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ABSTRACT

ESTIMATING THE ISOMETRIC PINCH STRENGTH
DISTRIBUTION OF THE POPULATION OF TURKEY

Strength norms, which show cross-national varigi@ane important for the design of
productive and safe mechanical human work and pto@dnd clinical purposes. Through
this first-ever study, the pinch strength normsheaf population of Turkey are established.
The main objective of this study was to estimate riftaximum voluntary isometric pinch
strength distribution of healthy adult populatiof ©urkey related to gender, age,
occupation, and several anthropmetric charactesisAnother objective of the study was
to investigate the effects of body posture (sittamgl standing) on pinch strength. For the
purpose, a sample of 223 healthy volunteer paditdgpwas recruitedThe study involved
both laboratory and field studies. The estimateckimam voluntary isometric pinch
strength types were: lateral (key) pinch, three-gwck pinch and pulp pinch for both
genders and tip pinch strength for males onlyaddition, maximum isometric power grip
strength and a number of anthropometric measurementh as weight, height,
circumference of forearm, circumference of fist daccarm-hand length were measured.
The results indicate that the estimated maximumnnpéach strength values for dominant
hand corresponding to seated posture for malesfandles, respectively in kgf are: 11
and 7.7 (lateral), 9.9 and 7 (chuck), 7.8 and(pulp), and 7 for tip pinch for males. For
all three matching pinch strengths, female strengtte about 70% of male strengths.
Overall, pinch strength capacity reaches its maxrinai about 40-49 year age range for
males and stays stable at 18-59 year age rangéerimales. After age 60 a dramatic
decrease occurs for both genders. Manual workerpgnas the strongest in all age groups.
Dominant hand was significantly stronger than nomuhant hand. On the other hand, the
tested posture did not have any significant effecpinch strength. Pinch strength capacity
of the population of Turkey is found similar to thkkSA population and stronger than

Chinese population.



OZET

TURKIYE NUFUSUNUN STATIK PARMAK KAVRAMA KUVVET I
DAGILIMININ TAHM INLEMESI

Ulkeler arasi farkliliklar gosteren insan kas kuivgeandartlari, verimli ve glivenl i
ve Urdn tasarimi ve klinik amaclar icin énemlidBir ilk olan bu calymada, Turkiye
nifusunun statik parmak kavrama kuvvet standarbafirlenmgtir. Bu ¢alsmanin ana
amaci, sghkh yetiskin Turkiye ntufusunun maksimum statik parmak kawaakouvvetini
cinsiyet, ya, meslek ve birkac antropometrik 6zelliklere gorstaiitiksel olarak
hesaplamakti. Camanin bir bgka amaci da, vicut pozisyonunun (oturarak veyatayak
parmak kavrama kuvveti Uzerindeki etkisini sinanakti. Bu amagla, c¢cgmada 223
salikh gonulli katilimer yer aldi. Calma hem laboratuvar hem de sahasgahlarini
icerdi. Hesaplanan maksimum statik parmak kavrammavédti tdrleri sunlardi: her iki
cinsiyet icin yanal parmak kavrama, Ucli parmakréma ve yassi parmak ucu kavrama;
ve sadece erkekler i¢in parmak ucu kavrama kuviBetna ek olarak, maksimum statik el
kavrama kuvveti, kilo, boy, 6nkol ¢evresi, yumrukvgesi ve dnkol-el uzunfw olguldd.
Sonuclara gore, hesaplanan maksimum parmak kavkawzetleri (oturma pozisyonda
baskin el icin) erkek ve bayanlarda kg-kuvet olasalasiylasoyledir: 11 ve 7.7 (yanal
parmak), 9.9 ve 7 (U¢lu parmak), 7.8 ve 5.4 (ypasmak ucu), ve 7 (erkekler icin parmak
ucu kuvveti). Genel toplamda, parmak kavrama kuvesdeklerde 40-49 ydari arasinda
maksimuma egmektedir, bayanlarda ise 18-59 sk arasinda hemen hemen sabit
kalmaktadir. 60 yandan sonra her iki cinsiyet icin de keskin birsigiiyasanmaktadir.
Agir fiziki i slerde calganlar her ya grubunda en gucla idi. Baskin el, baskin olmaylan e
gore onemlisekilde gucluydd. Ayrica, test edilen vicut pozidgomin parmak kavrama
kuvvetleri Uzerinde Onemli bir etkisi olmaqi goruldia. Tarkiye nufusunun parmak
kavrama kuvveti kapasitesi Amerika nufusu ile benzZgin nifusundan ise kuvvetli

bulunmutur.
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1. INTRODUCTION

Many tasks in industry involve the usage of uppdremity. Due to the excessive
force exertions and repetitive tasks, awkward pestand inadequate rest times, work-
related musculoskeletal disorders of the uppereexty occur. Moreover, these also lead
to loss of productivity, loss of quality and safeljand is one of the main parts of the
upper extremity that suffers from these disord€fsaffin et al., 2006).

To reduce the harmful effects of high forces, ttrergth requirements of the tasks
and limits of the workers must be known. In clinieapect, strength capabilities of the
population are also important for the treatmentcepdures for the patients who have
disabilities caused by MSDs. Therefore, strengtimsofor the populations are needed for
the design of manual tasks, hand tools, machindsaad for clinical treatment purposes
(Eksioglu and Silahl, 2009).

One of the most difficult task types in industrytie pinching tasks. Fingers and
hands are used in many tasks such as meat pragessatkaging, automobile
upholstering, electronics assembly, etc. Moreogtentists also use hand tools which need
high pinch force application. Because of high pirficices required, these types of jobs
usually lead to cumulative trauma disorders. Powedr repetitive hand and finger
activities are linked to the incidence of cumulativauma disorders of the hand such as
carpal tunnel syndrome, trigger finger, etc. Therefto reduce the harmful effect of high
forces, the strength requirements of the tasksthadliimits of the workers should be
known (Imrhan, 2008).

Muscular hand strength norms are required for aésig safer hand tools or
machines that are controlled manually. Strengtihmsoare also important for the clinical
purposes. The effectiveness of treatment procedarestied to the valid and reliable
strength norms (Eksioglu and Silahli, 2009). Toedeine which level of force is
excessive, the strength norms of the populationt hasknown. People have different
strength levels. Therefore, the distribution oésgth data is important in designs to cover

the most of the population.



In literature, types of pinch are generally classifas tip pinch, pulp pinch, three-jaw
chuck pinch and lateral (key) pinch. In tip pint¢he tip of thumb opposes the tip of
another finger of the same hand. The pad of thebthopposes the pad of another finger in
pulp pinch. Chuck pinch is similar to pulp pinchcept that thumb opposes the pads of
index and middle fingers together. In lateral pirsttength, the thumb opposes the radial
lateral aspect of index finger in the clenched(fistrhan, 2008; Mathiowetz et al., 1985).

Pinch strength capacity can be affected by a numbfactors such as type of pinch,
position of the wrist, position of upper arm andwlder, support of forearm, repetition of
the task, age, gender, occupation, geographicamrerace, anthropometric measures, etc.
There are many studies in literature which invesgtighe effects of these factors on pinch

strength.

In order to compare the results with the otheraedeers in literature, a standard test
procedure was followed in all of the measuremeiiise experiments were mainly
conducted at Bgazici University Ergonomics Laboratory. Some wem@nducted at

different places which are organized to have sintédating conditions as the laboratory.

The main aim of this study is to obtain normativiech strength data for the
population of Turkey. In addition, the effects a@ngler, age, occupation, dominant/non-
dominant hand, sitting/standing posture, and sontler@pometric measurements on pinch

strength are investigated.

The thesis is organized as the following: Chapténcudes a literature review of
previous studies that are conducted on pinch dinerig chapter 3, rationale behind the
study is mentioned. Chapter 4 contains the objestiof the study. In Chapter 5, the
methodology of the study is explained in detail.after 6 presents the general and
statistical results of the study in detail. In Cteap7, the discussion on the results is
included. Moreover, comparisons with other studiesterature are involved. In the last
chapter, the conclusions of the study are mentioned



2. LITERATURE REVIEW

Strength measurement is a widely researched areargonomics field. The
determination of strength norms for populationanamportant part of this area and many

researchers conducted normative data studies oplsg@mpulations.

In this section, general information on musclersith, strength types, pinch strength
are mentioned. In addition, the studies that amdaoted on hand strength and pinch

strength are included.

2.1. Strength

Strength capacity of a population is very importamtdesigning the tasks and
equipments. It can be defined as the applicatidiorak or torque by a body segment to an
outside object and it is usually interpreted in Mawunit (Kroemer, 1999).

Strength assessment can provide a method for menegedecide whether a person
is capable of performing a job without having anuip (Chaffin 1975). Also, the
assessment of strength is important for clinicabttment methods. Therefore, strength
assessments of populations are needed for desitaskg, tools, machines and for clinical

purposes.

In order to understand strength, one has to ledoutathe mechanism and
physiology of muscles and muscle strength.

2.1.1. Physiology and Working Mechanism of Muscles

Engineers are interested in skeletal muscles becane of the main functions of
skeletal muscles is to move body segments. Theselesuconnect two or more body links
across their joints. When the muscles are activited pull on the bones and as a result

movement or exertion of force to an object hapg&ingemer 1999).



The only action that a muscle can take is to cohffidroemer 1999). When nerve
impulses come to the muscle by the motor unitshscle starts to contract. As a result
of this contraction a tension in the muscle is t@@aThis tension can be active or passive.
Active tension occurs when the muscle contracteeotnically and a muscle can shorten
to at most 60% of its resting length. However pasgension occurs when muscle is
lengthened beyond its resting length. This can éafgy external forces such as gravity or
the action of an antagonist muscle. The tensioth®fmuscle depends only on its active
contraction when it's below its resting length wéees the total tension of the muscle is the
active contraction plus passive strain when theaheus above its resting length (Kroemer
1999).

Muscles need energy to be able to work properlythisdenergy is supplied by blood
vessels. When muscles contract they make a pressutbese blood vessels and this
pressure interrupts the blood circulation. A str@mgssure (strong contraction) means a

higher interruption in circulation thus leadingnscle fatigue (Chaffin et al., 2006).

Fatigue can be defined as the inability of a muszimaintain its contraction and it is
caused by the interruption of blood circulationidgrmuscle contraction. The more the
pressure is, the quicker the fatigue occurs. Theeefa maximal contraction can be
maintained only for a few seconds whereas sustaioesk exertion is possible when

muscle tension is at low level (Kroemer 1999).

The factors that influence the ability of a mustdgroduce tension are described as
the following (Chaffinet al., 2006):

) Number of muscle fibers that contraBach fiber in the muscle contracts
with a certain force and the total force of alldiib in the muscle creates the
muscle strength. The more the number of muscle fiemore the strength.

(i) Length and size of the muscle: A muscle producesntaximum active
strength when it is near its resting length. Thditgbto produce force
declines as the muscle gets shortened. Moreovesnidethe 120-130% of

resting length, the active strength is also reduced



(i)  Frequency of exciting signal$he signals reaching the motor units provide
the muscle tension. A single twitch or frequentttives affect the tension
generated by the muscle.

(iv)  Muscle fatigue:When fatigue occurs in a muscle, the strength capability

decreases.

2.1.2. Types of Muscle Strength

Muscle strength can be divided into two groups setiog to the type of force being
applied and the movement of the body parts whietfdhce is applied.

2.1.2.1. Static (Isometric) Muscle Strengtlsometric muscle strength is the capacity of

muscles to produce force or torque by a single makivoluntary exertion. The body
segments remain motionless and muscle length doedrdnge in static strength.
Therefore, measuring static strength is rather easl/ controllable. (Mital and Kumar,
1998).

There are a number of factors which influence teemietric muscle strength
(Eastman Kodak Company, 1983; Mital and Kumar, 1988me of these factors can be

listed as the following:

* Body posture

* Duration of force exertion

* Rest periods between exertions

* The measurement device

« Test conditions and subject type (gender, ageedgrevel etc).
* Anthropometry

* Protocols and procedures

In measuring static strength, the experimenter roasiware of the fact that there is
a small time delay between the command to execefand the development of peak force.
This delay is due to some biomechanical, physicklgand psychomotor factors. Studies

show that maximum contraction is reached after dors& of force application and the



average value between th& and 4" seconds give a good estimate of the peak force
(Eastman Kodak Company, 1983).

2.1.2.2. Dynamic Muscle Strengtihe length of muscles change and the body segments

move or rotate in dynamic force exertion. The dédfece between static and dynamic
strength is that dynamic strength involves the muosat of the objects being held. From
the biomechanical perspective, motion of body sedsesquires more muscle force to

overcome inertia and accelerate the body segmesdangdChaffin, 2006).

From industrial perspective, the tasks that incldgeamic force application are

more common. Dynamic strength can be mainly clisktb three types (Chaffin, 2006):

* Isoinertial strength: In this type of strength, stamt external loads are moved.
* Isokinetic strength: In this type of strength, Weocity ot the movement at the
joint is held constant.

* Isotonic strength: In this type of strength, musteasion is held constant while

velocity is changed.

The measurement of dynamic strength has many uliits. The main problems are
the change in muscle length and acceleration af [&astman Kodak Company, 1983).
Because of these difficulties, static strengthstemte mostly used instead of dynamic

strength tests.

2.2. Pinch Strength

In many tasks in industry hands are actively usate kind of action that is used in
these manual tasks is the usage of fingers in dgjpgo$o the thumb. This action is defined

as the application of pinch force (Imrhan, 2008).

Pinch strength was widely investigated by the chhifield for assessing hand
functions. Ergonomic studies on pinch strengthase published which investigate the
relationship between pinch strength and work-relatemulative trauma disorders (Imrhan
and Rahman, 1995).



Voluntary contraction for pinch force is influenceg many factors. Some of the

significant factors can be listed as the following:

* Type of pinch

* Gender

e Age

e Occupation

* Anthropometry (height, weight, hand-arm dimensions)
* Hand dominance

* Arm posture (upper arm, forearm, wrist and handyres)
* Pinch width

* The protocols and instructions that are used

Using a standard protocol is very important in gieength measurement studies.
Because a standard protocol provides researchdetéamine the method of measurement,
the characteristics of sample, the instructiongmito the subjects, etc. Moreover, it also
helps the experimenter to obtain reliable resutid gives the ability to compare results

with other researchers who have also used the pastacol.

American Society of Hand Therapists introduced and#rd testing position for
measuring static hand strength and many researithi#erature have used this position in

their experiments (Innes, 1999). This testing pasiis described below:

» Sitting in a straight-backed chair

* Shoulder adducted and neutrally rotated

« Elbow flexed at 90 degrees

* Forearm in neutral posture and not supported

* Wrist at 0 — 30 degrees extension and 0 — 15 degilear deviation.

Caldwell et al (1974) proposed a standard procedure for statiscta strength
testing. According to this protocol, at the begimnof a testing session, the subject should
be informed about the objectives of the study dredgrocedures. Instructions should be
given to the subjects during the experimentatiomoge The subject should start with the



instructor’s “increase to maximum exertion (withgatking) in about one second and
maintain the maximum effort for four seconds” conmmehaDuring the experiments no
feedback should be given to the subjects and cotigpedr other factors which can affect
the subject’s performance should be avoided. Thieoalld be at least a two minute break
between the trials and when the trials are notiwit0% variation, the test should be
repeated until it meets this condition. After theeriments are completed, the results
should include the data about the sample sizesubgects’ characteristics and the testing
conditions. Moreover the statistical results susimean, standard deviation, minimum and

maximum values and skewness of the data shouldalgtcluded.

Another ergonomics guide for human static stremgdasurements was mentioned
by Chaffin (1975). His recommendations for statrersgth assessment procedure included

mainly eight steps and these steps are definedlas/b

* Exertion Duration: A person should maintain his/lesertion for at least three

seconds to reach a steady state maximum voluntaryien.

» Strength Measuring Devic&he measurement device should not cause discomfort
when applying force because discomfort during foesertion can affect the
person’s performance. Moreover, a good instrumieotlsl give the average of the

applied force or torque during steady state.

* Rest Periods: A two minute rest period is adequdten 15 measures are taken

and a minimum of 30 seconds is necessary if oféyameasures are taken.

* Body Position: To obtain valid strength estimatésdy posture during the

experimentation must be specified and controlled.

* Subject Instructions: Subjects must be informeduaiioe intent of the study, the
risks and the procedure. To minimize variations tluenotivational effects, the
subjects must be instructed in an objective tom&] anything that affects the

subject emotionally must be forbidden.



* Reporting Test Conditions: In order to obtain comap&e results, the testing

conditions must be well defined.

* Reporting Subject Biographic Data: A strength assesnt study should contain the
characteristics of the sample chosen. Age, seayaat anthropometric data, health

status, sample size, etc. should be covered isttluy.

* Reporting of Strength Data: Some statistical resslich as mean, median, standard
deviation, skewness, minimum and maximum valuga®ftata should be included

in the results of the study.

2.3.Pinch Strength Studies

Mathiowetzet al. (1985)made a normative data research for grip and pitrength.
They used a very large sample (310 males, 328 &shahd measured tip, chuck and key
pinch strengths. Subjects were divided into ageigsoand according to the results the
average pinch strength was relatively stable betv2fe— 59 years and decreased after 60

years old.

One of the earliest studies in static pinch stiemgmade by Imrhan and Loo (1989).
Their study consisted of 182 subjects whose agegerhfrom 5 to 89. Lateral pinch, chuck
pinch and pulp 2, pulp 3, pulp 4, pulp 5 pinch &srevere measured. Results indicated that
lateral pinch strength was highest, which was fe#ld with chuck strength and the
weakest was the pulp pinch strength in all of the and gender groups with small
exceptions. In general, pinch strength was foundbdohighest in adults and lowest in

children. Moreover, females found to be weaker tinates.

Younget al (1989) also analyzed the distribution of key pistrength in a sample
that includes 95 subjects. The subjects were agetdelen 18 — 67 and the highest strength
values were obtained from the group of 18 — 27 steRdinch strength decreased with age.
In addition, there was a significant differenceven the female and male results that

males were stronger than females.
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Another normative data study was made by Crosby\&etibe. (1994). Key and
pulp pinch measurements were taken from a sampBléfsubjects. Key pinch strength
was found to be stronger than pulp pinch strengttheir study. Moreover, males were

found to be stronger than females.

The effect of wrist and arm postures on pinch gfiterwas investigated widely in
literature. In one of these studies the effect afstwposture on pinch strength was
examined (Imrhan, 1991). The results showed theitatkx wrist postures decreased the
pinch strength and maximum pinch strength was ramatl when wrist was in neutral

posture.

Wrist posture effect was also investigated by Fadea et al. (1991). A limited
sample of 15 male subjects was used in the expetarand the measured pinch strengths
were tip, pulp, chuck and key pinches. Results igapthat pinch strength was decreased

under deviated wrist postures.

In another research (Halpern and Fernandez, 198tal, chuck and tip pinch
measurements were taken from twenty male subjbtasy different forearm, wrist and
elbow postures were used in the experiments andisesdicated that deviated wrist or
forearm postures decreased the pinch strength. Mamri strength was maintained when

the elbow was 90 degree flexed.

Forearm position was found to be effective in maximvoluntary pinch strength by
Jansen et al. (2003). Their results indicated kigtand tip pinch strengths were affected
by forearm position but the effect in chuck pincaswmot found significant.

Lau and Ip (2006) investigated the difference betw&on-manual workers and
manual workers for lateral pinch strength. Theynbwut that there wasn't a significant

difference between these groups for the dominamd.ha

Many studies in literature investigated the effgfalominant and non-dominant hand
(Young, et al, 1989; Lau and Ip, 2006; Jansen,al, 2003). The results revealed that
using dominant hand results in higher pinch stiengt
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Standardized pinch tests are done under restrodeditions so sometimes they may
not reflect the real working conditions. For exaenfile testing equipments usually have a
limited surface and a standard pinch width. Somsearchers (Dempsey and Ayoub, 1996;
Imrhan and Rahman, 1995) have investigated thigeissd they found that pinch width
had an important effect on pinch strength. Imrhash Rahman (1995) concluded that large
pinch widths reduce pinch strength sharply but ktoanoderate widths do not have a

strong effect on pinch strength.

