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SUPAPORN ENDOO : EFFECT OF SCREWDRIVER HANDLE
CHARACTERISTICS ON WRIST TORQUE EXERTION OF ELDERLY.

THESIS ADVISOR : ASSOC. PROF. PORNSIRI JONGKOL, Ph.D., 149 PP.

SCREWDRIVER HANDLE/TORQUE EXERTION/ELDERLY

This research purposes to measure the wrist torque exertion of elderly applied
on the screwdriver, to study the effect of the shape and diameter of screwdriver handle
on the wrist torque exertion of elderly, and to study the discomfort arisen at hand points.
The data collection was divided into 2 parts: 1) survey research employing the survey
questionnaire and the measurement of body and shape of the sample’s hand,
2) experimental research conducted to measure elderly’s satisfaction toward the
spherical and hexagonal screwdriver handle with diameters of 15, 25, 35, and 40 mm,
to measure wrist torque exertion, and to survey of discomfort arisen at any hand points.
This research employed the 60 years of age and above persons as the samples, residing
in Non Sung and Pak Thong Chai District, Nakhon Ratchasima Province, totally 136
persons.

The results indicated that the most satisfactory screwdriver handle was 35 mm
in diameter, followed by 25 and 40 mm, respectively. It was found that the majority of
elderlies satisfied the hexagonal handle more than a spherical shape. The experimental
results of measurement of wrist torque exertion of male and female elderlies illustrated
that the maximal average torque, for both left and right hand, was yielded while using
40 mm hexagonal handle, and the torque was applied anticlockwise. The minimal
average torque was yielded while using spherical handle with the diameter of 15 mm

and the torque was applied clockwise. There was a tendency that male could apply the



greater torque than female. In addition, it was found that the torque tends to reduce when
the age is higher. For the survey of discomforts at the hand points of elderlies, it was
found that the most discomfort arose at the central point of the thumb and the hexagonal

handle caused more discomfort at the hand points than the spherical handle.
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, VinaduEIY | Hiamg A1 60-69 1 (n = 20)
2R}y » . o 4 |4

N gmﬂnma N1390N uwINyanay ANV VY
Tang - Ps | Py

(mm) HIUA (Nm) AIZIU
15 0.73 +0.23 0.55 | 1.30
25 Aty 1.90 +0.73 3.46 | 3.55
35 UM 2.95 +1.09 1.60 | 5.35
. 40 3.29 +1.08 1.90 | 5.40

DU
15 0.86 +0.24 0.50 | 1.30
25 NIUAY 2.12 +0.78 1.15 | 3.70
35 UM 3.25 +1.06 2.05 | 5.60
40 3.66 +1.24 2.13 | 5.65
NINNAN

15 0.78 +0.28 0.49 | 1.50
25 MY 2.02 +0.80 1.10 | 3.90
35 UM 3.09 +0.89 2.15 | 5.15
ilo 40 3.41 +1.10 2.00 | 5.25
A1y 15 0.82 +0.24 0.55 | 1.30
25 NI 1.93 +0.64 1.20 | 3.40
35 I 2.89 +0.81 1.85 | 4.95
40 3.34 +1.06 2.00 | 5.80
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) VINAFUAIY | Aama wAIE 60-69 T (n = 20)

O ﬂ‘l«!ﬂﬂﬁ]ﬂ N1399N HINUARQY | aIUUSIIUY
Tuaag - P, | Py

(mm) 1HIUN (Nm) N1ﬂ§§11&
15 0.95 +0.27 0.60 | 1.45
25 AT 2.07 +0.71 1.25 | 3.70
35 U 3.29 +1.13 1.80 | 5.55
. 40 3.75 +1.08 2.10 | 5.65

