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1. INTRODUCTION

The process of machining by using a rotator cutteemove metal is known as milling [1]. The maehthat was
used during a milling process is known as the ngllimachine [1]. Currently, there are two modelsafventional
vertical milling machine (EnriqueHolke vertical fimly machine and the Bridgeport vertical milling chine)

available at the faculty of a public Malaysian wersity. During the vertical milling machine opecatj the
researcher had identified a few ergonomic issuaswere faced by the machine users and one of tesrduring
the handling of the drawbar. The drawbar is thalvitart of the vertical milling machine, which pides a
clamping mechanism to hold the tool holder or chutéwever, the drawbar was located at the top efntiiling

machine which causes the reaching of the drawbdetmme very difficult since the machine’s heigtaswin-
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2 Vinothini Padmanathan, Isa Halim & Tan Chen Min

adjustable. During manual handling of the drawbaa,torque wrench was an essential tool that wilubed to tighten and
unlock the drawbar (Figure 1.1). The users hadsitipn the torque wrench in inclined orientatiorréach the drawbar as
the drawbar was located at top of the milling maeHiFigure 1.2). This causes the torque wrenchneapositioned at 90
degrees to the centre of rotation, which indireatlyibits the maximum torque production. Furthereydhe short handle
of the torque wrench does not provide a maximumuerand essential space between the users andtigne bed while
reaching for the drawbar which indirectly causes tisers to work in an awkward posture. The abogeas® leads the
users to apply an extra force during the operatadrigyhtening and unlocking the drawbar. The imsein the force will
eventually increase the risk of getting musculostatl disorders such as carpal tunnel syndromesjni¢éis, and etc.
among the users [2, 3, and 4]. Hence, one of thetipal ergonomic solutions for the above probldalise to redesign a
safe, comfort torque wrench that applies the ergoos principles and meets the user’s requiremeoivéver, to redesign

an ergonomic torque wrench, one of the factorsribatl to be considered is hand and wrist torque.

A
Figure 1.1: A Torque Wrench.

Figure 1.2: User Trying to Unlock the fabar?y Usng a Torque Wrench.

The hand and wrist torque exertions are often requin various work situations such as operatingdhtools,
manipulating knobs and valves [5]. The informationwrist and hand torque is very crucial in harshiéchanics as it can
be applied for designing appropriate hand tools Téiis will help to reduce musculoskeletal disoedand increase the
productivity and performance of operation [7]. Aading to previous research studies, there are nfaaotors that
influence the wrist and hand torque such as gerfusght, weight, bmi, and hand anthropometry [8,109, and 11].
Example a study conducted by kim & kum (2000), peaked that the mean torque value for men was higbmpared to
female [8]. In addition, a recent research studyybyg-ku kong & dae-min kim (2015), had identifiadsignificant
relationship between the hand anthropometry andl arce [9]. However, as per the author conceraretwas limited
data available regarding the association betweenattovementioned factors and wrist and hand toameng the

Malaysian population. Therefore the findings framstpilot study can fill the gaps in strength dagpecially hand and
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wrist torque strength among the Malaysian popufatin addition, these findings can also give imaottinformation for
the respective authorities to design a safe andl@&isarque wrench for the users. Hence, the aith@furrent pilot study
was to measure the hand and wrist torque stremgthicaevaluate the association between the ageegelneight, weight,
bmi and hand anthropometry on the hand and wrigjul strength at different heights in standing tmsiamong

Malaysian population.

2. METHODOLOGY
2.1 Subjects

38 Malaysian young adults in one public univerditgtween the ages of 18 to 25 were involved inctireent pilot study.
A convenience sampling method was used to redraistibjects for the present study. The subjects nathistory of low
back pain shoulder and arm pain, neurological disiar and physical injuries were included in therenir study. The

informed consent was taken from the subjects bgfarticipating in the current study.
2.2 The Measurement of Anthropometric Data

In the present study, the subject’s anthropometita such as height, weight, forearm length, fonezircumference, palm
to wrist length and palm circumference was colléctehe subjects’ weight and height were measuredowt the shoe,
and with minimal or light clothing. The dominantréarm length (Figure 2.1), dominant forearm circemehce (Figure
2.2), dominant palm-to-wrist length (Figure 2.3dadominant palm circumference (Figure 2.4) were suead by using
the inch tape. The forearm and upper arm circumtsreshould be measured at the distance of twornfgem the elbow

crease. All dimensions were recorded in centiming.