A summary of pinch strength studies and some of tesults are given in Table 2.1
and Table 2.2.
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Table 2.1. Summary of studies in literature
Sample type .
Source Population | (Size, Gender, | Measure used Instrument Posture Measured strength grll(t:r:opometnc measures Rest/Squeeze
Age)
. Hand grip
88 female,17 = Jamar = Shoulder and forearm neutral, elbow 90 = Three-jaw chuck
Dukelow Mean of three . . Not
(1996) USA male trials dynamometer = Seated, without support pinch None mentioned
Age: 75 — 96 = Pinch meter = Both dominant and non dominant hand. = Lateral pinch ’
= Tip pinch
= Seated,
= Shoulder adducted and neutrally rotated,
40 females " Jamar = Elbow flexed at 90 degrees = Hand gri
Medley 20-homebound | Mean of three | dynamometer g ’ . garp 30 sec rest
USA . ) = Forearm neutral, = Grip strength None .
(1991) 20-normal trials = B & L pinch . . | . between trials|
= Wrist between 0-30 extension and 0-15 = Palmar(chuck) pinch
Age: 70 - 79 gauge L
ulnar deviation
= Only dominant hand
= Seated,
64 males « Jamar = Shoulder adducted and neutrally rotated, Squeeze 3
Lau and Ip . (Non-manual Mean of three = Elbow flexed at 90 degrees, = Power grip q
China . dynamometer . None sec.,
(2006) and manual trials « Pinch meter = Forearm neutral, = Lateral pinch Rest 3 sec
workers) = Wrist between 0-30 extension '
= Both dominant and non dominant hand
. =  Seated
628 subjects ( . Shoulder adducted and neutrally
310 men — 318
women) rotated . Hand grip
Mathiowetz 20 to 94 years | Average of 3 = Jamar i Elbow fle?(ed at 90 degree . Tip pinch
. dynamometer . Forearm in neutral posture . Not
et al. USA of age successive ) . . Key (lateral) pinch | None .
. = B & L pinch = Wrist between 0 and 30 degree . mentioned.
(1985) 12 age groups | trials o . Three-jaw chuck
gauge dorsiflexion and between 0 and 15 .
of 5 year o (palmar) pinch
. degree ulnar deviation
intervals ) .
] Both dominant and non-dominant
(except 75+)
] Forearm was not supported
135 subjects ( « First of three = Seated
44 males, 91 . = Shoulder adducted and neutrally rotated
trials
females) « Mean of three = Elbow flexed at 90 degree « Kev pinch
Jansen et al. Aged between . = B & L pinch = Wrist between 0 and 20 degree yp )
USA trials o = Pulp pinch None Rest:30 sec.
(2003) 20 and 88 . gauge dorsiflexion . .
= Highest of . . = Three-jaw chuck pinch
3 age groups three trials = Forearm: Neutral, supinated, pronated
(20-39, 40-59, = Forearm was not supported

60+)

= Both hands
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30 subjects (15

Using the first
10 points a
confidence
interval is
calculated. Then

= Sitting
= Upper arm extended with an angle of

= Age

= Weight

= Height

= Hand length

Yuh-Chuan 5 consecutive = Palm length Squeeze:3-
. males — 15 ) . . . about 25 degrees
Shih and Yu- . trials which = Fabricated pinch . = Palm breadth 5 sec
. Taiwan females) = Elbow angle was near 110-120 degree| = Chuck pinch -
Chin Ou exceeded the gauge . » = Circumference of Rest:2
Students were = Palm was toward medial position .
(2005) - upper bound of . forearm(relax) min.
participated . = Forearm is supported by the table ;i .
interval was « Dominant hand = Circumference of wrist
obtained and the = Circumference of palm
first of them = Thumb index distance
was chosen as = Thumb middle distance
MVC.
= Sitting
= Best models i On!y domlnar.lt hano.I. ) = Hand grip = Stature
. . = 5 different wrist positions: ) )
30 male One contraction| pinch gauge ; o = Lateral pinch = Weight )
Imrhan . = Natural, radial deviation, ulnar ; . Rest: 3
USA subjects per = LaFayette o . ; . = Three-jaw chuck pinch | = Hand length .
(1991) ’ deviation, dorsi-flexion, palmar flexion ) min.
Age: 18 - 50 measurement handgrip . . = Pulp-2 pinch = Hand breadth
dynamometer = Arm in sagitl plane, = Pulp-3 pinch = Wrist circumference
Y = Hand is at shoulder height p-3p
= Elbow is about mid-range
= Sitting
. . = Only dominant hand . . = Age
Imrhan and 182 subjects mZtrerton pinch = Elbow flexed at 90 degree . E:tre]criglnpinch = Gender
5-12 years (62) | Peak value of . = Forearm in midpronated/supinated _p . = Stature Rest: 1,5 -
Loo USA .| = Stoelting ) A = Three-jaw chuck pinch . )
(1989) 18-40 years(70)| each contraction handari = Wrist undeviated « Pulp pinch(for each = Body weight 3 min.
60-89 years(50) d nagwoeneter = Shoulder flexed at about 30 degree with di it)p P = Hand length
4 humerus close to sagittal plane but slightly 9 = Hand breadth
abducted
= Standing
15 M,_ 15F « Vital Signs hand = Shoulder adducted Squeeze: 4
Hallbeck and Ages: dvnamometer = Elbow 90 degree « Power aras sec
McMullin USA 20-25 -yB&L inch = Forearm at neutral posture « Chuck gincr? None Rest: 1
(1993) 40-45 y ep = Wrist : neutral/ 45° extension/ 45° P ot
60-65 gaug flexion/ 65° extension/ 65° flexion '

= Both hands
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= Sitting = Age
.| = Elbow adducted and 90 degree flexed | = Hand grip = Hand length
= Jamar hydraulic L . S
. = Wrist: neutral, ¥2 of max flexion, % of | = Tip pinch = Breadth at metacarpal
Fernandez et handgrip B - .
15 male ) max extension, max flexion, max = Pulp pinch(for each = Breadth at thumb Not
al. USA Not mentioned. | dynamometer . o - .
students ) extension digit) = Thickness at metacarpal | mentioned.
(2991) = ENG pinch . ) . . .
strenath oaude = For pulp pinch, other fingers were = Chuck pinch = Circumference at wrist
gth gaug extended; for tip, lateral and chuck pinch, = Lateral pinch = Maximum flexion
other fingers were flexed. = Maximum extension
214 subjects = Both hands .
Crosby and 105 male . Jamar = Shoulder adducted and naturally rotatgd Hand gnp Not
Wehbe USA One trial dynamometer . = Pulp pinch None .
(1994) 109 female « Pinch qauge = Elbow at 90 degree flexion « Kev pinch mentioned.
Age: 16 — 63 gaug = Forearm in neutral posture yp
95 subjects = Jamar " Sitting
= Shoulder adducted -
Young et al. 61 women Mean of three | dynamometer . = Hand grip Not
USA . - . = Elbow at 90 degree flexion . None .
(1989) 34 men successive trialg = Preston Pinch L = Key pinch mentioned.
Age: 18 — 67 gauge = Wrist in neutral posture
ge: = Both hands
= Sitting
= Shoulder adducted
= Elbow at 90 degree flexion and full
extension
Mathiowetz * Jamar = Wrist between 0 and 30 degree
29 college Mean of three | dynamometer o = Hand grip Not
etal. USA . . . dorsiflexion and between 0 and 15 degree A None .
women successive trial§ = B&L Pinch o = Key pinch mentioned.
(1985) auge ulnar deviation
gaug = Both hands
= Pinch gauge and dynamometer was held
by the experimenter
= Forearm not supported
Catovic et al. . 46 males Mean of 5 sec. | Gripping device " Sitting / standing Pinch grlp (@ll fingers/ 1s Squeeze: 5
(1989) Yugoslavia AQe:20-26 trial period With strain gauaes = Foream supported / unsupported and 2nd fingers /1st and | None sec
ge: P gaug = Elbow 90 degree 3rd fingers) '
77 female = Standing / Sitting Pinch grip (all fingers/ 1si
Catovic et al. . . Mean of 5 sec. | = Gripping device | = Elbow 90 degree and 2nd fingers /1st and Squeeze: 5
Yugoslavia | dentists . . ) . ) None
(2991) Age: 25-50 trial period with strain gauges| = Forearm supported/ unsupported 3rd fingers) sec.

= Wrist neutral
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= Sitting

= Shoulder adducted

= Elbow at 90 degree flexion

= Wrist between 0 and 30 degree

Woogy and 50 college Mean of three = B&L pinch dorsiflexion and between 0 and 15 degrge= Key pinch Rest: 5
Mathiowetz USA . . o . None .
women successive trial§ gauge ulnar deviation = Chuck(palmar) pinch min.
(1988)
= Both hands
= Pinch gauge was held by the
experimenter
= Forearm not supported
= Age
= Weight
= Standing height
= Sitting / Standing = Acromial height
= Only dominant hand . = Forearm length
Palanisami et * Jamar = Forearm supported/unsupported * Hand grip = Upperarm length
Max. of two dynamometer . p[_) bp = Chuck pinch PP 9 Squeeze:4-
al. USA 20 male student| _ . . = Forearm in mid pronated/ . = Hand length
trials = ENG pinch . = Pulp pinch 5 sec
(1994) aude pronated/supinated postures « Lateral pinch = Breadth at metacarpal
gaug = Elbow adducted/ at maximum abduction/ P = Breadth at thumb
half of min. abduction = Thickness at metacarpal
= Circumference at wrist
= Thickness at wrist
= Finger lengths
= Age
= Stature
= Standing i B.Ody weight
. = Link lengths(upper arm,
= Only dominant hand .
A = Hand grip forearm)
= Jamar = Experiment 1: 7 shoulder postures, 5 ; .
. . = Three-jaw tip chuck = Hand length
Halpern and ) dynamometer elbow postures,Wrist and forearm in .
20 male Two peak trials ; pinch = Breadth at metacarpal Squeeze: 2
Fernandez USA = ENG neutral posture, only for chuck pinch .
Age: 20 - 34 are recorded. . . ) = Lateral pinch = Breadth at thumb sec.
(1996) mechanical pinch | = Experiment 2: 3 forearm postures, 3 - .
) | = Tip pinch = Thickness at metacarpal
strength gauge wrist postures, chuck, lateral and tip pingh

is measured.

= Thickness at wrist

= Circumference of wrist
= Finger lengths

= Range of motion(wrist
flexion, wrist extension)
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Sample DG NDG DLP NDLP DLP NDLP DCP NDCP DCP NDCP DPP NDPP DPP NDPP DTP NDTP DTP NDTP
Type Sit Sit Stand | Stand Sit Sit Stand | Stand Sit Sit Stand | Stand Sit Sit Stand | Stand
47.3 42.2 11.11 10.71 10.61 10.43 7.71 7.44
Mathiowetz, | 310 M | (12.8) | (12.5) | (2.09) | (2.09) (2.27) | (2.4 (1.86) | (1.81)
et. al 28.5 245 7.35 6.94 7.39 7.12 5.13 4.9
(USA, 1985) | 318 F | (7.71) | (7.12) | (1.36) | (1.41) (1.72) | (1.63) (1.18) | (1.09)
105 10.14 9.38 9.14 7.01 6.78
44 M (2.42) | (2.33) (2.34) | (2.24) (1.62) | 1.77)
Jansen, et.al 7.27 6.68 6.92 6.35 4.89 455
(USA, 2003)| 91F (1.51) | (1.55) (1.62) | (1.52) (1.16) | (1.15)
43.7 41.8 11.52 11.02
34 M (6.49) | (7.29) | (1.67) | (1.6)
Young et al. 255 21.9 7.26 6.71
(USA, 1989)| 61F (4.4) | 84.27)| (1.11) | (0.96)
62.14 | 58,51 | 12.25 | 11.79 8.62 8.17
Crosbyand | 105M | (10.89) | (9.98) | (2.27) | (2.27) (1.81) | (1.81)
Wehbe 36.74 | 34.02 9.07 8.62 6.35 5.9
(USA, 1994) | 109F | (7.26) | (7.26) | (2.27) | (1.81) (1.81) | (1.36)
Halpern 8.8 8.3 6.2
(USA, 1996)| 20 M (1.4) (1.8) (1.4)
Lau V., 64 M
Wing-Yuk Ip 10.65 9.7
(China, 2006) (1.55) | (1.5)

(M= Males, F=Females)
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Sample DG NDG DLP NDLP DLP NDLP DCP NDCP DCP NDCP DPP NDPP DPP NDPP DTP NDTP DTP NDTP
Type Sit Sit Stand | Stand Sit Sit Stand | Stand Sit Sit Stand | Stand Sit Sit Stand | Stand
4.2 4 2.7
. 32M (0.2) (0.24) (0.15)
Children 36 36 >4
30F (0.18) (0.22) (0.17)
Imrhan S, 9.4 9.4 7.3
LooC. H. | sy 140M (0.35) (0.22) (0.29)
(USA, 6.5 7 4.7
1989) 30F (0.17) (0.23) (0.17)
6.7 5.9 4.3
16 M (0.35) (0.45) (0.27)
Elderly 2.9 G 3
34F (0.31) (0.27) 0.2)
Palanisami
et al. 20 M 7.69 8.2
(USA,1994) (1.55) (1.61)
Mathiowetz,
et. al
(USA, 31.39 27.8 7.71 7.21
1985) 29 F (4.26) | (4.72) | (1.23) | (1.13)

(M= Males, F=Females)
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3. OBJECTIVES OF THE STUDY

Strength norms are needed for work and producgdesid clinical purposes. Due to
the cross-national variations, strength norms gshbel developed for various geographical
regions and nationalities. This study is the fasémpt to establish pinch strength norms of

healthy adult population of Turkey. Therefore, thain objectives of this study are to:

(1) estimate the maximum voluntary isometric (staticich (tip, pulp, lateral and
three-jaw chuck) strength distributions of healthgrmal) adult population of

Turkey from a sample data specific to gender, agecgcupation;

(i) investigate the effects of body posture, handedngeader, age, height,

weight, occupation and hand/arm dimensions on pétremngth; and

(i)  compare the developed pinch strength norms of dipelption of Turkey with

the pinch norms of the population of several otteamtries.
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4. METHODS

4.1. Subjects

The main aim of the study is to obtain normativachi strength data for the
population of Turkey. To meet the requirements nbanative study, the sample is chosen
randomly to be representative of the whole poporati

Subjects were recruited voluntarily from a metrigaol city of Turkey {stanbul) and
its surrounding areas. The population of this cstycomposed of people whose family
origins are from every region of Turkey. Therefatae to its demographic characteristics,

the population ofstanbul approximately represents the populatiohuokey.
To examine the regional effects, the subjects wasieed about their birthplace,
family origin city, father and mother’s birthplacéhe regional distribution of the family

origins of the subjects is shown in Tallé and Figure 4.1.

Table 4.1. Distribution of family origin regions tife subjects

REGION FEMALE MALE ALL
Aegean 8 19 27
Black Sea 18 26 44
Central Anatolia 14 21 35
Eastern Anatolia 13 10 23
Marmara 22 24 46
Mediterranean 12 11 23
Southeastern Anatolia 5 6 11
Foreign Countries 10 4 14
TOTAL 102 121 223
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Southeastern  Foreign Countries
Anatolia 6%
5%

Figure 4.1 Distribution of family origins of the subje«

A medical history form was applied to the subjelstedore the experiments. T
purpose of this form was to disco if the subjects had serious health problems whast
lead to experimental errors. The subjects, whiah lealth problems, were excluded fr
the experiments and the experimentation periodosaducted with the healthy subje

The subjects were stified into 5 age groups as following (in years)8 — 29), (30 —
39), (40 — 49), (50 59) and (6(— 69).

To investigate the effects of work conditions oresgth, the subjects were died
into three occupation groupmanual workers, nomanual workes and students. This
categorization wagpartly made by the help of th&Regulation of Heavy and Dangero
Labors” which was published in the “Turkish Officidewspaper” on 16 June 20

A total of 223 (102 female and 121 male) subjeatsewolunteeredor the study.
Among them, seven female and seven male subjectslafe han-dominant
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Table 4.2, shows the number of subjects categobyegender, age and occupation

groups.
Table 4.2. Number of subjects by gender, occupat@hage groups

OCCUPATION AGE GROUP

GENDER ALL

GROUP | 18 59| 30-39| 40-49| 50-59| 60 and above

Non-Manual 13 10 5 14 10 52

Male Manual 13 19 12 0 0 44

Student 25 0 0 0 0 25

ALL 51 29 17 14 10 121

Non-Manual 12 9 12 16 13 62

Female Manual 4 7 4 0 0 15

Student 25 0 0 0 0 25

ALL 41 16 16 16 13 102

TOTAL 92 | 45| 33| 30 23 223

Moreover, the subjects were categorized accordiey tbody mass index prime

value. Body Mass Index Prime is a value which isawmed by the following formula

(apps.who.int)

The results of BMIP categorization can be foundable 4.3.

Table 4.3. Number of subjects according to theirlBMalue

BMI Prime = Weight(kg) / (25 x Height(rf))

(4.1)

Category BMIP Range Female| Male All
Underweight <0.74 9 0 9
Normal 0.74<x<1 58 56 114
Overweight >1 35 65 100
TOTAL 102 121 223

4.2. Equipment

Both hand grip strength and pinch strength measemésnwere taken during the

experiments. Jamar hand grip dynamometer (Fig@ewhas used for measuring hand grip
strength and Jamar hydraulic pinch gauge (Figug was used for measuring pinch

strength.
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Figure 4.3. Hydraulic pinch gauge

The equipment was calibrated before starting thpeements. The calibration of the
pinch gauge was done in the following manner: Kiitste pinch gauge was fastened on the
edge of a table with only the measuring pad beneg.f Then previously determined
weights were hanged from the measuring pad by #he ¢f a rope. Then the result was
read from the scale and compared with the detexdniaal weights of the objects being
held. The weights that were used in calibrationen®b kg, 3 kg, 5.5 kg, 6 kg, 7 kg, 8 kg,
9.5 kg, 11 kg, and 12 kg. The readings from théese@re the same as the actual weights

of the objects. Therefore the equipment was acewadl needed no further calibration.

A similar calibration test was applied to the hamigp dynamometer and as a result it

was also found accurate enough to be used in fheriexents.
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Some anthropometric measurements were taken biferexperiments. The weight
of the subjects was measured by a mechanical séalall-mounted meter was used to
measure the height of the subjects. Other anthrefrion measurements such as
circumference of forearm, circumference of fist datkarm-hand length were measured
by using a measuring tape. An adjustable chairwgasl for the tests where sitting posture

is needed.

4.3. Procedure

All the candidate subjects filled a “Medical HisgdForm” (Appendix A.1) and the
ones who were free from diseases such as dialiedad, diseases, rheumatoid arthritis,
hypertension and musculoskeletal disorders werepted to participate in the study. The
participants then signed the “Personal Consent F@Appendix A.3). The “Personal
Consent Form” and “Medical History Form” were preggaboth in English and Turkish.

Before starting the tests, the subjects filled ars$@nal Data Form” (Appendix A.5),
which included questions like age, occupation,dhethe subject lives now, family origin,
and mother and father’s birthplace. Part of thermfation related to this form (e.g., height,
weight, circumference of forearm, fist circumferentorearm-hand length) is filled by the

investigator after the measurements.

Height was measured by a wall-mounted meter wihike gubject with shoes-off
stood still with his/her shoulders and hip touchithg wall and eyes looking forward.
Weight of the subjects was measured by a mechasgak. The subjects wore light

clothes and did not wear any accessories whichecaxisa weight.

