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Abstract

This work was carried out to investigate the efficacy of sensory integration
therapy in improving gross motor coordination and grip control in Down
syndrome children. Thirty children were enrolled in this study and randomly
assigned into two groups: group A received (sensory integration therapy pro-
gram plus specific physiotherapy training) and group B received (specific
physiotherapy training program only). Motor coordination test measures
(Balancing backward, Hopping, Jumping from side to side and Transferring
boxes) to test and follow gross motor coordination, handheld dynamometer
to test and follow grip control ability and kinesthesia test to test and follow
awareness of joint position and movement. These measurements were taken
before initial treatment and after 12 weeks of treatment. The children parents
in both groups A and B were instructed to complete 3 hours of the home rou-
tine program. Data analysis was available on the 30 Down syndrome children
participating in the study. The difference between pre- and post-treatment
results was more significant in Motor coordination test measures in the study
group than the control group. Grip control ability and kinesthesia test dem-
onstrate representative improvement in the study groups (p = 0.0001) while
insignificant in the kinesthesia control group and significant in a grip control
group. The addition of sensory integration therapy program to specific phy-
siotherapy training is recommended in improving gross motor coordination
and grip control abilities in Down syndrome, so this suggested approach may
be used as a selective choice for improving posture control and hand func-
tions in Down syndrome children.
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Down Syndrome

1. Introduction

The responsibility of overexpression genes present in chromosome 21 on occur-
ring central nervous system dysfunctions in Down syndrome children is the de-
crease of amount, shape and volume of the neurons, impaired neural myelina-
tion of CNS, insufficient neurotransmitter, degenerative process and more ex-
pressions of neural apoptosis and amyloidal precursor protein [1] [2].

Several factors cause the delay in gross motor coordination in Down syn-
drome, firstly hypotonic factor which affects abdominal muscles resulting in loss
of balance during standing. The second is the laxity of the ligament due to ab-
normal collagen distributions appearing in foot leading to flat feet, in knee lead-
ing to genu recurvatum and in hip leading to hypermobility with instability of
the joint. The third is the decreased muscle strength especially trunk muscles
and LL muscles which interfere with skills development and the last factor is the
shortening of the limbs in relation to trunk length leading to difficulty in ac-
quiring sitting unless the child flexes his trunk forward to be able to use upper
limbs as a support and move farther sideways when he has fallen to the side to
compensate the arm shortening also he has difficulty in climbing stairs due to its
height in relation to shorted L. L. [3].

The brain of DS children becomes smaller and lighter than normal children,
decreased neuronal numbers, impaired synaptic efficiency due to decreased
neurotransmitter and delayed in the neural myelination process. The central
nervous system provides a solution to these problems by producing an abnormal
co-contraction pattern of pre-programmed movement to increase balance re-
sponse leading to increasing effects of disturbances. This will lead to walking,
grasping and reaching becoming slower in reaction time [4].

There are delaying stages of motor development in Down syndrome; this
slowness in gross and fine motor abilities affects neuropsychomotor abilities [5].
As well as decreased bone density, cartilage hypoplasia, laxity of ligaments and
hypotonia affect joint torque and contraction efficiency leading to impaired
ADL activities and postural reaction [6].

In Down syndrome, there is a delay of motor control and sensory feedback
leading to physical, cognitive and perceptual limitations which interfere with
ADL activities [7] [8] [9]. Long motor reaction time is the most problem facing
Down syndrome in performing functional motor skills, programming, and frac-
tionated reaction, leading to high energy consumption and clumsy gross and
fine motor skills [10].

According to the proximal-distal development principle, trunk stability is de-
veloped first and is considered a pre-request to fine motor skills [11]. The motor
learning process is the main core based on the treatment of DS because it de-
pends on the improvement of perception-cognition complex that is the base of
motor control which is delayed in DS [12].
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2. Materials and Methods
2.1. Demography

30 children from the two sexes with Down syndrome children were joined in
this study at Private Schools for Down syndrome, aged 6 to 9 years at a time of
enrollment due to the children in this age could participate in gross motor coor-
dination graduations. Children could walk with assistance, otherwise, DS that
run up against the involvement rules were derived out if they had: preceding

amputation surgery in the L. L., sever convulsion and advanced mental delay

2.2. Sample Collection

Children were selected randomly to the study group (A) taken sensory integra-
tion therapy (SIT) plus specific physiotherapy program at the same time the
control group (B) taken specific physiotherapy program only. The individu-
al-based SIT treatment sessions of 60 minutes plus specific physiotherapy pro-
gram for 60 minutes were conducted 7 days a week for 3 months in a physiothe-
rapy treatment room for the group (A). Also, children in the study and control
groups were subjected to home regular program 3 hours daily for the 3 months
treatment period. The control group (B) received a specific physiotherapy pro-

gram only.