DU

15 1.04 +0.30 0.65 | 1.70
25 NI 2.25 +0.74 1.15 | 3.60
35 UIWN 3.52 £1.10 215 | 4.93
NI 40 421 +137 2.15 | 6.30
gy 15 1.06 +0.34 0.65 | 1.66
25 AN 2.10 +0.76 1.10 | 3.75
35 UM 3.48 +1.31 1.95 | 6.10
o 40 3.87 +1.17 2.25 | 5.80
el 15 1.02 +0.35 0.45 | 1.60
25 NI 2.07 +0.70 1.10 | 3.50
35 UINA 3.25 +0.98 1.70 | 5.25
40 3.59 +0.93 239 | 5.05
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o INATQI 60-69 U (n = 43)
v VHIAUTUHNTIY ﬁﬁ‘i’nﬂ
M w . ~ 4 LA
EN[G) guanaN N1399N HIUARQAY | aINVEIVY
Juaag - Py | Py
(mm) HIUA (Nm) 4AIZ1UY
15 0.60 +0.21 0.32 | 0.95
25 gnl”)%i] 1.40 +0.42 0.72 | 2.08
35 UM 1.94 +0.66 1.06 | 3.15
) 40 2.24 +0.72 1.25 | 3.35
UV
15 0.61 +0.22 0.25 | 0.95
25 NI 1.48 +0.43 0.92 | 2.25
35 UM 2.18 +0.72 1.07 | 3.53
40 2.44 +0.74 122 | 3.75
NINAY
15 0.59 +0.24 0.25 | 0.98
25 AU 1.40 +0.50 0.65 | 2.33
35 UM 1.95 +0.68 1.02 | 3.29
fio 40 2.19 +0.69 1.05 | 3.43
e 15 0.65 +0.21 0.40 | 0.90
25 cy]fguleﬁlj 1.35 +0.36 0.92 | 2.04
35 N 1.85 +0.57 1.05 | 2.95
40 2.12 +0.61 1.25 | 3.13
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) vinadue | igma VAR 60-69 U (n = 43)
AN - B - 2 , 2

4o AUgNaIN N1399N wNyamnay | aIWUEIUY

Tunag ) - Py | Py
(mm) HIUA (Nm) AAIZIH

15 0.76 +0.25 0.35 | 1.25

25 AT 1.55 +0.49 0.80 | 2.48

35 UM 2.17 +0.80 1.05 | 3.40

i 40 2.44 +0.74 1.25 | 3.63

YN 15 0.81 +0.27 0.35 | 1.20

25 NIUAY 1.71 +0.51 1.05 | 2.70

35 UM 2.38 +0.72 137 | 3.82

NN 40 2.62 +0.76 1.40 | 3.83

RYCITY 15 0.72 +0.25 0.30 | 1.10

25 AN 1.55 +0.55 0.70 | 2.55

35 UM 2.17 +0.75 1.17 | 3.53

ile 40 2.48 +0.77 135 | 3.85

e 15 0.77 +0.24 0.40 | 1.13

25 MUY 1.56 +0.52 0.80 | 2.65

35 I 2.20 +0.70 1.20 | 3.43

40 2.36 +0.73 1.20 | 3.60
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y VNATURIY | NAMS ABIE 70-79 A (n = 20)
A N . - 4 |1 =

O gmtmma N1399N HIgUR a8 aINVENIDY
Tunng - Py | Py

(mm) HIUN (Nm) N1ﬂ5§11~!
15 0.68 +0.26 025 | 1.10
25 AT 1.57 +0.59 097 | 2.66
35 IR 2.53 +0.85 1.44 | 3.90
. 40 312 +0.90 1.95 | 4.41

U
15 0.69 +0.23 025 | 1.06
25 NIUIS Y 1.74 +0.59 0.97 | 2.58
35 WM 3.00 +0.93 1.66 | 427
40 3.52 +1.08 2.03 | 4.93
NINNAY

