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ABSTRACT

Purpose: Manual asymmetry refers to tendency that is in favor of hand to perform manual tasks requiring skills, it is
important in every sensory and motor function. This study aimed to compare the muscle activation, proprioception,
and anthropometric characteristics of the dominant and non-dominant wrists.

Methods: In the study, forty young individuals aged between 18-25 years, who volunteered to participate, were
included. As anthropometric measurements, the upper extremity length measurement forearm length measurement,
hand length measurement wrist diameter measurement, hand width, shape and digit index measurements were
performed, respectively. The muscle strength of wrist flexor and extensor muscles was measured by a hand
dynamometer, while their muscle activations were measured by electromyography. The arm carrying angle was
evaluated by a universal goniometer.

Results: The mean age of the individuals included in the study was 22.51 + 0.35 years. In the right dominant
individuals, when the dominant and non-dominant sides were compared, a statistically significant difference was
found between flexor muscle activations, muscle strength, and hand width (p<0.05). No difference was detected
between the digit and shape indices, proprioception, wrist diameter, forearm length, cubital angles, and upper
extremity length (p>0.05).

Conclusion: Finding the dominant side's wrist flexor muscle activations, extensor muscle strength, and hand widths
better in young individuals showed that the dominant side was frequently used in daily living activities. The difference
was seen that the non-dominant side would be weaker and at higher risk of deformity with increasing age and in the
presence of any rheumatic, orthopedic, and neurologic diseases.
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INTRODUCTION

The hand and wrist are among the most advanced
anatomical structures of the body. For the optimal
function, the hand and wrist must work in harmony.
The wrist joint also forms the basis of the functional
movements of the hand and fingers, and it is essential
for strengthening the fine motor control of the fingers
and hand. For this reason, it is important to determine
the wrist muscle activation, joint movement positions,
and anthropometric characteristics such as length,
strength, and width. Since anthropometric
characteristics will affect the architectural structure of
the muscle, it helps in determining the individual's
functions in daily life, under which conditions and
which tissues will be overloaded, and which diseases
he/she may be prone to (1,2). Furthermore,
anthropometric characteristics may vary depending
on age, gender, body structure, and the activities that
individuals frequently perform (3). Among the
anthropometric characteristics of the wrist, the arm
length, forearm length, hand length, and third finger
length are the most determinative among the length
measurements (4).

The wrist motor coordination, manual dexterity,
muscle strength, and sensitivity are essentials for the
adequate performance of manual tasks. Manual
asymmetry refers to the tendency that is in favor of a
hand to perform manual tasks requiring skills, and it
is important in every sensory and motor function.
Therefore, the hand is one of the most critical
components affecting the functionality of the upper
extremity. Within the hand functions, the grip is an
important function for the continuity of daily living
activities (5). For this reason, grip strength is
accepted as an objective measurement in the
evaluation of the hand, wrist, and upper extremity
performance. Grip strength provides data that can
assist physiotherapists and occupational therapists in
monitoring the patient's clinical status, setting
treatment goals, assessing the effectiveness of
treatment, and measuring the level of competence
required for work (6).

The surface electromyography signal has been
started to be widely used to assess muscle
performance in the last decade. Surface EMG
(sEMG) is a method that is painless, needle-free, and
easy to apply. It is regarded as an auspicious method
in terms of providing information about general
muscle activity and evaluating muscle fatigue.
Therefore, surface EMG (sEMG) is frequently used in
field studies such as biomechanics, kinesiology,
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exercise education, rehabilitation, medical exercise
therapy, ergonomics, etc., and in controlling and
evaluating human performance. sEMG has a wide
range of applications ranging from isometric muscle
contractions under normal and pathological
conditions to the evaluation of specific motor skills
and high dynamic muscle movements during
exercise. Surface electrodes are placed on the
surface of the skin to detect sEMG myoelectric
signals (7).

