XH+FCGT = OS IAEL3)
o175 XCUA=XS+SCGULAT CSINE (4)
0176 XCLA=XEC+ECOLASCNSINE (5]
C TORCUE CCOMPUTATITINA SECTJUN-=—rmm— e e
C IDIRECTICN: FESLLTANT=+Cwn: PFACTIVE=+CCW)
C RESULTAMNT TORPAUFS NuUe TH INNY WFIGHT AAD LCAD ACCELERATICN
0177 LOMAW=RCGH*CCSTANGLE(S Y +ALFA)
0178 LDMAE=LNMA L+ w>-CLOSLANGLF [ E) 4#ALFA)
o178 LOMAS=L[MAF+STZCOSTANGLT (4 ) +ALFA)
0189 LDMAH=LDMASHIS*COSIANCLE (I ) #ALFA)
o181 LCHMAL =L NMASHL S XCASIANGLEL 3 +ALFA)
ola> LUNAK=LDMAH R+ CLS (ANGLE L2 ) #ALFA)
0133 LOMAA=LNMAK+AR=COSTANGLI L) #aLFA)
C TOTAL FESULTANT TOMOQF AT THE WRIST [WPIST ANGLE=ELRCW ANGLE)
oles4 ThO=WCGH*CLSINE (B )70y y
olas Th=TwWR4LDHAWWLIL)
C PESULTANT TNHAUF AT rLanW DUFE TC WRIST RESULTANT FORCE
oles TEW=EW"CNSINF(5) =PA
C TORCUE MNF TN TEF MASS UF THE FCREARM
c187 TECG=-ECHLACCSINEIS ) *WL A

0188

TOTAL RESULLTANT T0FOUF AT THFE FLACW
TEP=TWE#TEWATENG
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FORTRAN IV O LEVEL 21 TABLE ; CATE = 75357 16/49/56
0189 TE=TER+LCMAEL2WILNAD
0154 TSE=SECLSINC (4 ) =ix
o141 TSCG==-SGUACCOSINE(4 ) *WlA
glLa2 TSA=TEI¢TSE+TSCS
0193 TS=lSReLDMAST WLOAD
o194 THES=HS*COSINI{3) RS
o195 THEG==FCGT=COAS INZ(3) *wT
al<cs THR=TSH+ TS+ THMG
ols? TH=TEOA+LOMAHEWLIAD
-Ql<s HLSS1X=L5S1*COS{ANGLEI3 ) +PANG)
C (HIP TO CENTFR CF GRAVITY CF TRUAK AHOVE LS/S1=0,.9337HS)
0lc9 TLS5S1=TSR+RSE( X 4=HLSSIX)—Cab957W T2 X4%0. 5737-HLSSLX) +LDMAL*WLIAD
0210 IF(TH.GT.D2.) GC T3 180 .
a201 YABDOM=9,
0232 GO TC 735
az03 78C ABDIS=ANMAXL{SIM(AMIAL(MIPCFGy30, 1% .CIRT2T )40 #NAT7
0204 PABDOM=( .65 16=.C7544 T*AAINL(HIPCHG,,5C. 1 ) *TH®=] ., 9%, 0001
0205 TABDCM=AMIALIPABDLA,150.)*,0136%ABLI5%465.%12.7*.1
027¢ 785 TLS5S1=TLS5S1-TABDCY
0207 TRE=KF=2CCSINE(2) *2H
02C8 TREG==-KCOGNL+CCSINE(2 }2WUL
0209 TKR=THR +TLH+ TKCS
0210 TK=TKB+L DMAK =W 1AD
Q211 TAK=AK*CLCSINC (1) *2K
0212 ANKLE[4=M=-2)=TAK
0213 TACG==ACCLL*=CCSINFIL)%WLL
0214 ANKLEl4*M=1)=TACS
Q215 TA=STKAPTAK+TACC+LDMAAAAWLUIAD
0216 ANKLE(4=M)=TA
C 80DY BALAMNCF AMD TCRAOUE CAPARTLITY CHECK SECTICN-=-c—m—eccce—aaa
0217 IFIFCOT® a2 (226l 3AD%{ 1, +ACCLY))LT.TA)Y GC TO 1003
0218 TF(2.5¢(PA+LCACH (L. +ACCLY) ) LT.=-TA) CC TC 1023
C MAXIMUM VOLUMNTAPY REACTIVE TARJILES (IF TELTS,TK: DO=FLEXICN: <I=EXTENSICN)
C (ANGLE MAXIMUM REACTIVE TCPRUE CAPASTLITY IS ASSUALD CCNSTANT AT ALL ANGLES}
C (XNFE «0012741=(2.*1.15)/7(“IORE 23 30} 05111 1=({2.%1,15)/(KTIRF 3 4QC))
C (HIP ecoC0SCSl4=(2.%1.15%5)/(+T02 3 Q)
C (SHCULDER ,2021375=(2.*1.15)/({ST2PF. 3 130} «0023358=(2.*L.15)/(KTIRE a 30))
C (ELBUW «CC28C0G=( 2.1, 151 /(ETORF 3 SC) )~
v C (BACK 200095=1.15/(RTN2E 3 SO0 ACCORDING TOD SCHANNE, 1572))
0219 RLILI=TA/(TTPPAE-2.0%1.15])
0229 IF(TK.GT 0L} PLI2)=TXK /A TTLARKFEKTDAF(IFIX(2FET2/5.-9,.))%,0051111)
0221 IFITKGLF D) PLUZ =T/ (TTICRKEKTIRELIFILITET2/9.-9.)1%.00122412)
Q222 RLIAI=TH/{TTIPREF=TOEE (MAXL{1,.,2FT3/5.=-9.1)17.8009914) =
0221 IFITSGTa04) RLUGI=T /I TTORSEaSTORF{IFIX[2ET4/5.4C.11%,00321375)
0224 TF(TSeLE.Qe) PL{A4)=TS/UTTC2STEHSTCRS(IFIX(ZET A/ 5 4+9,))1%.7023358)
0225 ROIS)I=TEZLTTINNEF*ETORFIIFIX(ZFTS/5.-7,11%,0025509)
0226 PLIGY=TLOSL/UTTURRE*ETORE(ZET3 )% .0 1065}
0227 N0 BLO J=1,¢&
0228 IFIRLIJ) CT. 1.} GC TO 1003
0229 B12 COMTINUE
€ STRESS FACTUP COMPUTATIMN =me e me e e e e e e e e e mmmmmem e e
0230 9340 SFRzIFCCT® 8¢ [WLL*XCLLAWULEXCUL #AT*XCT+RLAXCUA+WLAXXC LA
T+ RH=LGAD) =HGR7) /{PACLLUAD)) /1O,
C RESULTANT nOPMAL FEPCE O LS/S1 DISC (SACRUA ANGLE=.69A12)
0231 RA=RLSSLI*S INCANGLELI ) #PANG=,449312)
F+WLOADSSINIAYIGLEC 3] FFANG=,559172 +ALFA)
Q232 SFC=(RN+TLSS1/5%.~TARDCM/(ARDIS*L2.7))/71LC0Q.

