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ABSTRACT--Background: Smart handheld devices are nowadays forming a great impact on people’s health. The prolonged use of
these devices is known to be associated with musculoskeletal disorders in the upper limb. The aim of this study: was to
examine the effect of prolonged usage of tablets on postural alignment in children.
Methods: 60 female children, their age ranged from 7 to 10 years, were participated in this study, and they were
randomly divided equally into 2 groups according to the total interrupted time spent using the tablets, reported by their
parents. Group (1) those who use tablets less than 3hours per day, and group (2) those who use tablets from 3 to 6 hours
per day. Assessments and comparisons between the two groups were applied by using the bio photogrammetric postural
analysis to measure the Craniovertebral angle (CVA), The Head tilt angle (HTA), Forward Shoulder Angle (FSA),
Thoracic kyphotic angle (TKA), Lumbar lordotic angle (LLA) and Pelvic tilt angle (PTA).
Results: The findings indicated significant differences between the examined groups regarding the CVA, HTA,
FSA,TKA, while there were no significant differences could be recorded relative to LLA and PTA.
Conclusion:
Prolonged sitting posture for children who use tablets can produce postural alignment changes such as FHP, rounded
shoulders and increased kyphosis with predicted other spinal changes at lumbar and pelvic regions and associated
forward musculoskeletal disorders.
Keywords---- Smart Handheld devices, Tablets, Musculoskeletal disorders, children, Postural analysis
_________________________________________________________________________________________________

1- INTRODUCTION
Smart hand-held devices (SHHD) such as tablets, mobiles, and game players are widely used nowadays among children.
Little years ago, the number of users of SHHD had increased progressively throughout the world. This could be, at the
current time, due to the sharp increase in smartphone markets, high availability of various models, attractive options, and
the cheap prices. The usage of tablets becomes increasingly used in the early childhood settings at home for
communications, playing, drawing, and even at schools for education. It could hardly find a child without one of these
modern devices.
In one study, a self- report indicates that about two- thirds of students aged from 16-18 years were using tablets more
than 4 hours per day weekly, and more than two hours each weekend for nearly one half of them. Some studies revealed
a relationship between the usage of these smart devices and the different types of postural and musculoskeletal disorders
(1-3).
Normal postural alignment develops when the center of gravity of different spinal segments come in line with each
other (4). Good posture is always combined with the least strain produced on both active and passive spinal structures (5).
Good sitting posture is the ability to produce the least muscular force to control the relation between different body parts
and to keep balance (6).
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Concerns about poor postures and musculoskeletal problems related to the prolonged use of SHHD devices also raised.
Poor postures in adults have been correlated with many health problems such as chronic neck and back pain, headaches,
digestive disorders, respiratory and cardiovascular disorders (7-10).
Because of small screens, it has been suggested that most people are not assuming good posture while using their
SHHD, because they tend to utilize their devices from closer distances, and they sit with their heads bent forward, without
forearm and back support (11). College student’s postures had been evaluated during typing and revealed that ninety one
% of them had neck flexion while typing (12).
Several studies investigated the outcome of display positioning on electrical activity of neck and shoulder muscles, and
also the relation between the neck, shoulder pain and the increased time spent in internet browsing[2,13,14].
It is generally established that neck, shoulder, and many musculoskeletal disorders usually result from the very low
monitor positions. Tablet as one of the SHHD is associated with more neck flexion, head tilting, scapular protraction,
asymmetry of the spine, flexion and elevation of shoulders, and higher neck muscle activity (15). The increased static neck
and shoulder muscles loading associated with poor positions will contribute to neck pain and will cause many postural
changes such as forward head posture (FHP), rounded shoulders, and thoracic kyphosis. Sustained FHP can cause
exhaustion, pain, injury to cervical spinal vertebrae, muscles, and ligaments and, inconsequent, to the whole spine (16).
Some studies revealed the relation between the cervicothoracic and the thoracolumbar regions during sitting postures
(17-19). But most of the recent studies have concentrated on the head and neck postures instead of the whole spine during
SHHD usage. So, It was important in this study to examine the whole spinal postures.
And although, the increase in the number of children using tablets, little researchers investigated the effects of the
extensive usage of these devices on their postures. Our aim in this study was a trial to fill this research gap by investigating
the effects of prolonged time usage of tablets on posture in children. Based on our outcome results, advice and interventions
could be designed to prevent adverse effects and to promote health in the future.

