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Abstract

Background

Handedness has been associated with different abilities, diseases and personality traits and its
effect on language, motor dexterity and handedness are a well-studied matter. Measuring grip
strength, forearm circumference and motor dexterity is a common way to get a better
understanding the influence of handedness. Lately, studies have shown that there is a
difference between right and left-handed in these above stated variables.

Aim

The aim of this study was to investigate differences between grip strength and motor dexterity
for dominant and non-dominant hand in both left and right-handed. A second aim was to
investigate the association between grip strength and motor dexterity or forearm
circumference. A third aim was to study the impact heredity have on handedness.

Method

The study was designed as an experimental cross-sectional study, including 29 healthy
students, age 18-30. Information about age, hand dominance, current health status, former
elite carrier and heredity of handedness was collected. Forearm circumference were measured
in cm at the largest part of the forearm. The Purdue pegboard test measured motor dexterity
by adding pegs, collars and washers to the board on time, giving a total score. Takei Grip-D
were used for grip strength (kg) measurement. Mann-Whitney U test, chi-square test and
Spearman's correlation (rs) were used for analysis presented as median (min-max).

Results

There was no significant difference between right (1.6kg; -4.1-8.0) and left-handed (0.6kg; -
3.4-7.6) regarding grip strength (p=0.43). Although, there was a large to nearly perfect
correlation between forearm circumference and grip strength in both right (dominant r=0.59;
non-dominant r=0.73) and left-handed (dominant r=0.83; non-dominant r.=0.90). Also, a
moderate correlation between motor dexterity and difference in grip strength was found for
both right (rs=0.43) and left-handed (1rs=-0.42). The studied group was not affected by their
relative’s handedness to determine their own handedness (p=0.56).

Conclusion

Forearm circumference and grip strength have a large association for both right and left-
handed. The correlation between motor dexterity and difference in grip strength were
contrariwise comparing right and left-handed, indicating that handedness should be studied

separate.



Abstrakt

Bakgrund

Handdominans associeras med olika fardigheter, sjukdomar och personlighetsdrag och flera
teorier forsoker fortfarande forklara dessa samband. Att méta greppstyrka, underarmsomfing
och finmotorisk forméga ar vanliga metoder for att forstd hur handdominans péverkar dessa
variabler. Pé senare tid har det visat att det skiljer sig mellan hoger och vinsterhénta.

Syfte

Syftet med studien var att undersoka skillnaden mellan greppstyrka och finmotorik for
dominant och icke-dominant hand, pa bade hdger och vénsterhdnta. Ett andra syfte var att
undersoka hur greppstyrka och finmotorik eller underarmsomfang associerar. Ett tredje syfte
var att studera hur drftlighet paverkar handdominans.

Method

Studien designades som en experimentell tvirsnittsstudie och inkluderade 29 friska studenter
mellan 18-30 &r. Deltagarna svarade pé frdgor om alder, handdominans, tidigare sjukdomar
eller idrottskarriéir samt om dem hade en vinsterhént sldkting. Underarmsomfing méttes i cm
pa storsta stillet pa underarmen. Purdue pegboard test anvéndes for att testa finmotorik
genom att addera pinnar, brickor och cylindrar under en bestimd tid, dir antalet riknades.
Greppstyrka méttes med Takei Grip-D i kg. Resultatet presenterades som median (min-max)
ddr Mann-Whitney U test, chi-square test and Spearman's Korrelation (rs) anvindes for
analys.

Resultat

Det fanns ingen signifikant skillnad mellan hoger (1.6kg; -4.1-8.0) och vénsterhinta (0.6kg; -
3.4-7.6) géllande greppstyrka (p=0.43). Diaremot var det en stark till ndstan perfekt korrelation
mellan underarmsomfang och greppstyrka for bade hoger (dominant r=0.59; icke-dominant
1:=0.73) och vénsterhédnta (dominant rs=0.83; icke-dominant r,=0.90). Det fanns en moderat
korrelation mellan finmotorik och skillnad i greppstyrka for bdde hoger (rs=0.43) och
vénsterhdnta (rs=-0.42). Den studerade gruppen péaverkades inte av deras sldktingars hdnthet
(p=0.56).

Konklusion

Underarmsomgéng och greppstyrka har en stark association for bade hoger och vinsterhinta.
Korrelationen mellan finmotorik och skillnad i1 greppstyrka var tvirtom mellan hoger och
vénsterhdnta. Detta indikerar pd att studier som inkluderar tester inom finmotoriska

fardigheter borde separera hoger och vénsterhinta.
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Introduction

Have you ever asked yourself why majority of mankind prefer to use their right hand when
writing, and thereby leaves only a small group of people to represent left-handed writers?
Hand dominance are something we are born with, but society influence handedness making
left-handed more ambidextrous. The 10% rule states that we are ten percent stronger in our
dominant hand and are used as a guideline when rehabilitating hand-injuries. Degree of
handedness is a concept that opens up a need to categorize handedness in a new way. More
knowledge regarding handedness influence on grip strength, motor dexterity and heredity is

therefore necessary.
Background

Handedness is most likely developed in the uterus and is a cause of how the two different
hemisphere develops (Gutwinski et. al., 2011). Around 90% of the human population prefer
using their right hand when writing, and only ten percent are left-handed. Left handedness is
about two percent more common in men than women. Only 0-2% are ambidextrous, which
means that they are equally skilled with both hands regarding fine motor tasks (Gutwinski
et.al.,, 2011). Handedness and lateralization have occurred among human population for the
past 50 centuries (Papadatou-Pastou, 2011). The benefit of lateralization may have developed
our language skills due to hand gestures. Left handedness was until the 20" century
considered unnatural, and children were earlier forced to write with their right hand. Some
countries still consider left hand dominance as unnatural (Gutwinski et. al., 2011). Left
handedness is associated with psychological diseases such as schizophrenia, dyslexia and
autism. The cause could be that left-handed have a larger corpus callosum which leads to a
better connection between the hemispheres, giving a higher 1Q. Left handedness is associated
with musical talent and creativity (Gutwinski et. al., 2011). Why we are right-handed and left-

brained and not contrariwise is still unknown.

