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strength in preschool children and to determine their
correlations with anthropometric measurements.

Methods: According to (Indira and Rajeswari, 2015) a
pilot study was performed before the current study in
order to confirm the variation in values of grip strength in
age ranged from 3-6 years old. Therefore, ten children
from each age group was assigned and it showed a sig-
nificant changes in the measurements of grip strength
corresponding to the age. Thus, it was important to
assign them to three groups based on age so the first
group from 3 to 4 years old, the second group from 4 to 5
years old, the third group from 5 to 6 years old.

Results: The study included 636 normal preschool-age
children. Grip strengths with the dominant hand were
26.87 £ 6.77 kPa, 29.78 + 8.43 kPa, and 38.04 + 8.55 kPa
in the 3—4, 4—5, and 5—6 years age groups, respectively.
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With the non-dominant hand, grip strengths were
2503 + 7.19 kPa, 28.13 £+ 843 kPa, and
33.74 + 8.14 kPa, respectively. In the 3—4 years group,
there were negative significant correlations between grip
strength of the dominant hand and forearm circumfer-
ence (FC) or hand circumference (HC). However, we
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found a positive non-significant correlation with hand
length (HL). Grip strength of the non-dominant hand
showed a negative significant correlation with FC, a
positive non-significant correlation with HC, and a pos-
itive significant correlation with HL. Grip strength of
both dominant and non-dominant hands in the 4—5 years
group showed moderately positive significant correlations
with all anthropometric measurements. Grip strength of
both dominant and non-dominant hands in the 5—6 years
group showed weak positive significant correlations with
FC and moderate positive significant correlations with
HC and HL.

Conclusion: This study established normal values of grip
strength and demonstrated positive significant correla-
tions between grip strength and FC, HC, and HL with
increasing age in preschool children.
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Introduction

Grip strength is an important characteristic in ageing,
development, injury, training, therapy, and rehabilitation."
Hand grip strength has been evaluated most frequently, due to
its significance as an indicator for hand function. Establishing
normative values of hand grip strength in a population of
healthy children would enable us to identify baseline values to
aim for when attempting to regain normal function and
prevent early locomotor dysfunction among children.”

Children of pre-school age are marked by improvements
in locomotive skill development, object control abilities, and
maturation of the nervous system. There are major differ-
ences between individuals in both basic motor skills and
physical fitness.”

Physical activity is complex and involves several di-
mensions of behaviour, including subjective aspects (e.g.
sports) and measurable aspects (e.g. frequency, duration,
intensity). Locomotive skills are considered to be one of the
most important movement skills, that enable the child to
manipulate an object in action situations, such as throwing a
ball. A high level of movement skills may increase partici-
pation in physical activities.*

Relationships between hand grip strength and various
functional medical parameters in different populations have
been well documented. Hand grip strength measurement is
non-invasive, easy, and inexpensive, and it may allow
exploration of acute nutrition status changes and help with
evaluating and providing prognoses for muscle strength in
juvenile idiopathic arthritis, congenital myotonic dystrophy,
and traumatic hand injuries.sfS

Various factors affect hand grip strength among children,
including height, weight, bone density, and muscle mass.”

Spherical hand grip strength has clinical significance for the
evaluation and comparison of surgical techniques, following
progress in rehabilitation, documentation of treatment re-
actions, and evaluating the degree of disability after injury.
Hand grip strength is also used to assess the performance of
athletes who rely on a proper level of grip strength to increase
control and performance and to minimise possible injuries.]0

This study used a bulb dynamometer to measure grip
strength, which is considered an appropriate instrument for
measuring hand grip strength in young children, as its simple
construction and handling enables children to perform the
required action easily. It is a standardised measure for testing
hand grip strength in the 3—5.5 years age group. It is considered
more effective and efficient than other types of dynamometer
for measuring hand grip strength under specific conditions.''

Hand grip strength can vary widely. Measuring grip
strength throughout development is very important to un-
derstand changes in grip strength with age. Furthermore,
surgical interventions have a significant impact on hand grip
strength and, without normative baseline data, we lack the
ability to differentiate between the effects of growth, disease
progression, and interventions.’

