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on hand grip strength in children with
Down syndrome: randomized clinical trial
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Abstract

Background: Children with Down syndrome (DS) are characterized by hypotonia resulting in reduced grip and
pinch strength. This study aimed to investigate the influence of shoulder stabilization exercises on hand grip
strength in children with Down syndrome. Thirty children with DS assigned randomly into 2 groups each group
consists of 15 children. Handheld Dynamometer was used to measure grip strength and different pinch grasps for
both groups before and after treatment. Both groups receive the same vocational school activities and the study
group receives shoulder stabilization exercises for 3 months.

Results: Results revealed significant increase in the grip strength and different pinch grasps for dominant and non-
dominant hands post-treatment in both groups as the main effect of time was statistically significant. Study group
showed significant improvement than the control group post-treatment as the main effect of group and time ×
group interaction effect was statistically significant for dominant and non-dominant hands.

Conclusion: Shoulder stabilization exercises and regular vocational school activities have a positive effect on
different grip strength in children with Down syndrome.

Trial registration: PACTR201907896910981. Registered 5 July 2019. A written consent form was introduced to all
participant and signed by their parents.

Background
Down syndrome (DS) is one of the most common con-
genital genetic disorders, firstly described by Dr. John
Langdon Down in 1866, attributed to chromosomal ab-
normality (Extra chromosome 21) called trisomy 21 [1–4].
The clinical presentation of DS is varied and includes dif-
ferent disorders as metabolic disorders, internal organs
disorders, orthopedic, cardiovascular, neuromuscular, and
visual impairments [5, 6]. Child with DS had a develop-
mental disability that affects gross and fine motor skills
and characterized by certain morphological features, as
abnormalities of head and limbs, short stature, muscular

hypotonia, and ligamentous laxity [7, 8]. Different studies
postulated that muscle strength in child with DS is af-
fected and many muscles in both upper and lower limbs
[9–11]. Child with DS also suffered from obesity and intel-
lectual disabilities, these factors beside the physical disabil-
ities also contribute to the reduced motor capacity [12].
Amongst the common characteristics of the syndrome,
some authors mention small and thick hands, with short
fingers and an arched little finger, which could cause some
difficulties in manipulative activities [13–15]. Reduced
hand grip strength in child with DS will contribute to dif-
ficulty of the manipulative skills of child’s hand and their
functional activities [16]. Power of hand grip in child with
DS can be measured by hand dynamometer. Different fac-
tors affect this measurement such as the anthropometric
parameters of the hands like hand span, fingers length as
well as the position of shoulder, elbow, and wrist joints
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[17]. Hand grip requires interaction between not only fin-
gers and wrist joint but also it requires a good function of
the whole upper limb, and it needs appropriate muscle ac-
tivation in a proper sequence with the proper muscle
strength [18]. Different studies relate the power of hand
grip and shoulder muscles activity, and it was stated that
shoulder muscles activities increase with the higher hand
grip strength also; it was also postulated that there are
strong relationships between the power of hand grip
and shoulder stabilizer muscles regardless the domin-
ance in healthy volunteers [19, 20]. The power of
hand grip could be used to monitor strength of stabi-
lizers muscles of shoulder joint [21]. This may be ex-
plained by the role of shoulder muscles during whole
arm activity; during movement of upper limb, shoul-
der stabilizer muscles play an important role in stabil-
izing humerus and scapula in their positions allowing
proper shoulder stability which will improve the per-
formance of upper extremity that would affect hand
function [18]. This function of shoulder stabilizers
gives the attention to exercising shoulder girdle
muscle during rehabilitation of wrist joint as it was
stated that shoulder exercise enhances the hand grip
strength and improve the functional capability of
hand [22]. Many studies emphasized that proper shoul-
der girdle muscles activation had a high impact on the
hand manipulative skills [23–29]. Closed kinetic chain ex-
ercises are used for strengthening shoulder stabilizer mus-
cles as it stimulates proprioceptors of joint and enhance
dynamic stability of joints that improve function of the
whole upper limb that would affect hand function [18]. So
this study aimed to investigate the influence of shoulder
stabilization exercise on hand grip strength in children
with Down syndrome.

Methods
Study design
A randomized clinical trial

Participants
Thirty children with DS (16 boys and 14 girls) aged be-
tween 8 and 15 years old were recruited in this study
from one of the schools for children with special needs,
in East Cairo, in accordance with the code of ethics of
the World Medical Association (Declaration of Helsinki)
for experiments involving humans. This study was ap-
proved by ethical committee of the scientific research
ethics committe of faculty of physical therapy, Beni-Suef
University. All parents of the participating children in
this study were informed about the nature and purpose
of this study and signed an informed consent includ-
ing their acceptance for participation and publication
before starting the study procedure.

