
HUMAN MOVEMENT (ISSN 1899-1955) 
 

Effects of forward head posture on the centre of pressure sway during  
dual-task balancing with smartphone engagement

Weerasak Tapanya  , Noppharath Sangkarit 

Department of Physical Therapy, School of Allied Health Sciences, University of Phayao, Phayao, Thailand

Abstract
Purpose. Forward head posture (FHP) may affect postural stability and balance. This study examines how smartphone 
texting while balancing, as a dual task, influences the body’s centre of pressure (CoP) during single-leg standing in individuals 
with FHP compared to those with normal posture.
Methods. The study utilized a randomized repeated measures design to assess single-leg standing balance and CoP across 
six conditions. Fifty participants, divided into two groups (25 with FHP and 25 with normal posture), underwent testing 
sequences involving non-smartphone usage (NU; single task), one-handed smartphone usage (1H; dual task), and two-handed 
smartphone usage (2H; dual task) on both soft and hard surfaces.
Results. The study found that individuals with FHP showed increased CoP sway compared to those with normal posture 
across all conditions. Both 1H and 2H increased sway compared to non-usage for both groups, with a notable difference in 
FHP individuals on soft surfaces, where 2H led to greater sway.
Conclusions. Individuals with FHP are at a higher risk of balance issues during both NU and smartphone use, particularly 
during 2H. These results highlight the importance of addressing the impact of FHP on balance control and implementing 
interventions to reduce associated risks.
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Introduction

Smartphone usage significantly impacts posture, 
particularly in the neck and trunk regions, leading to 
musculoskeletal discomfort and altered spinal kine-
matics. Studies have shown that smartphone addiction 
correlates with compromised head posture, decreased 
muscle endurance, and changes in neck alignment [1]. 
Additionally, smartphone users exhibit increased neck 
flexion, head flexion, and forward head posture (FHP), 
exceeding recommended safe angles [2, 3]. Further-
more, prolonged smartphone use is associated with neck 
pain, discomfort, and poor sitting neck posture [4]. This 
altered posture can affect the body’s centre of pressure 
(CoP) distribution and stabilographic variables, poten-
tially impacting gait parameters [5]. Therefore, it is 
crucial to raise awareness about the ergonomic risks 
posed by excessive smartphone usage to mitigate mus-
culoskeletal issues and maintain overall postural health.

Advancements in smartphone technology have led 
to the integration of dual-task demands, such as stand-
ing, walking, and texting or talking simultaneously 
[6]. Research indicates that dual-tasking with smart-
phones can significantly impact gait parameters, cog-
nitive performance, and stability [7]. Studies have shown 
that dual-tasking while using smartphones can increase 
the risk of falls due to reduced situational awareness 
and cognitive load [8], emphasizing the need for further 
examination to enhance fall-prevention interventions 
and community participation. Understanding the ef-
fects of smartphone-related dual-tasking on gait and 
cognitive performance is crucial for improving safety 
measures and designing interventions to mitigate po-
tential risks associated with these everyday activities.

Maintaining a straight posture while using smart-
phones affects postural control and motor performance 
[5, 9, 10]. Research indicates that older individuals 
experience a more significant decline in postural sta-
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bility from smartphone use compared to younger indi-
viduals, with cognitive function deficits contributing 
to decreased performance during dual-tasking [11]. 
The complexity of postural control is further illustrated 
by analyzing the CoP during cognitive dual-tasks, dem-
onstrating reduced efficacy in postural control [10]. 
These findings underscore the importance of consider-
ing how smartphone use impacts postural control and 
motor performance in everyday tasks.

Texting while walking has a more significant detri-
mental effect on balance, gait, and walking behaviour. 
Studies indicate that texting while walking leads to 
a reduction in gait speed, cadence, stride length, and 
step length, along with increased hip and ankle stiff-
ness, which can increase the risk of fatigue [12]. Ad-
ditionally, texting has been associated with a higher 
dual-tasking cost in terms of walking time outdoors 
compared to indoors, emphasizing the impact of tex-
ting on dynamic tasks in different environments [13]. 
Previous research has shown that texting while walk-
ing has a notable impact on balance. This is due to the 
dynamic nature of walking, which naturally presents 
challenges. However, there is no existing evidence to 
demonstrate that texting on a smartphone affects static 
balance, such as when standing on one leg. Exploring 
the repercussions of multitasking could greatly enrich 
the evidence base, aiding in understanding the mecha-
nisms and effects of smartphone use on health, such 
as texting on a smartphone while balancing.

FHP significantly impacts postural stability and 
balance. Individuals with severe FHP exhibit impaired 
dynamic postural stability in the sagittal plane, which 
emphasizes the importance of assessing dynamic bal-
ance in FHP participants [14]. Therefore, based on the 
hypothesis, individuals with FHP during smartphone 
texting are likely to experience greater alterations in 
CoP during standing, particularly due to the dual-task 
demands, increasing their risk compared to those with 
normal posture. However, there has been no study com-
paring the effects of smartphone texting while balanc-
ing on one leg between these two groups. Previous re-
search has shown that using a smartphone with one 
hand vs. two hands affects various variables. Hence, 
comparing the effects of using a smartphone with one 
hand vs. two hands on CoP during standing is of inter-
est. The objective of this study is to compare the effects 
of using a smartphone with one hand vs. two hands on 
CoP during single-leg standing between individuals 
with FHP and those with normal posture. This study 
will offer valuable insights into the health implications 
of FHP during smartphone use by examining its effects 
on postural stability and balance, shedding light on 

how FHP influences musculoskeletal health and func-
tional abilities. Investigating differences in postural 
control between one-handed (1H) and two-handed 
smartphone use (2H) will also help understand how 
smartphone interactions impact individuals with FHP, 
potentially guiding ergonomic interventions and reha-
bilitation programs to mitigate the negative health ef-
fects of prolonged smartphone use.