Circumference of forearm was measured while thewelwas flexed at 90 degree
and wrist in neutral posture. To be able to meatheevidest part of forearm, the subject
was asked to squeeze his/her fist moderately ardttie measurement was taken by a tape
measure (Figure 4.4). Circumference of fist wassueal while the subject formed a fist.
The measurement was taken around the fist includihghe knuckles (Figure 4.5).
Forearm-hand length was measured from elbow jairthé tip of middle finger (Figure

4.6). All anthropometric measurements were takemfthe dominant side of the subject.
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Figure 4.4. Measurement of the circumference adon

Figure 4.5. Measurement of the circumference of fis

Figure 4.6. Measurement of the forearm-hand length
Once the anthropometric measurements were takenexperimentation period
began. Before the tests, subjects were given tondafmiliarizing with the experimental

conditions and testing devices. In addition, thpesxnenter let the subject do some warm
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up exercises for hands and fingers before the erpats start in order to increase blood

circulation to condition muscles.

After the explanation of the experimental proceduire detail, the experiments
started. The dependent variables in the experimeée maximum voluntary pinch
strength and maximum voluntary hand grip stren§tbur types of pinch strength were
measured for males. These were tip pinch, pulphpitateral pinch and three-jaw chuck
pinch. Three types of pinch strength were measimefémales and these were pulp pinch,
lateral pinch and three-jaw chuck pinch. Since fthgernails of most females were not
short enough to measure tip pinch, it was not nredsfor females.

Hand grip strength was measured while the subjeets sitting, shoulder in neutral
posture, elbow flexed at 90° and wrist in neutraktpre following the standards of
American Society of Hand Therapists (Fess & Mofd#81; Fess, 1992). Forearm was not
supported during the measurements and the dynarapmves hold by the experimenter
(Figure 4.7). The measurement was taken for badtdminant and non-dominant hand in
a randomized order. Sitting posture was preferexhbse many studies in literature have
used this posture and recent studies on hand grgmgth show that there is not a

significant difference between the sitting and ditag posture (Silahli, 2008).

Strength measurements were performed accordin@ln@ll protocol (Caldwelet
al., 1974). This protocol suggests that the subjectulsh start with the instructors’s
“Increase to maximum exertion (without jerking) abbout one second and maintain the
maximum effort for four seconds.” command. No feszkbshould be given to the subject
during the experiments. There should be at leasbaminute break between the trials and
when the trials are not within 10% variation, testtshould be repeated until it meets this

condition.
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Figure 4.7. Measurement of hand grip strength

Pinch strength measurements were taken both whersubject was sitting and
standing. In both positions shoulder was in neyicature, elbow flexed at 90 degree and
wrist in neutral posture like the measurement afichgrip strength. Arm (upper and
forearm) was not-supported in the measurements.eXperimenter held the pinch gauge
and subject performed the strength test followimg €aldwell protocol (Caldwelkt al,
1974). The tests were conducted in a randomizedroithe testing positions for each
pinch strength type are shown in Figures 4.8 t6.4.1



Figure 4.9. Measurement of three-jaw chuck pinobnsfth while sitting
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Figure 4.10. Measurement of pulp pinch strengtHensiiting

Figure 4.11. Measurement of tip pinch strength evhitting
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Figure 4.12. Measurement of lateral pinch stremgthe standing

Figure 4.13. Measurement of three-jaw chuck piridngth while standing
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Figure 4.14. Measurement of pulp pinch strengtHentanding

Figure 4.15. Measurement of tip pinch strength gvkianding
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The subject started exerting force with the expentar's command, reached his /
her maximum in about 1 second, held the maximuntiexefor about 3-4 seconds and
then released. The instructions which are giveth& subjects by the experimenter are

shown in Appendix A.6.

Each test was repeated at least twice. If the réifiee between the two
measurements was more than 10%, the test was edpgsimany times as needed to meet
this 10% variation criterion. The maximum valuetloé successive two trials was recorded
as the subject’'s maximum voluntary strength. Theas a 2-minute rest period between
two consecutive tests of the same hand. The temts done in random order but to speed
up the experiments when a dominant hand measuremvast taken the following

measurement was a non-dominant one.

Table 4.4 provides the list of all the strength smm@aments that are taken from the

subjects.

Table 4.4. List of strength measurements taken tf@rsubjects

Number| Measurement

Dominant hand grip strength while sitting

Non-dominant hand grip strength while sitting

Dominant hand lateral pinch strength while siftin

Non-dominant hand lateral pinch strength whiteng

Dominant hand lateral pinch strength while stagdi

Non-dominant hand lateral pinch strength whiéading

Dominant hand three-jaw chuck pinch strength evbitting
Non-dominant hand three-jaw chuck pinch stremgihe sitting
Dominant hand three-jaw chuck pinch strength eveinding
Non-dominant hand three-jaw chuck pinch stremditle standing

11 Dominant hand pulp pinch strength while sitting

12 Non-dominant hand pulp pinch strength whilersitt

13 Dominant hand pulp pinch strength while standing

14 Non-dominant hand pulp pinch strength while ditagp

15 Dominant hand tip pinch strength while sittingly for male subjects)
16 Non-dominant hand tip pinch strength while sgt{only for male subjects)

17 Dominant hand tip pinch strength while standioigly for male subjects)
Non-dominant hand tip pinch strength while standifoply for male
18 |subjects)

=

O N |01~ WIN

[EEN
o
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The experimental procedure can be summarized bfpllogving flow chart (Figure 4.16):

A candidate volunteers for the experiments.

|

Explain the study

A

A

A 4
Apply the medical history form

NO

Eligible for
participation?

Have the participant sign the consent form

A 4
Ask questions about personal information andiiiliie personal data form

A 4

Perform the anthropometric measurements and reéberdata: Height, weight,
forearm-hand length, circumference of forearm d@rclmference of fist.

A 4
Explain the experimental procedure

v
Familiarize the subject with equipment and procedy

=

A 4
Have the subject warm-up his/her hand and afm

A 4

Measure the static handgrip strength accordingeaandomized order (dominar
/ non-dominant hand)

—

Figure 4.16. Flow chart for experimental procedure




Let the subject take 2 minutes rest [«

\ 4
Replicate the test for grip strengtt]

NO

Are the

measurements
within 10%

deviation?

Measure the static pinch strength according to rdwedomized order

(dominant/non-dominant hand, sitting/standing pestfour pinch types)

A 4
Let the subject take 2 minutes rest

|

Replicate the test for pinch strength

NO

Are the
measurements within
10% deviation?

Are all pinch strength
measurements done for
the current subject?

Let the subject

take 2 minutes rest

NO

Are all measurements

done for all of the
subjects?

YES

Stop experiment

Figure 4.16. Cont'd
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4.4. Experimental Design and Statistical Analysis

4.4.1. Experimental Variables

Maximum voluntary isometric lateral pinch strengtiree-jaw chuck pinch strength,

pulp pinch strength and tip pinch strength weredidygendent variables in this study.

Independent variables for each pinch strength sypedescribed in Table 4.5.

Table 4.5. Design factors for pinch strength

Design Factor: Levels
(1) Dominant hand

Hand (2)Non-dominant hand

(1) Sitting

(2) Standing

(1) Underweight (for females only)

BMIP group (2) Normal

(3) Overweight

(1) Non-manual worker

(2) Manual worker

(3) Student

(1) 18-29 yr.

(2) 30-39 yr.

Age group (3) 40-49 yr.

(4) 50-59 yr.

(5) 60-69 yr.

Posture

Occupation
group

Circumference o
the largest part of
forearn
Circumferenceof
fist
Forearn-hand
lengtk

4.4.2. Experimental Model and Experimental Conditions

Randomized complete block design with subjectsisgras blocks were used as the
experimental model. Randomization is necessaryoadghe effects of nuisance factors in

the experiments. When nuisance source of varighdiknown and controllable, blocking
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can be used to eliminate its effect on the staistcomparisons among treatments
(Montgomery, 2005).

The no-interaction statistical model for this desogn be stated as the following:

Yiiamn = M+ + X+ O 4T + P + 170+ Ejynn (4.2)
for
I =1, 2 (1: Pinching with dominant hand; 2: Pinchimith non-dominant hand)
j =1, 2 (1: Pinching while sitting; 2: Pinching wétanding)
k=1, 2,3 (1. Underweight people -for females enl2: Normal people; 3:
Overweight people)
I =1, 2, 3 (1: Non-manual workers; 2: Manual work&sStudents)
m=1, 2, 3, 4, 5 (1: 18-29 years; 2: 30-39 yearg(349 years; 4: 50-59 years; 5: 60-
69 years)
n=1, 2,..., 102 for females (number of female sulsject
n=1, 2,..., 121 for males (humber of male subjects)
where,

Yijkimn: ijkimn™ response (pinch strength)

W overall response mean

a;: effect of I" level for hand factor

;. effect of f'level for posture factor

S« effect of K" level for BMIP group factor

7: effect of "level for occupation group factor
om- effect of nt" level for age group factor

nn: effect of i block

Eijkimn: NID (0,6°) random error component.
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Randomization was done by using RAND( ) commanBxecel. Hand grip and pinch
measurements were randomized separately. For hapdstgength, randomization was
done between dominant and non-dominant hand. Farhpstrength, randomization for
dominant hand and non-dominant measurements were skparately. Because, since a 2
minute break is needed between the consecutive tidhe same hand, a sequential order
of dominant hand and non-dominant hand measurespa®ds up the testing. Therefore,
pinch measurements were started with the handhtdrad grip measurements started and
continued according to the randomized order. Imoamzation only one trial is taken into

account and measurements are repeated in the aadwmized order.

There were 18 tests to be accomplished by maleestsbjand 14 tests to be
accomplished by female subjects. Therefore totaibrr of strength data for the statistical
analysis is (102x14) + (121x18) = 3.606. Since dashis done at least twice, the number
of data collected is at least 7.212. The collectath are recorded on a form which is

shown in Appendix A.5.

4.4.3. Pilot Study

A pilot study with randomly selected 20 subject® (hales, 10 females) was
conducted before the actual experiments. The airslot study were twofold: (i) get
familiar with experimental procedures and equipméntobtain the standard deviation for

sample size determination of the actual study.

The overall mean and standard deviation of pinoéngths (lateral, chuck, pulp for
both genders and tip for males only) obtained fitbmn pilot study (16 test combinations
for males: 4 pinch types x 2 postures x 2 handge&2combination for females: 3 pinch

types x 2 postures x 2 hands) in kgf. were 8.9Jahdor males; 6.3 and 0.6 for females.

4.4.4. Sample Size Determination

Sample size calculation is an important part of statistical analysis. Because

sample size calculation is concerned with how mdata we need to make a correct
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decision on the study. It must be large enoughve gccurate results and small enough to

be collected in feasible time.

Sample size calculation formula for normative datadies is given in the I1SO
standards for establishing anthropometric databas#ése following (ISO 15535:2006):

1.96 XCV\ 2
N = (R2) x (1.534)? ®.3

Where, 1.96 is the critical Z value from a standaamal distribution for a 95%
confidence interval; CV is the coefficient of vamm; a is the percentage of relative
accuracy desired (Cl is to be no larger than * spereentage of the mean). Furthermore;

CV is defined as the following:
CV == x 100 (4.4)

Where,

X : sample mean

SD: sample standard deviation.

In current study, true mean and standard deviatidhe population are unknown, so
these values are estimated by using the resultheopilot study. Relative accuracy is
decided to be at least 5%. Therefore, sample $iwemales and females were calculated

as;

2
N = (@) X (1.534)2 =35 for females,

2
N = (1.96:12.2) 5 (1_534)2 =54 for males.

4.4.5.Statistical Analysis

Statistical Analysis was performed using SPSS 1&@ Minitab 15.0. In the
analysis, p-valuest 0.05 were accepted as significant and 0.05 <pesafu0.1 were

accepted as marginal.
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The data was categorized by gender and then dggerigtatistics such as mean,
standard deviation95% confidence interval of means, range and pdtesntvere
calculated. Pearson’s correlation coefficient wasduto investigate the linear relationship

between factors.

Multiple Analysis of Variance (MANOVA) was used tovestigate the effects of
independent factors on pinch strength. Dependemnahtas were lateral pinch strength,
three-jaw chuck pinch strength, pulp pinch strermthd tip pinch strength for males and
lateral pinch strength, three-jaw chuck pinch gtierand pulp pinch strength for females.
Independent factors were age group, occupationpgrBMIP group, posture and hand

group.

The purpose of an ANOVA is to test whether the nsdan two or more groups are
taken from the same sampling whereas the purpo3¢AMNOVA is to test whether the
vectors of means for the two or more groups areptainfrom the same sampling
distribution. The MANOVA gives one overall test tife equality of mean vectors for

several groups (Carey, 1988).

MANOVA has the advantage of testing the effects@feral independent variables
and several dependent variables within a singldysisa It is more powerful than

univariate tests and reduces the error rate.

Before conducting a MANOVA analysis, its assumpsionust be satisfied. These

are described as the following (ncsu.edu., 2009):
(i) The sampling must be random and observations neugtdependent of one
another. The sample in each cell must be greatan tihe number of

independent variables.

(i) The dependent variables must be continuous anghémdient variables must

be categorical.

(i) Dependent variables should be moderately correlaitdeach other.
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(iv) Multivariate normality must be established and deals of the dependent

variables must follow normal distribution.
(v) Homogeneity of variances within groups must be mtsu

Data was stratified into gender first. Both malel #&@male subjects were stratified
into three occupation groups: 1(non-manual), 2(ragn@(student); five age groups: 1(18-
29), 2(30-39), 3(40-49), 4(50-59), 5(60-69). Maldbjects were classified into two groups
according to their Body Mass Index Value: 1(norma(pverweight); and female subjects
into three: 1(underweight), 2(nhormal), 3(overwe)ght

MANOVA was performed for each gender separatelyerbction effects were not
found significant in the models so they were neglé@nd only main effects were taken
into account. Wilk's Lambda statistic was used ést tthe significance across groups
because it was the most commonly used statistioverall significance (canberra.edu.au,
2010). Due to the significant factor effects, MANAWvas followed by univariate
analysis of variance for each dependent variabheeQhe existence of significant factors
were found, post hoc range tests and pairwise phelltcomparisons were used to
determine which levels of factor means differ. Tyikeest was used as the range test for
factors which have more than two levels. Tukeysdagive narrower confidence levels,
therefore it was chosen for the analyses (Toothdl893). Pairwise multiple comparisons
test the difference between each pair of meang-tesd was used to test the differences of

means for factors which have two levels (SPSS26t0).

The hypothesis for Tukey’s test is as the followfhpntgomery, 2005):

Ho: 1, = H,
Mo 4 # 1, (4.5)

where i and | are treatment levelg)i
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This procedure uses studentized range statistichnibi

q = ymax ~ ymin
JMS: /n (4.6)
where
Vrax 1S the largest sample mean,

Yoin IS the smallest sample mean,

MSE is mean squares due to error,

n isthe sample size.

Using the g value, T value of the statistic carchleulated as:

_ % (p, f) 1.1
T, = \/MSE{n.Jrn.J

! J

4.7)

whereq, (p,f) is the uppern. percentage points af (studentized range statistiq),is the
number of groups will be comparenl,andn; are the sample sizes of the groupis the

number of degrees of freedom associated witlviBe

The 100(1-a) confidence intervals for all pairs of means cancbnstructed as the

following (Montgomery, 2005):

V2 n o

J

yi — yj. _M\/MSE[[T]:'{'A] S U — H; <Y _yj. _%\/MSE(%'F%j (4.8)

where
y. and y, are sample means dtandj" groups,

pand y; are population means dtandj™ groups ( # j).

For factors with two levels, t-tests were used ampare the means of groups. For
comparing the gender differences, since we doroikif the variances of male and female
strengths are equal, general t-test is used. FAPBMmparisons in males, since we know
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that all data comes from same distribution, podateskt is used. For comparisons of hand

and posture effects paired t-tests are used.
The hypothesis of a general t-test is stated a{itonery, 2005):

Ho: 1 = [
Hi M1 # M2 (49)

where |4 andu, are means of group 1 and 2.

The test statistic is calculated as:

ty = L2 (4.10)

where y1 -y, are the sample means, nl and n2 are the sampke $fizsd SZ are the

sample variances. The distribution gistwell approximated by t if we use;

p = —Bome (4.11)

The hypothesis of pooled t-test is stated as (bamiery, 2005):

Ho: p1 = [
Hi: a # M2 (4.12)

where |4 andu, are means of group 1 and 2.
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The test statistic is calculated as:

= Y (4.13)

wherey; - y; are the sample means, n1 and n2 are the sampéeSgfae anestimate of the

common variance.

Furthermore$,? is calculated as:

_ (u-DS2 41152 (4.14)

ni+nz—2

Sp?

whereS2 andS»2 are samplgariances.

The hypotheses of paired t-test are (Montgomer§520
Ho: 1, =0
Mo 4y #0 (4.15)

where [q4 is the difference of the mean between two grodpee test statistic for this

hypothesis is

d

t, = 4.16

° =, /I (4.16)
whered

- 1

d==Y4d (4.17)

nis
is the sample mean of the differencgs,
1/2

2. (d; —d)?
= —j=1
n-1

S, (4.18)
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is the sample standard deviation of the differenoeis the sample size, awlis thej™

paired difference.

Regression analysis was made to develop predieations for pinch strength of
males and females. Since the interactions betwaedgpendent variables were not found
significant in the MANOVA analysis, a no-interactionultiple linear regression model
was determined as a suitable model for the anal@iepwise regression approach was
adopted in the analysis. It is a method which syatecally adds the most significant
variable to the model and removes the least siti variable in each step. 0.05 was
selected for the level of significance.

The general form of the multiple regression equmtis as the following
(Montgomery, 2005):

y = Lo+ Pix1+ Pfaxz+ -+ Lrxx+ € (4.19)

where

Po : Constant

B1.B2,: Regression coefficients for independent varigbles
x1 x2 ... Regressor variables,

€ : Error term (normally distributed).

Before starting the regression analysis, the falgwassumptions must be met
(Kalayci, 2006):

* Linearity: The relationship between the dependemi &ndependent variables
should be linear. Multiple regression proceduresrat greatly affected by minor
deviations from this assumption.

* Normality: The residuals of the independent vagabhust be normally distributed.
This assumption can be checked by looking at thenab probability plots of

residuals.
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* Multicollinearity must not exist: If it exists, imeans that there are redundant
variables in the regression. This can be checkdddking at the variance inflation
factor (VIF). VIF is desired to be smaller than 5.

* Variance homogeneity: The variances within groupstnibe equal. Bartlett's test
can be used to check this assumption.

* Autocorrelation: there must not be correlation lesw the errors because
correlation affects the estimation of coefficiefus the regression. Durbin-Watson

statistic is used to verify this assumption. désired to be between 1,5 and 2,5.

After regression models were determined, a tessigmificance of regression was
performed to check the goodness of model (Montggn&£05).

The model utility test is performed for checking thignificance of the model. The

hypothesis of this test is:
Ho: 3, =, =..= B, =0
Hi: B, # 0 for at least ong(j=1,..., n). (4.20)

Rejection ofHp in the above hypothesis implies that at least ohthe regressor
variables contributes significantly to the modeh ANOVA table, which considers the
total sum of squares, sum of squares due to regressodel and sum of squares due to
residual, is used for checking the significanceegfression model. If the p-value is less
thana significance level, the null hypothedis is rejected, which implies that at least one

of the regressor variables contributes signifigatdlthe model (Montgomery, 2005).

Moreover R and R,q values were examined to see the goodness of fihef
regression model. fs the proportion of variance in the dependentalde, which can be
explained by the independent variables ar?ddes used to penalize the addition of
extraneous predictors to the model. The highérdj Ralues indicate that the included
independent variables describe the dependent Variditer, thus the fit of the model is
better (ucla.edu, 2010).
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5. RESULTS

5.1. Descriptive Statistics

The demographic profile and anthropometric charaties of subjects are

summarized in Table 5.1.

