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Abstract

Purpose: Individuals are utilizing smartphones for different tasks on a daily basis. Prolonged
smartphone usage might lead to deficient postures such as forward head posture and rounded shoulders.
The purpose of this study was to look at the impact of the heavy use of smartphones versus light use on
Joint Position Error (JPE), Craniovertebral Angle (CVA), and balance measures.
Method: Thirty healthy participants were recruited in this study, and they were divided into two groups:
light use (phone use<4 h/d) and heavy use (phone use>4 h/d). Subjects were assessed for cervical
repositioning errors using the JPE test. Forward head posture was measured by CVA. Dynamic balance
was assessed using the Biodex stability system.
Results: There was a significant increase in JPE of both right and left rotation in the heavy-use group
compared with that of light-use group. Also, there was a significant increase in balance indices in the
heavy-use group. However, there was no significant difference in CVA between groups.
Conclusion: Our study showed that prolonged duration of smartphone use could negatively affect
cervical proprioception and dynamic balance ability. Further considerations are required to outline the
negative impacts of heavy usage of smartphones and to implement preventive measures.
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Introduction
Nowadays, people are becoming more dependent on
smartphones than ever. During the day, individuals are utilizing
smartphones for different tasks on a daily basis. These tasks
include checking social media connections, watching videos,
reading books, doing some form of work, browsing the internet
and other functions [1] that may predispose to musculoskeletal
deficits [2,3]. People engaging with the visual display terminal
of a smartphone gradually develop forward head posture as a
compensatory posture and at work, this has been put down to
either poor workhabits or ergonomically poor workstation
arrangements [4].

Several studies have investigated the impact of using
smartphones on pain created in different parts of the body, and
there is a correlation between the amount of time spent using a
smartphone and the severity of the symptoms [3,5,6]. Not only
that, other studies have shown that prolonged cell phones usage
might lead to deficient postures, such as forward head posture
and rounded shoulders [7,8]. Hansraj et al. found in their
research that the angled weight of the head increase as the

degree of the neck flexion increases, respectively, and with 60
degrees of head flexion the weight of the head reaches around
28 kg [9]. Moreover, the impact of prolonged smartphones
usage may lead to respiratory dysfunction due the faulty
posture of the neck [8].

There is some evidence that neck joints are becoming under
more stress due to sustained hunching over smartphones [10].
There is an increasing incidence of neck pain in different age
groups [3]. Usually, neck pain increases as age increases, but
nowadays younger patients are reporting neck pain more than
ever [6]. Sustained pressure on the neck joints [10] is causing
disturbed signals to the brain that might cause balance
problems and disturbed neck proprioception [5,7,11]. Proper
balance and controlling head and eye movements is dependent
on afferent input from different systems at the same time.
These systems’ information needs to be integrated depending
on the task and environment, and they include vision,
vestibular, and proprioception systems [12]. Cervical
proprioception contributes to correct head in space and trunk
orientation [13], as well as to correct body orientation and
balance control [14].
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Previous studies suggested that the complex reflex and central
interaction between cervical proprioception, vestibular and
visual information are necessary for optimal orientation and
postural control [15-20]. This interaction becomes even more
evident when vestibular or visual information fails [21,22].
Child et al. showed that people with neck pain are more likely
to have poor balance and poor coordination of head movement
[23]. The sensorimotor dysfunction component can cause
increased postural sway when measured in a standing position
[24]. Moreover, it causes difficulty in positioning the head to a
predetermined position [13]. These studies demonstrate how
important the afferent information from the neck joints for
postural control is. Posture seems to have a great impact on the
sensorimotor function of the cervical spine. With people
spending so much time using smartphones, they are more
likely to have their neck in an incorrect position for a long
period, which might affect the proprioception input of the
neck. Based on the strong interrelation between the cervical
spine and posture [9,25], the purpose of this study was to look
at the impact of the heavy use of smartphones versus light use
on Joint Position Error (JPE), the Craniovertebral Angle
(CVA), and balance measures.