One of the most important mechanisms involved in
providing the optimal position of the wrist for a
function is also proprioception. Proprioception is a
sense that affects the joint position and movement
formed with the stimulation coming from different
structures such as muscle, tendon, joint capsule, and
skin (8). Studies show that the position,
anthropometry, and sensation of the wrist affect hand
functions and daily life activities. Kili¢ et al showed
that rheumatoid arthritis disease affects wrist position,
and this situation causes lower hand function in these
people. Inadequate hand functions influence the
performance of activities for these individuals (2). In
another study, Zapartidis et al stated that the
anthropometric characteristics of the upper extremity
contribute to specific motor capabilities and physical
fitness (3). Nicolay et al showed that no significant
differences existed between healthy males’ and
females’ hands in measures of relative endurance.
They emphasize that the dominant hand was
significantly stronger than the opposite hand, but also
fatigued more rapidly (5). In the literature, the number
of studies evaluating the wrist muscle activation,
proprioception, and anthropometric characteristics all
together is very limited. With this study, we aim to fill
this gap in the literature by comparing the dominant
and non-dominant wrist position, anthropometric
characteristics, and proprioception sense.Therefore,
we aimed to compare the muscle activation,
proprioception, and anthropometric characteristics of
the dominant and non-dominant wrists.

MATERIALS AND METHODS

Young individuals, who were students at the Faculty
of Health Sciences of Kirikkale University and who
volunteered to participate in the study, were included
in the study. Informed consent was obtained from all
individual participants included in the study. To
determine the sample size, the study used the mean
and standard deviation scale scores that Nicolay et al
(2005), found comparing hand width on dominant and
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nondominant sides in their study with healthy young
individuals (5). The sample of the study was
determined as 40 healthy young adults using a power
analysis with a two-tailed significance level, effect
size of 0.5, error rate of 5%, and a confidence interval
of 95% and with a population representing a power of
80%. 40 young individuals, who met the inclusion
criteria, were included in the study. Healthy
individuals aged between 18-25 years, who used the
right hand dominantly, accepted to participate in the
study, had normal sequencing in the upper extremity,
and had no cooperation and communication
problems (individuals with the mini-mental test score>
24), were included in the study (8).

Patients with an active infection, malignancy, multiple
organ failure, and terminal disease status, a history of
fracture in the upper extremity in the last three
months, severe hearing and vision loss, orthopedic or
neurological problems affecting the shoulder, elbow,
forearm, wrist, and hand, operation history that would
prevent the normal activation of shoulder, arm,
forearm muscles and muscles around the wrist,
barriers to moving the arm independently and
actively, muscle strength below the value of 3 when
evaluated as motor, and problems such as diabetes,
tremor, or B12 deficiency were excluded from the
study.

All individuals included in the study were given
detailed information about the purpose and
methodology of the study, and their consent to
participate in the study was obtained. Our study,
which was discussed by Kirikkale University, Clinical
Research Ethics Committee, was found to be
ethically appropriate (Decision No: 05.03).

Forty young individuals, who participated in the study,
were evaluated by the face-to face interview method.
Firstly, sociodemographic information of the
individuals, such as age, height, weight, and gender,
was questioned. As anthropometric measurements,
the upper extremity length measurement (a distance
from the acromion process to the third finger by a tape
measure), forearm length measurement (a distance
between the olecranon and the radius styloid
process), hand length measurement (a distance
between the distal tip of the 3rd finger and the radius
styloid process, from the dorsal of the hand by a tape
measure), wrist diameter measurement (a distance
between the radius styloid and ulna styloid process
by a caliper), hand width (a distance between the 2nd
and 5th fingers over the hand volar surface)
measurements were performed, respectively (9). The
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shape index was obtained by multiplying the hand
width (mm) by 100 and dividing it by the hand length
(10). The digit index was obtained by multiplying the
length of the third finger (mm) by 100 and dividing it
by the hand length (4). The arm carrying angle was
evaluated by a universal goniometer as the angle
between the long axis of the arm and the long axis of
the forearm (11).