0213

SFT=0.
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96

e e Y B I T e T

FORTRAN [V G LFVEL 21 TABLF PDATE = 753517 16/49/56 PAGE OC
10234 DM 905 J=1 .6 .
N21% 505 SET=SFT+RL(J) *#+2
0236 SEU={—WLLE(SYOCLIL=YALL)-WILSISYCUL=YCUL)=WT2(SYCT=-YCT]) 5
i 1=WUA* (SYCUA-YCLA) —WLA*(SYCLA-YCLA) - (k=LLCAR)®(SYLOAD-VERT) )/ 192000,
0237 IFCIWSFLFR.1Y SFV=SF8

0238 IFI1WSF.FS.2) SFY=SFCQ
10239 IF(IwSF.ENL) SIv=SFT
0240 IF(IWUSF FN.4) SFY=SFlW
0241 STRESS(144M=4) =SFY
0242 STRESS{14%4=-1)=57C
- 0241 STRESS(l4#1=-2)=SFT
- 0244 STRESS(14¢M=-1)=5FV
| 0245 STRESS(1atM  )=SFW
0246 RETURN
L0247 1001 JRANGE=1
0243 RETURN
- 0249 1002  JRANGF=2
- 0259 RETURN - A
0251 1003  JRANGE=3 . ) : .
0257 RE TURN
' 0283 ENTRY PLT{ANG)
. 0254 - IFIIPLOT L NELL) GC T 1900
. 0255 190 WRITCLE,LSI1) (ANG)
- 0256 1931 FORMAT(T33,'ROLY LINK ANGLES (NEGRFES) /120, 'LOWER LEG UPPER LEG!
| 1,% TRUNK UFFER ARM FCREARM'/T15,5X,5(F9,2,3X1//)
- 0257 RETRN
. 0258 2001 CCNTINUE .
- J259 STOP B e —————
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APPENDIX 3

Procedure to Measure Various Strengths
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The testing procedure for various strengths and flexibilities
are described In Zuti (1975).

Grip strength:

Grip strength is measured using a hand dynamometer. Both the
right and left grip are measured and recorded in kg. The procedures
for the grip strength include keeping the arm extended and away from
the side of the body around the hip and leg area. The dynamometer
records the highest tension that the individual produces; so a single
maximal squeeze is the proper procedure.

Leg strength:

Leg strength is measured with the leg dynamometer. The indi-
vidual is positioned on a platform with his back straight and his legs
bent with the knees at an angle of approximately 120 degrees. It is
absolutely imperative that they keep the back straight. With the posi-
tion properly taken, the individual holds the bar with a '"mixed grip''.
A “mixed grip" means that one hand is facing forward and the other
hand is turned backwards. The individual then proceeds to do a single
maximal 1ift with the leg; not with the back.

Back strength:

This is a measure of the strength of the upper back and shoulder
girdle area. For this test, the legs and lower back remain straight,
the bar 1s held in a reverse grip, and the shoulders are dropped for-
ward. The individual then rolls his shoulders backwards In a manner
in which he is attempting to throw out his chest. The individual

should keep his weight evenly distributed and not lean backwards.
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An analysis was performed for a symmetrical sagittal plane
lTifting task to gain an insight of the forces and torques as well as
the initial posture of the body.

To test the above variables, a lifting experiment was performed
and the resultant forces and torques were measured by a force platform.
For initial posture, a movie was taken during the experiments.

The experimental results revealed that the vertical force
increases significantly with increasing load, and its value is about
60 % of the total weight 1ifted. The frontal force and somersault
torques differ significantly with respect to the 'x' distance of the
load position. For a given 'x' distance, the vertical height 'y' did
not change the values of the frontal force and somersault torque sig-
nificantly.

Regarding initial postures, subjects were asked to do a squat
lift, but the simulation model predicts a bend 1ift. The main pro-
gram criterion seems to be the distance between the center of gravity
of load and that of the body. The initial posture angles did not
differ significantly for various weights. For shoulder and elbow
angles positions 1 and 2 were not significantly different. For ankle,
knee and hip angles, all comparisons were significantly different.

For a small amount of back compression, the distance between

load and body should be minimized.