2.3. Outcome Measurements

1) Gross motor coordination: Via Motor coordination test measures. It con-
sists of four items:

a) Posture stability evaluation by using balancing backward test, balance bar
was used by asking the child to walk backward alongside the bar to test them.
Numbers of successful steps were recorded.

b) Coordination and motor control evaluation: by using Hopping test: foam
squares were used by asking the child to jump on foam square and with advance
the test more foam placed over each other. Numbers of foam square in the last
jump were recorded.

¢) Jumping from side to side by using small beam. The children asked to jump
in side way within 15 seconds. A number of corrected jump were recorded.

d) Motor planning and organization evaluation by using transferring boxes: to
test by using 2 boxes. The child hold one box in his hand and step over the other
then put the box in his hand alongside the other to step on it with lifting the
other box. A number of corrected movements were recorded [13].

2) Grip control assessment: By hand-held dynamometer used to test skeletal
musculature development in DS. The child was seated with elbow level at the
same level of a table or slightly above with shoulder adducted to the trunk and
elbow flexed 90 degrees. Three repetitions were performed and the best perfor-
mance one was recorded [14].

3) Kinesthesia task assessment: To test awareness of body position and

movement by asking the child to close his eyes with holding his fingers to move
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it from a predetermined point to another on the sheet then ask the child to re-
peat this movement based on his sense of movement. Measurement the distance

between a predetermined point and the point which the child reached [15].

2.4. Intervention

For all children, the treatment was handling 7 days a week, for 3 months. Each
session persists for 120 minutes (60 minutes sensory integration therapy pro-
gram for study group plus 60 minutes for specific physiotherapy program for
each group) in a physical therapy room, in addition to 3 hours of the home reg-
ular program, 7 days a week around the treatment period.

Physical problems in Down syndrome:

1) Hypotonia

Affects the gross and fine motor skills.

2) Loose joints and ligaments

3) Hand formation (functions)

— Hands are smaller, fingers shorter and thumb directed down these abnormal
hand structure affect on hand functions

4) Impaired balance and postural stability

5) Delayed milestone

6) Learning problems

7) Slow movement due to delayed reaction time and motor performance

8) Abnormal clumsy gait due to wrong co-contraction and preprogramming
response

Both groups (A and B) received specific physiotherapy training program
like the following:

1) Hand function training through locating the level of hand grade and train-
ing this level till be well developed to transmit the next level according to 8 pa-
rameters (size-shape-weight-texture of material-reaction time-speed-accuracy-number
of trials).

2) Balance training through the facilitation of postural reaction.

3) ADL activities training (feeding training-dressing training-toileting training).

4) Functional skills training through walking in (sand walking, weight on legs,
swimming training and climbing stairs).

5) Cognitive skills training (problems solving tasks).

6) Improve active participation by up see therapy by open the closed home
environment to facilitate walking and standing actively.

7) Coordination ex. by using a finger to finger, finger to nose, heel to knee and
make circle and figure of 8 by legs start slow then fast and with the opened eye
then closed eye.

8) Communication and social skills training.

9) Improve joint stability by improving co-contraction, posture control and
graduated active ex.

10) Daily exposure to sunlight for activation of Vit. D which is severely dimi-
nished in DS.
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11) Proper standing posture training through standing with disturbance,
against the wall, against stand bar with shifting and change BOS and disturbance
plus standing with holding on.

12) Gait training: walk with wide base gait due to hypotonia, ligament laxity
and muscle weakness training aiming to decrease BOS during walking.

13) Trunk posture training: upright posture training during sitting with grad-
uated active ex. to trunk muscles to correct (abnormal sitting posture, sit with a
backward pelvic tilt, curved trunk and the head lying down on the shoulders).