Development of the brain

During the fetus first four weeks, the brain is formed as a tube called the neural tube (Marieb,
2015). By the fourth week, the neural tube expands and form the forebrain, midbrain,

hindbrain and the spinal cord. The forebrain will later develop to be the cerebral cortex



controlling important functions like speech, memory and emotional response (Marieb, 2015).
The midbrain is located in the middle of the brain structure, controlling our vision, hearing
and motor function, and send signals to the rest of the brain when something needs to be
done. The hindbrain includes important brain-parts such as medulla, pons and cerebellum,

which control vital functions such breathing and heart rate (Marieb, 2015).

Between week 4-8 the cerebral cortex develops into two hemispheres, the right and the left
(Marieb, 2015). The right hemisphere controls the left side of the body and the left
hemisphere control the right side of the body. The left hemisphere control abilities such as
logical thinking, speaking (Broca’s area) and language skills (Wernicke’s area), when the
right hemisphere is more creative (Li et.al., 2014). Separated hemispheres increase brain
capacity and therefore avoids duplication of different brain functions. The two halves
communicate via a bundle of nerves called corpus callosum. In a regular right-handed brain,
the left hemisphere is larger due to control of both language and speech. The hemispheres of a
left-handed person are equally as large (Schmitz, Metz, Glintiirkiin & Ocklenburg, 2017). In
some cases, Broca’s and Wernicke’s area switch from left to right hemisphere. According to
Gutwinski et.al. (2011), 97% of right-handers have their language area in their left
hemisphere. For left handed, 60% have their language area in the left hemisphere and only

10% in their right hemisphere. The rest 30% was considered bi-hemispheric.

In week 13 of the fetus development, the cerebral hemisphere grows both posteriorly and
laterally, and finally when fully developed, enclosing the midbrain and the superior part of the
brainstem (Marieb, 2015).

What happens in the brain when we perform a movement?

The basal ganglia are located between the forebrain and the midbrain. It is defined as a
collection of nuclei, which controls movement function (Marieb, 2015). The most important
pathways are direct and indirect pathway and involve all parts in the basal ganglia. When
making a voluntary movement the direct pathway is in charge. The aim of the direct pathway
is to activate thalamus, which are connected to the motor cortex that is in turn connected to
our muscles. When writing, information about hand movements are sent to the somatosensory
cortex via the brainstem, to the motor cortex through the direct pathway (Marieb, 2015). To
clarify, both the left and the right hemisphere contains a motor cortex which control the

opposite side of the body.



Due to a rupture of a blood artery or stoppage of blood to an area in the brain, tissues will be
damaged. This will later affect one side of the body, depending on which hemisphere is
afflicted, leading to motor dysfunctions. Harris & Eng (2006) studied the effects from stroke
on dominant and non-dominant hand. They found that participants with non-dominant hand
affected, suffered a greater impairment than those with their dominant hand affected.
Handedness was defined as preferred writing hand and throwing hand before stroke. In this

study, left and right-handed were not divided into separate groups.

Different theories regarding handedness

The Geschwind theory states that high levels of testosterone slow down the development of
left hemisphere causing a left-hand dominance (McManus & Bryden, 1991). This could also
explain the fact that left handedness is more common for men than women (Raymond,
Pontier, Dufour & Moller, 1996). Mcmanus & Bryden (1991) evaluated the Geschwind
theory and found many flaws in its structure. This was also done by Berenbaum & Denburg
(1995) who supported Mcmanus & Bryden’s (1991) conclusion that the empirical support for
the Geschwind model is very small. The use of evidence seems selective and due to the fact
the Geschwind died while writing the article in 1985 the result is poorly organized (Mcmanus
& Bryden, 1991). Gutwinski et.al. (2011) also states that this theory is controversial and only
based on animal experiments. On the other hand, this theory is widely known and well-spoken

among scientists.

The right-shift hypothesis states that handedness depends on influence of the rs+ gene (Annett
& Alexander, 1996). The gene gives left cerebral advantage and therefore preference to use
the right side of the body. Since the rs- gene is more of an additive gene it gives a clean
genetic slate, making left-handed dominance a possibility, but not a guarantee (Annett &
Alexander, 1996). Studies have found that just over 9% have a right hemisphere dominance,
but it does not necessarily mean that 9% are left-handed. Due to the fact that the rs-gene is
shown in different allies, rs+ rs+, rs+rs-, rs-rs-, we might have a possible degree of
handedness (Annett & Alexander, 1996). In human population, nearly 18% have the rs-rs-
genotype, and the rest have in some extent a right-handed dominance. Only ten percent of the
population are left-handed, meaning that a person can still have right-hand as preferred hand
when having rs-rs- genotype. In fact, about 34% of rs-rs- carrier are left-handed and about 5%

of rs+ gene carrier (all type of allies) are left-handed (Annett & Alexander, 1996).



The correlation between handedness and motor dexterity was studied using the Purdue
Pegboard test. The result showed that right-handed participants had a difference between
hands when completing the test of (mean + standard deviation) 23 sec + 12 sec (p=0.001) and
left-handed participants differed only 5 sec + 21 sec (p=0.001) between hands (Verdino &
Dingman, 1998). This shows that right-handed was better in their dominant hand when left
handed were more equal between hands. Even though, the differentiation for left-handed
participants were considerable. With regard to the wide standard deviation for both right and
left-handed participants, the possibility of the rs-gene causing a degree of handedness could
be a dependent factor. McKeever (2000) studied the inheritance of handedness and mention
“the maternal effect”, which states that it is more common (23%) for left-handed mothers to
have a left-handed child, than for left-handed fathers (18%). This is connected with the theory

of the X-linked recessive gene which influence handedness.