No studies have previously investigated normative values
of hand grip strength in preschool children, and thus estab-
lishing normative data will enable us to make judicious de-
cisions regarding clinical diagnoses, prognoses, and treatment
plans.12 In addition, this data will provide an opportunity to
optimise rehabilitation programmes, which have a direct
impact on the social and psychological wellbeing of
children. This is due to the important role of hand grip in
playing, handwriting, and children’s daily living activities.

Anthropometric measurements have an effect on grip
strength in this age group (3—6 years). This is an important
element to consider in the design of orthoses and prostheses
for use in cases of traumatic or congenital anomalies of the
hand, to ensure that they will accommodate most of the
population. These measurements can also be used to confirm
that an item fits a certain group of people. '’

The purpose of this study was to measure hand grip
strength values in normally developing preschool age chil-
dren (3—6 years), and to detect correlations between grip
strength and forearm circumference (FC), hand circumfer-
ence (HC), and hand length (HL).

Materials and Methods
Study design

An observational, cross-sectional study was performed
from January 2017 to May 2018. The work was performed in
four kindergartens or nurseries in East and West Cairo,
Egypt, which were randomly selected by the researcher.
Approval from the Ethical Research Committee of the
Faculty of Physical Therapy, Cairo University, Egypt, in
addition to signed consent forms from parents of all children
involved, were obtained before starting the study.

Subjects

The study included 636 normal preschool-age children of
both genders, aged 3—6 years. They were divided into three
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age groups: 3—4 years (n = 188), 4—5 years (n = 181), and 5—
6 years (n = 267). Children were selected from kindergartens
and nurseries in Cairo using the following criteria: physically
normal, able to perform normal activities of daily living,
conformed with normal averages of weight and height ac-
cording to the WHO (2000) normal growth charts for boys
and girls,14 and able to follow instructions and understand
commands given during test procedures to produce
accurate and reliable measurements.

Children were excluded if they had undergone orthopae-
dic or neuromuscular surgery in their upper limbs, if they had
musculoskeletal problems or neurological disorders that
affected their upper extremities, if they participated in reg-
ular sports that involved the upper extremities, or if they had
visual, auditory, or vestibular defects.

The estimated required sample size for this study was 400,
according to Israel (1992).15 From the selected nurseries and
kindergartens, 700 children were assessed for eligibility, of
whom 650 met the inclusion criteria and were stratified
into the three age groups. As shown in Figure 1, 14
children were omitted from the sample as they did not
correctly follow the instructions, therefore 636 participants
were ultimately included for analysis.

Instrumentation and procedures

Firstly, subjects’ parents were informed about the terms
of the protocol and procedures before giving their written
consent. All data were obtained by the same examiner who
trained all the children to perform the procedures, in order to
minimise inter-observer bias. A weight and height scale
(RGZ-120 Health Scale, SMIC, Shanghai, China) was used
to confirm that the children conformed to normal averages of
height in cm and weight in kg.

1) Tape Measurements

A measuring tape was used to assess each child’s anthro-
pometric measurements in cm, including FC, HC, and HL.. FC
was measured around the widest part of the forearm, where the
bulk of the brachioradialis muscle was situated in the proximal
forearm. HC was measured around the middle of the hand, at
the two major transverse palmar creases. HL was measured
from the tip of the middle finger to the distal crease of the wrist.
All anthropometric measurements were recorded to the nearest
millimetre, with the hand in a supinated, outstretched position,
according to the methods used by Hogrel (2015).1

2) Dominancy Detection

Each child was asked to sit on a suitable chair, facing the
examiner, with a suitable table in front of him/her. The child
was asked to pick up a pencil from the table and draw either a
circle or a line on the white paper located on the table. The
examiner recorded the hand used to draw the shape as the
dominant hand, according to the method used by Ploeg-
makers et al. (2013).1(’

3) Pneumatic Bulb Dynamometer and Pinch Gauge Combo

A pneumatic bulb dynamometer and pinch gauge combo
was used to measure the spherical grip strength of the

children. It consisted of three interchangeable rubber bulbs
of different sizes (diameters 4 cm, 5 cm, and 6 cm) and a dial
that tracked the spherical grip force. For younger children 3-
6 years, the smallest bulb was used.!’