Figure 2.2: Forearm Circumference Measurement.
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Figure 2.3: Palm-Wrist Lené;th Measurement.

Figure 2.4: Palm Circumference Measurement.
2.3 Hand Wrist Torque Measurement Procedures

A hand-held dynamometer, Mark-10 Series R52 Mod8al WSA) was used to measure the maximum wrist laaucd
torque strength (Figure 2.5). The handheld dynanemeas either in the clockwise or anti - clockwisgation. The
device is capable to measure torque range fromni f8c1150 Ncm with an accuracy of 0. 35%.

Figure 2.5: Mark-10 Series R52 Model M3i (USA).

The measurement unit is in Newton centimetre (N ang) the display modes of the torque gauge weré Rew
(RT), clockwise and anti-clockwise directions. Tloece gauge was calibrated and certified accordinghe National
Institute of Standards and Technology (NIST), UWhiBtates of America (USA). Since the data collecsbould replicate
the vertical milling machine in the machine shdy torque strength data was obtained by clampieddtyue gauge on a
fabricated vertical test rig (Figure 2.6). The dymaneter was connected to the advanced 31 torqueatod which was

mounted onto the vertical test rig as shown in Fed7.
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Figure 2.6: Vertical Test Rig

Figure 2.7: Setting up of Torque
Gauge on the Test Rig

2.4 Familiarization of Data Collection Procedures

The subjects were given a familiarization regardihg procedures and methods before the real dadkacton. A

demonstration was conducted by the researcherdiagathe correct techniques and body postures ko dwad twist the
handle of the Mark-10 torque gauge. All subjectsengiven a fair chance to do a light trial of tlesttprocedures for
familiarization purposes. After performing the tebie subjects were provided with a rest periodafoleast two minutes
before proceeding to the next test. The two minutss time was given to the subjects to wash aaitetifect of muscle

fatigue due to the former test.
2.5 Wrist torque measurement procedure

Firstly, the subjects were required to stand fachytest rig. Next, the subjects were requiretidl the handle of the
socket wrench in a neutral position by using hisfh@minant hand. The socket wrench was positionedasst height
(Figure 2.8). The participants were free to adjirgt distance between his/her body with the toqueggaThen, the
subjects were instructed to gradually apply fonee &vist the handle of a torque wrench in a clodeadirection until they
reached their maximum exertion and they were reqde® hold for a few seconds (4 — 5 seconds).llyinthe subjects
were requested to rest for two minutes and continitle the same procedures for clockwise and artici@se direction
for waist height, elbow height, and shoulder heidtite torque gauge was reset to “0” before thertrégg of the new

measurement. The readings were measured in Ncreaarted in Microsoft Excel.
2.6 Hand Torque Measurement Procedure

Firstly, the subjects were required to stand fatchegtest rig. Next, the subjects were requestdwbtd the handle of the
wrench within the shoulder height by using his/fleminant hand in a pronation position (Figure 29)e subjects are
free to adjust the distance between his/her body thie toque gauge. Note that the hand positich@subjects should be
perpendicular to the handle of the wrench. Next, shbjects were instructed to apply force graduallthe handle of the
wrench in a clockwise direction until the maximuonde exertion was reached and hold for a few sec¢hd 5 seconds).
Finally, the subjects were requested to exert theef purely from the arm region and not from thekbeegion. The
subjects were requested to rest for two minutesthadsame procedures were repeated for anticloekdiigction for
shoulder height, eye height, and overhead heigihe fbrque gauge was reset to “0” before the beggoif the new

measurement.
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Figure 2.8: Participant Stands Facing Test the| Figure 2.9: Participant Stands Facing the Test
Rig for Wrist Torque Measurement at Waist Rig for Hand Torque Measurement at
Height. Shoulder Height.