Table 5.1. Characteristics of participants

Female Male
Measurement Meanz£Std. Dev. Min-Max MeanzStd. Dev. Min-Max
Age (yrs) 38.3+14.6 18.8-68.2  36.0+13.2 188.7
Height (cm) 162.9+5.6 148 - 177 1742 +6.7 1603
Weight (kgf) 63.2 + 10.6 46 - 93 78.1+13.4 5501
Circumnierence of 247421 205 - 30 28.4+1.9 24.5 - 36
Forearm (cm)
E:C'rf)”mference ofFist  ,48+1.3 21-285 201+1.7 26 - 34
(Fconfsarm'Ha”d Length 451414 39 - 46 45.6 £2.2 41-53.5

Table 5.2 and 5.3 present the maximum isometrig gnid pinch strength values of
males and females (mean, standard deviation (&d),drange (min — max) and 95%
confidence interval for the mean in kgf) for doomhand non-dominant hands by gender,

age and occupation.

Results indicate that mean pinch strength of femmalas 68% of males. Lateral
pinch strength was found the strongest, followedchyck pinch and pulp pinch strength

for both genders. Tip pinch was the weakest dfoalmales.

Moreover pinch strength was maximum at ages betw@et years. After age 50, a

gradual decrease began for both genders.
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Manual workers were found to be the strongestlingd groups. The weakest groups

were students for males and non-manual workerfefoales.

Dominant hand was significantly stronger than nomuhant hand (The difference
was 7.5 % in males and 8.5 %t in females).

Moreover, the results showed that sitting or staggiosture did not have any effect

on pinch strength.



Table 5.2. Male grip and pinch strength (*)

a7

DLP NDLP DLP NDLP DCP NDCP DCP NDCP DPP NDPP DPP NDPP DTP NDTP DTP NDTP

Age N DG NDG Sit Sit Stand Stand Sit Sit Stand Stand Sit Sit Stand Stand Sit Sit Stand Stand
43.7 40.7 11 10.3 11.1 10.4 9.9 9.1 10 9.2 7.8 7.3 7.9 7.3 7 6.3 7 6.4

(£6.8) (£6.8) (£1.2) (£1.2) (£1.3) (£1.2) (£1.3) (£1.2) (£1.3) (£1.2) (£1.1) (#1.1) (#1.1) (£1.1) (£1.1) (1) (£1.1) (£1.1)

26.5-58 23.5-56 8-14.5 7.1-13 8.1-145 | 7.2-135 7.3-13 6.6-12.3 7.4-13 6.8-12.3| 5.5-10 4.9-9.6 | 5.5-10.5 5-10 4.5-9.7 4.3-9 4.6-10 4.2-9.7

Male 112] 42.5-45 | 39.5-41.9| 10.8-11.2| 10.1-10.5| 10.9-11.4| 10.2-10.7| 9.7-10.1 | 8.9-9.4 | 9.7-10.2 9-9.4 7.6-8 7174 | 7781 | 7.1-75 | 6.8-7.1 | 6.2-65| 6.8-7.2 | 6.3-6.6
41.1 38.2 10.9 10.2 11 10.3 9.9 9.1 10 9.1 7.8 7.1 7.8 7.2 7 6.3 7 6.4

(£6.1) (£6.3) (*1.1) (x1.1) (£1.1) (x1.1) (£1.2) (x1.1) (*1.2) (1.1) (£1.1) (£1.1) (#1.1) (*1.1) (*1) (*1) (£1.1) (*1.2)

26.5-54 | 23.5-52 | 8.4-13.1 8-12.3 8.5-13.2 8.1-13 7.5-12.9 | 6.6-11.6| 7.4-13 6.8-12 5.5-10 | 4.9-9.6 | 5.5-10.1| 5-9.5 4.5-9.7 4.3-9 4.6-10 | 4.2-9.7

NMW 52 || 39.4-42.8| 36.4-39.9| 10.6-11.2| 9.9-10.5 | 10.7-11.3| 10-10.7 9.6-10.3 8.8-9.4 9.6-10.3 8.8-9.4 7.4-8.1 6.8-7.5 7.5-8.1 6.8-7.5 6.7-7.3 6.1-6.6 6.7-7.3 6.1-6.8
44.4 41.5 11.2 10.4 11.6 10.8 10.1 9.1 10.4 9.3 7.7 7.2 7.8 7.3 6.8 6.2 6.8 6.3

(#5.5) (#5.8) (*1) (1.1) (1.1) (*1.2) (£1.4) (£1.4) (*1.3) (£1.4) (x0.9) (x0.9) (x0.9) (£0.9) (0.9) (*1) (x0.9) (*1)

36.5-54 | 34.5-52 | 8.8-12.8 8.3-12 10-13.1 9.6-13 7.5-12.6 | 6.6-11.5] 7.8-13 6.8-12 6-9.3 5.5-9 6.5-9.2 | 5.6-8.9 5-8.5 4581 | 5.2-84 | 4.6-8.1

18-29 yearg 13 41-47.7 38-45 10.5-11.8 9.7-11 10.9-12.2| 10.1-11.5 9.3-11 8.3-9.9 9.7-11.2 8.4-10 7.1-8.3 6.7-7.8 7.3-8.4 6.7-7.9 6.3-7.4 5.6-6.7 6.3-7.4 5.7-7
45.5 43 1.1 10.7 11.1 10.6 10.2 9.6 10.2 9.4 8.2 7.5 8.1 7.3 7.2 6.7 7.3 6.9

(4.1) (4.1) (#1.1) (£1.1) (£1.1) (£1.4) (£1.3) (1) (£1.4) (£1.3) (£1.2) (£1.4) (£1.3) (£1.3) (£1.7) (£1.4) (£1.9) (£1.9)

35.5-50.5 33-49 9.6-13 8.3-12.3 | 9.7-12.9 8.1-12.5 8.1-12.9 7.6-11 7.8-12.6 7-11.6 6.5-10 4.9-9.6 | 6.1-10.1 5-95 4.5-9.7 4.3-9 4.6-10 4.2-9.7

30-39 yearq 10 | 42.5-48.4| 40.1-46 | 10.3-11.9| 9.9-11.5 | 10.3-11.9| 9.6-11.6 | 9.3-11.1 | 8.9-10.3| 9.2-11.2 || 8.4-10.3| 7.4-9.1 | 6.5-8.5 7.2-9 6.4-8.3 6-8.4 5.7-7.7 | 5.9-8.6 | 5.6-8.3
39 35.4 10.8 10.2 10.9 11.3 9.7 9.1 9.7 9.1 8 7.2 8.2 7.3 6.8 6 6.9 6.1

(£2.4) (£3) (£0.9) (£1.1) (£0.9) (1) (£2.1) (£2) (£1.8) (£1.7) (£1.4) (£1.2) (£1.4) (£1.2) (£0.7) (£0.7) (£0.9) (£0.8)

35.5-41.5 31-38 9.2-11.6 8.2-11 9.4-11.5 8.5-11 7.5-12.5 7-11.6 7.7-11.8 || 7.1-10.9| 6.5-9.6 6-9 6.7-9.7 6.1-9.1 6.1-7.5 5.4-7 6-8.1 5.3-7.1

40-49 yeary 5 36-42 31.7-39.1| 9.6-11.9 | 8.8-11.6 9.8-12 9-11.5 7-12.3 | 6.6-11.7| 7.5-12 7-11.1 | 6.3-9.7 | 57-8.7 | 6599 | 5889 | 59-7.6 | 5.2-6.9 5.8-8 5-7.1
39.8 36.7 10.8 10.1 10.8 10.1 9.9 8.9 9.8 9 7.9 7.2 7.9 7.3 7.3 6.7 7.2 6.7

(£6.7) (£6.4) (£1.4) (*1.3) (£1.4) (*1.2) (#1.1) (0.9) (*1) (0.8) (£1.2) (£1.2) (£1.3) (*1.2) (x0.8) (+0.8) (+0.8) (x0.8)

26.5-48 23.5-44 | 8.4-13.1 8-12.2 8.5-13.2 | 8.1-12.3 7.5-12 | 7.1-10.8| 7.4-11.9 | 7-10.7 | 5.9-9.8 5-9.1 5.6-10 | 5.2-9.2 | 5.5-8.3 5-8 5.7-8.2 | 5.1-7.9

50-59 yearg| 14 || 35.9-43.6| 33-40.4 10-11.6 9.4-10.8 10-11.6 9.4-10.8 9.3-10.5 8.4-9.4 9.2-10.4 8.5-9.5 7.2-8.6 6.5-7.9 7.2-8.6 6.6-8 6.8-7.8 6.2-7.2 6.8-7.8 6.2-7.1
35.3 324 10.6 9.7 10.5 9.8 9.5 8.7 9.4 8.7 7.1 6.5 7.2 6.6 6.7 5.9 6.7 6

(£2.8) (£3.4) (+0.6) (0.7) (£0.5) (£0.6) (x0.5) (£0.4) (x0.6) (£0.6) (*1) (x0.9) (x0.9) (0.8) (x0.7) (x0.8) (+0.8) (0.8)

32-41 29-40 10.1-12 | 9.2-11.5 | 9.8-11.6 | 9.4-11.3 | 8.7-10.3 8-9.6 8.5-10.2 || 7.9-9.7 | 5.5-85 5-7.6 5.5-83 | 51-7.6 | 49-7.3 | 4.3-6.5 5-7.5 4.5-6.7

60-69 yearg| 10 || 33.3-37.3| 30-34.8 10.1-11 9.2-10.2 10.2-11 9.4-10.2 9.1-9.9 8.4-9 9-9.8 8.3-9.1 6.4-7.8 5.9-7.1 6.6-7.9 6-7.1 6.2-7.2 5.4-6.5 6.2-7.3 5.4-6.5

* (Numbers in each cell indicate mean; standardadiew; range and 95% confidence interval of theameespectively in kgf)
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Table 5.2. Cont’d
48.7 45.2 11.7 10.9 11.8 111 10.3 9.5 10.4 9.6 7.9 7.4 8.1 75 7.1 6.5 7.1 6.6
(+6.1) (+6.5) (+1.1) (+1.1) (+1.2) (+1.1) (*1.3) (+1.3) (*1.3) *#13) | (11 | 11 | 12 | 12 | 12 | 12) | 12) | (*1.2)
32.5-58 29.5-56 9-14.5 8.9-13 9.1-14.5 9-13.5 7.3-13 7-12.3 7.6-13 6.9-12.3| 5.6-10 5-9.5 5.5-10.5 5-10 5-9.2 4.3-8.9 4.9-10 4.2-9
MW 44 || 46.8-50.5| 43.2-47.2| 11.4-12.1| 10.5-11.2| 11.4-12.2| 10.7-11.4| 9.9-10.6 9.1-9.9 10-10.8 9.2-10 7.6-8.3 7-7.7 7.7-8.5 7.2-7.9 6.7-7.4 6.1-6.8 6.7-7.5 6.2-6.9
48.5 46.2 11.5 10.7 11.8 11.1 10.2 9.4 10.4 9.6 8.1 7.6 8.2 7.7 7.2 6.5 7.4 6.8
(#5.1) (#5) (0.8) (*0.7) (*0.7) (*1) (*1.3) (*1.3) (*1.3) (#1.1) | 12) | @11 | @11 | @11 | @12) | @11 | @14) | 11)
36-55.5 34-53.5 10.5-13 9.7-11.8 | 10.9-13.5| 9.5-12.5 7.3-12 7-11.5 7.6-12.5 || 7.2-11.6| 6.3-10 5.8-9.5 6.2-9.6 5.8-9.4 5.1-9.1 4.9-8.1 5-10 4.7-8.2
18-29 years| 13| 45.5-51.6| 43.2-49.3 11-12 10.3-11.1| 11.4-12.3| 10.5-11.7 9.5-11 8.6-10.1| 9.6-11.2 | 8.9-10.3| 7.4-8.8 6.9-8.3 | 7.5-8.8 7-8.3 6.5-7.9 5.8-7.2 | 6.6-8.2 | 6.2-7.5
48 447 11.7 10.9 11.7 11 10 9.3 10.3 9.4 7.6 7 7.8 7.2 6.7 6.2 6.8 6.3
(+7.6) (*7.5) (+1.2) (+1.1) (+1.4) (*1.2) (+1.1) (+1.1) (*1.3) (*+1.3) | (*1.1) (+1) #13) | 12 | 12) | 1.2) | *1.3) | (*1.3)
32.5-58 30-56 9-13.5 8.9-13 9.1-14.5 9-13.5 7.7-11.5 7-11.2 7.8-13 6.9-11.5| 5.6-9.2 5-9 5.5-10 5-9.5 5-9.2 43-88 | 4.9-94 4.2-9
30-39 year§] 19 44.4-51.6| 41.1-48.3| 11.1-12.3| 10.3-11.4| 11-12.4 | 10.5-11.6| 9.5-10.5 8.8-9.9 9.7-11 8.8-10 7.1-8.1 6.5-7.5 7.1-8.4 6.6-7.8 6.2-7.3 5.6-6.8 6.2-7.4 5.7-6.9
49.9 44.8 12 11 11.9 11 10.7 10 10.6 9.9 8.2 7.7 8.6 7.9 7.4 6.9 7.4 6.8
(*4.8) (#6.5) (*1.2) (*1.3) (*1.3) (*1.3) (*1.5) (*1.5) (*1.5) (*1.6) (1) (*1.1) | #1.3) | (#1.2) | (1.1) | (¢1.1) (*1) (*1)
42-58 29.5-54 | 10.5-14.5 9.5-13 10-14 9.2-12.9 8.5-13 8-12.3 8.2-12.6 | 7.2-12.3| 6.9-9.6 6.2-9.4 7-10.5 6.1-10 5.4-9.2 5.1-8.9 5.5-94 4.9-9
40-49 yeary| 17 46.8-52.9| 40.7-49 | 11.2-12.8| 10.2-11.9| 11.1-12.7| 10.2-11.9| 9.7-11.7 9.1-11 9.7-11.6 || 8.9-10.9| 7.6-8.9 7.1-8.4 || 7.8-9.3 7.2-8.6 6.7-8.1 6.2-7.6 6.7-8 6.2-7.5
40.5 38.1 10.1 9.4 10.2 9.6 9.1 8.6 9.2 8.6 7.8 7.3 7.9 7.3 6.7 6.1 6.9 6.2
(#3.8) (#3.8) (1) (1) (1) (*1) (#0.9) (1) (*1) (1) (0.8) | (x0.8) | (0.8) | (x0.8) | (x0.8) | (x0.8) | (+0.8) | (+0.8)
32-48 30-46 8-12 7.1-11.4 8.1-12.1 7.2-11.6 7.5-11.2 7.1-11 7.6-11 7-10.8 6.2-8.9 5.7-8.5 5.8-9.1 5.2-8.9 4.9-7.8 4.4-7.2 4.8-8 4.5-7.3
Students 25 || 38.9-42.1| 36.5-39.7| 9.7-10.5 9-9.8 9.8-10.6 9.2-10 8.8-9.6 8.2-9 8.8-9.6 8.2-9 7.5-8.1 7-7.6 7.6-8.2 7-7.6 6.4-7 5.8-6.5 6.5-7.2 5.9-6.6
40.5 38.1 10.1 9.4 10.2 9.6 9.1 8.6 9.2 8.6 7.8 7.3 7.9 7.3 6.7 6.1 6.9 6.2
(+3.8) (+3.8) (+1) (+1) (+1) (*1) (+0.9) (+1) (*1) (+1) (+0.8) | (+0.8) | (+0.8) | (+0.8) | (x0.8) | (x0.8) | (x0.8) | (+0.8)
32-48 30-46 8-12 7.1-11.4 | 8.1-12.1 | 7.2-11.6 | 7.5-11.2 7.1-11 7.6-11 7-10.8 6.2-8.9 5.7-85 | 5.8-9.1 52-89 (| 49-78 | 4.4-7.2 4.8-8 45-7.3
18-29 yearg) 2§ 38.9-42.1| 36.5-39.7| 9.7-10.5 9-9.8 9.8-10.6 9.2-10 8.8-9.6 8.2-9 8.8-9.6 8.2-9 7.5-8.1 7-7.6 7.6-8.2 7-7.6 6.4-7 5.8-6.5 6.5-7.2 5.9-6.6




Table 5.3. Female grip and pinch strength (*)

DLP NDLP DLP NDLP DCP NCLP DCP NDCP DPP NDPP DPP NDPP

Age N DG NDG Sit Sit Stand Stand Sit Sit Stand Stand Sit Sit Stand Stand
27.5(5.7)| 25(5.7) | 7.7(x1.2)| 7.1(¥1.1)| 7.8(¢1.2)| 7.2(¥1.1)| 7(+¥1.1) | 6.4(x1.1)| 7(x1.1) | 6.4(x1) | 5.4(1) | 4.9(x0.9)| 5.5(¢1) | 4.9(x0.9)

10.5-42 9.6-38 | 49-11.1| 43-95| 51-11 | 4296 | 43-10.5| 3.6-9 | 3.8-10.2| 4-8.8 33-77| 28-7 34-78 | 27-7

Female 102| 26.4-28.7| 23.9-26 | 75-79 | 6.9-7.3 | 7.5-8 7-7.4 6.8-72 | 6.2-66 | 6.8-72] 6.2-6.6| 52-56| 4751 | 5357 | 485.1
26.6(+6) | 24.2(+6.1)| 7.6(x1.2)| 6.8(x1.1)| 7.6(+1.2)| 6.9(+1.1)| 6.7(x1.1)| 6.1(x1.1)| 6.8(+1.1)| 6.2(¢¥1) | 5.1(+0.8)| 4.7(+0.8)| 5.2(x0.9)| 4.7(x0.8)

14.5-42 11-38 | 5.1-11.1| 4.3-95| 51-11 | 4.2-96 | 45-105 4-9 4.6-10.2| 4-8.8 33-71| 2865 | 34-71| 2765

NMW 62 | 25.1-28.1| 22.6-25.7| 7.3-79 | 6.6-7.1 | 7.3-79 | 6.6-7.2 | 6.5-7 5864 | 6571 | 5964 | 4954 | 4549 | 554 4.5-4.9
28.9(#5) | 27.3(¢5.8)| 7.8(x1.4)| 7.1(x1.2)| 7.8(¥1.2)| 7.2(¥1.2)| 6.9(¥1.1)| 6.3(x1) | 6.9(¥1) | 6.4(x1) | 5.1(x0.8)| 4.6(x0.8)| 5.3(x0.9)| 4.8(x0.8)

21-34 19-36 | 6.3-10.5| 5.5-9.5| 6.5-10.4| 59-96 | 54-85 | 48-7.7| 54-86 | 47-79| 42-6.7| 3.8-63| 43-71| 3.8-65

18-29 yeary 12 || 25.7-32.1| 23.6-30.9| 6.9-8.7 | 6.3-79 | 7.1-86 | 64-79 | 6.3-76 | 5769 | 6.3-76 | 5.8-7 4.6-56 | 41-51 | 4758 | 4.2-53
30.2(x6) | 26.9(x5.6)| 7.7(x0.6)| 7.1(x0.6)| 7.9(x0.7)| 7.3(x0.6)| 7(x0.4) | 6.4(x0.6)| 7.2(x0.4)| 6.5(x0.5)| 5.5(x0.5) 5.1(*0.5)| 5.6(*0.6)| 5(+0.6)

22.5-42 20-38 6.8-8.7 6-8 6.7-88 | 64-85| 65-78| 55-75| 6.6-76 | 56-7.3 | 51-6.6 | 46-6.2 | 4.9-6.8 | 4.3-6.3

30-39 yeary 9 | 25.6-34.8| 22.6-31.2| 7.2-82 | 6.6-76 | 74-84 | 6.9-7.8 | 6.6-7.3 | 6-6.9 6.9-75| 6.1-69| 5159 | 4755| 51-6.1 | 4.6-55
28.6(+4.1)| 26.1(¥4.9)| 7.9(x0.8)| 7(x0.8) | 7.9(x0.9)| 7(x0.7) | 7(x0.8) | 6.3(x0.9)| 7(x0.8) | 6.3(*0.7)| 5.3(x0.8)| 4.8(x0.7)| 5.3(x0.7)| 4.8(x0.7)

23.5-36 19-33 6.3-9 54-82 | 6492 | 5.8-8 55-85| 46-78 | 5786 | 52-7.7| 3.8-71| 3565 | 3.6-65| 3.3-6.3