Material and Methods

Subjects
This is a cross-sectional study that was conducted on 30
healthy participants aged from 18 to 27 years old recruited
from the faculty of Applied Medical Sciences, Najran
University, Saudi Arabia. The researchers divided the subjects
into two groups; light smartphone use and heavy smartphone
use; according to the report on the participants. The light-use
group was comprised of subjects who used a smartphone for
less than four hours per day, and the heavy-use group was
comprised of subjects who used a smartphone for four hours or
more per day. Four hours was selected as a cut off as Jung et al.
reported that subjects who use smartphone more than 4 hours
per day had lower CVA and partly impaired respiratory
function compared with subjects who use smartphoneless than
4 h per day [8].

Exclusion criteria included: neck pain, any cervical trauma or
fracture, progressive neurological disease, orthopedic
condition, any vestibular pathology or dizziness. All subjects
were aware of the purpose of the study before signing the
consent form. This study was carried in accordance with the
Declaration of Helsinki and approved by the ethics committee
of Najran University.

Instrumentation
In this study, a laser beam and colored target were used to
measure the JPE. The laser method has been applied to
measure cervical JPE [26,27]. This method has demonstrated
good test-retest reliability and has been shown to have
excellent correlation with an ultrasound technique for
measurement of JPE [28]. The laser pointer was attached to a
lightweight headband on top of the head. The distance between

the starting point projected by the laser from the forehead to
the center of the target was standardized at 90 cm, using a
measuring tape.

The measured variable is the difference between the start and
returning position of the laser beam on the target and was
recorded in degrees using the formula, angle=tan-1 (error
distance/90 cm) [28].

Biodex stability system
Dynamic balance was assessed using the Biodex stability
system (Biodex, Inc., Shirley, NY). The Biodex Stability
System (BSS) is a multiaxial device that uses a circular
platform. It can tilt up to 20º in a 360º arc of motion, and it is
interfaced with specialized software (Biodex, Version 3.1,
Biodex Medical Systems). BBS software calculates three
separate measurements: Overall Stability Index (OSI),
Anterior-Posterior Stability Index (APSI) and medial-lateral
stability index (MLSI) with higher scores indicating worse
postural control. The intratester reliability of this procedure has
been previously reported as 0.43 for medial-lateral stability
index, 0.80 for the anterior-posterior stability index, and 0.82
for the overall stability index [29].

Procedure
CVA evaluation: Craniovertebral Angle (CVA) was measured
by asking the patient to sit in a comfortable position that they
usually sit in. A photograph was taken using a digital camera
(Nikon D7100) from the lateral side. The camera was placed
perpendicular to the horizontal plane. The angle was measured
on the connection point of two lines. One line was from the 7th

vertebra to the tragus, and the other line was the horizontal line
passing through the 7th cervical spine [8,30]. Asking the
subject to flex and extend their neck identified the 7th cervical
vertebra as the most prominent cervical spine. Two researchers
agreed on the landmark of the spinous process of 7th vertebra.
Adobe Photoshop CS6 was used to measure the CVA.

JPE evaluation: Cervical repositioning errors were assessed
[31] while the subjects were in a sitting position. The
participants were in a chair with arm and back support. Their
feet were placed supported on the floor with knee, and hip at
90º and subjects were asked to maintain this position
throughout the full test. The laser pointer was fixed on the top
of the subject head with a strap and tape to make sure it did not
move. The subjects performed three trials to become familiar
with the test and then they were asked to perform three
attempts of rotation through the available range of motion
without stress to one side then return back to the starting
position. The mean score of the three attempts on each side
was calculated and recorded as JPE. Rotation of both sides was
evaluated. The eyes of the subjects were covered to make sure
that the participants could not observe the laser pointer and
then try to adjust their head position [28].