Annett & Alexander (1996) states that society influence ambidextrous and left-handed
making them use their right hand more. Since the majority of human population use their right
hand for everyday chores, a lot of tools is suited for right-handed only. Social interactions,
such as handshake is also adjusted to right-hand dominance. Left-handed must therefore
adjust to this and uses in greater occurrence their non-dominant hand compared to right-
handed (Papadatou-Pastou, 2011). This will make left-handed more ambidextrous due to the
fact that we live in a right-hand dominated world (Crosby, Wehbé & Mawr, 1994). Therefore,
it can be assumed that handedness can affect various abilities, such as, grip strength, nerve

activity and muscle function.

Handedness, grip strength, nerve activity and muscle function

As we are getting older, our cells and tissues age, resulting in a slow muscle atrophy process,
causing a decrease in strength, called sarcopenia (Cartee, Hepple, Bamman & Zierath, 2016).
When we pass age 40, we lose about 8% of our muscle mass every 10 years. By the time we
turn 70, this will change to a 15% muscle loss (Cartee et.al., 2016). Martin, Ramsay, Hughes,
Peters & Edwards (2015) studied the correlation between grip strength, age and motor
dexterity. A correlation of r= - 0.42; p=<0.001 between age and grip strength, with a decline
of 0.25 kg/year. Also, a correlation between grip strength and motor dexterity (divided in 4
different subtests) showed a r-value between -0.42 and 0.62 depending on subtest. The result
shows an association between decreased grip strength and decreased hand dexterity. Muscle
loss is an important factor to consider when measuring grip strength. Using a young study

group minimize the risk for bias caused by sarcopenia. The best way to measure hand muscle



strength is by using grip strength measurements (Marzetti et.al., 2017). In a study done by
Anakwe, Huntley & McEachan (2006) arm circumference and grip strength were measured.
They found that grip strength was greatest between 35-44 years of age for both sexes, and
men were stronger than women. For 95% of the participants, the difference between forearm
circumference were <1 cm despite hand dominance. They stressed the issue with comparing
left and right-handed participants. The right-handed participant had a stronger grip strength in
their dominant hand while most left-handed participants were equally strong (Anakwe et.al.,
2006).

Comparing right and left-handed, there are findings indicating differences between hand
dominance (Serrien & Sovijdrvi-Spapé, 2016). Motor dexterity was tested by performing a
visuomotor tracking task, defined as physical movement, involving visual information. This
was done by steering a wheel of a control-device by visual stimuli. Despite hand movement,
right-handed participants had a higher coherence only in their left hemisphere while left-
handed had a more dynamic coherence between their hemispheres (Serrien & Sovijarvi-
Spapé, 2016). Nerve activity also have an influence on hand dominance (Moulton et.al.,
2017). When mapping the connectivity between different brain parts included in the
sensorimotor network, no difference between dominant and non-dominant hand was found -
using grip force. However, for the non-dominant hand, when using visuomotor control, clear
connectivity between both sensorimotor networks in the two hemispheres was found
(Moulton et.al., 2017). Thus, findings of physical function, motor dexterity and grip strength

between left and right-handed differentiate between studies.

Consequences of ignoring the influence of handedness

Bechtol (1954) was first at testing grip strength, comparing dominant and non-dominant hand.
He found that the participants in his study were about 5-10% stronger in their dominant hand.
This study is cited as the origin of the 10% rule (Incel et.al., 2002). Today, physiotherapist us
the 10% rule for rehabilitation after for example a hand injury (Hepping et.al., 2015).
Petersen, Petrick, Connor & Conklin (1989) studied the differences in grip strength between
dominant and non-dominant hand and was among the first to divide right and left-handed.
They found a 13% difference in grip strength for right-handed participants but only <0.1% for
left-handed participants, with an average total of just above 10%. The result is supported by
Crosby et.al. (1994) with the finding of an 8% difference in grip strength for right-handed

participants. The left-handed participants were 2% stronger in their non-dominant hand.



Since handedness associate with psychological diseases and might affect the rehabilitation
process after a hand injury or stroke its of interest to understand the ontogenesis of
handedness (Schmitz et.al., 2017; Hepping et.al., 2015; Harris & Eng, 2006). Also,
handedness has been shown to have an effect on healthy individuals regarding grip strength
and motor dexterity as well (Petersen et.al., 1989; Verdino & Dingman, 1998). Even tough,
results regarding the association between grip strength, motor dexterity, muscle function and
handedness is inconsistent between studies on healthy individuals. Therefore, further research
needs to be done to understand the effect of handedness for both healthy and diseased

individuals.

Aim

The aim of this study was to investigate differences between grip strength and motor dexterity
for dominant and non-dominant hand in both left and right-handed. A second aim was to
investigate the association between grip strength and motor dexterity or forearm

circumference. A third aim was to study the impact heredity have on handedness.

« Is there a difference in grip strength between dominant and non-dominant hand for
both left and right handed?

% To what extent does forearm circumference associate to dominant and non-dominant

grip strength for both right and left-handed?
% Is there a difference in motor dexterity for right and left-handed?

+ To what extent does motor dexterity and difference grip strength for right- and left-

handed associate?

« What impact does left-handed heredity have on handedness?

Methods

Procedure

The study was designed as an experimental cross-sectional study. Information about the study
was posted on Facebook (Appendix 1) by study leader with encouragement that viewers
should spread the post further. The focus was to recruit left-handed participants. Those who

were interested in the study were invited to contact the study leader via email. A questionnaire



(Appendix 2) and the written consent (Appendix 3) were sent as a response. The participants
were scheduled four one hour. Handedness was defined by participants answering the

question: Which hand do you prefer to use when writing? via a questionnaire (Appendix 2).