The muscle strength of the wrist flexor and extensor
muscles was measured by a hand dynamometer
(Baseline Push-Pull Dynamometer, Digital Hydraulic,
New York, USA). During the measurement, while the
individual forced his/her elbow and wrist separately in
the direction of flexion and extension, the
physiotherapist came across him/her and tried to
break the strength. In the meantime, the amount of
measurement was determined as a digit on the
display of the dynamometer. The measurements
were repeated three times and then averaged (12).
The muscular activations of the wrist flexor and
extensor muscles were measured by a Delsys Trigno
Avanti Wireless surface EMG system (Delsys, Inc.,
Boston, MA, USA) system with 2 channels. Surface
EMG electrodes were used for the Trigno Avanti EMG
sensor. Surface electrodes were placed at the motor
point of the muscles. Sampling rate for EMG data was
performed at 1000 Hz, with a bandwidth of 20-400
Hz, the common-mode rejection ratio was greater
than 80 Db and the root mean square was calculated
using EMG Works 4.0 analysis software (Delsys,
Boston, MA, USA). Before placing the electrodes, the
skin was cleaned according to the criteria determined
by the Surface Electromyography for the Non-
Invasive Assessment of Muscles (SENIAM) (13).
The measurements were recorded when the
individual tried to flex and extend the wrist. For this
purpose, firstly, the maximum voluntary contraction
(MVC) values were calculated in muscle test
positions, which are the positions where the muscle
showed the most activation. This is the position that
was the muscle test position when individuals sitting
near the bed and with 90-degree elbow flexion and
neutral position of wrist. In each position, the
individuals were requested to maintain the position
against manual resistance in opposite side of flexion
and extension way that there would be a maximum
isometric contraction for 5 seconds. During the
measurement, the participants were encouraged
verbally for a maximum effort. All the measurement
were done by the same 10 years of experienced
physiotherapist. The MVC value of each muscle was
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measured in 3 repetitions, and a resting time of 30
seconds was given between the repetitions. The
highest value was recorded (7,13).

The sensation of proprioception was measured by an
electrogoniometer (Baseline Digital Absolute Axis
Goniometer) when the eyes were closed, by asking
the individual to bring the wrist to the determined
angle values during the movement of the wrist in the
direction of flexion and extension. The visual inputs
were blocked with a mask. These angle values were
taken as 45 degrees as determined in the literature.
By measuring with an electrogoniometer, the
deviation amounts were determined (14,15).

Statistical Analysis

In the study, statistical analyses were performed
using the SPSS version 19.0 for Windows (IBM SPSS
Statistics for Windows, Version 19.0, IBM Corp.,
Armonk, NY, USA) package program.Normal
distribution of data was tested and confirmed with the
visual (histogram and probability graphs) and
analytical methods(Shapiro—-Wilk and Kolmogorov
Smirnov test). The t-test was used in the dependent
groups to compare the difference between the
arithmetic means of the dominant and non-dominant
sides of the individuals (two related groups) involved
in the study. The data were presented as mean *
standard deviation. Data were considered statistically
significant at p<0.05 (16).

RESULTS

The demographic data of the participants were
presented in Table 1. The mean age of the individuals
included in the study was 22.51 + 0.35 years. The
anthropometric  characteristics, cubital angles,

Table 1. Demographic Characteristics of Participants
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muscle strength, proprioception, and muscle
activations of the dominant and non-dominant sides
of the individuals were compared (Table 2). When the
dominant and non-dominant sides in the right
dominant individuals were compared, a difference
was found between flexor muscle activations, muscle
strength, and hand width (p<0.05). No difference was
found between proprioception, wrist diameter,
forearm length, cubital angles, upper extremity length
digit and shape indices (p>0.05).