Randomization, allocation, and blinding
Concealed allocation was performed using a computer-
generated randomized table of letters. Individual and se-
quentially lettered index cards were used to randomly
assign children to the treatment groups. The index cards
were placed in sealed envelopes. A therapist, blinded to
baseline examination findings, opened the envelope and
proceeded with treatment according to the group assign-
ment. Each participant received a sealed envelope con-
taining one of the letters A representing study group or
B representing control group. CONSORT flow chart of
the children allocation was made (Fig. 1).
Children were included in this study according to the

following criteria:

1. Independent standing and walking
2. Functional hearing and vision
3. Mild and moderate mental retardation with IQ level

(50–70) determined by a psychiatric specialist in
the school (IQ measured by Stanford-Binet
intelligence scale)

Children were excluded if they had any of the follow-
ing criteria:

1. Pain and/or symptomatic neurologic/orthopedic
dysfunction of upper or lower extremities

2. Cervical injury and chest wall disorders
3. Rheumatic and congenital heart disease
4. History of previous surgical operation
5. Regular participation in any sport activities

Sample size estimation
A preliminary power analysis (power = 0.8) using
G*Power software 3.1.9.2 (Neu-Isenburg, Germany) de-
pending on data from pilot study prior to this study was
used for sample size calculation. Fifteen subjects had
been included in each group with an alpha level of 0.05,
and power (1 − β) of 80% with an effect size of 0.8.

Measures
Jamar Hydraulic Hand Dynamometer was used to
measure grip strength while lateral pinch, 2-point
pinch, and 3-point pinch strength were measured by
pinch gage. Jamar Hydraulic Hand Dynamometeris is
the gold standard, valid, and reliable as a hand evalu-
ation tool for routine screening and measuring of the
isometric grip strength [30]. The dynamometer con-
sists of dual-scale readout, a peak-hold needle, and an
adjustable handle. The dynamometer has an adjust-
able handle for 1, 1.5, 2, 2.5, and 3-in. spacing. The
scale of measurement used in the dynamometer is de-
scribed in up to 200 lb. and/or 90 kg.
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The measurements of grip and pinch strength were
applied according to the recommendations of American
Society of Hand Therapist [31]. Before using the dyna-
mometer, the adjustable handle was set to the desired
spacing (usually1.5 in. spacing used for standardization)
and then the peak-hold needle adjusted to zero. One ses-
sion was held before data collection to explain the evalu-
ative procedures of different grasps that will be applied,
and instructions were given to each child to be familiar
with the device. Each child was instructed to set on a
chair; chair height allowed the correct support of the
feet and lumbar back. Child’s shoulder was held in ad-
duction and neutrally rotated, elbow flexed 90°, forearm
neutral position, wrist between 0 and 30° extension and
15° ulnar deviation. Child was asked to press on the han-
dle as much as he/she could, and the reading was re-
corded. Three repetitions were performed with 1-min
rest interval and the mean of three trials was used for
statistical analysis. Pinch gage was used to measure lat-
eral pinch, 2-point pinch, and 3-point pinch strength.
Pinch gage was held by the examiner at the distal end to
prevent dropping. Scores were read on the needle side of

the red readout marker. Child was asked to press on the
gage as much as he can, and the reading was recorded.
Three repetitions for each grasp were performed with 1-
min rest interval and the mean of three trials used for
statistical analysis. All measurements applied for domin-
ant and non-dominant hands [32]. All measurements
were taken at the beginning of the study and after the
end of the program.

Procedure
Treatment program in this study was based on the prox-
imal dynamic neuromuscular stabilization (DNS) exer-
cise which depends on exercising the shoulder stabilizer
muscles using stabilization developmental pattern of a
healthy infant [33]. Both study and control groups re-
ceived the same vocational school activities, while study
group received five shoulder stabilization exercises based
on developmental positions. Exercises were explained for
children using images that represent each position. In all
exercises, each child was asked to keep the desired pos-
ition with focusing on the point of support and keeping