Study leader acted as test leader for this study and performed all measurements. First, a
written consent and a questionnaire were presented and filled out by the participant. Forearm
circumference were then measured. Second, the Purdue Pegboard test was performed
according to Lafayette IN (2015) user’s manual, adding an instruction video (Dittrick, 2017).
Third, Takei Grip-D were used for grip strength measurement. The whole procedure took 30

minutes to carry through.

Participants

To join the study, participants needed to be between 18-30 years old, with no history of a
hand injury that could affect the results. Participants with musculoskeletal disease or an elite
carrier within a sport where the use off one hand is more common, were excluded. Also,
participants with a profession such as masseuse, chiropractor or carpenter, where the use of

hands is more common, were excluded.

Assessments

Questionnaire

The participants answered questions regarding age, gender, handedness, current health status,
former elite carrier and type of employment. Also, the answered if they had a biological
relative that wrote with their left hand, including mother, father and grandparents. It was

possible to answer “yes” or “no”. If they didn’t know that answer assumed to be “no”.

Takei Grip D Hand-dynamometer

Takei Grip-D (T.K.K. 5401 GRIP D, Takei Scientific Instruments Co., Ltd. Japan) is a
common tool for measuring grip strength (Amaral, Mancini & Junior, 2012). When
comparing three different hand dynamometers: Jamar, Takei Grip-D and EM, focus was on
accuracy and precision of their measurements. Calibration of Takei Grip -D showed that the
dynamometer followed its fabric characteristics (Amaral et.al., 2012). When comparing
measurement value between Takei Grip -D to Jamar dynamometer, significant difference was
found for both and men p=0.02 and women p <0.001. They explain the difference due to

various transmissions when measuring grip strength, together with the differentiation in shape



of the handle. Even though, the measurement can be considered equivalent due to the
similarity when calibrating Takei Grip-D and Jamar dynamometer. Also, the shape of the
handle is an important factor when measuring grip strength. Takei Grip-D is a cheap

instrument, easy to handle, suited for collecting lots off data (Amaral et.al., 2012).

For this study, the participant had one test trial, rested for two minutes, followed by the
measurement trial. This was repeated for the non-dominant hand. Grip size was adjusted after
comfort. When performing the test, participant was standing in an upright position, starting
with their dominant hand having the elbow in 90 ° flexion, pressing while straightening their
arm to full extension (Koutromichalis, 2013). Studies on the test-retest reliability for one vs.
three grip trials on Jamar dynamometer showed no significant difference between three trials

with 15 sec rest compared to one trial (Coldham, Lewis & Lee, 2006).

Forearm circumference measurement

Forearm circumference was measured with a measuring tape, while sitting, having their elbow
in 90 ° flexion, relaxed, with the forearm placed on a table, dominant arm was measured first.
Two measurements were taken, at the largest circumference of both forearms. This was done
following Li, Hewson, Duchene & Hogrel (2010) study where forearm circumference was
measured at the largest part of the forearm, located over the bulk of the brachioradialis

muscle.

The Purdue Pegboard
The pegboard (32020A, Lafayette IN, Sagamore, USA) is a board with two rows of 25 holes

each parallel with each other and measures motor dexterity. At the top there are 4 cups
parallel, aimed for the pegs, collars and washers. For right-handed participants, the pegs (25
each) should be placed in the far-right and the far-left cup, the middle left cup should have 40
washers and middle right cup all collars. Placement of washers and collars should be reversed
for left-handed participants. This is due to the requirement that the pegs need to be assembled
with the dominant hand. The test battery is divided into four different subtests: right and left
hand separately, both hands and assembly test. (Lafayette Instruments [Lafayette IN], 2015).
The participant starts with their dominant hand, placing the pegs into the holes for 30 seconds,
the same procedure is repeated for the non-dominant hand. The result is the total number of
pegs added to the board (n) for left and right hand separately. The same procedure is done
placing pegs with both hands for 30 seconds. The result is total number of pairs of pegs

inserted. One assembly consist of a peg, a washer, a collar and another washer. The pegs must



be picked up by dominant hand, and the washer with non-dominant, adding a collar with
dominant hand and then another washer with non-dominant hand. The participant shall work
with both hands during 60 s. The test battery is performed three times, and a mean value are
calculated for all subtests (Lafayette Instruments, 2015). The score for the assembly test is
counted as number of parts. For example: 8 complete assemblies x4 + a peg and a washer (2)
= 34 with a possible score range between 0-100. The score from the Purdue pegboard test
should be presented as: Total pegboard score (right + left hand + both hands) with a possible
score range between 0-75 (Lafayette, 2015). Studies on test-retest reliability for the Purdue
pegboard test regarding one-trials vs. three trials showed correlation of one-trial
administration <0.60-0.79 were three-trails were >0.80. Using three-trails is recommended
and that all participants should be tested individually, due to increased competitive when
performed in groups (Buddenberg & Davis, 1999). The Purdue pegboard test can predict
handedness in 68% of the cases, for both preferred hand (p=0.031) and the assembly test
(p=<0.005) (Judge & Stirling, 2003). On the other hand, they did not add up right + left hand
+ both hands to a total score, instead they studied them separately. According to this study,

the assembly test is most appropriate for motor dexterity measurements.

Ethical and social considerations

The study followed the guidelines in the declaration of Helsinki (WMA Declaration of
Helsinki, 2013). Before the tests the participant signed a written consent (Appendix 3) and
were well informed that participation was voluntary, and that they could drop out at any time.
All personal data was stored confidentially by replacing personal data with a code. Only the
study leader has access to the data. After the study, the data is stored in a locked safe at
Halmstad University. To eliminate risks, the participants needed to be healthy with no earlier
records of musculoskeletal disease or hand injuries. Therefore, the risk of further injuries was

assessed to be low.

The study could contribute to a better understanding regarding in what extent handedness

affect grip strength and motor dexterity. This could, together with further research change the
procedure when rehabilitating stroke or severe hand injuries. It will also encourage patients to
work with both strength and motor dexterity. More knowledge about laterization will make it

easier for the society to adjust tools and public areas to left-handed citizens.