40-49 yearg 12 | 26-31.2 | 22.9-29.2| 7.4-84 | 64-75| 73-85| 65-74| 64-75| 5768 | 6575 | 59-68| 48-58| 4453 | 48-5.7| 4453
25.6(x6.1)| 24(x5.6) | 8(x1.4) | 7.2(¥1.2)| 8.1(¥1.5)| 7.4(x1.2)| 7.2(x1.3)| 6.7(x1.2)| 7.3(*1.3)| 6.6(*1.2)| 5.4(x0.9)| 4.9(x0.8)| 5.4(*1) | 4.9(x0.9)

17-39 15.5-35 | 5.6-11.1| 5-9.5 55-11 | 5.1-9.6 | 46-10.5| 4.5-9 | 4.6-10.2| 4.4-88 | 3.9-68 | 3.7-6.1 | 3.8-7 3.6-6.4

50-59 yearg 16 | 23.4-29.8| 21-27 7.2-88 | 6.6-79 | 7.3-88| 6.7-8 6.5-7.9 | 6-7.3 6.6-8 6-7.3 49-59 | 45-53 | 4959 | 4453
20.2(x3.4)| 17.8(+3.6)| 6.4(x0.7)| 5.8(*0.8)| 6.5(x0.7)| 5.8(x0.9)| 5.6(x0.6)| 4.9(x0.6)| 5.7(x0.6)| 5(x0.6) | 4.5(x0.8)| 4(*0.8) | 4.6(x0.7)| 4.1(+0.8)

14.5-25 11-23 51-75| 43-74 | 51-76 | 42-73 | 4565 4-6 46-65| 4-6.1 3.3-6 2855 | 3458 | 2754

60-69 yearg 13 | 18.2-22.3| 15.6-20 6-6.9 5.3-6.3| 6-6.9 53-64| 526 45-53| 5.3-6 4.7-54 | 4-49 3.6-45| 4.15 3.6-4.5
32(+2.6) | 29.2(+3) | 8.6(+0.8)| 7.9(x0.8)| 8.6(x0.8)| 7.9(x0.8)| 8(x1) | 7.2(x0.9)| 7.9(x0.9)| 7.2(x0.9)| 6.4(0.8)| 5.8(+0.8)| 6.4(+0.9)| 5.8(+0.8)

26.5-36 | 24.5-34 | 7.4-10.1| 6.6-9.4 | 7.1-10.2| 6.5-95 | 6.5-95 | 6-8.8 6.5-9.3 | 5.9-87 | 51-7.7 | 4.6-7 49-78 | 4.5-7

MW 15 || 30.5-33.5| 27.6-30.9| 8.1-9 74-84 | 81-9.1| 7584 | 7485 | 6.7-7.7| 7484 | 6.7-7.7| 6-6.8 53-6.2 | 6-6.9 5.3-6.2
33.1(x3) | 31(%2.2) | 9.2(¢1.2)| 8.8(x0.8)| 9.3(+0.9)| 8.8(+0.7)| 8.6(+0.8)| 8.1(+0.7)| 8.5(+0.8)( 8.1(x0.6)| 7.2(x0.5) 6.6(+0.7)| 7.3(+0.6)| 6.7(+0.7)

29-36 28-33 | 75-10.1| 76-94 | 8-102 | 79-95| 7592 | 7.1-88| 76-93 | 7.3-87| 6.6-7.7 | 55-7 6.5-7.8 | 5.7-7

18-29 yeary 4 | 28.3-37.9| 27.6-34.4| 7.4-11 | 75-10 | 7.8-10.8| 7.7-99 | 74-98 | 6.9-9.2 | 7398 | 7.1-9 6.5-8 54-7.7 | 6.4-82 | 56-7.7
32.3(+2.1)| 29.4(+2.9)| 8.1(20.6)| 7.4(+0.7)| 8(0.6) | 7.5(x0.6)| 7.1(x0.7)| 6.5(0.7)| 7.3(+0.7)|| 6.6(+0.7)| 5.9(x0.7)| 5.3(x0.7)| 5.9(0.8)| 5.4(+0.6)

28-34.5 25-34 7493 | 66-86| 7192 | 6585| 6584 | 6-79 6.5-85| 5.9-8 51-71 | 46-66 | 49-7.2 | 4565

30-39 yearg 7 | 30.3-34.2| 26.8-32.1| 7.5-86 | 6.8-8 74-86 | 6.9-8 6.5-78 | 59-7.1 || 6.6-79| 59-72| 53-65| 4.6-6 5.2-6.6 | 4.8-5.9
30.4(x3) | 27.1(+3) | 8.7(x0.4)| 8(+0.3) | 8.9(x0.4)| 8(+0.3) | 8.8(+0.7)| 7.7(+0.3)| 8.5(x0.5)| 7.5(x0.3)| 6.5(x0.4) 5.7(+0.5)| 6.3(+0.6)| 5.6(+0.5)

26.5-33.5| 245-30 | 829.1| 7581 | 8392 | 76-82| 79-95| 7581 7889 | 73-79| 6.1-68| 51-63| 58-7.1| 51-6.2

40-49 yearg 4 | 25.7-35.1| 22.3-32 | 8194 | 7584 | 8295 | 7584 | 7798 | 7281 | 7793 | 7179 59-71 ] 49-65| 54-72 | 48-65
27.1(#5) | 24.6(x4.8)| 7.5(x1) | 7.2(x0.9)| 7.7(x¥1) | 7.3(¥0.8)| 7(x0.9) | 6.5(x0.9) 7(x1) | 6.6(x0.9)|5.4(x0.9)| 4.9(x0.9)| 5.5(x1) | 5(*0.9)

10.5-34 9.6-32 | 4.9-95 6-9 5.1-9.7 | 6.1-89 | 43-89| 36-7.8| 3.888| 4.2-81| 35-72| 3-6.7 3.6-7.3 | 3-6.9

Students 25 || 25.1-29.2| 22.6-26.6| 7.1-79 | 69-76 | 7.2-81 | 7-7.7 6.7-74 | 6.1-69 | 6.6-74 | 6.2-7 5-5.8 4.6-53 | 5.1-5.9 | 4.7-54
27.1(#5) | 24.6(+4.8)| 7.5(x1) | 7.2(x0.9)| 7.7(x¥1) | 7.3(¥0.8)| 7(x0.9) | 6.5(x0.9) 7(x1) | 6.6(x0.9)|5.4(x0.9)| 4.9(x0.9)| 5.5(x1) | 5(*0.9)

10.5-34 9.6-32 | 4.9-95 6-9 5.1-9.7 | 6.1-89| 43-89| 3.6-7.8| 3.888| 4281 | 35-72| 3-6.7 3.6-7.3 | 3-6.9

18-29 yeary 25 | 25.1-29.2| 22.6-26.6| 7.1-79 | 6.9-76 | 7.2-81 | 7-7.7 6.7-74 | 6.1-69 | 6.6-74 | 6.2-7 5-5.8 4.6-53 | 5.1-5.9 | 4.7-54

* (Numbers in each cell indicate mean (standakdadi®n); range and 95% confidence interval of itiean, respectively in kgf)

49



5.2. Percentiles

50

For reference purposes, percentile values wereuleddel. The 8, 50" and 9%'

percentile values for each pinch strength measuneare stated in Table 5.4 for males and

females. The notations that are used in the taleléh& same as in the descriptive statistics

tables.

Table 5.4. Percentiles for males and females ih &st position

MALES FEMALES

STRENGTH TYPE | Std. Dev.| 5,0 |50,0[ 95,0/ Std. Dev.| 5,0 | 50,0 95,0
DG 6.8 32.543.7|54.9 5.7 18.2/ 27.5/36.9
NDG 6.8 29.5 40.7|51.9 5.7 15.7/25.0/34.4
DLPSit 1.2 9.0| 11.913.0 1.2 58| 77|96
NDLPSit 1.2 8.3| 10.312.2 1.1 53|71 88
DLPStand 13 9.1 11.113.2 1.2 59| 78|97
NDLPStand 1.2 8.4| 104124 11 55| 72]8.9
DCPSit 13 7.8| 9.9 119 11 51| 7.0] 8.8
NDCPSit 12 72| 9.1 111 11 46| 6.4 |82
DCPStand 13 79| 100121 1.1 52|70 88
NDCPStand 1.2 72| 92| 112 10 4716481
DPPSit 11 6.1| 7.8/ 9.6 1.0 | 38| 54]6.9
NDPPSit 11 55| 7.2] 9.0 09 | 34|49)|64
DPPStand 11 6.1 79| 9.8 1.0 |39|55]|71
NDPPStand 11 55| 7.3] 9.1 09 | 34|49)|64
DTPSit 11 52| 7.0 8.7

NDTPSit 1.0 4.7| 6.3] 8.0

DTPStand 11 52| 7.0/ 8.8

NDTPStand 11 46| 6.4 8.2

The percentile values of dominant hand pinch strerfgr different age and

occupation groups in sitting posture are displayedable 5.5 and 5.6 for males and

females. The notations that are used in the tavkeas the following:

GS

LPS
CPS
PPS
TPS

for Grip Strength

for Lateral Pinch Strength
for Three-Jaw Chuck Pinch Strength

for Pulp Pinch Strength
for Tip Pinch Strength
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Table 5.5. Percentiles for male and female domihantl pinch strength according to age

groups in sitting posture

MALES FEMALES
Std.dev.
AGE GROUPS and GS |LPS |(CPS |PPS [TPS| GS |LPS CPS | PPS
percentiles
std.dev. |[5.66 |1.13 [1.19 |0.95|0.97|5.09 (1.21 |1.06|1.03
18 -29 5 34.21(8.84 |7.71 |6.29|5.27|19.87 |5.76 |5.42|3.80
50 43.53|10.71|9.66 |7.84|6.86(28.24 |7.76 |7.16|5.49
95 52.85(12.57|11.62|9.40|8.45|36.62 |9.76 |8.91|7.18
std.dev. [6.60 |1.19 (1.13 |1.14|1.35|/4.68 |0.62 |0.53|0.59
30-39 5 36.28(9.53 |8.24 |5.94|4.69|23.39 |6.84 |6.17|4.71
50 47.14|11.49|10.10{7.81|6.90|31.09 |7.86 |7.04 |5.68
95 57.99(13.45|{11.96|9.69|9.11|38.79 |8.88 |7.92 |6.64
std.dev. [6.59 |1.27 (1.73 |1.10|1.04|3.85 |0.79 |1.11|0.89
40 — 49 5 35.83(9.58 |7.54 |6.35|5.49(22.73 |6.79 |5.59|4.12
50 46.68 | 11.66|10.388.15|7.20|29.06 |8.09 |7.41|5.58
95 57.52(13.75|13.22/9.96|8.91|35.39 |9.39 |9.24|7.03
std.dev. |6.67 |1.38 [1.07 |1.22|0.83/6.08 |1.44 |1.30|0.90
50—59 5 28.81|8.51 |8.12 |5.86|5.92|16.59 [5.62 |[5.11|3.90
50 39.79(10.78|9.87 |7.87|7.29|26.59 |7.99 |7.24|5.38
95 50.76(13.05|11.63 |9.88|8.65|36.60 | 10.37 |9.37 | 6.86
std.dev. [2.80 |0.57 [0.54 |0.96|0.73|3.38 |0.73 |0.64|0.75
60— 69 5 30.64(9.61 |8.59 |5.55|5.48|14.67 |5.24 |4.53|3.25
50 35.25(10.55(9.48 |7.13|6.67|20.23 |6.44 |5.58|4.48
95 39.86(11.49|10.37|8.71|7.86|25.80 | 7.64 |6.64|5.71
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Table 5.6. Percentiles for male and female domihantl pinch strength according to

occupation groups in sitting posture

MALES FEMALES
Std.dev.
g;gﬂi’:ﬂON and. GS |LPS |CPS |PPS |TPS GS |LPS |CPS |PPS
percentiles
std.dev. |6.11 [1.07 |1.24 [1.13|1.03|6.00 |1.21 {1.11 |0.84
Non-Manual 5 31.03|9.13 |7.86 |5.89|5.28|16.75 |5.57 |4.92 |3.76
Workers 50 41.0810.90|9.91 |7.76|6.98|26.62 |7.56 |6.74 |5.13
95 51.12|112.66|11.95|9.63|8.68|36.49 |9.56 |8.56 |6.51
std.dev. |6.13 [1.10 |1.26 |1.11|1.17|2.63 |0.84 [1.02 |0.78
Manual 5 38.59/9.90 |8.20 |6.08|5.13(27.68 |7.17 |6.28 |5.11
Workers 50 48.67(11.71|10.26(7.91|7.05|32.00 |8.55 |7.96 |6.39
95 58.75|13.53|12.33|9.74|8.98(36.32 |9.92 |9.64 |7.67
std.dev. |3.84 [1.00 |0.93 [0.79|0.82|5.01 |1.01 [0.94 |0.93
5 34.18|8.43 |7.60 |6.50|5.36/18.91 |5.85 |5.49 |3.87
Students
50 40.50(10.08 |9.14 |7.80|6.70|27.14 |7.51 |7.04 |5.40
95 46.82(11.72|10.68(9.09|8.05|35.37 |9.17 |8.58 |6.94

5.3. Correlation Analysis

Correlation analyses (Pearson) were performed dthn gender data seperately. The
correlation coefficients between each pinch stiengpe and age, occupation, BMIP, hand

and posture of the participants are provided inld &b/ through Table 5.10.

Occupation and hand were found significantly andatigely correlated with male
lateral pinch strength (LPS) and BMIP was foundchsigantly and positively correlated
with male lateral pinch strength. But age and pestwere not found significant. For
females, age was significantly and negatively dateel with lateral pinch strength.
Negative correlation of hand with LPS indicated finam dominant to non-dominant hand
pinch strength decreases. Positive correlationagupation with LPS means that from
non-manual to manual workers pinch strength inegaBut BMIP and posture were not

found significantly correlated (Table 5.7).
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Table 5.7 Correlations for lateral pinch strength

MALES Age Group| Occupation GroyBMIP Group | Posture Group Hand Group

Lateral Pinch

strength Coefficientf -0.02 -0.15 0.12 0.05 -0.28
P-value 0.66 0.00 0.01 0.27 0.00

FEMALES

Lateral Pinch

strength Coefficient] -0.27 0.12 0.00 0.04 -0.27
P-value 0.00 0.01 0.99 0.46 0.00

The results for chuck pinch strength indicated tbatupation and hand were
negatively correlated with male chuck pinch stréndgtor females age and hand were
negatively correlated whereas occupation was pesjticorrelated with female chuck
pinch strength (Table 5.8).

Table 5.8 Correlations for chuck pinch strength

Age Occupation BMIP Posture Hand
MALES Group Group Group Group Group
Chuck Pinch
strength Coefficient 0.00 -0.12 -0.05 0.02 -0.30
P-value 0.99 0.01 0.29 0.61 0.00
FEMALES
Chuck Pinch
strength Coefficient -0.30 0.18 -0.04 0.02 -0.27
P-value 0.00 0.00 0.41 0.71 0.00

Male pulp pinch strength was found to be negativarelated with age and hand
whereas female pulp pinch strength was negativelyetated with age and hand and
positively correlated with occupation factors (Tebl9).

Table 5.9 Correlations for pulp pinch strength

Age Occupation BMIP Posture Hand
MALES Group Group Group Group Group
Pulp Pinch strengthCoefficient -0.10 0.05 -0.05 0.04 -0.27
P-value 0.03 0.26 0.26 0.39 0.00
FEMALES
Pulp Pinch strengthCoefficient -0.27 0.20 -0.03 0.03 -0.27
P-value 0.00 0.00 0.59 0.52 0.00
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Tip pinch strength was only measured for males. résalts indicated that only hand
factor was significantly and negatively correlateith male tip pinch strength (Table

5.10).

Table 5.10 Correlations for tip pinch strength

Age Occupation BMIP Posture Hand

MALES Group Group Group Group Group
Tip Pinch

strength Coefficient 0.02 -0.05 -0.05 0.04 -0.27

P-value 0.64 0.25 0.28 0.41 0.00

The general results from correlation analysis iatlicthat age is not significantly
correlated with male pinch strength (except pulpch); but significantly and negatively
correlated with female pinch strength. Occupatias negatively correlated with pinch
strength for males and positively correlated witméles. It was not significantly
correlated with male pulp and tip pinch strengtMIB was only positively correlated with
male lateral pinch strength. Posture was not fosigdificantly correlated in any of the
pinch strength types for both genders. Hand wasotiig factor which was negatively

correlated with each pinch strength type for bahadgrs.

The results of correlation analysis for pinch sftntypes and anthropometric body
dimensions are given in tables 5.11, 5.12, 5.13 &ri#. Results indicated that
circumference of forearm (CFO) and circumferencdigif (CFI) were significantly and
positively correlated with each pinch strength typeboth genders. Forearm-hand length
(LF) was found as a significant factor (positivetyrelated) for females but not for males.

Table 5.11 Correlations between lateral pinch gittand body dimensions

MALES CFO|CFI| LF
Lateral Pinch strengtiCoefficient| 0.32 | 0.39|0.03
P-value | 0.00 |0.00|0.51

FEMALES

Lateral Pinch strengtiCoefficient| 0.20 | 0.26|0.32
P-value | 0.00 |0.00{0.00
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Table 5.12 Correlations between chuck pinch stfeagtl body dimensions

MALES CFOQ|CFI| LF

Chuck Pinch strengttCoefficient| 0.21 |0.29]-0.01
P-value | 0.00 |0.00| 0.79

FEMALES

Chuck Pinch strengttCoefficient| 0.13 |0.16 | 0.22
P-value | 0.01|0.00| 0.00

Table 5.13 Correlations between pulp pinch streagthbody dimensions

MALES CFQ|CFI| LF

Pulp Pinch strengthCoefficient| 0.26 |0.21|-0.01
P-value 0.00 | 0.00| 0.89

FEMALES

Pulp Pinch strengtiCoefficient| 0.21 |0.14 | 0.16
P-value | 0.00 |0.00| 0.00

Table 5.14 Correlations between tip pinch stremgith body dimensions

MALES CFQ|CFI| LF

Tip Pinch strengthCoefficient| 0.27 | 0.30 | -0.08
P-value | 0.00 [0.00| 0.09

5.4. Multiple Analysis of Variance

The assumptions of the analysis were checked abeggenning of multiple analysis

of variance (MANOVA) process.

* Independent Random Samplinbhere is not any pattern in choosing the sample
and the number of measurements in each cell isteggrdhan the number of

dependent variables; therefore this assumptioreis m

« Level and Measurement of the Variabl@$ie independent variables (age-group,
occupation-group, BMIP-group, posture-group anddhgroup) are categorical and
the dependent variable (pinch strength) is contisudherefore this assumption is

also met.
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Linearity of dependent variables: The pinch strengpes as dependent variables
are moderately correlated as shown in table 5.165a16. This assumption is met
for both males and females.

Table 5.15. Linearity of dependent variables asgignpable for males

MALES Lateral Chuck Pulp Tip
Pearsor
Lateral Correlation 1.00 0.71 0.52 0.50
P-value 0.00 0.00 0.00
Pearsor
Chuck Correlation 0.71 1.00 0.66 0.64
P-value 0.00 0.00 0.00
Pearsor
Pulp Correlation 0.52 0.66 1.00 0.76
P-value 0.00 0.00 0.00
Pearsor
Tip Correlation 0.50 0.64 0.76 1.00
P-value 0.00 0.00 0.00

Table 5.16. Linearity of dependent variables asgiongable for females

FEMALES Lateral Chuck Pulp
Pearsor
Lateral Correlation 1.00 0.80 0.78
P-value 0.00 0.00
Pearsor
Chuck Correlation 0.80 1.00 0.79
P-value 0.00 0.00
Pearsor
Pulp Correlation 0.78 0.79 1.00
P-value 0.00 0.00

Multivariate Normality:Normality check can be done by looking at the thstion
of residuals. Figure 5.1 to 5.7 show the normalityts of residuals for every pinch
type and for each gender. By looking at the figurtesan be said that normality is

checked.
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Figure 5.5. Normal probability plot for female leaepinch strength
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Figure 5.7. Normal probability plot for female pypch strength

Multivariate Homogeneity of Variance: Bartlett'ssteresults (Table 5.17) show
that the variances accross groups are equal efarapte lateral pinch strength. It is

accepted that variances across groups are equal.
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Table 5.17. Homogeneity of variance table for maled females

MALE
Variable name

Criterion Test-Statistic | P-value

Lateral Pinch Bartlett's Test 72.36 0.43
Chuck Pinch Bartlett's Test 76.92 0.30
Pulp Pinch Bartlett's Test 70.43 0.50
Tip Pinch Bartlett's Test 84.31 0.13
FEMALE

Variable name Criterion Test-Statistic | P-value

Lateral Pinch Bartlett's Test 87.51 0.01
Chuck Pinch Bartlett's Test 69.76 0.12
Pulp Pinch Bartlett's Test 29.96 0.99

MANOVA results for males and females are shown abl€ 5.18 Wilks’ lambda test
is used to check the overall significance of thedetolt is the widely used test for
checking the significance of the model. When therall model is significant, then we can
predict the individual significance of the variabResults of MANOVA indicate that age,
occupation, BMIP and used hand have a significéfieiceon pinch strength. But body
posture (sitting or standing) is proved to haveeffect on pinch strength. The results are

the same for both males and females.