3. DATA ANALYSIS

Statistical analysis associated descriptive siegistas performed by using SPSS software versionTB& demographic
details and wrist and hand strength torque charatits of the subject’'s population were tabulaed mean, standard
deviation, range, and percentiles). The Spearmarik correlation coefficient analysis was perforntedccorrelate the
variables in the wrist and hand torque study swElgender, height, weight, BMI, and hand anthropoe®t(forearm
length, forearm circumference, palm-wrist lengtihd gpalm circumference). The Spearman correlatiotisalways be in

between -1 and +1. Table 1 shows the guide foalis®lute value of Spearman’s correlation coefficien

Table 1: Guide for Spearman’s Correlation Coefficiat

Range Correlation
0.00-0.19 Very weak
0.20 - 0.39 Weak
0.40 — 0.59 Moderate
0.60-0.79 Strong
0.80-1.00 Very strong

4. RESULTS

Based on analysis, the majority of the subjecthéncurrent study were male. Next, the mean hdimhtand weight (kg)
of the subjects were 1.66 m and 65.02 kg irrespelgti Table 2 tabulates the mean BMI for the sulsjeeas 23.02. In
addition, the mean hand anthropometries such asndooe forearm length [FL] (cm), dominance foreainaumference
[FC] (cm), palm wrist length [PL] (cm) and palm stricircumference [PC] (cm) were 0.25 (m), 0.23 (L7 (m) and
0.19 (m) irrespectively (Table 2).

Table 2: The Demographic Details

Variable Mean | Median | S.D | Minimum | Maximum
Height (m) 166 | 1.69 | 0.10 1.47 1.88
Weight (kg) 65.02| 65.0 |16.15| 40.00 93.00
BMI 23.06| 222 | 3.69| 17.778 29.6
Dominance Forearm Length (m) 0.25| 0.25 | 0.03 0.22 0.38
Dominance Forearm Circumference (| 0.23 | 0.24 | 0.04 0.15 0.30
Palm Wrist Length (m) 0.17 | 0.18 | 0.02 0.12 0.26
Palm Wrist Circumference (m) 0.19 | 0.19 | 0.02 0.16 0.26
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Table 3 and Table 4 present the findings on thennveiast and hand torque for the female subject® firlean

wrist torque (Ncm) was higher in the shoulder hefgh both torque direction. The mean wrist tordoeshoulder height

in the clockwise direction was 177.1 Ncm and 18%nNor an anti-clockwise direction. Next, for hamddue the highest

hand torque for clockwise direction was producedtaiulder height, 663.6 Ncm and for anti-clockwieection, the

highest hand torque 610.8 Ncm was found at eyehheig

Table 3: The Mean Wrist Torque in Female SubjectsNcm)

Direction Height
Waist Height Elbow Height | Shoulder Height
Clockwise 148.7 (WTCW) 162.4 (WTCE 177.1 (WTCS)
Anticlockwise | 167.4 (WTACW) 184.8 (WTACE) 185.0 (WCTS)

WTCW = Wrist Torque at Waist Height (Clockwise)
WTACW =Wrist Torque at Waist Height (Anti Clockwise
WTCE = Wrist Torque at Elbow Height (Clockwise)
WTACE = Wrist Torque at Elbow Height (Anti Clockves
WTCS = Wrist Torque at Shoulder Height (Clockwise)
WTACS = Wrist Torque at Shoulder Height (Anti Cledke)

Table 4: The Mean Hand Torque for Female SubjectsNcm)

Height
Shoulder Height | Eye Height | Overhead Height

Direction

Clockwise 663.6 (HTCS) 649.4 (HTCE) 609.5 (HTCO)

Anticlockwise | 593.8 (HTACS) | 610.8 (HTACH) 532.4 (ATO)

HTCS = Hand Torque at Shoulder Height (Clockwise)
HTACS = Hand Torque at Shoulder Height (Anti clogkey
HTCE = Hand Torque at Eye Height (Clockwise)

HTACE = Hand Torque at Eye Height (Anti Clockwise)
HTCO = Hand Torque at Overhead Height (Clockwise)
HTACO = Hand Torque at Overhead Height (Anti Clocey