14) Facilitatory techniques as faradic stimulation to antigravity muscles, quick
stretching, facilitate muscle contraction by (tactile stimulation-compression on
bony prominence and rubbing on muscles).

15) Facilitation of delayed milestone [16].

The experimental group (group A) received sensory integration therapy
program as following:

Sensory integration therapy is considered a bridge which Down syndrome
children search for it to reach the optimum reaction time of motor control. The
sensory integration therapy include tactile stimulation therapy which depends
on stimulation of extroceptors which has protective and discrimination func-
tions and proprioceptors stimulation therapy which receive the stimulations
from muscles and joints which depend on push and pull activity and it is consi-
dered vital in development of fine and gross motor activity in Down syndrome
because it affects on motor planning activities plus the vestibular stimulation
therapy which depend on receiving the stimulus from movement and gravity af-
fecting on balance, eye movement, posture, muscle tone, and attention [17].

Functional activities of tactile, proprioceptive and vestibular training:

1) Motor planning skills: -Throwing and catching balls of different size, shape,
weight, and texture.

— Standing, walking, running, hopping and jumping on different surfaces
(rubbery-rough-smooth-slippery).

2) Righting, equilibrium and protective reaction training from different posi-
tions.

— Quadripedal activities: as play boat in the ocean (disturbance and gradua-
tions).

— Appeal activities: as climbing stairs, pushing and pulling activities, carrying
of heavy material, jumping, hopping, skipping and drawing.

3) Visual-spatial perception: puzzles training, block designs, a copy of designs,
serial activities as graduated pegs and pegboard activities [18].

4) Postural stability training: by vestibular stimulation training (Figure 1 and
Figure 2).

Selective sensory integration therapy:

1) Exteroceptive training:

— Using of different texture and heat surfaces with asking DS children to touch
and deal with it by hands and by feet (rubbery, rough, smooth, slippery,

steeping, crude and wool) with normal, warm, cold and heated surfaces.
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Changes of speed and/or
rhythm of movement local-
ize the effect of vestibular
stimulation

Rapid movement lead to Rotatory movement and linear accelera-
an excitatory effect tion-deceleration lead to stimulating differ-
ent receptors
Inhibitory and/or excitatory effect

Slow, rhythmic and passive move-
ment lead to an inhibitory effect

Figure 1. Effects vestibular stimulation according to speed and rhythm [19] [20].

Therapeutic effects of vestibular stimulation J
Normalize extensor muscles tone via Develop an equilibrium reaction Decrease fear of movement via otolith
stimulation of otolith organ by linear stimulation with tolerable speed and

activity as linear swinging, bouncing ‘ duration in linear movement

and jumping activities
By stimulating semicircular canals J

ge of center of gravity for a short time
hich produces

Produced by moving of the support sur-

Pushing-pulling activities " ¢
which displace the COG face which changes COG

Figure 2. Therapeutic effects of vestibular stimulation therapy [21].

— Scratching, pressuring, raping, brushing and scrubbing the skin tactile re-
ceptors.

— Placing hands and feet in sands, beans, and rice for discrimination.

— Taste, smell, visual and hearing stimulation.

2) Vestibular training:

— Disturbance of the child from different developmental positions with chang-
ing of the base of support and center of gravity with eye opened then closed
and with shifting weight on the two legs then on one leg to achieve gradual
postural control ability.

— Upside down, swinging therapy, medical ball, balance board, and biodex sta-
bility system training.

— Gait training on one line then side walking then bypass walking.

3) Proprioceptive training:

— Static proprioceptive training via weight bearing and positioning.

— Dynamic proprioceptive training via walking and manual approximation in
whole joint angles to stimulate whole proprioceptors of lower, upper limbs
joints and shoulder and pelvic girdles.

— Weighted clothes were used for proprioceptive stimulation.

— Weighted ball for pulling and pushing was used for stimulation.

— Find the hide objects from a different material.
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4) Cortical sense training:

— Using of different material size, shape, weight, and texture with closed eyes
for identifications and stereognosis skill training using one hand then the
other.

— Using different letters and numbers with closed eyes for graphesthesia skill
training using one hand then the other.

— Using double hand tactile with face tactile training for tactile extinction skill

training [22].

2.5. Statistical Analysis

SPSS statistical package was used to calculate p value via dependent and inde-

pendent t test. Statistical significance was determined at p < 0.05.