Fig. 1 CONSORT flow chart of the children allocation
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spine elongated, chin tucked, and shoulder blade adher-
ent to rib cage.
First exercise was prone static exercise using prone

position; in this position, shoulders are abducted 125–
135°. The medial epicondyles of both elbows, bilateral
anterior superior iliac spine, and symphysis pubis are in
complete contact with the ground (Fig. 2). Second exer-
cise was quadruped static exercise using quadruped pos-
ition; hands and knees are the points of support in this
exercise (Fig. 3). Third and fourth exercises were side
sitting position with dominant arm support and side sit-
ting with non-dominant arm support (Figs. 4 and 5).
The child took the side sitting position and supporting
on elbow and greater trochanter. Both legs are in slight
hip and knee flexion. Finally, bear position was used to
perform bear exercise. Bear exercise performed from
quadruped position but with support on hands and tip
toes not on knees. The child was instructed to keep
knees and ankles not collapsed inward (Fig. 6). The child
was asked to keep each position for 10 s; exercises were
conducted in 3 sets; each set consisted of 10 repetitions
of each exercise with 3 s rest between each repetition
and 1–3min rest between each set depending on fatigue.
This program was conducted 3 times per week for 3 suc-
cessive months for both groups.

Data analysis
Data were analyzed for this study descriptively and with
a 2 × 2 mixed-model analysis of variance (ANOVA) with
the treatment groups (control vs. study) serving as the
between-subjects factor and time of assessment (pre-
treatment, post-treatment) serving as the within subjects
factor using the IBM SPSS version 21 software (IBM

Corp., Released 2012, IBM SPSS Statistics for Windows,
Version 21.0, Armonk, NY), with P value set at 0.05.
The dependent variables were grip strength, lateral
pinch, 2-point pinch, and 3-point pinch. Prior to data
analysis Shapiro-Wilk test and Levene’s test were used
to test the normality of the data and the equality of vari-
ances, respectively. The differences in demographic
characteristics the both groups were assessed using un-
paired t tests and Chi-square test. Unpaired t tests were
also used to assess if there was a difference between the
two groups in pre-treatment dependent variables.

Results
Demographic data of the children is presented in
Table 1. No statistical differences were found between
both groups in demographic data. Statistical diagnos-
tic tests revealed no violations of the assumptions of
normality and homogeneity of variance for any of the
dependent variables. There was no significant differ-
ence between the two groups in all pre-treatment
dependent variables (P ˃ 0.05).
The a 2 × 2 mixed-model ANOVA analysis demon-

strated significant increase in the grip strength for dom-
inant and non-dominant hands post-treatment in both
groups as the main effect of time was statistically signifi-
cant (0.0001). But study group showed significant im-
provement than the control group post-treatment as the
main effect of group was statistically significant for dom-
inant and non-dominant hands (0.01 and 0.02, respect-
ively), and time × group interaction effect was also
significant (0.0001) for dominant and non-dominant
hands as shown in Table 2.

Fig. 2 Prone static exercise
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Lateral pinch was significantly increased post-treatment
in both groups for dominant and non-dominant hands as
the main effect of time was statistically significant
(0.0001). Also, study group showed significant improve-
ment in the lateral pinch than control group post-
treatment as the main effect of group was statistically sig-
nificant for dominant and non-dominant hands (0.02 and
0.01, respectively), and time × group interaction effect was
also significant (0.0001) as shown in Table 2.
Similar results were obtained for 2-point pinch as it

showed significant increase in both groups post-treatment
for dominant and non-dominant hands as the main effect

of time was statistically significant (0.0001), and also, study
group was superior to control group post-treatment as the
main effect of group was statistically significant for domin-
ant and non-dominant hands (0.001 and 0.001, respect-
ively), and time × group interaction effect was also
significant (0.0001) as shown in Table 2.
Furthermore, 3-point pinch showed significant in-

crease in both groups post-treatment for dominant and
non-dominant hands as the main effect of time was sta-
tistically significant (0.0001). The study group showed
significant improvement than control group post-
treatment in 3-point pinch as the main effect of group

Fig. 3 Quadruped static exercise

Fig. 4 Side sitting on dominant hand
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was statistically significant for dominant and non-
dominant hands (0.001 and 0.003, respectively), also
time × group interaction effect was also significant
(0.0001) as shown in Table 2.