DISCUSSION

In this study, which we conducted in order to compare
the wrist extensor muscle strength, flexor muscle
activations, proprioception, and anthropometric
characteristics between the dominant and non-
dominant sides in the right dominant young and
healthy individuals, a difference was found between
the wrist flexor muscle activations, extensor muscle
strength, and hand widths of the dominant and non-
dominant sides. However, no difference was
observed between the cubital angle, forearm and
upper extremity lengths, proprioception, wrist
diameters, and digit and shape indices. This study we
think that we fill the gap in the literature by comparing
the dominant and non-dominant wrist position,
anthropometric characteristics, and proprioception
sense in healthy younger adults.

Muscle strength is demonstrated with many motor
units carrying out their duty, and muscle activation is
demonstrated with the grading of the activity values
of motor units. Thus, muscle strength is associated
with muscle activation (17). In their study, Rudroff et
al. showed that the angular value of the elbow joint

Variables MeantSD
Age(year) 22,51+0,35
Height (cm) 170,53+0,15
Weight (kg) 65,77+1,90
BMI (cm?/kg) 22,19+0,42

Dominant Side Meanz SD Non-Dominant Side Mean+ SD
Cubital angle (degree) 9,8610,56 10,1540,61
Upper extremity length (cm) 73,61+ 0,78 73,38+0,81
Forehand length (cm) 44,28+0,47 44,14+0,50
Hand length (cm) 18,6310,22 18,46 £+ 0,21
Wrist diameter (mm) 49,13+0,74 48,97+0,77
Digit index 54,05 +0,51 54,46 +0,47
Shape index 49,16+0,63 48,61+0,52
Hand width (cm) 9,17+0,17 8,98+0,16

Cm: sentimeter,kg: kilogram; BMI: Body Mass Index; mm: millimeter,SD: Standart Deviation
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Table 2. Comparison of Dominant and Non-Dominant Side
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Mean = SD t p
MVC Flexion (Left-Right) -11.535 24.203 -3.052 0.004*
MVC Extansion (Left-Right) -1.619 18.990 -0.546 0.588
Proprioception (Left-Right Wrist Flexion) -0.102 6.407 -0.103 0.919
Proprioception (Left-Right Wrist Extension) -0.637 7.709 -0.530 0.599
Muscle Strength(Left- Right Wrist Extansors) -2,688 4,726 -3,642 0.001*
Muscle Strength (Left- Right Wrist Flexors) -1,845 1,821 -1,784 0.356
Diameter (Left-Right Wrist) 0.195 1.676 0.745 0.461
Cubital Angle (Left-Right) 0.268 2.061 0.833 0.410
Hand Width (Left-Right) -0.182 0.290 -4.031 0.000*
Digit Index (Left-Right) -0.378 2571 -0.943 0.352
Shape Index (Left-Right) -0.577 2.396 -1.542 0.131
Forearm Length (Left-Right) 0.146 1.091 0.859 0.396
Upper Extremity Length (Left-Right) -0.195 0.980 -1.275 0.210

*p<0,05, t test, MVC: Maximum Voluntary Contractions

was related to muscle activation and muscle strength
(17,18). The result of the study is parallel with our
study. However, in our study, while there was a
difference in strength in the extensors, no difference
was observed in the flexors. We have the opinion that
this situation is caused since grip type activities are
more commonly used in daily life, especially in
individuals in this age group. We think that the
reasons for observing more deformity and problems
in the flexor direction and dominant side of individuals
in later ages, especially in individuals with rheumatic
disease, may be revealed with this study (19).

In this study, the intensive use of the dominant side
observed in healthy young individuals continues by
increasing in later ages. Therefore, it should be
emphasized that the non-dominant sides of
individuals should also be strengthened and that the
flexors may be strong due to excessive use, and their
extensors may remain weak. In conclusion, it is vital
to strengthen the extensors to prevent muscle
imbalance also on the dominant side in addition to the
non-dominant side in healthy individuals. In the
literature, studies reported that the muscle strength
imbalance is associated with problems such as
shoulder problems and tendon injuries (20). On the
other hand, Boz et al stated that hand and wrist
anthropometrics were found to be independent risk
factors for carpal tunnel syndrome (4). Thus, the
imbalance of flexor and extensor muscles is important
situation and, since our study confirmed wrist
muscles imbalance, it also sheds light on future
studies.