Next, Table 5 and Table 6 present the findingshennbean wrist and hand torque for the male subjébis mean

wrist torque (Ncm) was higher in the shoulder hefgh both torque direction. The mean wrist tordoeshoulder height

in the clockwise direction was 389.8 Ncm and 44¢¥ctn for an anti-clockwise direction. Next for hatetque, the highest

hand torque for both torque direction clock wasdpieed at shoulder height; 1022.7 (Ncm) for cloclendérection and

814. 6 (Ncm) for anti-clockwise direction.

www.tjprc.org

Table 5: The Mean Wrist Torque for Male Subjects (Nm)

Direction Height
Wrist Height Eye Height Shoulder Height
Clockwise 313.3 (WTCW)| 359.7 (WTCE 389.8 (WTCS)
Anticlockwise | 298.2 (WTACW) 344.8 (WTACE) 442.0 (WCTS)

WTCW = Wrist Torque at Waist Height (Clockwise)
WTACW = Wrist Torque at Waist Height (Anti Clockveis
WTCE = Wrist Torque at Elbow Height (Clockwise)
WTACE = Wrist Torque at Elbow Height (Anti Clockvels
WTCS = Wrist Torque at Shoulder Height (Clockwise)
WTACS = Wrist Torque at Shoulder Height (Anti Cledke)
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Table 6: The Mean Hand Torque for Male Subjects (Nim)

Direction Height
Shoulder Height | Eye Height | Overhead Height
Clockwise 1022.7 (HTCS) 934.2 (HTCE 855.3 (HTCQO
Anticlockwise | 814.6 (HTACS)| 805.8 (HTACH) 730.3 (ATO)

HTCS = Hand Torque at Shoulder Height (Clockwise)
HTACS = Hand Torque at Shoulder Height (Anti clodkey
HTCE = Hand Torque at Eye Height (Clockwise)

HTACE = Hand Torque at Eye Height (Anti Clockwise)
HTCO = Hand Torque at Overhead Height (Clockwise)
HTACO = Hand Torque at Overhead Height (Anti Clocey

Both Figure 4.1 and Figure 4.2 present the compiaraf wrist torque (Ncm) and hand torque (Ncm) hest
male and female subjects. Male subjects were haligigest wrist torque and hand torque (Ncm) comparéemale

subjects.
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Figure 4.1: Comparison of Mean Wrist Torque (Ncm) Rtween Female and Male.
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Figure 4.2: Comparison of Hand Torque (Ncm) Betweeremale and Male.

The correlation analysis between the wrist torguength (Ncm) and factors was shown in Table 7. fHotors
such as gender, body height (m) and body weight \lage positively associated (p< 0.05) with thesivtorque strength
(Ncm). The BMI was significantly associated [p €%.rs= 0.32] with the wrist torque strength. Furthermorene of the
hand anthropometries were associated with the vmigue strength (Ncm) except for palm circumfeeeridowever, the
palm circumference had a weak correlation with wrést torque strength in different standing posisoand torque
direction. The correlation analysis between thedhmnque strength (Ncm) and factors was presemiéithble 8. Mostly

all the variables were having moderate to goodetation between the hand torques and associateatgac

Impact Factor (JCC): 8.8746 SCOPUS Indexed Journal NAAS Rating: 3.11



Analysis Of Wrist and Hand Torque Strength Among Malaysian 9
Adults For Designing Torque Wrench: A Pilot Study

Table 7: The Correlation between Wrist Torque and Rctors at Different Heights

. Factors

Torquei Bod

ng ay Weight(K

. Gender Height B.M.I FL (m) FC(m) PL(m) PC(m)

Height g)
(cm)