15 0.72 +0.25 030 | 1.10
25 AL 1.71 +0.59 0.54 | 2.60
35 UM 2.59 +0.86 1.40 | 3.89
o 40 3.17 +1.02 1.94 | 4.70
A1y 15 0.73 +0.25 035 1.15
25 NS 1.53 +0.50 0.64 | 2.40
35 TRITHR % +0.75 1.45 | 3.30
40 2.93 +0.89 1.71 | 4.30
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y VINAAURIY | AAMS WAXIE 70-79 U (n = 20)
M N . I
NG ﬂ‘l—!ﬂﬂﬁ1\1 N1399N HWINURQs | aIUUSUDUY
Tunas - Py | Py
(mm) HIJUN (Nm) N]ﬂﬁgﬁ»!
15 0.88 +0.32 034 | 131
25 AN 1.89 +0.69 1.07 | 3.17
35 UIWN 3.16 £1.02 1.90 | 4.93
. 40 3.65 +1.23 2.16 | 5.72
uouN
15 0.99 +0.33 0.53 | 1.66
25 NPT 2.20 +0.63 122 | 2.91
35 UM 3.48 +1.00 226 | 4.75
NTIND 40 4.08 +1.26 231 | 6.03
1A 15 0.92 +0.29 0.55 | 1.36
25 AL 1.99 +0.61 0.65 | 2.85
35 TRITH 327 +1.02 1.68 | 5.14
. 40 3.80 +1.12 1.77 | 5.21
DK1Y
15 0.93 +0.28 0.50 | 1.36
25 MU 1.87 +0.60 0.94 | 2.80
35 IR 2.92 +1.11 1.40 | 4.55
40 3.52 +1.17 2.03 | 5.38
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y VINAFUAIY | NAM VAR 70-79 U (n = 32)
M N . = 4 |1 =
N gl“l—!ﬂﬂﬂ%‘i N1399N HIgUR a8 IV
Tunag - Py | Py
(mm) HIUN (Nm) ﬂﬂﬂigTM
15 0.58 +0.25 0.30 | 1.01
25 ERTTIRIEY 135 +0.55 025 | 2.05
35 UM 1.92 +0.69 0.74 | 3.11
. 40 221 +0.71 1.04 | 3.21
UUN
15 0.61 +0.25 025 | 1.03
25 NI 1.41 +0.52 0.50 | 2.21
35 WM 2.08 +0.74 0.75 | 3.30
40 233 +0.81 1.14 | 3.70
NINNAY
15 0.56 +0.23 020 | 1.11
25 AL 131 +0.47 039 | 2.11
35 UM 1.84 +0.60 049 | 2.75
Y 40 2.07 +0.58 126 | 3.13
DK1Y
15 0.65 +0.21 035 | 1.11
25 LT 1.39 +0.51 039 | 2.23
35 UM 1.94 +0.61 0.59 | 2.78
40 2.09 +0.65 1.15 | 3.19
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y VinaduEY | fama INARY 70-79 Y (n = 32)
M N . I
N gmzmma N1399N HIgUN a8 aINVENIDY
Tumag - Py | Py
(mm) HIUN (Nm) NW’I?Q]N
15 0.76 +0.28 040 | 1.20
25 AN 1.59 +0.60 045 | 2.70
35 TRITHR 2.8 +0.71 1.24 | 3.49
. 40 2.52 +0.74 1.55 | 3.56
DU
15 0.80 +0.30 030 | 1.33
25 NIUS Y 1.70 +0.58 0.85 | 2.81
35 UM 227 +0.71 1.05 | 3.36
NTIND 40 2.59 +0.68 1.55 | 3.70
VGEE 15 0.71 +0.25 0.39 | 1.06
25 AL 1.43 +0.51 0.63 | 2.43
35 UM 1.96 +0.61 0.95 | 2.91
., 40 231 +0.63 124 | 3.40
DK1Y
15 0.75 +0.25 034 | 1.25
25 NI TY 1.44 +0.49 0.69 | 2.28
35 IR 2.08 +0.70 0.89 | 3.21
40 2.30 +0.69 134 | 3.70
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) VNAFUEY | AAMS miawe 80 Yuull m =11)
M N . - 4 |1 A
o f’l‘lr!ﬂﬂﬁnﬁ N1399N HIgUR a8 IV DY
Tunas - Py | Py
(mm) HIIUN (Nm) N]ﬂﬁgﬁ»!
15 0.58 +0.27 025 | 1.02
25 AT 143 +0.52 0.50 | 2.12
35 WIAM 2.07 +0.78 1.00 | 3.33
. 40 2.46 +0.84 1.00 | 3.22
UUN
15 0.67 +0.24 020 | 1.02
25 NI 1.55 +0.54 0.50 | 2.37
35 TRITON 256 +0.87 1.00 | 3.99
40 3.10 +1.04 0.90 | 4.43
NINNAY
15 0.59 +0.30 0.20 | 1.00
25 AL 1.35 +0.49 0.50 | 2.16
35 TRITON 2.07 +0.93 0.95 | 3.97
. 40 239 +1.04 0.60 | 437
UoyIY
15 0.65 +0.30 025 | 1.17
25 LT 137 +0.56 0.60 | 2.36
35 UM 2.02 +0.92 0.85 | 4.24
40 228 +0.69 1.10 | 3.27
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) VNAFUEY | AAMS miawe 80 Yuull m =11)