Before starting the test, the examiner demonstrated how to
hold the bulb of the hand dynamometer. According to the
American Society of Hand Therapists (ASHT) recommen-
dation, standardised positioning18 was used, with the child
sitting on a child-size chair that allowed the child’s feet to be
flat on the floor. The position of the upper extremity being
tested was as follows: shoulder adducted with neutral rota-
tion, elbow flexed to 90°, forearm neutral, and wrist extended
to 30°, while the wrist and elbow were maintained on the table.

The bulb dynamometer was placed in the child’s palm
with his/her fingers wrapped around the bulb, with the
thumb opposed to the middle or ring finger. All participants
followed a standardised instruction: a simple command to
“squeeze the bulb as hard as possible for the count of 3 s”
Between each trial, a rest of 2—5 s was given, allowing the
examiner to record the maximal hand grip strength.w Three
trials were performed with each hand, alternating between
the dominant and non-dominant hands to prevent fatigue.

Data analysis

According to the ASHT protocol, the mean value of hand
grip strength was calculated from the three trials.'”'® The
mean and standard deviation (SD) were calculated for all
measured variables. The Pearson product—moment corre-
lation coefficient was calculated to assess correlations be-
tween variables.

The level of significance for all statistical tests was set at
p < 0.05. For all quantitative measurements, Statistical
Package of Social Studies (SPSS, version 19, for Windows)
software was used.

Results

Physical characteristics of the three age groups, including
age, weight, height, and anthropometric measurements, are
presented in Table 1. Figure 2 shows mean values of hand
grip strength in the three age groups. In the 3—4 years
group, the mean 4+ SD hand grip strengths of the
dominant and non-dominant hands were 26.87 + 6.77 kPa
and 25.03 4+ 7.19 kPa, respectively. In the 4—5 years group,
they were 29.78 + 8.43 kPa and 28.13 + 8.43 kPa, and in the
5—6 years group they were 38.04 + 8.55 kPa and
33.74 £ 8.14 kPa, respectively.

In the 3—4 years group, hand grip strength ranges of the
dominant and non-dominant hands were 15—45 kPa and
13—42 kPa, respectively. In the 4—5 years group, they were
17—52 kPa and 10—47 kPa, and in the 5—6 years group they
were 18—60 kPa and 18—52 kPa, respectively.

The relationships between hand grip strength and
anthropometric measurements (FC, HC, and HL) in the 3—4
years group are shown in Table 2. Hand grip strength of the
dominant hand showed a moderate negative significant
correlation with FC and a weak negative significant
correlation with HC, but a weak positive non-significant
correlation with HL. Hand grip strength of the non-
dominant hand showed a weak negative significant
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Assessed for eligibilty using inclusion and exclusion criteria
(n=700)

—— Did not meet inclusion criteria (n=26)

Excluded (n=50)

Refused to participate (n=24)

| Stratified into age groups (n=650) [

3-4 age group

(n=195)

4-5 age group
(n=185)

5-6 age group
(n=270)

| Analysis | | Allocation | | Enrolment |

Excluded from

Excluded from

Excluded from

assessment (n=7)
Included in analysis
(n=188)

assessment (n=4)
Included in analysis
(n=181)

assessment (n=3)
Included in analysis
(n=267)

Figure 1: Flow chart of participants’ inclusion in the study.

Table 1: Characteristics of subjects in the three age groups. X Mean; SD: Standard Deviation; FC: Forearm Circumference; HC: Hand

Circumference; HL: Hand Length.