2- METHODOLOGY
2.1: Subjects
Sixty female children were selected from governmental schools in Al Kharj City, Kingdom of Saudi Arabia. They
ranged in age between (7-10) years old with mean ages (8.75±0.9) and (9.1± 0.6) for both group 1 and 2 respectively. Their
height ranged from (123-138cm) with mean height (132.4 ± 5.3) and (129.2± 5.9) for group 1 and 2 respectively. They
were randomly divided equally into 2 groups according to the total interrupted times spent using tablets, reported by their
parents. Group (1) those who use tablets less than 3 hours per day, group (2) those who use tablets from 3 to 6 hours per
day. The study was applied after signing a consent form by their parents, which is approved by the ethical guidelines of
Prince Sattam Bin Abdulaziz University and in accordance with that established in the Declaration of Helsinki.
Inclusive criteria:
Children were included if they were using tablets for at least 1year directly before the research study, and they were
daily using the tablet for at least 2 hours per day.
Exclusive criteria:
Children were excluded if they had: congenital spinal deformities like kyphosis or scoliosis, cervical fracture or trauma,
cancer, lung diseases like asthma or chronic bronchitis, congenital neurological or orthopedic diseases, unstable cardiac
conditions; and if they had undergone abdominal or thoracic surgeries.

2.2: Methods
The posture was evaluated by means of biophotogrammetric analysis which is a valid and a reliable method (20,21).
Six postural variables described by Han-suk et al. (22) and Lunes et al. (23)were measured. They are as following:
(1) Craniovertebral angle (CVA) It refers to the amount of forward head posture. It is formed between the horizontal
line, and the line connecting the 7th cervical vertebra (C7, the apex) with the tragus.The smaller that angle, the more forward
the head position, and if the angle was less than 50°, the child was considered to have FHP (24).
(2) The Head tilt angle (HTA) It is also called the gaze angle, and it represents how much the flexion or extension of
the cervical spine. The angle is formed between the line connecting the tragus (apex) to the canthus of the eye and the
horizontal line passing through the tragus (the greater the angle is, the more is the extension of the head).
(3) Forward Shoulder Angle(FSA) It is used as an index for shoulder roundedness. It is point of intersection between
the line joining the acromion process and C7, and the horizontal line passing through the acromion process. It was
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considered that the individual has rounded shoulders, if the angle was less than 52° (25). The smaller the angle, the more
forward shoulder position, in relation to the cervical spine.
(4) Thoracic kyphotic angle (TKA)Which is the angle of intersection of the two perpendiculars to the lines passing
through 1st Thoracic(T1) and through T12 vertebrae (the more of that angle, the more is the kyphotic posture).
(5) Lumbar lordotic angle (LLA)That is the angle of intersection of the two perpendiculars to the lines passing through
1st lumbar (L1) and through L5 vertebrae (the more of that angle, the more is the lordotic curve).
(6) Pelvic tilt angle (PTA)That is the angle of intersection of the line connecting anterior superior iliac spine (ASIS,
apex) and posterior superior iliac spine (PSIS) with the horizontal line passing through ASIS (the greater the angle is, the
greater the anterior pelvic tilt will be).
Biophotogrammetric postural analysis:
The protocol for measurement was applied according to Falla et al.(18), as the anatomic points of C7,T1, T12,L1,
L5,ASIS, PSIS, tragus, canthus, the sternal notch, and the acromion process were all marked with small foam balls covered
with reflective foil filament and double-sided adhesive tape to be fixed on the skin.
Each child was exposing her neck and trunk, wearing a surgical cap to cover her hair, bared feet, and with a looking
forward direction. From the lateral view in a standing position, all the pictures were captured and then assessed by the same
researcher. The digital camera (Sony® Cybershot 8 megapixels), was fixed an adjustable height tripod stand, placed at 2
meters distance from the child, and at the level of the external auditory meatus. Photos were processed through a
photogrammetric analysis (SAPO® software for postural assessment) that is reliable and provides quantifiable
measurements after determining the coordinates of the anatomical points on the photographs (26,27).