Table 5.18. Manova results for males and females

MALES

Variable name| Criterion Test-Statistic | F-Value | P-Value
Age Wilks' Lambda 0.90 3.19 0.00
Occupation Wilks' Lambda  0.80 13.67 0.00
BMIP Wilks' Lambda 0.96 5.31 0.00
Posture Wilks' Lambda  1.00 0.54 0.71
Hand Wilks' Lambda 0.87 17.22 0.00
FEMALES

Variable name| Criterion Test-Statistic | F-Value | P-Value
Age Wilks' Lambda 0.70 12.61 0.00
Occupation Wilks' Lambda  0.82 13.44 0.00
BMIP Wilks' Lambd3g 0.94 4.47 0.00
Posture Wilks' Lambda  1.00 0.33 0.81
Hand Wilks' Lambda 0.88 18.47 0.00
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After running the MANOVA, the effects of factorsrfeach dependent variable are

tested using univariate ANOVA technique.

Tables 5.19 through Table 5.22 present the ANOV&ults for lateral, chuck, pulp
and tip pinch strength of males. The results of MAR\ analysis indicate that only
posture effect was not a significant factor in efifeg pinch strength and all the other
factors were significantly effective. The univaeatnalysis provides the significance

values of factors in each pinch strength type.

In general, posture (sitting or standing) was a-significant factor in each pinch
strength type. Age and hand factors were foundgmsfisant factors for each of the pinch
strength types. Tip pinch strength did not charmgmrling to occupation groups therefore
the significant values of MANOVA results comes frdateral and chuck pinch strength.
BMIP was only found significant in the lateral pinstrength results. The details of the

results are given below.
Results indicate that male lateral pinch is sigaifitly affected by age, occupation
and hand factors whereas BMIP and posture hasfaat @fhich is not significant (Table

5.19).

Table 5.19. Analysis of variance results for latpiach strength of males

Source DF|Seq SSAdj SS|Adj MS |F value| P value
Age 4 | 68.92| 17.26 4.32 3.8( 0.01
Occupation 2 | 103.76 102.08| 51.04 | 44.99| 0.00
BMIP 1| 1.64 1.64 1.64 1.45 0.23
Posture 1/ 1.96 1.96 1.96 1.78 0.19
Hand 1] 6227 62.27 62.27 54.89 0.00
Error 474 537.70| 537.70| 1.13

Total 483 776.25

It is seen from table 5.20 that except postureceffall factors significantly affect

male chuck pinch strength. This result is the samthe general MANOVA results.
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Table 5.20. Analysis of variance results for chpeich strength of males

Source DF| Seq SSAdj SS|Adj MS | F value| P value
Age 4| 41.31] 16.08§ 4.02 3.01 0.0P
Occupation 2 | 47.54| 50.30, 25.15 18.80 0.00
BMIP 1] 9.35| 9.35 9.35 6.99 0.01
Posture 1| 0.45 0.45 0.45 0.38 0.56
Hand 1| 70.33) 70.33 70.33 52.588 0.00
Error 474 634.03| 634.03] 1.34

Total 483 803.00

The ANOVA results for male pulp pinch strength ate that only age and hand has
a significant effect. Occupation, BMIP and posturere not found as significant factors
affecting male pulp pinch strength (Table 5.21).

Table 5.21. Analysis of variance results for puipcp strength of males

Source DF|Seq SSAdj SS|Adj MS |F value| P value
Age 4 | 32.80| 27.86 6.97 6.38 0.00
Occupation 2 1.28 1.40 0.70 0.64 0.53
BMIP 1| 1.48 1.48 1.48 1.35 0.25
Posture 1] 0.93] 0.93 0.93 0.85 0.36
Hand 1| 43.32] 43.32 43.32 39.67 0.00
Error 474 517.65| 517.65| 1.09

Total 483 597.45

Table 5.22 provides the ANOVA results for malegipch strength. Results indicate
that age and hand has a significant effect onitipfpstrength whereas occupation, BMIP

and posture effects were not significant.

Table 5.22. Analysis of variance results for tipgh strength of males

Source DF|Seq SSAdj SS|Adj MS |F value| P value
Age 4| 13.94| 11.88 2.97 2.6 0.08
Occupation 2 | 4.70 5.09 2.54 2.30 0.1¢
BMIP 1| 262 2.62 2.62 2.37 0.13
Posture 1/ 0.82 0.82 0.82 0.74 0.39
Hand 1] 42300 4230 4230 38.22 0.00
Error 474 524.57| 524.57| 1.11

Total 483 588.95
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Tables 5.23, 5.24 and 5.25 present the ANOVA redolt females. Age, occupation
and hand factors were found significant in eaclelpistrength type. Moreover posture was
not a significant factor in any of the pinch strintypes. It is seen from the tables that the
significant values in MANOVA results for BMIP canfiom the differences in lateral and
pulp pinch strength. The details of the resultssaaged below.

Results for female lateral pinch strength indictitat age, occupation, BMIP and

hand has a significant effect on lateral pinchrjte whereas posture is not a significant
factor (Table 5.23).

Table 5.23. Analysis of variance results for latpiach strength of females

Source DF|Seq SSAdj SS|Adj MS |F value| P value

Age 4 | 101.56 93.92 | 23.48| 26.74 0.00

Occupation 2 | 34.83| 39.19] 19.60 22.31 0.00
BMIP 2 | 12.29| 12.29 6.14 7.00 0.00
Posture 1 0.71 0.71 0.71 0.81L 0.37
Hand 1| 37.69 37.69 37.69 4292 0.00
Error 397 348.62| 348.62| 0.88

Total 407, 535.68

Table 5.24 presents the analysis of variance e$nitfemale chuck pinch strength.
According to the results BMIP and posture does afiect chuck pinch strength
significantly. But age, occupation and hand factarge a significant effect.

Table 5.24. Analysis of variance results for chpeich strength of females

Source DF|Seq SSAdj SS|Adj MS |F value| P value
Age 4 | 118.42100.62| 25.15 | 31.97f 0.00
Occupation 2 | 41.56| 42.22] 21.11 26.83 0.00
BMIP 2 | 371 3.71 1.85 2.35 0.1(
Posture 1/ 0.18 0.18 0.18 0.28 0.63
Hand 1| 37.08 37.08 37.08 47.12 0.00
Error 397/ 312.39| 312.39| 0.79

Total 407/ 513.33

Female pulp pinch strength was found to be affebiedge, occupation, BMIP and

hand factors. However, results indicate that pesisinot a significant factor (Table 5.25).
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Table 5.25. Analysis of variance results for pulpch strength of females

Source DF| Seq SSAdj SS|Adj MS | F value| P value
Age 4| 49.61| 33.75 8.44 13.43 0.00
Occupation 2 | 43.66| 47.68 23.84 3795 0.00
BMIP 2| 9.17 | 9.17 4.58 7.30 0.0(C
Posture 1| 0.40, 0.40 0.40 0.68 0.43
Hand 1| 26.56] 26.56 2656 42.28 0.00
Error 397 249.41| 249.41| 0.63

Total 407 378.81

5.5. Multiple Comparisons

The differences between levels of factors are aealyby post-hoc analysis. T-tests
were performed for factors that have two levelskélys test was performed for unequal
sample sizes and factors that have more than twalslePost hoc analysis was performed

for each pinch strength type. Posture differencesevnot analyzed since it was not found
as significant.

5.5.1. Differences Between Pinch Strength Types

Tukey's test was performed to see the differeneda/iden lateral, chuck, pulp and
pinch strength differences for both genders. Resuldicate that there is a significant

difference between each pinch strength type foh moales and females (Table 5.26 and
5.27).

Leteral pinch strength was found to be the highest tip pinch strength was found
to be the lowest. Between chuck and pulp pinchckminch strength was higher than pulp
pinch strength.
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Table 5.26. Tukey's test results for pinch typdetiénces in males

Pinch type difference| Difference of Meang Standard Error | P-value
Lateral - Chuck 1.17 0.08 0.00
Lateral - Pulp 3.12 0.08 0.00
Lateral - Tip 4.03 0.08 0.00
Chuck - Pulp 1.95 0.08 0.00
Chuck - Tip 2.86 0.08 0.00
Pulp - Tip 0.91 0.08 0.00

Table 5.27. Tukey’s test results for pinch typdadénces in females

Pinch type difference| Difference of Meang Standard Error | P-value
Lateral - Chuck 0.72 0.08 0.00
Lateral - Pulp 2.26 0.08 0.00
Chuck - Pulp 1.54 0.08 0.00

5.5.2.Gender Effect

The mean pinch strength differences between malgégeamales are shown in Figure
5.8 for each pinch type. It is clear from the batplthat mean pinch strength of males are
significantly higher than the mean pinch strengthfemales. T-tests also prove this
difference (Table 5.28).

14
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Pinch Strength

GENDER F M F M F M
Lateral Chuck Fulp

Figure 5.8. Boxplots of pinch strength types stiediby gender
(F=Female, M=Male)
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Table 5.28. T-test results for gender differences

LATERAL

Difference of Standarg
Gender difference | Means Error P-value
Male-Female 3.29 0.08 0.00
CHUCK

Difference of Standarg
Gender difference | Means Error P-value
Male-Female 2.88 0.08 0.00
PULP

Difference of Standard
Gender difference | Means Error P-value
Male-Female 2.44 0.07 0.00

5.5.3.Age Effect

Age was found as a significant factor in the MANO\&halysis. The differences

between age groups are mentioned in this section.

Figure 5.9 shows the boxplots of male lateral pistthngth according to age groups.
It is seen from the figure that lateral pinch sgénincreases up to group (40-49) and then
decreases. The results of Tukey’s test supporfdois(Table 5.29). Lateral pinch strength
is highest in age group 40-49 and lowest in agemGD-69.
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Figure 5.9. Boxplots of lateral pinch strength ailes stratified by age
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Table 5.29. Tukey's test results for age differenicemale lateral pinch strength

Age Group Difference| Difference of Meang Standard Error | P-value
(18-29) — (30-39) -0.69 0.12 0.00
(18-29) — (40-49) -0.74 0.15 0.00
(18-29) — (50-59) 0.04 0.16 1.00
(18-29) — (60-69) 0.33 0.18 0.39
(30-39) — (40-49) -0.05 0.16 1.00
(30-39) — (50-59) 0.73 0.17 0.00
(30-39) — (60-69) 1.02 0.20 0.00
(40-49) — (50-59) 0.77 0.19 0.00
(40-49) — (60-69) 1.06 0.21 0.00
(50-59) — (60-69) 0.29 0.22 0.68

Figure 5.10 shows the boxplots of female lateraklpistrength according to age

groups. Female lateral pinch strength is relatisthble in ages between 18 and 59 but

then decreases significantly.
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Figure 5.10. Boxplots of lateral pinch strengtierhales stratified by age
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Table 5.30. Tukey's test results for age differenioefemale lateral pinch strength

Age Group Difference| Difference of Means Standard Error | P-value
(18-29) — (30-39) -0.02 0.14 1.00
(18-29) — (40-49) -0.06 0.14 0.99
(18-29) — (50-59) -0.07 0.14 0.99
(18-29) — (60-69) 1.47 0.15 0.00
(30-39) — (40-49) -0.05 0.17 1.00
(30-39) — (50-59) -0.05 0.17 1.00
(30-39) — (60-69) 1.49 0.18 0.00
(40-49) — (50-59) 0.00 0.17 1.00
(40-49) — (60-69) 1.53 0.18 0.00
(50-59) — (60-69) 1.53 0.18 0.00

The boxplots of male chuck pinch strength (Figurglb and Tukey's test results
(Table 5.31) indicate that male chuck pinch strenigtreases up to age group 40-49 and

then starts to decrease.
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Table 5.31. Tukey's test results for age differencemale chuck pinch strength

Age-group difference | Difference of Means | Standard Error | P-value
(18-29) — (30-39) -0.44 0.13 0.01
(18-29) — (40-49) -0.69 0.16 0.00
(18-29) — (50-59) -0.04 0.17 1.00
(18-29) — (60-69) 0.28 0.20 0.62
(30-39) — (40-49) -0.25 0.18 0.63
(30-39) — (50-59) 0.40 0.19 0.22
(30-39) — (60-69) 0.72 0.21 0.01
(40-49) — (50-59) 0.64 0.21 0.02
(40-49) — (60-69) 0.97 0.23 0.00
(50-59) — (60-69) 0.32 0.24 0.66

Female chuck pinch strength differences accordm@gde groups are similar to
female lateral pinch strength results. It is seemfthe boxplots (Figure 5.12) that female
chuck pinch strength is relatively stable betwegesal8 and 59 but decreases in age group
60-69. Tukey's test results give the same concatufi@able 5.32).
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Table 5.32. Tukey’s test results for age differenoefemale chuck pinch strength

Age-group difference| Difference of Meang Standard Error | P-value
(18-29) — (30-39) 0.09 0.13 0.96
(18-29) — (40-49) -0.11 0.13 0.93
(18-29) — (50-59) -0.06 0.13 0.99
(18-29) — (60-69) 1.59 0.14 0.00
(30-39) — (40-49) -0.19 0.16 0.73
(30-39) — (50-59) -0.14 0.16 0.89
(30-39) — (60-69) 1.51 0.17 0.00
(40-49) — (50-59) 0.05 0.16 1.00
(40-49) — (60-69) 1.70 0.17 0.00
(50-59) — (60-69) 1.65 0.17 0.00

Pulp pinch strength results for males are givetable 5.33. As it is seen from the
boxplots (Figure 5.13), pulp pinch strength is leigthin age group 40-49 and lowest in age
group 60-69.
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Table 5.33. Tukey’s test results for age differesnicemale pulp pinch strength

Age-group difference | Difference of Means | Standard Error | P-value
(18-29) — (30-39) 0.11 0.12 0.89
(18-29) — (40-49) -0.35 0.15 0.13
(18-29) — (50-59) 0.06 0.16 1.00
(18-29) — (60-69) 0.78 0.18 0.00
(30-39) — (40-49) -0.46 0.16 0.04
(30-39) — (50-59) -0.05 0.17 1.00
(30-39) — (60-69) 0.67 0.19 0.01
(40-49) — (50-59) 0.41 0.19 0.19
(40-49) — (60-69) 1.12 0.21 0.00
(50-59) — (60-69) 0.71 0.22 0.01

The age group differences in female pulp pinchngfite are shown in Figure 5.14. It
is seen from the figure that there is a significd@trease in age group 60-69. Tukey’s test
results indicate that pulp pinch strength of fermatestable between ages 18 and 59 and

decreases significantly in age group 60-69 (Tat84)5
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Table 5.34. Tukey's test results for age differenoefemale pulp pinch strength

Age-group difference| Difference of Meang Standard Error | P-value
(18-29) — (30-39) -0.15 0.12 0.72
(18-29) — (40-49) 0.01 0.12 1.00
(18-29) — (50-59) 0.16 0.12 0.63
(18-29) — (60-69) 1.02 0.13 0.00
(30-39) — (40-49) 0.16 0.14 0.79
(30-39) — (50-59) 0.31 0.14 0.18
(30-39) — (60-69) 1.16 0.15 0.00
(40-49) — (50-59) 0.15 0.14 0.82
(40-49) — (60-69) 1.01 0.15 0.00
(50-59) — (60-69) 0.86 0.15 0.00

Boxplots for male tip pinch strength according ¢@ groups is shown in Figure 5.15.
Results of Tukey’s test indicate that there isgaificant decrease at age group 60-69, but
tip pinch strength is stable between ages 18 ar(dd@8le 5.35).

104

femmy
(2]
<
<
S 87
c
5 |
0 74 £ D
T ¢l ®
2
|_ ‘
5_ ‘
4_ T T T T T
18-29 30-39 40-49 50-59 60-69
Age Group

Figure 5.15. Boxplots of tip pinch strength of nsad¢ratified by age



72

Table 5.35. Tukey’s test results for age differenicemale tip pinch strength

Age-group difference | Difference of Means | Standard Error | P-value
(18-29) — (30-39) -0.04 0.12 1.00
(18-29) — (40-49) -0.29 0.15 0.30
(18-29) — (50-59) -0.34 0.16 0.20
(18-29) — (60-69) 0.30 0.18 0.45
(30-39) — (40-49) -0.24 0.16 0.55
(30-39) — (50-59) -0.30 0.17 0.41
(30-39) — (60-69) 0.35 0.19 0.38
(40-49) — (50-59) -0.05 0.19 1.00
(40-49) — (60-69) 0.59 0.21 0.04
(50-59) — (60-69) 0.64 0.22 0.03

5.5.4.0ccupation Effect

Occupation group was found as a significant faattacting pinch strength. The tests
for differences in pinch strength according to quadion groups are mentioned in this

section.

Figure 5.16 shows the boxplots male lateral pirtebngth according to occupation
groups and Table 5.36 presents the Tukey's teagttsefResults indicate that lateral pinch
strength of males is highest in manual workers lamest in students. The differences

between groups were found to be significant.
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Table 5.36. Tukey’s test results for occupatioffedénces in male lateral pinch strength

Occupation-group difference| Difference of Meang Standard Error | P-value
Non-Manual — Manual -0.73 0.11 0.00
Non-Manual — Student 0.81 0.13 0.00
Manual — Student 1.54 0.13 0.00

It is seen from Figure 5.17. that there are difiees in lateral pinch strength
between groups. But Tukey’s test results indich&t the difference between non-manual
workers and students is not significant (Table b.3he strongest group is manual

workers as in male lateral pinch strength.
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Figure 5.17. Boxplots of lateral pinch strengtieshales stratified by occupation

Table 5.37. Tukey'’s test results for occupatioffedénces in female lateral pinch strength

Occupation-group difference| Difference of Means Standard Error | P-value
Non-Manual — Manual -1.01 0.13 0.00
Non-Manual — Student -0.20 0.11 0.18
Manual — Student 0.81 0.15 0.00

Figure 5.18 presents the boxplots for male chuakctpistrength according to
occupation groups. The results of Tukey’s testdatd that there is a significant difference
between each group with manual workers being higlwed students being lowest (Table
5.38).
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Figure 5.18. Boxplots of chuck pinch strength ofesastratified by occupation

Table 5.38. Tukey's test results for occupatiofedé@nces in male chuck pinch strength

Occupation-group difference| Difference of Means Standard Error | P-value
Non-Manual — Manual -0.45 0.12 0.00
Non-Manual — Student 0.62 0.14 0.00
Manual — Student 1.07 0.14 0.00

Chuck pinch strength of females changes accordirdjfterent age groups. Manual
It can be seen from the boxplots (Figure 5.19) faoh the results of Tukey’s test (Table
5.39) that manual workers are the strongest group.
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Table 5.39. Tukey's test results for occupatiofiedénces in female chuck pinch strength

Occupation-group difference| Difference of Meang Standard Error | P-value
Non-Manual — Manual -1.12 0.13 0.00
Non-Manual — Student -0.33 0.11 0.01
Manual — Student 0.80 0.14 0.00

Occupation group differences are not the same laer q@tinch types in male pulp
pinch strength. Non manual workers were found tothme weakest but there is not a

significant difference between manual workers andents (Figure 5.20 and Table 5.40).