M N . - 4 |1 A
G ﬂuﬂnma N1399N HIgUR a8 IV DY
Tunas - Py | Py
(mm) HINUA (Nm) N]ﬂﬁﬁﬁ»!
15 0.77 +0.24 048 | 1.22
25 ERTTRIEY 1.50 +0.45 0.78 | 2.19
35 UM 2.36 +0.98 0.75 | 3.75
. 40 2.98 +125 0.80 | 4.64
UUN
15 0.85 +0.25 040 | 1.25
25 NI 1.83 +0.71 0.65 | 2.86
35 TRITON 2.76 +1.07 0.70 | 4.42
NTIND 40 3.50 +1.38 0.80 | 5.81
A 15 0.72 +0.33 0.20 | 1.22
25 AL 1.54 +0.58 0.75 | 2.62
35 UM 235 +1.05 1.05 | 4.54
. 40 291 +1.06 0.90 | 4.77
DK1Y
15 0.84 +0.39 025 | 1.57
25 MU 1.52 +0.57 0.55 | 2.72
35 UM 2.16 +0.78 1.05 | 3.46
40 2.63 +0.87 0.90 | 3.82
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) VAU | Aama wiavdie 80 Yaull (n = 10)
ma N . = a4 |1 4
G f’l‘l—!ﬂﬂﬁ%? N1399N HIgUN a8 IV
Junas - Py | Py
(mm) HIUN (Nm) N1ﬂ5§11~!
15 0.44 +0.21 0.20 | 0.78
25 AT 1.16 +0.49 035 | 1.85
35 IR 1.67 +0.78 0.15 | 2.75
. 40 1.94 +0.65 0.85 | 2.90
UUN
15 0.46 +0.23 0.20 | 0.90
25 NIUT Y 1.11 +0.56 0.20 | 1.95
35 UM 1.67 +0.84 025 | 2.85
40 1.99 +0.62 0.97 | 2.65
NINNAY
15 0.41 +0.16 0.20 | 0.68
25 AL 111 +0.47 0.15 | 1.58
35 UM 1.54 +0.62 0.40 | 2.36
Y 40 1.63 +0.63 0.55 | 2.55
DK1Y
15 0.56 +0.30 0.20 | 0.95
25 MU 1.12 +0.41 025 | 1.61
35 IR 1.67 +0.63 0.60 | 2.43
40 1.87 +0.72 0.45 | 2.90
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) vinadueny | fiama mavgie 80 Yl (n = 10)
ma N . = 2 |14
N f’ﬂ—!ﬂﬂﬁ1\1 N1399N | I3UANAY | aIHVSUUY
Tunas - Py | Py
(mm) HIJUN (Nm) mmgm
15 0.56 +0.28 025 | 1.06
25 AT 1.46 +0.54 035 | 2.18
35 TRITHR 1.97 +0.76 0.30 | 2.85
. 40 228 +0.72 1.15 | 3.15
UUIN
15 0.58 +0.31 025 | 1.10
25 MUY 1.46 +0.65 0.45 | 2.53
35 WM 1.87 +0.77 030 | 2.91
NIIHN 40 2.24 +0.71 120 | 3.20
Mg 15 0.56 4027 0.10 | 0.88
25 AL 1.26 +0.54 0.30 | 2.01
35 UM 1.71 +0.55 0.90 | 2.51
., 40 1.82 +0.63 0.85 | 2.50
FNREEL]
15 0.65 +0.34 0.15 | 1.11
25 NPT 1.39 +0.50 035 | 2.03
35 UM 1.91 +0.70 0.40 | 2.60
40 2.06 +0.83 0.60 | 3.50
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Interaction Plot for Torque
Fitted Means
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Normal Probability Plot
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Interaction Plot for Torque
Fitted Means
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Interaction Plot for Torque
Fitted Means
Side * Direction Direction (Clockwise=1,
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Interaction Plot for Torque
Fitted Means
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Interaction Plot for Torque
Fitted Means
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Interaction Plot for Torque
Fitted Means
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Interaction Plot for Torque
Fitted Means
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Interaction Plot for Torque
Fitted Means
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EFFECTS OF HEIGHT, DIRECTION, AND HAND SIDE ON
TORQUE EXERTION CAPABILITY OF YOUNG MALES