3. Result

3.1. Patients’ Characteristics

Table 1 displays the demographic and analytic traits of all patients. There were
22 boys (73, 33%) and 8 girls (26.67%) and in term of right-hand dominance
reported in 24 patients (80%), and also 6 patients (20%) were left-hand domin-
ance. There was no representative change within both groups regarding age (p =
0.8816), to sex (p = 0.4265) and in term of hand dominance (p = 0.3787).

3.2. Changes in Posture Stability

Mean test scores and SD for both groups are displayed in Table 2. The mean

Table 1. Patient’s characteristics.

Variables Study group N = 15 Control group N =15 P-value
Age 8.07 £ 0.96 7.20 £ 1.26 0.8816
Sex N %
Boys 12 (80%) 10 (66.67%)
0.4265
Girls 3 (20%) 5(33.33%)

Hand dominance N %
Right 13 (86.67%) 11 (73.33%) 0.3787

Left 2 (13.33%) 4 (26.67%)

Table 2. The average test of Posture stability level in both groups.

B Study group Control group P-value
Posture stability level .
Mean * SD Mean + SD (within groups)

Pre-treatment 5.07 £ 1.49 5.00 + 1.46 0.9024

Post-treatment 6.07 £ 1.22 527 +1.44 0.1118
Improvement % 19.7% 5.4% 0.0044

P-value (within groups) 0.0001 0.0406
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record of Posture stability level in the two groups at (pre- and post-treatment
levels) was worthless (p > 0).

The average improvement of Posture stability level had a tendency to be ex-
tremely representatives improvement in the experimental group (6.07 + 1.22
versus 5.07 + 1.49, p = 0.0001) while worthless representatives in the control
group (5.27 + 1.44 versus 5.00 + 1.46, p = 0.0406). The percentage of improve-
ment of Posture stability level was (19.7%) in the study group compared to the
(5.4%) in the control group.

3.3. Changes in Coordination and Motor Control

Mean test scores and SD for both groups are displayed in Table 3. The mean
record of Coordination and motor control level in the two groups at (pre-and
post-treatment) were worthless (p > 0.05). The average improvement of Coor-
dination and motor control level had a tendency to be an extremely representa-
tive improvement in the study group (5.33 + 1.40 versus 4.47 + 1.51, p = 0.0001)
while a representative in the control group (4.73 + 1.03 versus 4.40 + 0.99, p =
0.0192). The percentage of improvement of Coordination and motor control

level was (19.24%) in the study group compared to the (7.5%) in the control
group.

3.4. Changes in Jumping from Side to Side Scores

Mean test scores and SD for both groups are displayed in Table 4. The mean
record of Jumping from side to side scores in the two groups at (pre-and

post-treatment) were worthless (p > 0.05).

Table 3. The average test of coordination and motor control level in both groups.

Coordination and Study group Control group P-value
motor control level Mean + SD Mean + SD (within groups)
Pre-treatment 4.47 +1.51 4.40 £ 0.99 0.8869
Post-treatment 5.33 £1.40 4.73 +1.03 0.1919
Improvement % 19.24% 7.5% 0.0035
P-value (within groups) 0.0001 0.0192

Table 4. The average test of jumping from side to side in both groups.

Jumping from side Study group Control group P-value
to side Mean + SD Mean + SD (within groups)
Pre-treatment 5.67 £ 1.45 6.33 +£1.23 0.1855
Post-treatment 6.87 £ 1.19 6.53 £ 1.25 0.4594
Improvement % 21.16% 3.16% 0.0005
P-value (within groups) 0.0001 0.0824
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The average improvement of Jumping from side to side scores had a tendency
to be extremely representatives improvement in the study group (6.87 £ 1.19
versus 5.67 + 1.45, p = 0.0001) than in the control group (6.53 + 1.25 versus 6.33
+ 1.23, p = 0.0824). The percentage of improvement of Jumping from side to
side scores was (21.16%) in the study group compared to the (3.16%) in the con-
trol group.