2.3: Statistical analysis:
Statistical analysis was applied using Statistical Package for Social Sciences (SPSS) version 16.0 (SPSS Inc., Chicago,
USA). The data collected were analyzed by using t- test to examine the differences in results in both groups and to apply
comparison between groups. Pearson's correlation coefficient and regression analysis of the measured variables was also
calculated. Statistical significance was established for values of p < 0.05.

3- RESULTS
The baseline characteristics of groups (1) and (2) are presented in table (1) as mean± SD of age, height, and mass. The
preliminary mean values were matched and there were no significant differences between them.

Table (1) Baseline characteristics of children in groups(1) and (2)
Group (1)

Group (2)

mean± SD

mean± SD

Age (years)

8.75±0.9

9.1± 0.6

0.22

Height (cm)

132.4 ± 5.3

129.2± 5.9

0.12

mass (kg)

43.6± 5.9

41.3± 2.3

0.17

Characteristics

P- value

Table 2 showed that the CVA was statistically and significantly decreased with a more FHP in group 2 compared to
group 1. For the HTA, a greater tilting was noted in group 2 showing also a more FHP and indicating larger flattening of
upper cervical spine compared to group 1.

The statistical analysis with the paired t-test showed a significant difference in measurements of FSA and TKA between
both groups. A lesser FSA and greater kyphotic angle were recorded in group 2.

On the other side, there were no significant differences could be observed in the mean values of LLA and PTA between
both groups.
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Table (2) Comparison between the mean values of postural parameters in both groups:
Group (1)

Group (2)

mean± SD

mean± SD

CVA ( º)

48±2.7

46.2±2.2

0.02*

HTA ( º)

16.1±5.7

19.7±5.3

0.04*

FSA ( º)

49.3±3.1

47.2±3.4

0.04*

TKA ( º)

32.2± 7.3

37.6±8.6

0.03*

LLA ( º)

34.7±5.1

38.4±6.7

0.05

PTA ( º)

12.3±1.7

13.6±2.4

0.05

Parameters

P value

p- value <0.05. *( significant difference)