Statistical analysis

The statistical calculations were done in IBM SPSS (IBM SPSS statistics for IOS, version
25.0. IBM, Armonk, New York, USA). The Shapiro-Wilks test was used to check for normal

distribution, showing that the results were not normally distributed. Descriptives are presented

as median, min-max values or frequencies. Mann-Whitney U test was used for finding

differences between right and left-handed regarding grip strength and motor dexterity, chi-

square test was used for question about heredity and Spearman's correlation (rs) were used for

analysis of correlations. The tested variables were: grip strength (kg), motor dexterity (a total

score of 3 tests and the assembly test calculated in numbers) and forearm circumference (cm),

for both dominant and non-dominant hand divided by right and left-handed. The correlation

value (r) will be interpreted as: 0.1-0.3 small, 0.3-0.5 moderate, 0.5-0.7 large, 0.7-0.9 very

large, 0.9-0.99 nearly perfect, 1.0 perfect (Hopkins, 2002).

Results

The study included 29 participants, 12 men and 17 women with 14 (5 men, 9 women) right-
handed and 15 (7 men, 8 women) left-handed. Median age was 23 years (20-27) (Table I).

Arm circumference for dominant arm was 24.0 (22.0-28.3) cm for women and 28.4 (25.0-

36.5) cm for men. Total pegboard score for the whole group was 42.7 (34.3-51.7) (Table I).

Table I. Age, grip strength, motor dexterity and forearm circumference for University students (n=29) divided
by sex and handedness presented as median (min-max).

Men Women Left-handed Right-handed p-value

n=12 n=17 n=15 n=14
Age (years) 23 23 23 23

(21-24) (20-27) (20-24) (21-27)

Difference in grip 0.2 -0.4 0.6 1.6 0.43
strength (kg) (-3.1-7.6) (-4.1-8.0) (-3.4-7.6) (-4.1-8.0)
Difference forearm 0.3 0.1 0.5 0.3
circumference (cm) (-0.8-1.0) (0.0-1.0) (-0.4-1.0) (-0.8-1.1)
Grip strength 59.3 322 41.7 373
dominant (kg) (43.6-76.5) (28.941.7) (28.9-76.5) (29.0-68.0)
Grip strength 59.1 32.6 41.1 35.7
non-dominant (kg) (43.1-74.9) (21.940.1) (25.4-74.9) (21.9-66.9)
Total pegboard score! 422 43.0 423 433 0.68
(0-75) (36.7-51.7) (34.349.3) (34.3-51.4) (38.749.3)
Assembly? 39.2 40.0 40.0 39.2
(0-100) (25.2-44.0) (30.845.2) (25.2-44.0) (34.845.2)
Forearm circumference 28.4 24.0 25.5 27.6
dominant (cm) (25.0-36.5) (22.0-28.3) (22.0-36.5) (23.3-31.0)
Forearm circumference 28.1 23.9 25.0 273
non-dominant (cm) (25.0-35.5) (22.0-27.5) (22.0-35.5) (22.4-30.5)

ITotal pegboard score is the score for dominant, non-dominant and both hands added, with a possible range of 0-
75. 2Assembly is the fourth motor dexterity test with a possible range of 0-100. P-value are when comparing grip

strength and motor dexterity between left and right-handed.
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Left-handed had a grip strength value of 41.7 kg in the dominant hand and 41.1 kg in the non-
dominant hand, with a difference of 0.6 kg. Right-handed had grip strength value of 37.3 kg
in the dominant hand and 35.7 kg in the non-dominant hand, with a difference of 1.6 kg.
There was no significant difference between grip strength and hand dominance (p=0.43)
(Table I).

There was a large to nearly perfect correlation between grip strength and forearm
circumference for both left and right-handed participants (rs= 0.59 to 0.90, Table II). Left-
handed participants had a stronger correlation between forearm circumference and grip
strength than right-handed participants. The correlation between grip strength and forearm
circumference were stronger in the non-dominant hand compared to dominant hand for both

right and left-handed (Table II).

Table II. Correlations between grip strength and forearm circumference for both dominant and non-dominant
hand.

Correlations Right-handed Left-handed
Dominant r=0.59 p=0.025 r=0.83 p<0.0001
Non-dominant r=0.73 p=0.003 r=0.90 p<0.0001

Total pegboard score for right-handed was 43.3 (38.7-49.3) and left-handed 42.3 (34.3-51.7)
(Table I). There was no significant difference between hand-dominance and motor dexterity
(p=0.68) (Table I).

There were moderate but non-significant correlations between motor dexterity (total pegboard
score) and difference in grip strength for right-handed (r:=0.43; p=0.13) and left-handed (rs=-
0.42; p=0.12). For left-handed, a stronger non-dominant hand, compared to dominant hand,
gives a better motor dexterity score. On the contrary, for right-handed, a stronger dominant

hand, compared to non-dominant hand, gives a better motor dexterity score (Figure I and II).
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7,50 *

dominant hand

-2,50

Difference in grip strength between dominant and non-

35,00 40,00 45,00 50,00

Total pegboardscore (Motor Dexterity)

Figure I. Correlation between difference in grip strength and motor dexterity for left-handed.

dominant hand

-2,50 * *

~5,00

Difference in grip strength between dominant and non-

38,00 40,00 42,00 44,00 46,00 48,00 50,00

Total pegboard score (motor dexterity)

Figure II. Correlation between difference in grip strength and motor dexterity for right-handed.

R? Linear = 0,186

=042
p=0.12

R? Linear = 0,185

7.50 r=043
» p=0.13

For this study, the group is not affected by their relative’s handedness to determine their own

handedness (p=0.56) (Figure III to VI).
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Yes
53%

Figure III. Presentation of heredity possible effect on handedness for right a) and left-handed b). “Yes”
represent the participants with a left-handed relative and “No” represent the participants without a left-handed

relative.