Discussion
Hand function is considered the most important func-
tion of the upper limb that requires proper muscular ac-
tivities of the whole limb. Literature review stated the
fact that, during functional tasks, proximal to distal acti-
vation of muscles occurs [34]. So this study investigated
the effect of strengthening of shoulder stabilizer muscles

on power of hand grip in children with DS. The results
of this study revealed that both vocational school activ-
ities and strengthening exercise for shoulder stabilizer
muscles had significant effect on power of hand grip and
different pinch grasps also, adding strengthening exer-
cises to vocational school activities produce more signifi-
cant effect. These results come in agree with other
studies which postulated that coordinated control of
shoulder girdle muscles is important for proper position-
ing of hand that required for delicate functions [23, 35].
Studies stated that energy development and flow follow
sequencing from proximal to distal and called kinetic

Fig. 5 Side sitting on non-dominant hand

Fig. 6 Bear exercise
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chain; any disturbance or change in the kinetic chain leads
to affection of the function of the distal segment [34, 36].
So this confirms that stable proximal shoulder girdle leads
to optimal recruitment of hand muscles and explains the
positive correlation that found between the hand grip
strength and the isokinetic peak torque of shoulder stabil-
izing muscles in adults and in stroke patients [37, 21].
Hodder and Keir [38] stated that during gripping a motor
control command evoked and draw out activity in the
proximal shoulder muscles. These make it feasible to train
and strength shoulder muscles to improve power of hand
grip. Godoy and Barros [16] verified that there is a

significant decrease of grip strength in DS adults when
compared with others; also, Paula et al. [14] stated that
there is 40% reduction of hand grip strength in child aged
7–9 years with DS when compared with other healthy
children. This may be due to different factor as hypotonia,
laxity of ligaments, the short hands with short fingers, and
single deep crease across the palm of the hand [8]. The
proximal dynamic neuromuscular stabilization exercises
used in this study provides equal loading on thenar and
hypothenar muscles of the hands with fingers extended
which improves power of hand grip and pinch strength;
also, it offers optimal trunk muscle stabilization which fix-
ate the shoulder girdle muscles and in turn allow proper
coactivation of the whole upper limb muscle including
shoulder stabilizer and elbow stabilizer muscles that influ-
ences the power of hand grip and this gives explanation of
improving hand grip strength and pinch grip strength in
the study group.

Limitations
This study was limited to only one school for children
with special needs due to variation of vocational school

Table 2 Results of a 2 × 2 mixed-model ANOVA

Source of variance F value P value

Grip strength (kg): dominant hand Between subjects (group) 6.25 ˂ 0.01*

Within subjects (time) 194.38 ˂ 0.0001*

Time × group 59.23 ˂ 0.0001*

Grip strength (kg): non-dominant hand Between subjects (group) 5.64 ˂ 0.02*

Within subjects (time) 448.03 ˂ 0.0001*

Time × group 167.4 ˂ 0.0001*

Lateral pinch (kg): dominant hand Between subjects (group) 5.27 ˂ 0.02*

Within subjects (time) 486.34 ˂ 0.0001*

Time × group 122.73 ˂ 0.0001*

Lateral pinch (kg): don-dominant hand Between subjects (group) 7.74 ˂ 0.01*

Within subjects (time) 469.2 ˂ 0.0001*

Time × group 166.85 ˂ 0.0001*

2-point pinch (kg): dominant hand Between subjects (group) 12.78 ˂ 0.001*

Within subjects (time) 360.28 ˂ 0.0001*

Time × group 55.74 ˂ 0.0001*

2-point pinch (kg): non-dominant hand Between subjects (group) 12.83 ˂ 0.001*

Within subjects (time) 508.52 ˂ 0.0001*

Time × group 90.65 ˂ 0.0001*

3-point pinch (kg): dominant hand Between subjects (group) 14.51 ˂ 0.001*

Within subjects (time) 254.91 ˂ 0.0001*

Time × group 106.91 ˂ 0.0001*

3-point pinch (kg): non-dominant hand Between subjects (group) 10.26 ˂ 0.003*

Within subjects (time) 380.57 ˂ 0.0001*

Time × group 113.94 ˂ 0.0001*

*Significant at α = 0.05

Table 1 Demographic data of the children

Demographic data Study group Control group P value

Age (years) 12.13 ± 2.03 12.2 ± 2.14 0.93

Weight (kg) 44.73 ± 10.87 45.6 ± 6.63 0.79

Height (m) 135.6 ± 12.91 136.86 ± 8.41 0.75

IQ 55.66 ± 4.82 55.46 ± 3.97 0.9

Gender Boys 7 (46.67%) 8 (53.33%) 0.71

Girls 8 (53.33%) 7 (46.67%)
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activities given in the rest of other schools. Another
limitation was the exclusion of children with severe IQ
level as they could not be able to understand the evalu-
ation procedure and follow the exercise program.

Conclusion
Shoulder stabilization exercises and regular vocational
school activities have a positive effect on different grip
strength in children with Down syndrome.

Abbreviation
DS: Down syndrome; DNS: Dynamic neuromuscular stabilization
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