3—4 years 4—5 years 5—6 years
X+SD X+SD X+SD
Age, years 3.29 + 0.34 4.19 £ 0.24 5.36 + 0.42
Weight, kg 15.12 +£ 1.98 16.98 + 3.16 19.82 + 3.33
Height, cm 99.86 + 4.01 104.47 £+ 5.89 111.65 £ 6.02

FC, cm (Dominant/Non-Dominant)
HC, cm (Dominant/Non-Dominant)
HL, cm (Dominant/Non-Dominant)

16.26 £ 1.1/16.28 £ 1.10
13.71 £ 0.66/13.75 £ 0.66
12.10 £ 0.59/12.13 £ 0.60

16.56 £ 1.15/16.48 £ 1.11
14.18 £ 0.92/14.11 £ 0.90
12.63 £ 0.85/12.64 £ 0.87

17.12 £ 1.37/17.07 £ 1.36
14.66 £ 0.93/14.51 £ 0.89
13.34 £ 0.76/13.32 £ 0.77

45
40
35
30
25
20
15
10

Hand grip strength (KPa)

3—4 years

Mean Hand Grip Strength

38.04

29.78

26.87

4-5 years

Dominant Hand

5—6 years

33.74
28.13
25.03
3—4 years 4-5 years 5—6 years
Non-Dominant Hand

Figure 2: Mean hand grip strength in each group.
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Table 2: Correlations between hand grip strength and FC, HC, and HL in the 3—4 years group. FC: Forearm Circumference; HC:
Hand Circumference; HL: Hand Length; r value: Pearson correlation coefficient; p value: Probability value; S: Significant; NS: Non-

significant.
3—4 years group Dominant side r value p value Significance
Dominant hand grip strength (kPa) FC (cm) —0.34 0.0001 S

HC (cm) —0.19 0.009 S

HL (cm) 0.05 0.44 NS
3—4 years group Non-dominant side r value p value Significance
Non-dominant hand grip strength (kPa) FC (cm) —0.18 0.01 S

HC (cm) 0.05 0.44 NS

HL (cm) 0.15 0.03 S

Table 3: Correlations between hand grip strength and FC, HC, and HL in the 4—5 years group. FC: Forearm Circumference; HC:
Hand Circumference; HL: Hand Length; r value: Pearson correlation coefficient; p value: Probability value; S: Significant; NS: Non-

significant.
4—5 years group Dominant side r value p value Significance
Dominant hand grip strength (kPa) FC (cm) 0.50 0.0001 S

HC (cm) 0.49 0.0001 S

HL (cm) 0.47 0.0001 S
4—5 years group Non-dominant side r value p value Significance
Non-dominant hand grip strength (kPa) FC (cm) 0.47 0.0001 S

HC (cm) 0.39 0.0001 S

HL (cm) 0.43 0.0001 S

Table 4: Correlations between hand grip strength and FC, HC, and HL in the 5—6 years group. FC: Forearm Circumference; HC:
Hand Circumference; HL: Hand Length; r value: Pearson correlation coefficient; p value: Probability value; S: Significant; NS: Non-

significant.
5—6 years group Dominant side r value p value Significance
Dominant hand grip strength (kPa) FC (cm) 0.32 0.0001 S

HC (cm) 0.47 0.0001 S

HL (cm) 0.43 0.0001 S
5—6 years group Non-dominant side r value p value Significance
Non-dominant hand grip strength (kPa) FC (cm) 0.31 0.0001 S

HC (cm) 0.38 0.0001 S

HL (cm) 0.53 0.0001 S

correlation with FC, a weak positive non-significant corre-
lation with HC, and a weak positive significant correlation
with HL.

The relationships between hand grip strength and
anthropometric measurements in the 4—5 years group are
shown in Table 3. Grip strengths of both the dominant and
non-dominant hands showed moderate positive significant
correlations with FC, HC, and HL.

The relationships between hand grip strength and
anthropometric measurements in the 5—6 years group are
shown in Table 4. Grip strengths of both the dominant and
non-dominant hands showed weak positive significant cor-
relations with FC and moderate positive significant correla-
tions with HC and HL.