The position of the wrist joint affects the ability of the
fingers to perform the maximum flexion and extension
and grip capability (21). The detailed measurement of
wrist proprioception and associating it with hand
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functions will bring a different perspective on hand
and wrist rehabilitation. Therefore, the determination
of proprioception is as important as determining
muscle strength. Muscle strength is also influenced
by changes in the muscle length during contraction
besides the firing of motor units (22). When the
length-tension relationship of the muscle is
considered, the highest amount of tension is revealed
at different angles and positions of the joint (23,24).
(16,25). As a result of our study, while the muscle
strength on the dominant and non-dominant sides of
the wrist showed a difference, proprioception values
were similar. Proprioceptive impairment is likely to
affect daily life of people with some neurologic and
orthopedic disorders. We find here similar between
dominant and non-dominant hand in healthy young
adults. We believe that this is caused by the fact that
our study was performed in healthy individuals and
that there was no loss of sensation in individuals. We
think that there is no difference between the dominant
and non-dominant hand, since multi-sensory
integration of information from muscle spindles, Golgi
tendon organs, and cutaneous receptors of joints and
arms can be achieved in healthy individuals. In this
study, it was found that the proprioceptive features of
the dominant and non-dominant hand were similar.

In the studies conducted both in healthy individuals
and in athletes, the anthropometric characteristics of
the hand-wrist and forearm are demonstrated to be
effective in both the daily life and sportive
performance of individuals (27,2). Even, Boz et al. (4)
demonstrated in their study that the anthropometric
characteristics of the hand and wrist were a risk factor
for carpal tunnel disease. Azam Maleki- Ghahfarokhi
et al. showed in their study conducted in healthy
individuals aged 19-30 years that on both the
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dominant and non- dominant sides, the hand,
forearm, and arm lengths were associated with the
grip strength of different grip types (28). In our study,
there was no difference between the anthropometric
characteristics of the hand and forearm in dominanat
and non-dominant sides of healthy individuals. There
was a difference only hand width between dominant
and non-domianant hands. We think that this is
caused by the fact that we included in the study
individuals who were healthy and young in the close
age range and who did not have a profession in which
the hand was used actively. In the future, studies
comparing muscle strength, proprioception, and
anthropometric characteristics among wide age and
diseases groups may be conducted.

In this study results there is no difference between
extensor muscle activations, the difference between
extensor muscle strength. We think that this is
because of the evaluation method of muscle strength.
Dynamometer could not show the difference between
dominant and non-dominant hands in healthy
individuals. This condition is one of the limitations of
this study. On future studies about this topic more
detailed analysis can be used for the muscle strength
evaluation.

In the studies conducted in the literature, it has been
observed that there are different opinions about the
muscle strength around the wrist in left dominant and
right dominant individuals. While the dominant side
was stronger in right dominant individuals, some
researchers, who compared the dominant side and
the non-dominant side in left dominant individuals,
showed that they had equal strength (29), and some
others found that the left, i.e. the dominant side was
stronger (30). Therefore, we included only right
dominant individuals in our study and eliminated this
difference of opinion. This situation is one of the
strong aspects of our study.

Finding that the wrist flexor muscle activations,
extensor muscle strength, and hand widths of the
dominant side were better in healthy individuals
demonstrated that it was used frequently in daily
living activities, but the non-dominant side was used
less than the dominant side. This difference
suggested that the non-dominant side would be
weaker and at higher risk of deformity with increasing
age and in the presence of any rheumatic, orthopedic,
or neurological diseases. Therefore, in order to take
early measures also in young and healthy individuals,
their awareness should be increased, and they
should be encouraged to use their non-dominant
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sides as much as dominant sides during daily living
activities.

This study has some limitations. First, the evaluation
of muscle strength with a hand dynamometer among
healthy individuals could not showed the difference
between dominant and non-dominant hands. The
second and most important limitation is the absence
of different age groups.
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