Supaporn Endoo ¥, Kannika Panton ?, Pornsiri Jongkol @
Institute of Engineering, 111 University Avenue, Muang District,
Nakhon Ratchasima 30000, Thailand
*Corresponding author: pornsiri@sut.ac.th

ABSTRACT

The objectives of this study were to measure torque
exertion on a spherical grasp and to investigate factors
affecting torque exertion capabilities. Equipment used in
this study were Biodex System 3 PRO dynamometer and
ameasuring tape. Twenty young males participated in this
study. They were asked to use one hand to exert torque in
twelve conditions including 1) 3 height levels (100, 110,
and 120 cm), 2) 2 force directions (flexion and extension),
and 3) 2 sides of hand (left and right). Analysis of
variance was performed to investigate the significant
effect of factor. The results showed that average torque
exerted ranged 2.775-4.89 Nm. Direction of force had a
highly significant effect on torque. Height had an effect
on torque, but its effect depended on direction of force.

Keywords: Torque Exertion Capability, Height, Flexion,
Extension.

1. INTRODUCTION

A number of daily activities require hand to operate
equipment such as turning door knob, using screwdriver
and hand tools, and opening jam jar lid. The ability to
perform these tasks depends on strength capabilities of
users. These activities and posture can cause discomfort
and lead to musculoskeletal injuries. Therefore, it is of
importance for engineers to design mechanism and
location of equipment to prevent injuries. Improper
design can be costly to users who suffer from pain and
discomfort (Schulze et al., 1997). Research on human
capability of torque production are rare (Bordett et al.,
1988; Eskstrand et al., 2015; Mital and Sanghavi, 1986;
Magill and Konz, 1986). A study of torque exertion on
tools used in daily activities is important to ensure that
tools are used more comfortably and safely (Cederqvist
and Lindberg, 1993). The objectives of this study were to
measure torque exertion on a spherical grasp and to
investigate factors affecting torque exertion capabilities.

2. EXPERIMENT
2.1 Experiment apparatus

Equipment used in this study were: 1) Biodex
System 3 PRO dynamometer (Biodex Medical Systems
Inc., NY, USA) (Fig. 1), and 2) a measuring tape. A
spherical grasp (Fig. 2) with outside diameter of 6.9 cm
and inside diameter of 5.9 cm was attached to the end of a
multiple tool adapter. Then, the multiple tool adapter was
inserted onto the dynamometer shaft. Biodex computer
software was used for data recording. The dynamometer
could move vertically to the desired height.

Twenty male subjects, in good health, participated in
this study. They were students with the age range of 18-
24 years old.

Figure 2. ‘A spherical grasp.
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2.2 Technique
2.2.1 Data acquisition

Each subject was dressed in everyday clothes and
experimented individually in Ergonomics Laboratory,
Suranaree University of Technology. Dynamometer
rotated to 0° to provide the axis of the work simulator in
horizontal plane. A brief explanation of the reasons for
the experiment and a detail of experimental method were
given. Height and weight of the subjects were recorded.
The subjects were asked to use one hand to exert torque in
twelve conditions including 1) 3 height levels (100, 110,
and 120 ¢cm), 2) 2 force directions (flexion and extension),
and 3) 2 sides of hand (left and right), in random order.
The subjects built up to the maximum torque slowly,
without jerking, over a 3 s period and then hold it at the
maximum value for about 1 s. For each condition, the
subject exerted torque for three trials with a rest break of
two minutes between trials, and the average of three trials
were computed. During torque exertion, the subjects
stood in upright position. Both legs were straight and both
feet were kept 30 cm apart. The forearm of each subject
was in neutral position (Fig 3).

Figure 3. Forearm posture during force exertion.

3. ANALYSIS

Experimental design

The independent variables were two height levels,
two force directions, and two sides of hand.

The dependent variable was torque measured.
Subjects were considered as block.

Analysis

Physical characteristics of the subjects including age
and height were analyzed using descriptive statistics. An
analysis of variance (ANOVA) was performed on the
torque result. Differences between levels of significant
main effects and interactions were tested using Tukey
method.

4. RESULTS AND DISCUSSION

A summary of physical characteristics of subjects is
shown in Table 1. The average age was 21 years old, and
the age range was 18-24 years old. The average body
weight was 64.18 kg with a range of 42-105 kg. The
average body height was 169.65 ¢cm, and the body height
ranged 158.2-180 cm.

Table 1. Physical characteristics of subjects.