Balance evaluation: Participants were tested while wearing
comfortable footwear, with their eyes open, and they were
allowed to visualize the real-time feedback provided by the
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BSS computer interface. Participants were instructed to
maintain their arms by their sides and look straight ahead to the
display screen. The researchers instructed the participants to
keep the cursor in the smallest concentric rings (balance zones)
of the BSS. The centering process consisted of unlocking the
platform to allow motion. The participants were instructed to
adjust the position of their feet until they found a position
where they were able to maintain platform stability. The
process was guided by visual feedback on the screen as the
cursor moved until it was easy to keep the cursor centered on
the screen grid while standing in a comfortable upright
position. Once the participant was centered, they were asked to
maintain their feet position until the platform was stabilized.
Heel coordinates and feet angles from the platform were
recorded. All participants were trained one minute prior to the
assessment for adaptation to the machine, followed by three
practice trials, each trial consisting of a 30 s evaluation,
starting on level eight (most stable) and gradually decreasing to
level 1 (least stable). The mean score was calculated from the
three test evaluations. A 60 s rest was given between trials.

Outcome measures
Cervical repositioning errors were measured with the JPE test.
JPE greater than 4.5º is thought to suggest impairment in
repositioning accuracy of the head and neck [26,28]. Forward
head posture was measured by CVA. The balance was
measured by OSI, APSI and MLSI.

Data analysis
Subject characteristics were compared between both groups
using the t-test. Multivariate Analysis of Variance (MANOVA)
was carried out to compare the mean values of CVA, JPE and
stability indices between light-use and heavy-use groups. One
sample t test was performed to compare the JPE to normal
value. The level of significance for all statistical tests was set at
p<0.05. All statistical analyses were conducted through the
Statistical Package for Social Studies (SPSS) version 19 for
Windows (IBM SPSS, Chicago, IL, USA).

Results

Subject characteristics
Table 1, showed the mean ± SD age, weight, height and BMI
of the smartphone light- and heavy-use groups. There was no
significant difference between both groups in the mean age,
weight, height, and BMI (p>0.05).

Comparison of CVA, JPE and stability indices
between the smartphone light- and heavy-use groups
There was a significant group effect (Wilks’ Lambda=0.55, F
(6, 23)=3.03, p=0.02). Table 2 shows descriptive statistics of
dependent variables as well as the significant level of
comparison between the two groups.

There was a significant increase in JPE of both right and left
rotation in the heavy-use group compared with that of light-use
group (p<0.01). Also, there was a significant increase in OSI,
APSI, and MLSI in the heavy-use group compared with that of
the light-use group (p<0.05). However, there was no significant
difference in CVA between the two groups (p=0.59).

Comparison of JPE of light- and heavy-users to
normal value
There was a significant decrease in the right and left JPE of the
light smartphone users compared with the normal value of 4.5
(p>0.01), while there was a significant increase in the right and
left JPE of the heavy smartphone users compared with the
normal value of 4.5 (p>0.05).

Table 1. Comparison of the mean age, weight, height and BMI of
smartphone light- and heavy-use groups.

 Light use Heavy use MD t- value p-value

x̄ ± SD x̄ ± SD

Age (y) 23.1 ± 1 23.5 ± 2.7 -0.4 -0.63 0.52

Weight (kg) 63.3 ± 8.1 65.8 ± 5.5 -2.5 -1 0.32

Height (cm) 170.2 ± 6.6 169.9 ± 7.8 0.3 0.1 0.92

BMI (kg/m2) 21.9 ± 3.2 22.9 ± 2.6 -1 -0.93 0.36

x̄: Mean; SD: Standard Deviation; MD; Mean Difference; p-value, level of
significance.

Table 2. Comparison of the mean value of CVA, JPE and stability
indices between light- and heavy-use groups.

Light use Heavy use MD p-value

x̄ ± SD x̄ ± SD

CVA (degrees) 43.86 ± 7.54 42.4 ± 7.34 -1.46 0.59

JPE on right side 3.7 ± 1 5.4 ± 1.6 -1.62 0.003*

JPE on left side 3.6 ± 0.9 5.6 ± 1.5 -1.92 0.001*

Balance assessment     

OSI 1.03 ± 0.2 1.55 ± 0.82 -0.52 0.02*

APSI 0.72 ± 0.15 1.08 ± 0.62 -0.36 0.03*

MLSI 0.55 ± 0.17 0.86 ± 0.49 -0.31 0.03*

x̄: Mean; SD: Standard Deviation; MD: Mean Difference; p-value, level of
significance. *Significant.