Discussion

The results show a large to nearly perfect correlation between grip strength and forearm
circumference, were the correlation was stronger for the non-dominant hand, for both right
and left-handed. Regarding motor dexterity and difference in grip strength, the association
was moderate for both left and right-handed with a total opposite result regarding grip
strength influence on motor dexterity. This means that those who were left-handed and
stronger in their non-dominant hand, had a better motor dexterity score. For right-handed, a
stronger dominant hand showed a better motor dexterity score. There was no significant
difference in grip strength between dominant and non-dominant hand for both left and right
handed. Neither, no significant difference between right and left-handed, regarding motor
dexterity was found. In this study, the participants are not affected by their relative’s

handedness to determine their own handedness.

Result discussion

In this study, difference in grip strength between dominant and non-dominant hand, for both
right and left-handed were compared. The study did not find any difference between right and
left-handed regarding grip strength. This is not in accordance with earlier research where
findings indicate that right-handed are about 10% stronger in their dominant hand, when left-
handed are more equal between hands (Crosby et.al.,1994; Petersen et.al., 1989; Incel et.al.,
2002). Anakwe et.al. (2006) stress the issue with comparing left and right-handed, since right-

handed participants were stronger in their dominant hand, but left-handed were equally as
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strong. The effect of the society on handedness is a possible explanation for these findings
(Papadatou-Pastou, 2011). For above stated studies, about 15 % of the whole group were left-
handed, in this study there was one more left-handed than right-handed. This might be the
reason for the significant difference between hands for right-handed but not for left-handed.
The rarity of left-handed humans is a problem when performing studies on handedness
connected to for example grip strength. One can also discuss the effect of having men and
women mixed in the same group, since men have a stronger grip strength than women. Since
this study had a small study group as a whole, compared to other studies, this might affect the

result as well.

The result regarding the correlation between hand dominance, grip strength and forearm
circumference shows a large correlation between grip strength and forearm circumference for
right-handed in their dominant hand and a very large correlation in their non-dominant hand.
For left-handed, a very large correlation is shown for dominant hand, and a nearly perfect
correlation for the non-dominant hand. Left-handed had a higher correlation regarding
forearm circumference and grip strength for their dominant hand than right-handed. Earlier
studies have presented strong correlation between these two variables (Anakwe et.al., 2006).
Grip strength and forearm circumference differentiate between sexes, were men are stronger
than women. Forearm circumference predicted grip strength for both dominant and non-
dominant hand in men, but not in women (Anakwe et.al., 2006). This is also confirmed by
Kallman, Plato & Tobin, (1990) who states that forearm circumference has a strong
correlation with forearm muscle mass and grip strength. On the other hand, they added grip
strength for dominant and non-dominant hand together and did not state hand dominance for
the participants. A conclusion can be drawn that the larger the forearm circumference the

stronger grip strength for this study, supported by above stated studies.

Comparing the differences between left and right-handed regarding the Purdue Pegboard test,
the result in this study shows no difference between right and left-handed. Other studies have
found a significant difference between right-handed participants (t = 4.806, df =21, p <.05)
but not left-handed (values not presented) when comparing dominant and non-dominant hand
in the three tests included in total pegboard score (Judge & Stirling, 2003). The total Pegboard
score and assembly for right and left-handed in this study were somewhat higher than findings
in other studies (Judge & Stirling, 2003). Divided by sex, the total score and the assembly test
is similar with studies that have used those variables instead (Lafayette, 2015). Findings in

this study indicate that right and left-handed are equally skilled on the motor dexterity test.
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This could be due to that left-handed are equally as skilled between hands were right-handed
compensate with being very dominant in their preferred hand. This correlates with above
stated study where they compared each subtest at the time, instead of adding them together to
a total pegboard score. Even though, total pegboard score was chosen to represent motor
dexterity skills and added up as a total score according to manufacturer instructions. This is
mainly because the simplicity of following a standardized method. Judge & Stirling (2003)
states the assembly test as a better predictor for motor dexterity compared to using all subtest
and comparing them separate. For this study, it was considered more valid to use a total

pegboard score, recommended by the manufacturer instructions.

There was a moderate correlation between grip strength and motor dexterity for both right and
left-handed. The results indicate that right-handed have a better motor dexterity when they are
stronger in their dominant hand. On the contrary, for left-handed a better motor dexterity is
achieved when they are stronger in their non-dominant hand. Earlier studies on the correlation
between grip strength and motor dexterity show a moderate to strong correlation between
difference in grip strength and motor dexterity depending on subtest (Martin et.al., 2015). A
better activation of the sensorimotor network, performing a visuomotor control task is shown
when using non-dominant hand but not dominant hand (Moulton et.al., 2017). A high
Pegboard score indicates good motor dexterity with an equal use of both hands. Since this
result for right-handed is contrariwise to left-handed, regarding difference in grip strength and
motor dexterity, right-handed must have a higher developed nervous system in their dominant
hand, that compensates for the irregularity between hands. This corresponds well with the
theory that right-handed have a more develop muscle activation as an explanation of the
somewhat lower correlation between forearm circumference and grip strength in relation to
left-handed. One, of many explanations could be that right-handed is only right-handed, were
left-handed is more ambidextrous. Degree of handedness should therefore be considered when

rehabilitating a hand injury.

For this study, the participants handedness was not determined by their relatives’ handedness.
Other studies have found that handedness is probably something we are born with and inherit
in greater extent from other mothers than fathers (McKeever, 2000). It was not possible to
divide heritability between mother and fathers due to the small study group in this study. All
participants were born in the 90’s, having a parent that was born during the 50-70’s, which
was the time when schools switched from making all students write with their right-hand, to

accepting left-handedness (Gutwinski et.al., 2011). This could affect the result in greater
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extent since some participants might have a parent that was forced to switch handedness.
Some of the participants even stated that their parents where left-handed but had to write with

their right hand in school, making them ambidextrous.