3.5. Changes in Motor Planning and Organization

Mean test scores and SD for both groups are displayed in Table 5. The mean
record of Motor planning and organization level in the two groups at (pre-and
post-treatment) were worthless (p > 0.05). The average improvement of Motor
planning and organization level tended to be extremely representatives im-
provement in the study group (7.47 + 1.51 versus 6.67 * 0.63, p = 0.0001) while
representatives improvement in the control group (7.67 £ 0.90 versus 7.27 +
0.88, p = 0.0086). The percentage of improvement of Motor planning and or-
ganization level was (12%) in the study group compared to the (5.5%) in the
control group.

3.6. Changes in Grip Control Assessment

Mean test scores and SD for both groups are displayed in Table 6. The mean
record of Grip control assessment in the two groups at (pre-and post-treatment

level) was representatives (p < 0.05).

Table 5. The average test of motor planning and organization level in both groups.

Study group Control group

Motor planning and P-value
organization level Mean + SD Mean + SD (within groups)
Pre-treatment 6.67 £ 0.63 7.27 £0.88 0.2211
Post-treatment 7.47 £ 1.51 7.67 £0.90 0.6621
Improvement % 12% 5.5% 0.0437
P-value
0.0001 0.0086

(within groups)

Table 6. The average test of grip control assessment in both groups.

Grip control Study group Control group P_value
assessment Mean + SD Mean + SD (within groups)
Pre-treatment 7.20 £ 1.42 6.13 £ 1.30 0.0411
Post-treatment 7.93 £1.39 6.53 £ 1.25 0.0070
Improvement % 10.14% 6.5% 0.3532
P-value
o 0.0012 0.0086
(within groups)
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The average improvement of Grip control assessment had a tendency to be
extremely representatives improvement in the study group (7.93 * 1.39 versus
7.20 + 1.42, p = 0.0012) than in the control group (6.53 £ 1.25 versus 6.13 * 1.30
p = 0.0086). The percentage of improvement of Grip control assessment was

(10.14%) in the study group compared to the (6.5%) in the control group.

3.7. Kinesthesia Task Assessment

Mean test scores and SD for both groups are displayed in Table 7. The mean
record of Kinesthesia task assessment in the two groups at (pre-and post-treatment
level) were worthless (p > 0.05). The average improvement of Kinesthesia task
assessment had a tendency to be extremely representatives improvement in the
study group (14.80 = 0.77 versus 13.2 £ 1.26, p = 0.0001) than in the control
group (13.73 + 2.49 versus 13.33 = 2.44 p = 0.0824). The percentage of im-
provement of Kinesthesia task assessment was (12.12%) in the study group

compared to the (3%) in the control group.

Table 7. The average test of kinesthesia task assessment in both groups.

Study group Control group

Kinesthesia task P-value
assessment Mean + SD Mean + SD (within groups)
Pre-treatment 13.20 £ 1.26 13.33 £2.44 0.8523
Post-treatment 14.80 £ 0.77 13.73 £2.49 0.1246
Improvement % 12.12% 3% 0.0017
P-value (within groups) 0.0001 0.0824

4. Discussion

The results of the present study suggest that sensory integration therapy might
be useful to enhance Posture stability, Coordination and motor control also
Motor planning and organization in addition to exceed the control of grip ability
and improve the awareness of body position and movement in Down syndrome
children. Both groups showed increases of the Gross motor coordination in fa-
vor of study group in terms of postural stability (6.07 + 1.22 versus 5.07 + 1.49, p
= 0.0001) than in the control group (5.27 + 1.44 versus 5.00 £ 1.46, p = 0.0406).
And in favor of study group in term of Coordination and motor control level
(5.33 + 1.40 versus 4.47 £ 1.51, p = 0.0001) than the control group (4.73 + 1.03
versus 4.40 £ 0.99, p = 0.0192). And in favor of study group in term of Jumping
from side to side scores (6.87 * 1.19 versus 5.67 + 1.45, p = 0.0001) while insig-
nificance in control group (6.53 + 1.25 versus 6.33 + 1.23, p = 0.0824). And in
favor of study group in term of Motor planning and organization level (7.47 +
1.51 versus 6.67 £ 0.63, p = 0.0001) than in the control group (7.67 £ 0.90 versus
7.27 + 0.88, p = 0.0086). Both groups showed increases of the grip control ability
in favor of study group (7.93 * 1.39 versus 7.20 + 1.42, p = 0.0012) than in the
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control group (6.53 = 1.25 versus 6.13 = 1.30 p = 0.0086). Both groups showed
increases of the Kinesthesia task assessment in favor of study group (14.80 + 0.77
versus 13.20 * 1.26, p = 0.0001) than in the control group (13.73 £ 2.49 versus
13.33 + 2.44, p = 0.0824).