114

104

(S1)
(5

Pulp Pinch Strength (kgf)
0]

NMW MW Student
Occupation Group

Figure 5.20. Boxplots of pulp pinch strength of esastratified by occupation

Table 5.40. Tukey's test results for occupatioffiedénces in male pulp pinch strength

Occupation-group difference| Difference of Meang Standard Error | P-value
Non-Manual — Manual -0.25 0.11 0.05
Non-Manual — Student -0.09 0.13 0.76
Manual — Student 0.16 0.13 0.43

Each occupation group was found to be significadifferent from each other in
female pulp pinch strength with manual workers bethe strongest and non-manual
workers being the weakest (Table 5.41). These olsvibfferences can also be seen from
the boxplots (Figure 5.21).
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Figure 5.21. Boxplots of pulp pinch strength of #des stratified by occupation

Table 5.41. Tukey's test results for occupatioedé@nces in female pulp pinch strength

Occupation-group difference| Difference of Meang Standard Error | P-value
Non-Manual — Manual -1.16 0.11 0.00
Non-Manual — Student -0.30 0.09 0.00
Manual — Student 0.86 0.13 0.00

It is seen Figure 5.22 that male tip pinch strengtlstable between occupation

groups. Tukey’s test support the result that thiemdinces between occupation groups are
not significant (Table 5.42).
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Figure 5.22. Boxplots of tip pinch strength of nsas¢ratified by occupation
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Table 5.42. Tukey’s test results for occupatioffiedénces in male tip pinch strength

Occupation-group difference| Difference of Meang Standard Error | P-value
Non-Manual — Manual -0.11 0.11 0.57
Non-Manual — Student 0.21 0.13 0.23
Manual — Student 0.32 0.13 0.04

5.5.5.BMIP Effect

Male lateral pinch strength values were found tcsigmificantly different between
normal and overweight people (Table 5.43). Thislltesan be seen from the boxplots that

are provided in Figure 5.23.
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Figure 5.23. Boxplots of lateral pinch strengthrales stratified by BMIP

Table 5.43. T-test results for BMIP group differeadén male lateral pinch strength

BMIP-group difference | Difference of Means Standard Error | P-value
Normal — Overweight -0.30 0.11 0.01

It is seen from the boxplots in Figure 5.24. tleah&le mean lateral pinch strength is
not very different between BMIP groups. The respitsve the fact that there is not a

significant difference between BMIP groups is feelakeral pinch strength.
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Figure 5.24. Boxplots of lateral pinch strengtherhales stratified by BMIP

Table 5.44. Tukey's test results for BMIP groudelénces in female lateral pinch

strength
BMIP-group difference | Difference of Means Standard Error | P-value
Underweight — Normal 0.07 0.17 0.91
Underweight — Overweig 0.04 0.18 0.97
Normal — Overweight -0.03 0.10 0.95

Figure 5.25 provides the boxplots for male chueichistrength and Table 5.45 gives
the statistical results. Results indicate thatehernot a significant difference between

normal and overweight males in chuck pinch strength
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Figure 5.25. Boxplots of chuck pinch strength ofesastratified by BMIP
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Table 5.45. T-test results for BMIP group differeaen male chuck pinch strength

BMIP-group difference | Difference of Meang Standard Error | P-value
Normal — Overweight 0.12 0.12 0.29

Like male chuck pinch strength, female chuck pirsttength is found to be

indifferent between BMIP groups. This result carsben from Figure 5.26 and table 5.46.
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Figure 5.26. Boxplots of chuck pinch strength ah&tes stratified by BMIP

Table 5.46. Tukey’s test results for BMIP groudefénces in female chuck pinch strength

BMIP-group difference | Difference of Means Standard Error | P-value
Underweight — Normal -0.15 0.16 0.61
Underweight — Overweig 0.02 0.17 0.99
Normal — Overweight 0.17 0.09 0.16

Figure 5.27 and Figure 5.28 provide boxplots forlanand female pulp pinch
strength according to BMIP groups. It is seen fribia boxplots that there is not much
change in mean values of BMIP groups for both gendehe results of tests confirm this
idea and indicate that the differences between BitBups are not significant for both
genders (Table 5.47 and 5.48).
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Figure 5.27. Boxplots of pulp pinch strength of esastratified by BMIP

Table 5.47. T-test results for BMIP group differeadén male pulp pinch strength

BMIP-group difference | Difference of Means Standard Error | P-value

Normal — Overweight 0.11 0.10 0.26
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Figure 5.28. Boxplots of pulp pinch strength of tdes stratified by BMIP
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Table 5.48. Tukey's test results for BMIP grougdeténces in female pulp pinch strength

BMIP-group difference | Difference of Means Standard Error | P-value
Underweight — Normal -0.02 0.14 0.99
Underweight — Overweig 0.05 0.15 0.95
Normal — Overweight 0.07 0.08 0.68

The boxplots for tip pinch strength of males arensi Figure 5.29. The results of t-
test indicate that the strength differences betwes@amal and overweight people are not
significant (Table 5.49).
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Figure 5.29. Boxplots of tip pinch strength of nsas¢ratified by BMIP

Table 5.49. T-test results for BMIP group differeaen male tip pinch strength

BMIP-group difference | Difference of Means Standard Error | P-value
Normal — Overweight 0.11 0.10 0.28

5.5.6.Hand Effect

Hand factor was found as a significant factor i& BRANOVA results. The boxplots
in this section provides a visual display of diffieces between hand groups for each pinch
strength type and gender (Figure 5.30, Figure F-R&jure 5.32, Figure 5.33, Figure 5.34,
Figure 5.35, and Figure 5.36). Paired t -test tequiove that dominant and non-dominant
hand pinch strengths are significantly different é&ach pinch strength type and gender
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(Table 5.50, Table 5.51, Table 5.52, Table 5.5 &.54, Table 5.55, and Table 5.56).

Pinch strength of dominant hand was found to lenger than non-dominant hand.
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Figure 5.30. Boxplots of lateral pinch strengthradles stratified by hand

Table 5.50. Paired t-test results for hand groéferdinces in male lateral pinch strength

Hand-group difference | Difference of Means Standard Error | P-value

Dominant - Non-Dominar 0,72 0,03 0,00
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Figure 5.31. Boxplots of lateral pinch strengtheshales stratified by hand
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Table 5.51. Paired t-test results for hand groffierdinces in female lateral pinch strength

Hand-group difference | Difference of Means Standard Error | P-value
Dominant - Non-Dominar 0,61 0,03 0,00
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Figure 5.32. Boxplots of chuck pinch strength ofesastratified by hand

Table 5.52. Paired t-test results for hand grotferdinces in male chuck pinch strength

Hand-group difference | Difference of Means Standard Error | P-value
Dominant - Non-Dominar 0,76 0,03 0,00
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Figure 5.33. Boxplots of chuck pinch strength ah&tes stratified by hand
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Table 5.53. Paired t-test results for hand grotferdinces in female chuck pinch strength

Hand-group difference | Difference of Means Standard Error | P-value

Dominant - Non-Dominar 0,33 0,09 0,00
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Figure 5.34. Boxplots of pulp pinch strength of esastratified by hand

Table 5.54. Paired t -test results for hand grdtfprénces in male pulp pinch strength

Hand-group difference | Difference of Means Standard Error | P-value

Dominant - Non-Dominar 0,60 0,02 0,00
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Figure 5.35. Boxplots of pulp pinch strength of tdes stratified by hand



85

Table 5.55. Paired t -test results for hand gratfprénces in female pulp pinch strength

Hand-group difference | Difference of Means Standard Error | P-value

Dominant - Non-Dominar 0,51 0,02 0,00
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Figure 5.36. Boxplots of tip pinch strength of nsas¢ratified by hand

Table 5.56. Paired t -test results for hand gratfprénces in male tip pinch strength

Hand-group difference | Difference of Means Standard Error | P-value
Dominant - Non-Dominar 0,59 0,02 0,00

5.6. Regression Analysis

The results of MANOVA and correlation analysis wemnsed for developing
prediction equations for pinch strength of maled éamales. When applying regression,
every factor and anthropometric measurements wsad and main effects of factors were
considered. Moreover squares of variables werentadte account to increase the power of
prediction. Stepwise regression was used for degidbout the best model for fit. The
process of stepwise regression includes addingnib&t significant variable to equation
and removing the least significant variable frone #tquation. The p-values which were
smaller than 0.05 were considered as significar@myvitrials were made with variables to
find the model that fits best by checking th?adR/aIues. As a result the model which gave
the highest l%d,- value was chosen as the prediction equalomultiple linear regression
model was determined as a suitable model for nealdfemales separately.
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5.6.1. Checking the Regression Assumptions

The fulfillment of assumptions is checked befor@lgimg the regression analysis.
Some of these assumptions were the same that ackethbefore MANOVA. The ones
that are not checked (multicollinearity and autoelation) are mentioned in the result
tables of regression analysis. The results inditatthere are not significant violations of
assumption, therefore it can be said that the ssgre analysis with the used variables is

valid.

5.6.2.Prediction Equation for Male Pinch Strength

The regression equation for male pinch strengsitated in Figure 5.37.

Male pinch strength
= 9.32 — 1.41 x Pinch Type + 0.16 X Circumference of Fist — 0.67
X Hand Type + 0.13 X Circumference of Forearm — 0.06 X Forearm length
—0.87 x BMIP — 0.01 X Age — 0.16 X Occupation Group
(R*= 0.70; Ryq; = 0.69; SE= 1.1; Durbin-Watson=1.4)
Where,
Pinch Type = 1  for Lateral Pinch Strength
2 for Three-Jaw Chuck Pinch Strength
3  for Pulp Pinch Strength
4  for Tip Pinch Strength,
Circumference of Fist (in cm),
Hand Type = 1 for Dominant Hand
2  for Non Dominant Hand,
Circumference of Forearm (in cm),
Forearm Length (in cm),
BMIP = 2 for Normal
3  for Overweight,
Age (in years),
Occupation Group= 1  for Non Manual Workers
2  for Manual Workers
3 for Students.

Figure 5.37. Regression equation for male pinamsiih
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The results of regression analysis for males aga seTable 5.57. It is seen from the
table that each factor is significant (p-value €5). The variance inflation factor (VIF)
indicates whether multicollinearity exists or doest. Multicollinearity is not desired
because it can increase the variance of regressiefficients and make them difficult to
interpret. If 1<VIF<5, we can say that predictore anoderately correlated. VIF values
greater than 10 means multicollinearity and iswanhted (Kalayci, 2006). Since the VIF
values in the table are between 1 and 5 we camhs&ynulticollinearity does not exist in

the results of regression.

Table 5.57. Regression results for male pinch gtren

Coefficient| SE Coefficient| T-value | P-value| VIF
(Constant) 9.32 0.68 13.67 | 0.00
Pinch Type -1.41 0.02 -62.64| 0.00 |1.00
CFI 0.16 0.02 7.05 0.00 |2.26
Hand -0.67 0.05 -13.31| 0.00 |1.00
CFO 0.13 0.03 5.15 0.00 [3.66
LF -0.06 0.01 -495 | 0.00 |1.22
BMIP -0.87 0.25 -3.50 | 0.00 |2.32
Age -0.01 0.00 -3.92 | 0.00 |1.86
Occupation_Group| -0.16 0.04 -3.76 | 0.00 |1.68

The significance of the regression model is vaédaby the ANOVA table. The
results for male pinch strength are shown in T&¥%S. It is seen from the table that the

regression variables contribute significantly te thgression model.

Table 5.58. ANOVA table for the regression modeiae pinch strength

Sum of Squareg DF |Mean Square| F-value| P-value
Regression 5257.71 8 657.21 544.69 0.00

Residual 2296.11 1903 1.21
Total 7553.82 1911
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5.6.3. Prediction Equation for Female Pinch Strength

The regression equation for male pinch strengsiiated in Figure 5.38.

Female Pinch Strength
= —2.47 — 1.13 X Pinch Type + 0.04 X Height — 0.57 X Hand Type — 0.04
X Age + 0.2 X Circumference of Fist + 1.49 x BMIP
(R’= 0.60; R,y = 0.60; SE= 0.91; Durbin-Watson= 1.35)

Where,

Pinch Type= 1 for Lateral Pinch Strength
2 for Three-Jaw Chuck Pinch Strength
3 for Pulp Pinch Strength,

Height (in cm),

Hand Type= 1 for Dominant Hand
2 for Non Dominant Hand,

Age (in years),

Circumference of Fist (in cm),

BMIP= 1 for Underweight
2 for Normal
3 for Overweight,

Figure 5.38. Regression equation for female pitidngth
Table 5.59 gives the results of regression analis@n the p-values we can say that
each factor significantly effects female pinch syt (p-value<0.05). Moreover VIF

values indicate that multicollinearity does notsexi

Table 5.59. Regression results for female pinamsiih

Coefficient| SE Coefficient| T-value | P-value| VIF
(Constant) -2.47 0.90 -2.73 | 0.01
PinchType| -1.13 0.03 -35.43| 0.00 |1.00
Height 0.04 0.01 8.29 0.00 [1.21
Hand -0.57 0.05 -11.00| 0.00 |1.00
Age -0.04 0.00 -15.30| 0.00 |1.63
CFI 0.20 0.03 7.34 0.00 [1.77
BMIP 1.49 0.24 6.19 0.00 |2.28
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Table 5.60, shows the significance of the regressiodel. It proves that regression

variables significantly affect the model.

Table 5.60. ANOVA table for the regression modefafle pinch strength

Sum of Squares DF | Mean Square| F-value| P-value
Regression 1504.94 6 250.82 301.17| 0.00

Residual 1013.55 1217 0.83
Total 2518.49 1223
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6. DISCUSSION

6.1. Discussion on the Results of Current Study

The results of this study are, in general, consisiéth a number of other studies in
literature. The important factors in determinin@ ghinch strength capacity are found as
gender, age, occupation, weight, height, hand danu@ and hand anthropometry.
Moreover the differences between each pinch sthetygte (lateral, three-jaw chuck, pulp

and tip) were found significant.

Lateral pinch strength was found highest in bothdges. It was then followed by
chuck pinch strength, pulp pinch strength and lnap pinch strength. The ordering of
these were the same for both males and femalesdiffeeences between the means were

larger in males than females.

Results indicate that on average males are strahgerfemales in pinch strength.
The mean pinch strength of males is found signitigahigher than females. This fact is
mentioned in many studies in literature (Imrhan &od, 1989; Crosby and Wehbe, 1994;
Mathiowetzet al, 1985) and is proven once more in the currerdystuPinch strength is
related to hand anthropometry and circumferendesband circumference of forearm are
found as significant factors affecting pinch stidndvuscle strength is a function of size
of related muscles and since the hand and forearscles of men are larger than women,

this can explain the difference in pinch strengthween genders (kioglu, 2009).

The results of current study indicate that thera murvilinear relationship between
pinch strength and age. Pinch strength makes aipdhk third age group (40-49) for then
starts to decline for males. For females pinchngfite was relatively stable in the first 3
groups and then starts to decrease. For both gémelelecrease in pinch strength starts at
age about 50 and the pinch strength of age gro(§D%9) is significantly lowest of all

groups. These results are consistent with eatlietlyyMathiowetzet al, 1985).
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Another effect on pinch strength is the occupatiyge. The results of current study
show that there is a significant difference betwaen-manual workers, manual workers
and students. Manual workers are found to be ttumgést of all occupation groups in
each pinch strength type and for both males andilesn The reason for this may be the
fact that hands are used more forcefully in maiuiad, thus their muscles get bigger and
stronger (Ekioglu, 2009). Minimum strength values were obtainedtudents group for
males (except pulp pinch strength). However, nomuabworkers were the weakest group
for females in each pinch strength type. The reswkre not consistent with an earlier
study by Lau and Ip (2006). Lau and Ip found ouwtt ttnanual workers are not necessarily
stronger than non-manual workers. But in the cdrsardy this suggestion is confuted.

Weight and height of a person are found as fadéfecting pinch strength in the
regression analysis of the current study. Body nradex prime is a measure that includes
weight and height of the person. Regression argahgsiults indicate that BMIP positively

affects female pinch strength whereas it negatiaéfigcts male pinch strength.

Dominant and non-dominant hand difference is onetled factors that are
investigated in the current study. Results indi¢asg for both genders, dominant hand is
significantly stronger than non-dominant hand. Thsults were the same in all pinch
strength types. The muscles that are used morestigetger and since dominant hand is
used more it is obvious that strength values of idant hand will be higher (Eloglu,
2009). This fact was established in many previdudiss (Younget al, 1989; Lau and Ip,
2006; Janseat al.,, 2003).

Another factor that is investigated in the curremidy is posture. Sitting and standing
posture effects are examined and the results itedittaat there is not a significant
difference in pinch strength. This result was vdi both genders and for all pinch
strength types that are included in this studycPistrength is mainly related to arm and
hand postures and sitting or standing only chartigesbody posture but arm and hand
postures remain the same. Therefore we can conthadinch strength does not change
when only body posture changes and arm-hand psstiees not change. The result of this

study is similar to a previous study which is cortéd on hand grip strength (Silahli,
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2008). This result allows us to make comparisorth wther studies which use sitting or

standing posture.

6.2. Comparison with Previous Studies

In this part, some of the results of current stugye compared to other studies in
literature. The information about earlier studiesaniple type, equipment, posture,
measured strength type, etc.) were mentioneddraliire review part.

The testing positions and other factors such agpleatype are different in every
study. Some of them can match with the currentystndome ways and these are used for

comparison.

Mathiowetz et al (1985) made a normative data study on pinch gthenThe
subjects (310 male, 318 female) were aged betw@ean@ 75. The age range is similar
with the current study. Moreover, maximum of trialere recorded as the maximum
iIsometric pinch strength as in the current studye Testing procedure was also similar
with the current study. Sitting posture was deteedifor lateral pinch strength, three-jaw
chuck pinch strength and tip pinch strength. Measients were taken from both dominant
and non dominant hands. The results of the studigated that average pinch strength was
relatively stable up to 50 years and after thataagal decline began. In the current study
pinch strength is found to make a peak in the agem3 (40-49 years) for males and
relatively stable for females. The decrease patigrthe same as in Mathioweé&t al
(1985).

Janseret al (2003) investigated the effects of forearm positon pinch strength.
One of the testing postures was neutral posturie #s current study. 44 males and 91
females were included in the study and their agesevbetween 20 and 88. As in the
current study, sitting posture was used and otheceulures were also similar. The
sampling was randomly made including different gation and BMIP groups. Therefore
this study can be compared to the current studyidigg the general mean values for
measurements (Table 6.1). Lateral pinch, threegauwck pinch and pulp pinch strengths
of both dominant and non-dominant hands were medstresults of the study indicated
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that dominant hand was stronger than the non darhihand. Moreover lateral pinch
strength was the highest and pulp pinch strengthtihva lowest with chuck pinch strength

being in the middle. In the current study, the saeselts were confirmed for both genders.

Another study which used participants aged betwlé&eand 67 was made by Young
et al (1989). They used the standardized testing pesasr in the current study and
measured lateral pinch strength. Both dominant rama dominant hand measurements
were taken. Since the characteristics of the ewpariation were similar to current study,
it was chosen for comparison. The findings were sheme as the current study that
dominant hand pinch strength was significantly kigthan the non-dominant hand pinch

strength.

Crosbyet al (1994) made a normative study on hand strengthtl@y measured
lateral pinch strength and pulp pinch strength.iAdhe measurements were taken while
the subject was sitting and the testing proceduae similar with the current study. 105
men and 109 women were randomly selected and aélgeis ranged between 16 and 63.
The aim of the study was to compare dominant amddaoninant hand strength and it was
found that dominant hand was stronger than non-damihand. This result was consistent

with the current study.

A comparison of current study and the studies #natmentioned above is given in
Table 6.1 and Table 6.2. The boxes display the mahres and standard deviations. The
values are presented in kilogram force. The empmiyeb mean that there is not a

measurement available in that testing position.