. Irs= rs= .=
Waist S ox S rs=0.36* | rs=020| rs=0.23| rs=0.20| rg=0.21 > ox
(CW) 0.48 0.54* | 0005 | p>005| p>005| p>005| p>0.05| 032

p<0.05| p<0.05 p <0.05
Waist rs=0.48* | rs=051* | rs=0.30 | rg=0.12| rs=0.13| rs=0.23| rs=0.24 | r4=0.31*
(ACW) p<005| p<005| p>0.05 | p>0.05| p>0.05| p>0.05| p>0.05| p<0.05
Elbow rs=0.51* | rs=0.52* | rs=0.39* | r¢=0.26 | rs=0.24| r,=0.23 | rs=0.08 | r=0.34*
(CW) p<005| p<0.05| p<0.05 | p>0.05| p>0.05| p>0.05| p>0.05| p<0.03
Elbow rs=0.49* | rs=0.50* | r¢=0.37* | rs=0.25| rs=0.27| rs=0.23| rs=0.05| r4=0.34*
(ACW) p<0.05| p<005| p<0.05 | p>0.05| p>0.05| p>0.05| p>0.05| p<0.05

Shoulder | r =0.61* | r.=0.59* | r.=046* | 3= | r.,=0.28| r=029| ro=0.06 | r,=0.43*
p>0.05| p>0.05| p>0.05| p<0.05

0.32*
(CW) p<005| p<005| p<0.05 | ‘7

Shoulder | r¢=0.61* | r s=0.57* | rs=0.41* | r¢=0.26 | rs=0.28 | r,=0.23 | r¢=0.04 | rs=0.40*
(ACW) p<0.05| p<005| p<0.05 | p>0.05| p>0.05| p>0.05| p>0.05| p<0.05

p< 0.05, * = significant correlation

Table 8: The Correlation between Hand Torque and Fetors at Different Heights

Factors
Torquein Body
g Height | Gender | Height | Weight(Kg) B.M.I FL (m) FC(m) PL(m) PC(m)
(cm)
Shoulder | r$=0.66* | r =0.65* | r s= 0.59* r =0.41* | r =0.33* | r =0.58* | r =0.58* | r s= 0.72*
(CW) p<0.05|p<0.05 | p<0.05 p<0.05|p<0.05|p<0.05|p<0.05 | p<0.05

Shoulder | r¢=0.57* | r ~0.49* | r ;= 0.44* r<0.29* | rs=0.30| rs=0.29 | r =0.62* | r 4= 0.52*
(ACW) p<0.05|p<0.05 | p<0.05 p<0.05|p>0.05|p=>0.05 | p<0.05 | p<0.05

Eye r<=0.54* | r ~0.54* | r ;= 0.63* r <0.58* | r =0.45* | r ~0.64* | r =0.65* | r s= 0.68*
(CW) p<0.05|p<0.05 | p<0.05 p<0.05|p<0.05|p<0.05|p<0.05 | p<0.05
Eye r<=0.45* | r =0.59* | r ;= 0.54* r <0.45* | r =0.48* | r ~0.48* | r =0.48* | r s= 0.62*

(ACW) p<0.05 | p<0.05 | p<0.05 p<0.05|p<0.05|p<0.05 | p<0.05 | p<0.05
Overhead | r s=0.45* | r =0.55* | r s= 0.55* r<=0.42* | rs=0.27 | r =0.54* | r =0.64* | r ;= 0.57*
(CW) p<0.05|p<0.05 | p<0.05 p<0.05|p>0.05 | p<0.05 | p<0.05 | p<0.05
Overhead | rs=0.62* | r =0.62* | r ;= 0.55*% r ~0.40* | r ~0.50* | r ~=0.49* | r =0.43* | r ;= 0.65*
(ACW) p<0.05|p<0.05 | p<0.05 p<0.05|p<0.05|p<0.05|p<0.05 ]| p<0.05
p< 0.05, * = significant correlation

5. DISCUSSIONS

A pilot study was conducted to identify wrist angnld torque strength and to identify the factors thuence the wrist
and hand torque strength in different standingtmos among Malaysian population in a public unéitgr The findings
will help to provide a piece of crucial informatianto the wrist and hand torque strength capagdithf the Malaysian
population and can help to fill in the gap in thasivand hand torque strength in Malaysia. Furtltoeenthe ergonomics

designers in the university could apply the datddsign an ergonomic and usable torque wrenchetogbrs.