Discussion

Hand grip strength is used as a tool to predict health
throughout an individual’s lifetime. No previous studies have

investigated normative values of hand grip strength in pre-
school children. Establishing normative data would enable us
to make judicious decisions regarding clinical diagnoses,
prognoses, and treatment plans,12 and give us an opportunity
to optimise rehabilitation programmes, which have a direct
impact on the social and psychological wellbeing of
children because of the important role of hand grip in
playing, handwriting, and children’s daily living activities.

Anthropometric measurements have an effect on grip
strength in this age group (3—6 years). This is an important
element to consider in the design of orthoses or prostheses
for use in cases of traumatic or congenital anomalies of the
hand, to ensure that they will accommodate most of the
population. These measurements can also be used to confirm
that an item fits a certain group of people."”

Thus, the purpose of our study was to establish normative
values of hand grip strength among preschool age children
and to explore the correlations between anthropometric
measurements and spherical hand grip strength.
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Our study showed that there was a wide range between the
minimum and maximum grip strength values within each age
group. This was to be expected, as human development
normally has ranges based on age.

Unveren (2013)20 reported that age plays an important
role in changing children’s height, weight, and physical
structure. He also noted that usually the hands and feet
develop faster than other parts of the body. Therefore,
hand grip strength is considered to be an important
indicator of children’s developmental level.

The results of this study showed that there were significant
increases in hand grip strength with age. The rapid increases
in grip strength in young children may be attributed to
environmental factors, such as increased physical activity
with growth or nutritional status, or could be due to differ-
ences in children’s growth rates with respect to weight,
height, FC, HC, and HL in the age groups studied. Hand
grip strength is influenced by multiple factors such as age,
gender, and body size.”! Such findings have been confirmed
by Ploegmakers et al. (2013’),1(7 who observed increases in
strength with each year of increasing age.

It was observed that the grip strength of the dominant
hand was greater than that of the non-dominant hand. This
could be due to the development of handedness in the age
range of 3—7 years. Accordingly, physical activities are per-
formed more with the dominant hand than the non-
dominant hand. Souza et al. (2014)22 stated that, in both
genders and at all ages, the grip strength of the dominant
hand is 10% greater than that of the non-dominant hand.
This was consistent with the results obtained in the current
study, which confirmed that the dominant hand displays
superior strength in children aged 3—6 years.

Koley and Singh (2009)23 reported that dominant hand
grip strength is strongly associated with hand length, hand
width, and forearm girth. In agreement with our results,
Alahmari et al. (2017)24 reported that forearm
circumference is the best predictor of hand grip strength
related to muscle mass and is the most significant practical
index of hand grip strength. They also found that hand
circumference and length are significant contributors to
hand grip strength.

Our results showed a strong correlation between grip
strength and FC, HC, and HL These correlations are in
agreement with Fraser et al. (1999) and Mohamed et al.
(2012).25’2(‘ They stated that there is a clear relationship
between grip strength and forearm girth. This may be due
to the fact that the majority of finger flexor muscles are
located in the forearm, as strength is directly proportional
to muscle mass.

This can be further explained by Manoharan et al.
(2015),27 who reported that there are 35 muscles involved in
forearm and hand movement, many of which contribute to
gripping activities. Waldo (1996)28 stated that, during
gripping activities, the muscles of the flexor mechanism in
the hand and forearm perform the gripping action while
the forearm extensors stabilise the wrist.

It is well known that the longer the fingers, the better
the accuracy of a shot or a throw in basketball and
handball players.29 It is well documented that individuals
with longer fingers and larger hand surfaces have
stronger grip power.’w This is in agreement with our

results, which showed that hand length has a notable
relationship with grip strength.

This study was limited by the relatively small geographical
region from which we drew our participants. Future studies
should include larger regions so that the sample is more
representative of the population. Our study was also limited
to children aged 3—6 years; further studies should include a
wider age range. Despite the study limitations, our results
provide a comprehensive set of normative data that will
enable us to make more accurate diagnostic decisions and
implement effective therapeutic plans.

Conclusion

An increase in hand grip strength is correlated with
chronological age and shows considerable correlations with
anthropometric measurements.
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