Mean | StDev | Maximum | Minimum
Age

21 | 4243 24 18
o)
Weight | 1180 | 13219 105 )
(kg)
Height | 6065 | 473 180.0 1582
(cm)
BMI
Kegit) | 22217 | 4146 | 33591 16.782

Table 2 shows average mean and standard deviation of
torque produced at twelve condinatios.

The greatest average torque of 4.89 Nm was found
when the subjects used right hand side to exert torque in
extension direction at 110 cm. On the other hand, the
lowest average torque of 2.715 Nm was found when the
subjects used left hand side to exert torque in flexion
direction at 110 cm.

Table 2. Average mean and standard deviation of torque measured (Nm)

Torque
Height i Flexion E Extension
(cm) Right Hand Left Hand Right Hand Left Hand
Standard Standard Standard Standard
Mean e Mean s Mean e Mean <5
Deviation Deviation Deviation Deviation
100 2.775 1.104 2915 1.167 4.715 0.986 4.753 1.116
110 3.030 1.233 2.715 1.164 4.890 0.888 4.845 0.969
120 3.110 1.133 2.860 0.935 4.280 1.071 4.465 0.862
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Table 3 shows the average torque measured at three
different heights. Torque at 120 cm was the lowest,
whereas torque at 110 cm was the greatest.

Table 3. Average of torque measured at different heights.

Height Mean Torque (Nm)
100 3.81620
110 3.87000
120 3.67875

Torque in extension direction was greater than that
in flexion direction (Table 4). Also, torque measured in
right hands was greater than that in left hand (Table 5).

Table 4. Average of torque measured in different
directions.

Direction Mean Torque (Nm)
Extension 4.67580
Flexion 2.90083

Table 5. Average of torque measured in different hand
sides.

Hand side Mean Torque (Nm)
Left 3.77663
Right 3.80000

The results of analysis of variance is shown in Table
6. Block and direction were found highly significant since
p-values were 0.000<0.05. The interaction between height
and direction was significant with p-value of 0.049<0.05,
whereas the other two-factor interactions were non-
significant. Also, the three factor interaction was not
significant.

Table 6. Result from analysis of variance on torque data.

Adj Adj F- P-
S5 MS Value | Value

Height 2 1.555 | 0.778 1.05 0.351

Source DF

Block 19 1(312'7 5.302 7.18 0.000
Direction 1 188.1 | 188.1 254.77 | 0.000
31 31

Side 1 0.033 | 0.033 0.04 0.834

Height*

Fal 2 4.524 | 2.262 3.06 0.049
Direction

Height
*Side

2 1.034 | 0.517 0.70 0.498

Direction
*Side

Height*
Direction | 2 | 0467 | 0.234 | 032 0.729
*Side

1 0.836 | 0.836 1.13 0.289

1535

Error 208 93 0.738
446.5

Total 238 04

The main effect of torque direction is illustrated
in Table 7. The subjects were able (0 generate greater
torque in extension direction.

Table 7. Result of Tukey’s Test on torque direction

Direction N Mean | Grouping
Extension | 119 | 467580 | A
Flexion 120 | 2.90083 B

Table 8 shows the average torque at different heights of
extension and flexion direction. For extension, torque was
greatest at 110 ¢cm, but lowest at 120 cm. For flexion,
torque slightly increased as height was increased.

Table 8. Average torque classified by exertion height and
direction (Nm)

Height (cm) | Extension Flexion
100 4733 2.845
110 4.867 2.873
120 4.372 2.985

Figure 4 illustrates the residual plots. Normal probability
plot shows a straight line indicating normal probability
distribution of error. The plot of residual versus fined
values and residual versus order show no obvious pattern
indicating constant variance of error.  Therefore,
assumptions of normal probability and constant variance
of error were valid.
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Residual Plots for Torque
Normal Probability Plot Versus Fits.

Ohcsruation Grder

Figure 4. Plots of residual analysis.

5. CONCLUSIONS

The results from this study can be concluded as
follows.

1. The greatest torque was 4.89 Nm, whereas the
lowest torque was 2.775 Nm.

2. Direction of force had a highly significant
effect on torque. Extension direction produced greater
torque than flexion direction.

3. Height had an effect on torque, but its effect
depended on direction of force. For flexion, torque
slightly increased as height was increased. For extension,
torque was greatest at 110 cm, but lowest at 120 ¢cm.
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