One of the main findings from the pilot study whattmean of wrist and hand torque strength exettiomales
was higher compared to the force exerted by thealienThe mean wrist and hand torque strength ofike mvas 25% -
60% higher compared to the female, which is coastswith the findings of previous research studkesecent study [10]

had identified that the mean wrist torque strengds 75% of male’s wrist torque strength. The smalleysiological
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cross-sectional areas in terms of muscle mass asglenrecruitment might be the reason for the fles generation by
females than males [12]. This study identified thegan wrist and hand torque strength for both raakk female were
higher in shoulder height. During the data coll@etin shoulder height position, it was observed tha shoulder was
directed at 90 degrees from the body, with a coatlin of shoulder flexion, elbow extension, andstvextension.
According to an exploratory study conducted by Xhe[13], the maximum torque strength was generathdn the joint
was positioned as per above - mentioned positiantdiuthe joint torque combination from the shoultlexion, elbow

extension and wrist extension.

As presented in the current study, the mean valwerist and hand torque has positively correlatethwender,
height, body weight, BMI, and hand anthropometrige Gender was having moderate to strong correlgtig.05) with
the wrist and hand torque strength in a differéanding position. As explained in the above panalgrgéhe differences in
the neuromuscular function and genetic compositioterms of muscle recruitment and muscle stimaiatinight cause
the differences in the torque production betweetesand females [12]. The height was also coedlatith the wrist
torque strength among the subjects. The abovenfjsdivere supported by another research [14] ambadhéalthy
subjects whereby the height was positively assediatith the wrist torque strength among the youtngadthy subjects. It
has been noted that body heights were closelyegkat the muscle volume and lower lever arm whidhimdirectly help
in generating high wrist and hand torque streng#j.[Next, the spearmen rank coefficient revealetbderate correlation
between body weight, and wrist and hand torquengthein the present study. This is in agreemenh \piteviously
published studies, whereby a high BMI produceseatgr torque force in the wrist and hand region [B). Theoretically,
BMI was calculated as weight in (kg) divided witkight in (m)?[17]. Therefore, individual height and weight were
somehow could be related to the changes in the BMhe current findings, the researchers had fabhatifactors such as
BMI, height and weight were correlated with theswand hand torque among the subjects. Hence, wassume that the
three variables (height, weight and BMI) might havituenced each other in the wrist and hand torsfuength readings

in the current study.

With regard to the hand anthropometries, foreamgtle forearm circumferences, palm-wrist lengthd @alm
circumferences were correlated with the torque pectidn in the wrist and hand region. Mostly all theand
anthropometries which includes forearm length, dame circumferences, palm-wrist length, and palrauwitferences were
correlated with the hand torque production in défé height position. However, for wrist torqueesigth, the hand
anthropometries (palm circumference) were corrdlatdy for the shoulder height position. A studydacted by Imrhan
[18] had identified that hand anthropometry wasiSicantly correlated (p<0.001) with the hand sg#ntorque. In
addition, another research work [19] had foundgaifcant (O.R: 2.8; p < 0.08). Previous researdfad proposed that an
increase in the hand length will increase in thedhsurface which will indirectly increase the handque strength [20].
These might be a plausible explanation for theugrice of hand anthropometry in the wrist and hangle results in the

current study.

To the author’'s knowledge, this is one of the netgnapts to identify the correlation between gendegight,
height, BMI and hand anthropometry and wrist anddhtorque strength. However, care should be takeenvapplying
the current findings as the subjects in the curstudy might not be presenting the entire Malaysi@pulation. Therefore,
future studies should consider a bigger sample mipeilation. However, as there was limited datélabie on wrist and

hand torque strength, the university’s respectivih@ity may use the available information to daesign ergonomic safe
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torque wench by considering the above discusseadrfac
6. CONCLUSIONS

The results of the current study provide an insigtd the wrist hand torque strength among the fadjsin a one public
university in Malaysia. The mean wrist and handjter strength exertion by the male was 25% - 60%emithan female.
There was also a significant positive associatietwben the wrist and hand torque strength and blogeamentioned
factors such as height (cm), body weight (kg), Bt hand anthropometry. This additional informationthe wrist and
hand torque strength of the university populati@n dill the gap in the strength data for Malaysjaos used by

university’s ergonomist to design a usable and s&afpue wrench for the users.
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