4- DISCUSSION
A large number of children spend long periods of time sitting at home using their tablets. The human posture is not
designed to stay for prolonged times in sitting position. In addition, sitting with a posture is a great problem as it will cause
muscle fatigue, muscle imbalance and spinal immobility over time.
When the posture is kept repeatedly in a wrong habitual alignment, this body image will be inserted in the brain, and it
will result in an abnormal posture with deformed musculoskeletal structures such as muscles, joints, and ligaments (28).
The results in group 2 showed that the prolonged tablet usage was associated with a more flexed spine than in group 1.
Children had been seen to flex their necks up to 20° or more, the matter that makes the gravitational forces on the neck
muscles to be three to five times higher, putting them at risk of discomfort or injury in the future. That risk is increased by
increasing the duration of tablet exposure (29).
CVA and HTA are seen to be affected by the tablet position. This indicates that postural changes due to tablet usage
are representative of complicated cervical spine changes.
For CVA, a smaller angle is an index for more FHP (24). The mean CVA values obtained here were (48°) and (46.2°)
in group 1 and 2 respectively which are significantly different, and at the same time, less than the normal . These were
similar to the mean values in one study of the association between postural alignment and upper quadrant pain in high
school students. The authors found smaller CVA values ranged from 39°-46° were considered the cause of FHP and upper
quadrant pain (30). These results come in agreement with the conclusion that neck flexion angle was greater and CVA was
smaller, during tablet use than for desktop and notebook typing [31,32]. Therefore, the tablet users would be at great risk
to develop neck pain due to combined factors of poor posture, long duration, and frequency of usage.
HTA is one of the measurements indices to the cervical spine alignment. The overall mean values of HTA in group 2
was low enough, indicating significant tilting in head and FHP. The mean values obtained of both groups in this study were
considered above the normal values recommended by De Wall et al.(33). They mentioned for the HTA to be normal, it has
to be less than 15°. Also, these more than normal mean values come matched with the mean values got by Chansirinukoret
al. (34) in their study for severity of FHP. Their study showed mean values of (16.3°) indicating moderate FHP.
FHP leads in turn to upper cervical spine extension and lower cervical spine flexion. This new alignment increases the
lower cervical lordosis in association with a decreased or flattened upper cervical spine curvature (35).
FSA is an angle that gives a measure of the amount of shoulder roundedness. Both groups' FSA mean values in this
study come similar to those found in other two studies for evaluating shoulder protrusion, giving that smaller angles indicate
forward shoulders (36,30).The average FSA obtained ranged from (47° to 49°) revealing significant difference between
group 1 and 2, showing more rounded and forward shoulders in group 2.

Posture of upper limbs during tablet usage, meaning that FSA, may also impose a risk to the musculoskeletal system in
the future. Shoulder flexion more than 25ºwas shown to be a risk factor for symptoms in neck and shoulders in adults (37).
Shortened chest muscles due to increased kyphosis showed by increased values of TKA can cause the shoulders to fall
forward and thus placing excessive pressure on the upper back. The muscle imbalance generated between the tight chest
and lengthened upper back is considered as a common cause of rounded shoulders, and this adds more strain on the upper
back musculoskeletal structures. The problem is pronounced by further hunching over during sitting.
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Again, thoracic kyphosis and also FSA have a biomechanical relation to the cervical angle. It should be thought about
the more strain added to the neck muscles, fascia, ligaments, joints and capsules with more forward shift of head and
shoulders as this could easily accelerate discs degenerations. According to the fact that, for every inch the head is shifted
forward, it could place an additional 10 pounds of pressure on the musculoskeletal structures in the cervical region (15,38).
In this research work, kyphosis and FSA have significantly increased in group 2 more than in group 1. It can be
interpreted that there is a dependency of the kyphotic posture, rounded shoulders, and FHP as each factor can affect the
other. This comes in line with the study of Quek et al. (39) who concluded that FHP increases with increased kyphosis,
and also with Szeto et al. (40) who showed that neck changes are resulted from the forward shoulder posutre.
Although the LLA and PTA were significantly indifferent between both groups, increased lumbar lordosis and anterior
pelvic tilting are both expected in the future because of prolonged sitting posture. Sitting position causes anterior pelvic
tilt, which applies shortening of the iliopsoas muscles. The problem is that in prolonged sitting, the muscles stay shorter
than usual even in standing up. The posture compensates by tilting the pelvis anteriorly and in turn, it puts a large strain on
the lumbar region resulting in muscle spasms, progressive degeneration of intervertebral disc and back pains in the future.
The limitation of this study was that we did not consider other variables including male children and other age groups. We
should research considering those variables in the future.

5- CONCLUSION
It can be concluded that the more time is spent, the more changes in neck region can occur, the more rounded shoulders
and kyphosis would be present. The findings of our study are useful to Increase parents' and children's awareness of the
associated postural changes resulting from prolonged poor sitting. Also, they can be used in educating children the proper
sitting postures, postural correction exercises, and suitable time periods to be spent using their tablets which are important
issues to avoid consequent musculoskeletal disorders when being adults.
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