Method discussion

In future studies, the concept regarding “degree of handedness” should be taken into
consideration, understanding that defining handedness as preferred hand is not enough
(Clerke & Clerke, 2001). This could be done by sorting the participant from very right-handed
to very left-handed. The Edinburgh handedness inventory is for example used when defining
handedness (Cohen, 2008). Since the current study was small with limitations in time and
participants, the Edinburgh questionnaire was considered to complex. Handedness was
defined as preferred writing hand. This was also done by Petersen et.al. (1989) and Anakwe
et.al. (2006) still making it an arbitrary method.

The test procedure measuring grip strength, followed a well-established test battery
(Koutromichalis, 2013). Only one-trial instead of three-trials was measured since equal test-
retest reliability were shown (Coldham et.al., 2006). American society of hand therapists
(ASHT) have a recommended a method to measure grip strength, which are used in several
different studies (Anakwe et.al., 2006; Crosby et.al., 1994; Amaral et.al., 2012): participant is
seated with shoulder adducted and neutrally rotated, elbow at 90° flexion and forearm in
neutral position. Roberts et.al. (2011) discuss whether the participant position affect the grip
strength measurement, where several studies showed no significant differences between
standing or sitting position but stress the issue with different methods. Grip strength
measurements can also be affected by hand size, dominance, posture and effort (Roberts et.al.,
2011). Following their statement, it would be better to have the participants seated, making it
possible to compare result. Regardless, the method that were used are a well-known method

for the test leader and also established within the specific research field in Sweden.

When measuring forearm circumference, it was considered the most reliable method to take
the measurement on the perimeter of the largest part of the forearm. The same method has
been used in earlier studies (Li et.al., 2010; Kallman et.al., 1990). However, there is no
standardized method for measuring forearm circumference which cause problems when

comparing results.
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Performing the Purdue pegboard test, instructions stated by Lafayette (2015) were strictly
followed. This, mainly due to making it possible to compare with other studies. When
executing the test, a bias was noted regarding stress resistance. Participants who were more
tolerant to stress performed better and did not make mistakes, such as dropping the pegs.
Also, the ones who were more competitive in their nature tended to perform better, since they
wanted to improve their last result. Therefore, in future studies, it is considered appropriate to

study how stress and a competitive nature affect the result of the Purdue pegboard test.

Regarding the question, if the participant has a relative that write with their left hand, the
formation of the question could cause bias. Since it is somewhat an angled question, one
might remember having a relative who are left-handed if oneself are left-handed. It could
therefore affect the answer for the right-handed participants who might not, in the same
extent, know if some of their relatives are left-handed. The fact that former generations had to
write with their right hand, influence of heredity are very complex to study. In this study,

handedness between mothers and fathers were not divided, since the group is too small.

Earlier studies states that men and women should be considered separately regarding grip
strength and forearm circumference due to the vital differences between sexes (Anakwe et.al.,
2006). Therefore, it was chosen to present the result for men and women as well. On the other
hand, several studies show that handedness is an important factor regarding grip strength and
motor dexterity (Petersen et.al., 1989; Crosby et.al., 1994; Incel et.al., 2002; Papadatou-
Pastou, 2011). Even tough, our study did not find any significant difference for grip strength
or motor dexterity comparing right and left-handed. On the other hand, one study found a
significant difference between dominant and non-dominant hand, for right handed but not left
handed measured with the Purdue pegboard test (Judge & Stirling, 2003). Results between
studies differentiate, which shows the complexity in this studied area. The studied group for
our study had more one more left-handed than right-handed, where left-handed is represented
with about 15% of the total group in other studies (Petersen et.al., 1989; Crosby et.al., 1994;
Incel et.al., 2002). This could be a factor, together with the small study group in this study,
causing differentiation when comparing results with other studies. One could assume that it
could be beneficial to have equally large groups, and this is a factor that might be necessary to
consider for future studies. The technological development has evolved greatly during the
2000s and this could have an effect on our fine motor skills. When texting, we use both hands
in greater extent making the difference between hands smaller. Few studies have been done

on the matter, but one shows that children between 6-12 years of age born in the 2000s was
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affected by environmental factors such as technology giving a negligible effect on motor
skills (Gaul & Issartel, 2016). This should also be of interest to consider when comparing

studies from the 90s to studies done in the present.

Conclusions

Conclusions from this study show that there is a moderate correlation between difference in
grip strength and motor dexterity and a large to nearly perfect correlation between grip
strength and forearm circumference, for both right and left-handed. No significant difference
comparing right and left-handed regarding grip strength and motor dexterity was found. Even
though, when comparing difference in grip strength and motor dexterity it gives an indication
that handedness should be divided into separate groups and studied wide apart. How
handedness is defined should be further evaluated and standardized measurement processes
should be set for measuring grip strength and motor dexterity. Having equally large study
groups is an important factor to consider, since this might have an effect on the result.
Regarding heredity, it is a very complex variable to study, but still an important factor for

future understanding about handedness origin.
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Appendices

Appendix 1, information about the study

Ar du viansterhiant? D4 ar du unik!

Har du ndgon gang undrat varfor 90% av jordens befolkning foredrar att skriva med hoger

hand och ldmnar en liten del (10%) till att foredra vanster hand att skriva med? Forskare vet
inte uppkomsten eller orsaken till detta och jobbar dirmed hela tiden for att fa svar pa denna
fraga. Eftersom vi anvénder var dominanta hand mer &n var icke dominanta hand borde vi
vara starkare i denna, detta kallas 10% regeln och innebér att vi ska vara 10% starkare i vér
dominanta hand. Och andra sidan lever vi i ett hoger dominerat samhélle vilket gor att
vénsterhdnta anvinder sin icke dominanta hand i storre utstrdckning. Kan detta verkligen da
stimma for vénsterhidnta?