Discussion
This study looked at CVA, JPE, and balance measurements on
healthy individuals who used smartphones for a long period of
time (4 h+) during any daytime. The results of our study
showed no significant difference on CVA when comparison
was made between smartphone heavy- and light-use
individuals. However, we found a significant increase of JPE
for right and left rotation and balance measures that included
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OSI, APSI, and MLSI in heavy-use individuals compared with
that of light-use individuals.

The values of CVA (42-44º) obtained in both groups in the
current study reflect the development of forward head posture,
as subjects with forward head posture have a smaller CVA
angle compared with normal subjects. Smaller CVA angles
mean greater protraction and forward head posture, while
larger angles reflect good head and neck alignment in the
sagittal plane [32]. Yip et al., reported a CVA less than 50º in
subjects with forward head posture with neck pain, and the
mean value of the control group was 55.02º [33]. Jung et al.,
[8] concluded that subjects who use smartphones for more than
four hours per day had a lower CVA.

The non-significant difference in CVA between the two groups
may be attributed to the fact that the postural changes that
occur in response to smartphone use may be related to the use
of the phone and adaptive posture to this use rather than to the
duration of use. Also, it may be attributed to the fact that the
majority of the sample were college students who were
involved in many similar educational activities like reading,
writing, and computer use. These factors might be predisposed
to forward-head posture as a postural adaptation to a visual
display terminal. Forward head posture has been shown to be a
common postural displacement, with an estimate of 66% of the
patient population [34]. This finding is inconsistent with the
results of Kim et al. [11] who reported a significant increase in
flexion angles of the cervical spine in a group of prolonged-use
smartphone users compared with a group of shorter-use
smartphone users. The cause of this inconsistency may be
explained as Kim et al. measured the angle following
smartphone tasks of between three and 300 s, while in our
study we measured the adaptive posture assumed by the
subjects.

Increased JPE in smartphone heavy users compared with light
users may be attributed to the affection of neck proprioception
from prolonged use of the smartphone. Prolonged forward
neck posture may injure the structure of the cervical spine, as
well as the ligament [35,36]. Poor performance in the JPE test
reflects abnormal neck afferent input [37]. The joint position
sense is crucial for head-on-trunk orientation [21]. Lee and Seo
[38] investigated the impact of addiction to smartphone use on
cervical repositioning error. They found that the severe
addiction group showed the largest repositioning error. Also,
Kim et al. [11] reported that prolonged use of a smartphone is
associated with an increase in the reposition error.

The significant affection of balance score in smartphone heavy
users may also be attributed to a disturbed cervical afferent
function. Sustained muscle tension changes the sensitivity of
neck proprioception which affects dynamic balance ability
[27]. Cervical JPE is correlated significantly with balance tests
[39]. The relationship between somatosensory information and
balance is well established in the literature [40-44].

Our results regarding the decrease in balance ability agreed
with Hyounk [45] and Cho et al. [46] who reported that using a
smartphone while completing tasks reduced cognitive ability

and decreased dynamic balance. Also, Laatar et al. [25] found
that operating a smartphone increased the center of pressure
displacement and impaired the standing postural balance of
elderly and young adults.

We have some limitations in our study. We acknowledge that
the number of subjects were relatively small (n=34).
Furthermore, the subjects' age group was 18-27 y old, so we do
not know about younger or older age groups. Moreover, the
measurements for our study were taken over a very short
period of time and only once, which might allow subjects to
adopt a posture that the participants might not have been able
to tolerate for a longer period of time.

Conclusion
The result of this study has shown that a prolonged duration of
using a smartphone could negatively affect cervical
proprioception and dynamic balance ability. The negative
impact of smartphone use should be outlined, and preventive
measures should be considered.
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