In normal children preprogramming and reaction time responses rely on re-
ciprocal innervations or inhibition mechanism so improvement of this mechanism
leading to improvement of motor abilities and decision making mechanism.
These strategies are impaired in Down syndrome leading to clumsiness which
means decreasing of movement reaction time and inability to respond rapidly to
new stimulus. In fast movement, the down syndrome children cannot take a de-
cision to correct the movement due to long reaction time and preprogramming
defects leading to balance loss and fallen down. Inability of DS children to per-
form grip forces efficiently due to excessive forces produced (clumsiness) lead-
ing to wrong localization of object characteristics and release abilities [10].

Disorders related to DS include: -nervous system irregularities, impairment
sensory feedback, delay of perceptual and cognitive skill, delay in speech and
delay in gross and fine motor skills [23]-[29]. Slow reaction time, clumsy move-
ment (lack of smoothness) and multijoint pointing tasks occurred due to im-
pairment of initiation of movement as a response to external stimulus so it ap-
peared as slowness movement also this occurred in a sequence of movement in
which the Down syndrome children deal with each sequence of movement as a
separate movement so increase in reaction time occur in compound movement
[30] [31] [32] [33] [34].

As a result of delayed motor neuron myelination and decreased numbers of
synapses of higher nervous centers neurons in Down syndrome released of pri-
mitive spinal pattern response over centrally coordinated pattern occurred [2]
[35] [36]. An impaired spinal motor control mechanism is the main cause of
lack of motor control in DS as clumsiness of movement with long reaction time
and preprogramming delay [37] [38]. Delaying of cognitive skill in DS leading to
impairment information process, delayed decision making, prolonged motor
reaction time, delay of postural reaction and loss of anticipatory reaction and
inability to accommodate sensory changes [2] [10] [39].

The DS children have chemical and mechanical changes leading to laxity of
ligaments, hypotonia and abnormal movement pattern in which movement be-
come slower with long reaction time, less smooth plus abnormal muscle
co-contraction with the instability of the joints [40]-[45]. Posture instability in
DS occurred due to hypotonia and laxity of ligaments as in Figure 3 & Figure 4
which is obvious in hypermobility of the hip joints and presence of an abnormal
co-contraction mechanism of agonist and antagonist of ankle and knee joints
which decrease range of their motion so lower limbs become as inverse pendu-
lum [40]. Abnormal movement pattern of DS has no relation with stretch reflex
but mainly with abnormal feedback organization and feedforward command
[46].
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Hypotonia in DS is a decrease of excitability in motor neuron pools
leading to an inefficient stretch reflex mechanism
- w

The main physical problem affects gross motor coordination [38].
v

Lead to impairment of proprioceptors feedback comes from muscles
and joints.

J,
Defect intrinsic feedback mechanism.
Y/

Abnormal muscle co-contraction [47].

Inability to perform quick, accurate corrections.

Wrong decision making, leading to
wrong registered postural reaction [43], [48].

Figure 3. Complications of hypotonia in Down syndrome.

Laxity of the ligament in Down syndrome J
Due to abnormal collagen distribution [3] J

-Affect foot joints ligament leading to flat feet Laxity of the transverse ligaments
-At:t:ect k{]ef': _|gi11t§ ligament Ie'ading to jenu recurvatum betweenatlas andiciSoEthe
-Affect hip joint ligament leading to hypermobility and . .
instability of hip joints upper cervical region

Inducing abnormal movement pattern as in abduction and Leading to instability of atlantoaxial
. . . joint [5], [49], [50], [51]
external rotation of the hip, hyperextension of knees and

pronation of feet with eversion of the subtalar joint.

walking on the medial border of the feet [3].

leading to abnormal wide base gait with J

Figure 4. Complications of laxity ligaments in Down syndrome.

5. Conclusion

The addition of sensory integration therapy to specific physical therapy training
is recommended in improving gross motor coordination and grip control, so
this suggested approach may be used as a selective choice for gross motor and

hand functions abilities in cases of Down syndrome.
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