Vad géller greppstyrka anvénds det idag i stor utstrickning for att undersoka bade handstyrka
som allmin styrka. Hiar kan man anta att desto mer muskler desto battre greppstyrka. Dock
innefattar greppstyrka manga muskler som styr manga finmotoriska rorelser sasom att skriva.
For att 10sa detta behovs ett gediget nervsystem som kan kontrollera rorelserna i handen. I
vilken utstrdckning paverkar muskelmassan och hur stor del star nervsystemet for?

Gj orde detta dig nyfiken pa studien och skulle du vilja bidra kring med kunskap inom d&mnet?
Ar du mellan 18-30 4r och studerar pd Hogskolan i Halmstad? Lés d4 vidare och anmil ditt
intresse till ansvarig for studien! Det behdvs bade hdger och vinsterhédnta, sa dela gidrna detta
med din hogerhénta kompis! For att delta i studien far du inte vara diagnostiserad med en
neuromuskuldr sjukdom, ha en tidigare handskada eller utdvat en idrott pa elitnivd som tros
paverka funktionen.

Studien kommer att utféras pa Hogskolan i Halmstad som da &r projektets
forskningshuvudman. Med forskningshuvudman menas den organisation som &r ansvarig for
studien.

Vid frégor eller Intresseanmélan kontakta:

Louise Edwall
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Appendix 2, questionnaire

Namn:
Alder:
Biologiskt kon:
Vilken hand skriver du med?
O Hoger O Viénster

Har du utdvat ndgon idrott pa elitniva?

O Nej O Ja, jag har trénat antal &r  Slutade ar

Utovar du idag nagon idrott pa elitniva?

O Nej Ja jag trénar

Vad har du for nuvarande huvudsaklig sysselséttning?

Andra fritidsaktiviteter?

Har du ndgon tidigare handskada?

O Nej O Ja jag har skadat nar

Har du ndgon neuromuskuldr sjukdom?

0OJa O Nej

Har du en biologisk sléktning (mamma, pappa, mor eller farfordldrar) som &r vénsterhint?

OJa O Nej
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Appendix 3, written consent

Information kring studien “Hur hiinthet piverkar greppstyrka, muskelmassa och finmotorik
hos studenter pa Halmstad Hogskola”.

Jag heter Louise Edwall och gor just nu min C-uppsats i Biomedicin - fysisk tréning. For att
genomfora detta behdver jag forskningspersoner mellan 18-30 ar pa Halmstad Hogskola som vill delta
i min studie.

Vad ir det for projekt och varfor vill ni att jag ska delta?

Projektet dr en studie kring hoger och vénsterhénthet och hur den paverkar greppstyrka, muskelmassa
och finmotoriken hos en person. For att genomfora studien behovs deltagare som skriver med antingen
hoger eller véinster hand, &r fria frén skador, neuromuskuléra sjukdomar och har égnat sin tid at nagot
annat dn en karridr inom elitidrott dér man anvénder ena handen mer dominant.

Hur gir studien till?

Du kommer att fylla i ett frageformulér dér vi ber dig att svara pa fragor kring nuvarande och tidigare:
traningsvanor, sjukdomar samt skador. Du kommer dven f& ange kontaktuppgifter, dlder, namn och
biologiskt kon. Du blir sedan kontaktad av forskningsansvarig med information kring hur du bokar in
dig pa ett testtillfille. Rékna med 1h for att géra métningarna: greppstyrka, finmotoriktest och omkrets
pa underarmen for bada hoger och vénster hand/arm.

Majliga foljder och risker med att delta i studien
Studien kommer innefatta métning av greppstyrka, finmotorik och omkrets av underarmen. Riskerna
bedoms som minimala for denna studie.

Vad hinder med mina uppgifter?

Projektet kommer att samla in och registrera information om dig. Informationen innefattar de svar pa
fragorna som du anger i frageformuléret. All information som samlas in i samband med studien
hanteras som personuppgifter enligt géllande lag (2018:218). Informationen kommer inte gé att
hérleda till dig personligen d& dem ersétts med en kod. Datan hanteras konfidentiellt dar det sparas pa
ett USB-minne separerat frdn kodnyckeln i ett 14st skap pa Halmstad Hogskola.

Ansvarig for dina personuppgifter &r Hogskolan i Halmstad. Enligt EU:s dataskyddsférordning (EU)
nr 2016/679 har du rétt att kostnadsfritt fa ta del av de uppgifter om dig som hanteras i studien. Du kan
ocksa begira att uppgifter om dig raderas samt att behandlingen av dina personuppgifter begrinsas.

Hur fir jag information om resultatet av studien?
Onskar man &r det mojligt att i samband med besoket erhalla en kopia av sina resultat, du kan dven fa
resultat fran hela studien. Dessa 6nskemal meddelas i samband med besoket.

Deltagandet ir frivilligt

Ditt deltagande ér frivilligt och du kan nér som helst vélja att avbryta deltagandet. Om du viéljer att
inte delta eller vill avbryta ditt deltagande behdver du inte uppge varfor. Om du vill avbryta ditt
deltagande ska du kontakta den ansvariga for studien (se nedan).

Ansvariga for studien Handledare

Louise Edwall Emma Haglund
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Samtycke till att delta i studien “Hur hiinthet piverkar greppstyrka, muskelmassa och
finmotorik hos studenter p4 Halmstad Hogskola”

Jag har fatt muntlig och skriftlig informationen om studien “Hur hénthet paverkar greppstyrka,
muskelmassa och finmotorik hos studenter pa Halmstad Hogskola” och har haft mgjlighet att stilla
fragor. Jag far behalla den skriftliga informationen.

00 Jag samtycker till att delta i studien:

O Jag samtycker till att uppgifter om mig behandlas pé det sétt som beskrivs i
forskningspersonsinformationen.

Plats och datum Underskrift (forskningsperson)
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Louise Edwall

PO Box 823, SE-301 18 Halmstad

Phone: +35 46 16 71 00
HALMSTAD E-mail: registrator@hh.se

UN IVERSITY www.hh.se