The results indicate that there are differenceséen the mean pinch strength values
of different studies. The differences are partle da age-range, occupation and sample
size differences. Other factors may be geographagibn, fithess level, anthropometric
factors and genetics. Therefore an accurate cosgrashould be at least based on gender,
age and occupation stratified strength data.

For instance, a study was made for comparing tineirteint and non dominant hand

lateral pinch strengths of normal Chinese male esitbj (Lau and Ip, 2006). The
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stratification was made for occupation groups sashmanual workers and non-manual
workers. The comparison of this study with the entrstudy indicates that on average the
population of Turkey is stronger than the populatsd China for both non-manual workers

and manual workers. This comparison is more aceutzn the previous comparisons

(Table 6.3).

The results suggest that for pinch strength, usalereference values do not exist.
Therefore, national differences must be considenedesigning for pinch strength. For
clinical purposes, clinicians must also choosecdhbsest population pinch strength values
for the comparison of their patients’ pinch stréngd make accurate diagnosis and

treatment protocols.

Table 6.1 Comparison of current study with literattor males

Males
Study DCP |NDCP| DPP | NDPP| DTP | NDTP

DLPSit | NDLPSit| Sit Sit Sit Sit Sit Sit
Mathiowetz, et al 11.11 10.71 | 10.61| 10.43 771 | 7.44
(1985) (x2.09) | (x2.09) | (x2.27)| (x2.4) (x1.86)| (¥1.81)
Jansen et al. 10.5 10.14 9.38 | 9.14 | 7.013| 6.78
(2003) (£2.42) | (£2.33) | (x2.34)|(x2.24)| (¥1.62)| (£1.77)
Young et al. 11.52 11.02
(1989) (x1.67)| (£1.6)
Crosby et al. 12.25 11.79 8.62 | 8.17
(1994) (x2.27) | (x2.27) (1.81)|(x1.81)

11 10.3 111 | 104 10 9.2 7.9 7.3
Current Study | (x1.2) (x1.2) | (x1.3) | (#1.2) | (¥1.3) | (#1.2) | (£1.1) | (£1.1)

Table 6.2 Comparison of current study with literatfor females

Females
Study DCP |[NDCP| DPP | NDPP
DLPSit |[NDLPSit| Sit Sit Sit Sit
Mathiowetz, et al. 7.35 6.94 739 | 7.12
(1985) (£1.36)| (+1.41) |(x1.72)|(x1.63)
Jansen et al. 7.27 6.68 6.92 | 6.35 | 489 | 455
(2003) (x1.51)| (+1.55) |(¢1.62)|(£1.52)| (+1.16)|(+1.15)
Young et al. 7.26 6.71
(1989) (£1.11)] (+0.96)
Crosby et al. 9.07 8.62 6.35 | 5.90
(1994) (x2.27)| (¢1.81) (+1.81)| (+1.36)
7.70 7.10 7.00 | 6.40 | 5.40 | 4.90
Current Study | (¥1.20)| (x1.10) |(x1.10)|(¥1.10)| (£10) |(+0.90)




Table 6.3 Comparison of current study with the gtiog Lau and Ip

Study Non-manual Manual
DLPSit NDLPSit DLPSit NDLPSit
'(-;gog;‘d IP110.40 (+1.60) 9.60(x1.50)| 10.90(+1.50)9.80(x1.50)

Current Study

10.90(+1.10)

10.20(+1.10

11.70(+1.10

10.90(+1.10

95
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7. CONCLUSIONS

Based on the analysis results, summary of the asimis drawn from this study in

terms of objectives are enumerated below:

(i)

(ii)

(i)

(iv)

(V)

(vi)

(vii)

Maximum voluntary isometric pinch strength norms léalth adult
population of Turkey are established.

Overall mean pinch strength capacity of femalestifoee pinch strength
types (lateral, chuck, pulp) is about 70 % of mpmch strength capacity of

males.

Lateral pinch strength is found to be strongestlfoth genders and it is
followed by chuck pinch strength, pulp pinch sttngnd tip pinch
strength.

The relationship between age and pinch strengthriglinear for males and
maximum pinch strength values are obtained at 4@«<#&s age range.
Female pinch strength is relatively stable betwe@rand 59. After (50-59)

age range, male and female pinch strength stadsdiease significantly.

Manual workers are stronger than non-manual wor&edsstudents for both
genders.

For both genders in overall, BMIP is found to hawepractically significant

effect on pinch strength capacity.

For both males and females, the dominant handgttraa greater than the
non-dominant hand strength for all pinch types. f@aes, non-dominant
hand lateral pinch strength is 94% of dominant haeral pinch strength;
non-dominant hand chuck pinch strength is 92% ahidant hand chuck

pinch strength; non-dominant hand pulp pinch stifemg 93% of dominant
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hand pulp pinch strength; non-dominant hand tiglpistrength is 91% of
dominant hand tip pinch strength. For females, dominant hand lateral
pinch strength is 92% of dominant hand lateral Ipirstrength; non-
dominant hand chuck pinch strength is 91% of dontitend chuck pinch
strength; non-dominant hand pulp pinch strengt®li% of dominant hand
pulp pinch strength. On average, the differencevéet dominant and non

dominant hand strength is 7.5% for males and 8cd&9temmales.

(viii)  Posture (sitting or standing) had no significafé&fon pinch strength.

(ix)  Circumference of forearm and circumference of Yigre also found as
significant factors in determining the pinch stréndviale pinch strength is
positively affected by both of these factors anchdée pinch strength is
positively affected by circumference of fist.

x) Comparisons with other studies indicate that treeee variations in pinch
strength values across some nationalities. Rougbbaking, the pinch
strength capacity of the population of Turkey mitar to the pinch strength
capacity of some US samples and greater than aeSdgsample.

The current study has the following limitations:eTfamily roots of the participants
included every region of Turkey, but they wererityiin the metropolitan city of Istanbul
and its surrounding areas. Therefore, the effddiging environment of the subjects were
not studied. Moreover, the study does not incluolmes heavy manual workers such as
farmers, miners and forest workers. Inclusion esthworkers in the sample is expected to

increase the estimated pinch strength values dittidted population.

This study is the first attempt to establish pirsttength norms of healthy adult
population of Turkey. From now on in Turkey, itheped that the jobs, machines and
products requiring pinch force will be designedigkthe pinch strength norms developed
through this study as reference. Moreover, inicdihsettings in Turkey, physicians and
therapists will refer to these pinch strength normtheir patient treatment plans. Finally,

it is also hoped that this study will contributeth@ world strength database.
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APPENDICES

In the appendix section, the forms that were usethé study are included. These
forms are personal consent form, brief medicaldnystorm, data collection form and the

form of experimental design.

A.1 and A.2: Brief medical history form was preghifer subjects to check if they
were healthy enough to participate in the studywds adopted from a previous study
which is done by Silahli(2008). This form was gigepared in both languages.

A.3 and A.4: Personal consent form is preparedoith lEnglish and Turkish and it
includes a detailed description of the aim and @doces of the study. All of the

participants voluntarily signed the form in ordemarticipate in the study.

A.5: Data collection form is used for recording thescriptive, anthropometric and
strength data of the subjects during the experisaent

A.6 and A.7: Instructions were prepared for thejactis in order to inform them

about the testing procedure. It was prepared idi€Eingnd Turkish.
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A.1l. Brief Medical History Form

Check if answer is “yes” only. Leave others blank.

L]

Have you ever been diagnosed with any disordeysumn arm joints (cysts
or any other syndromes)?

Have you been diagnosed as having high blood ypre?s

Do you ever have pain in your heart or chest?

Do you ever experience a racing heart rate?

Does your heart ever skip beats?

Have you ever been diagnosed with an abnormal &EKG?

Do you often experience difficulty in breathing?

Do you sometimes get out of breathing when sitsitiijor sleeping?
Are you currently going renal dialysis?

Do you have any history of rheumatoid arthritis?

Check space if you now have or recently had.

Recurring pain in shoulders, elbows, wrists ords2n

Migraine or recurrent headaches?

Kidney problems?

Significant vision or hearing problems?

Glaucoma or increased pressure in the eyes?

High blood pressure?

Hyperthyroidism?

Diabetes mellitus?

Amyloidosis (particularly, deposits of amyloidgiges in joints)?
Vitamin B6 deficiency?

Check space for medications you are now taking.

Blood pressure

Glaucoma

Anti-inflammatory

Thyroid

Diabetes or abnormal blood sugar

Please list any other prescribed medications yewnaw taking.
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A.2. Salik Anketi

Asagidaki sorulara cevabiniz evet ise caspretiyle karetleyiniz, cevabiniz hayir ise
lutfen ba birakiniz.

Kol eklemlerinizde hastainiz oldu mu (kist veya géli sendromlar gibi)?
Yuksek tansiyon sorununuz oldu mu?

Daha Once kalp veya gos a&risi sikayetiniz oldu mu?

Daha 6nce kalp ¢arpintisi sorununuz oldu mu?

Kalbinizde tekleme oldu mu?

Anormal ECG veya EKG ghisiyle kasllastiniz mi?

Nefes alirken herhangi bir zorluk cedtiiz oldu mu?

Otururken veya uyurken nefesiniz kesildi mi?

Bbdbrek sorunundan dolayi diyaliz makinesinglaamakta misiniz?
Romatoid arterit hast@ina yakalandiniz mi?

Asagidaki sorunlarla daha dnce kdasmissaniz veygu anda bu sorunlar sizde
mevcut ise carpsaretiyle saretleyiniz, yoksa lutfen kdoirakiniz.

Omuz, dirsek, el bila ve ellerinizde surekli g
Migren veya surekli baagrisi

Bobrek problemleri

Ciddi gérme ve duyma problemleri

Glokom (karasu hastgl) veya ylksek goz tansiyonu
Hipertansiyon

Tiroit baylimesi

Seker hastagi

Degisik organ veya dokularda amiloid birikimi

B6 vitamini eksikIgi

Asagidaki sorunlarla ilgili ilac aliyorsaniz, cargaretiyle saretleyiniz.

Yuksek tansiyon

Glokom

Ates disuricu

Tiroit

Diyabet veya anormal kagekeri

Yukaridaki sorunlar dinda herhangi bir sorundan dolayi tedavi olmaktaysaeya
ila¢ almaktaysaniz lutfersasiya belirtiniz.
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A.3. Personal Consent Form

In this study, maximum tip, pulp, three-jaw chuciddateral pinch forces for right
and left hands in standing and sitting posturesraadimum handgrip forces for right and
left hand in sitting posture will be determined tbe population of Turkey. You are an
eligible participant for this study because youndd have any serious health problem that
can adversely affect the performance of this study.

The strength results of this study will be useful designing the tasks that are done
by hand and designing the hand tools accordingdgtople in Turkey. The designs that
are done by using these results may lead to higloek efficiency and reduced risk of
work related disorders.

If you decide to participate in the experiment,agke be aware of the following
issues:

1. Before the tests, you will be asked questions algout birth date, birthplace and
the place you live now, your family origin, your ther and father's birthplace,
ethnicity, occupation and dominant hand. Moreovgour height, weight,
circumference of your forearm, circumference of rybst and your forearm-hand
length will be measured.

2. The tests will be done according to Caldwell protodhe tests will be done in
random order and in each test you will perform ymaximum force. When you
are ready for the experiment, you will start withe texperimenter's command,
reach your maximum exertion in about 1- 2 secondshald it for 3 — 4 seconds.
The tests will be done for right and left handssitting posture for handgrip
strength; for right and left hands in sitting atansling posture for tip, pulp, three-
jaw chuck and lateral pinch strength. For eachinggposition, the tests will be
done at least twice. Therefore the total numbeaheftests will be at least 36. The
tests will be done in the order that is told yodobe and you will have a 2-minute
rest between two successive experiments to minifatzgue effect. Whenever the
strength variation is more than 10 percent betweentrials corresponding to the
same test combination, the trials will be repeasdnany times as needed. The
maximum of the two trials, which is suitable witretconditions, will be recorded
as your maximum voluntary contraction for that .tédte body postures will be
shown to you by the experimenter.

3. Before the tests, participants should not be toaghy too full or sleepless, and
should not consume harmful substances. Moreowvey, itust be healthy enough to
perform the tests. After the tests, you may expegesome minor soreness in arm
muscles.

Your participation is completely voluntary. You majpoose to withdraw from
participation at any time. All information obtaineédring this study will be held in strict
confidence and only the mean, maximum and minimaines of the data will be used in
the study.

If at any time you have questions regarding thseagech or if you want to add some
contributions to this research, you may contadteeitH. Fulya KAYA or Assoc. Prof.
Mahmut EKSIOGLU from Department of Industrial Engineering, @aici University.

By placing your signature below, you will accepattlyour participation to this study
is voluntary. However, you can choose to withdraent participation at any time at no
cost or obligation to you.

Signature of Participant: Date:
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A.4. Kisisel Kabul Formu

Bu calsmada, Turk insaninin ayakta ve oturma pozisyonusdga ve sol el
parmaklarindaki maksimum parmak ucu, yassi parnsak il kavrama ve yanal parmak
kavrama kuvvetleri ile oturma pozisyonundaki maksimsg ve sol el sikma kuvvetleri
belirlenecektir. Bu c¢ajmaya engel olacak herhangi bir gsla probleminizin
olmamasindan dolayi, ¢cginaya uygun durumda bulunmaktasiniz.

Bu calsmadan elde edilecek kuvvetgigleri, el ile yapilansierin ve el aletlerinin
Tarkiye insanina gore tasarlanmasinda faydall @tacaBu verileri kullanarak yapilacak
tasarimlar hemsiverimini arttirmaya yardimci olacak hem dgehastaliklarini azaltmada
katki sglayacaktir.

Deneye katilmaya karar verdiyseniz lutfgagdaki konulara dikkat ediniz:

1. Deney oncesinde size glam tarihiniz, dgdugunuz vesu an yaadginiz yer, aile
kokeniniz, anne babanizin glan yeri, etnik kokeniniz, mesimiz ve baskin
elinizin hangisi oldgu ile ilgili sorular sorulacaktir. Ayrica; boyunukilonuz, 6n
kolunuzun cevresi, yumgunuzun cevresi ve oOnkol-el uzuglinuz olgtlerek
kaydedilecektir.

2. Deneyler Caldwell protokoliine gore gercakiiecektir. Rassal sirayla yapilacak
olan testlerde her bir test tdri icin maksimum letinizi uygulamaniz
gerekmektedir. Deney esnasinda hazir @ldwz an “bgla” komutundan sonra
yaklasik 1 — 2 saniyede maksimum kuvvetinize ¢cikmanibwduvveti 3 — 4 saniye
boyunca tutmaniz gerekmektedir. Bu deney el sikmavdti icin oturarak save
sol el icin; parmak ucu, yassi parmak ucu, Uclirkama ve yanal parmak
kuvvetleri icin ise oturarak ve ayakta ikergsee sol el icin yapilacaktir. Deneyde
her kaul icin asgari 2 deneme yapilacaktir. Bu durumgidatm test kombinasyonu
en az 36 olmaktadir. Deneyler size belirtilen sargdpilacak, her denemeden sonra
2 dakikalik bir dinlenme siresi olacaktirgdt ayni test kombinasyonundaki iki
deney verisi arasinda %10’dan buyik bir sapma ydeszeye bgarti sglayincaya
kadar devam edilecektir. Her deneyg@etlari sglayan iki denemenin maksimum
olani kaydedilecektir. Deney esnhasinda vicut pongy deney yuruticusu
tarafindan size gosterilecektir.

3. Deneylerden o6nce cok ag, fazla tok veya uykusumm@mali, zararli maddeler
tuketilmemelidir. Ayrica gerekli olan gk sartlarina sahip olmaniz gerekmektedir.
Deneylerin sonunda, kiguk ¢caph kas yorggnlgerceklgebilir.

Bu deneye katilim tamamen gonulludur ve katilim igir zorlama ile katlasmaniz
soz konusu dgldir. istedginizde calsmanin herhangi bir samasinda caimayi terk
edebilirsiniz. Elde edilecek ¢isel bilgiler kimseyle paykalmayacak, tez caimasinda
sadece verilerin ortalamasi (kime ait gidubelirtiimeksizin) ve maksimum ve minimum
degerleri belirtilecektir.

Bu calsmayla ilgili sorulariniz ve Kkatkilariniz olmasi dwununda Bgazigi
Universitesi Endustri Miihendigii Bolumi'nde H. Fulya KAYA veya Dog. Dr. Mahmut
EKSIOGLU ile temasa gecebilirsiniz

Asaglya atac@iiniz imza, bu cajmaya gonulli olarak katilmak istgthizi
belirtmektedir. Ayrica c¢aymayl yarida birakmaniz durumunda, size herhangi bir
yukumlaluk getirmemektedir.

Katihmcininimzasi: Tarih:



A.5. Data Collection Sheet

1. General Information about the Subject

Information

Datum

Birth date Day: Month:

Year:

Birthplace

The place he/she lives now

Family origin city

Mother and father’s birthplace

Ethnicity

Gender

Occupation

Dominant hand

2. Anthropometric Measurements of the Subject

Stature (cm)

Weight (kg)

Circumference of forearm (cm)

Circumference of fist (cm)

Forearm-hand length (cm)

3. Grip Strength Data of the Subject

103

Measure (kgf)

Trial 1

Trial 2

Dominant hand grip strength (sitting, neutral postu

Non-dominant hand grip strength (sitting, neuti@dtpre)

4. Pinch Strength Data of the Subject

Measure (kgf)

Trial 1

Trial 2

Dominant hand lateral pinch strength ( sitting)

Non-dominant lateral pinch strength ( sitting)

Dominant hand lateral pinch strength ( standing)

Non-dominant lateral pinch strength (standing)

Dominant hand three-jaw chuck pinch strength {gjjt

Non-dominant three-jaw chuck pinch strength (rsiffi

Dominant hand three-jaw chuck pinch strength (stag)d

Non-dominant three-jaw chuck pinch strength (stagyli

Dominant hand pulp pinch strength ( sitting)

Non-dominant hand pulp pinch strength ( sitting)

Dominant hand pulp pinch strength ( standing)

Non-dominant pulp pinch strength (standing)

Dominant hand tip pinch strength ( sitting)

Non-dominant hand tip pinch strength ( sitting)

Dominant hand tip pinch strength ( standing)

Non-dominant tip pinch strength (standing)
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A.6. Instructions

. You have read the personal consent form and reteiv®rmation about the
experiment. Now, move and shake your hands to wgnyour muscles. Take a
couple of deep breath and get ready for the ex@erisn

. The experimenter will show you the appropriate pastor each measurement.

3. When you are ready for the experiments, informetkgerimenter.

. Start applying force with experimenter's “START” mmand and squeeze the
gauge as hard as you can and reach your maximwhaouat 1 second. Hold your

maximum for about 3 seconds.

5. Stop applying force with the experimenter’s “STG®Mmand.

. Move your hand which you have applied force andxsglour muscles. Get ready

for the following test.
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A.7. Talimatlar

. Kisisel kabul formunu okudunuz ve deney hakkinda bddindiniz. Simdi ellerinizi
hareket ettirerek ve sallayarak kaslarinizi bisatzn. Birka¢ kez derin nefes alip vererek
deneye hazir hale gelin.

. Her 6lcim icin uygun pozisyon deneyi yaptiragi kirafindan size gosterilecektir.

3. Deneye bglamaya hazir oldgunuzda bunu belirtiniz.

. Deneyi yaptiran kinin “BASLA” komutu ile kuvvet uygulamaya kkyin ve kuvvet
Olceri sikabildginiz kadar sikarak yakjgk 1 saniyede maksimum kuvvetinize yta
Maksimum kuvvetinizi yaklgk 3 saniye boyunca surdirmeye giali

5. Deneyi yaptiran kinin “BITIR” komutu ile kuvvet uygulamayi sonlandirin.

. Kuvvet uyguladginiz elinizi hareket ettirerek kaslarin rahatlamassa&layin ve bir

sonraki teste hazir hale getirin.
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