Material and methods

Study design

The present cross-sectional study employed con-
venience sampling methods to enrol participants, uti-
lizing printed ads and social media platforms for re-
cruitment. A randomized repeated design was used to 
investigate single-leg standing balance in three condi-
tions: non-smartphone usage (NU; single task), 1H (dual 
tasks), and 2H (dual tasks), on soft and hard surfaces. 
The study was conducted at the Physical Therapy Lab-
oratory, Faculty of Allied Health Sciences, University of 
Phayao, Thailand. CoP sway was assessed with the 
Nintendo Wii Balance Board (NWBB) for each con-
dition while participants engaged in text typing on 
a smartphone and performed a single-leg standing test 
on both surfaces.

Participants

In the research, 57 young and healthy adults were 
initially part of the study. However, 7 participants were 
excluded for various reasons: 4 due to excess weight, 
2 due to obesity, and 1 for failing the balance test dur-
ing screening. As a result, the final group was com-
posed of 50 participants aged 18 to 25 years old. All 
these participants were right-handed and had familiar-
ity with smartphones for at least one year, typically 
spending about four hours daily on their devices. Par-
ticipants with a history of trauma or musculoskeletal 
symptoms in the neck and upper extremities were ex-
cluded [15]. None of them had recent discomfort or 
trauma in the past week. The sample size calculation 
was conducted using the G*Power software, version 
3.1.9.6 for Mac OS, incorporating mean and standard 
deviation values obtained from a previous investiga-
tion on postural sway [16]. An a priori power analysis 
was conducted to determine the required sample size 
using an F-test for ANOVA with repeated measures 
and within-between interactions. The partial ² was set 
to 0.05, and the sample size was computed based on 
the specified alpha level, desired power, and effect size. 
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A power calculation was carried out with a critical 
-value of 0.05, aiming for a strong 90% power level. 

The results indicated that a minimum of 42 partici-
pants was necessary to achieve the predetermined level 
of statistical significance. Prior to enrollment, all par-
ticipants underwent validation to confirm the absence 
of any neurological or musculoskeletal disorders. They 
also confirmed not engaging in balance-specific train-
ing over the last six months. An assessment of limb 
dominance showed that all participants had dominance 
in their right leg, matching their dominant leg for kick-
ing the ball [17]. After the first screening process, the 
participants were divided into two groups based on 
their craniovertebral (CV) angle: a control group (n = 25) 
with an angle  48° and an FHP group (n = 25) with an 
angle < 48° [18]. Demographic characteristics and 
anthropometric data are presented in Table 1. The de-
mographic and anthropometric variables did not show 
any statistically significant differences (p > 0.05) be-
tween the control and FHP groups, except for the CV 
angle. The normal group presented a significantly higher 
CV angle (mean ± SD: 52.98 ± 3.54) than the FHP 
group (44.66 ± 2.76; p < 0.001).

CV angle

CV angle is measured using a method that involves 
photometry [19]. The CV angle is defined as the angle 
formed between a horizontal line through the seventh 
cervical vertebra (C7) and a line drawn from the tragus 
of the ear to the C7 vertebra. This angle is used to as-
sess the alignment of the head and neck, particularly in 
relation to FHP. A smaller CV angle (< 48°) indicates 
a more pronounced FHP, while a larger angle (  48°) 
indicates a more neutral head position [18]. A camera is 
placed 1.5 m away and adjusted to the participant’s 
shoulder level [19]. To ensure accuracy, markers are 
placed at C7 and the ear tragus. Participants are asked 

to stand straight, facing forward, for a lateral view photo 
[19]. The digital camera used was a Fujifilm (X-T100 
model; 24.2 million pixels; Fujifilm Corp., Japan). 
The images were then analyzed using Kinovea soft-
ware, drawing lines between the tragus midpoint and 
C7 spinous process, as well as a horizontal line through 
C7. A CV angle below 48° indicates FHP. CV angle 
measurements demonstrate a high level of reliability, 
with a consistent test-retest reliability of 0.85–0.86 
and an inter-examiner intraclass correlation coefficient 
of 0.88–0.89 [20].

Experimental protocol

Written consent was obtained from all participants 
before the study began. Participants were randomly 
allocated the testing sequence of six different condi-
tions: NU, 1H (dual tasks), and 2H (dual tasks), each 
on soft and hard surfaces (as illustrated in Figure 1). 
This allocation process involved basic randomization 
to avoid any potential biases. During evaluations for 
NU, participants were asked to assess their balance on 
one leg while folding both hands across their chest. 
For smartphone usage positions, participants were in-
structed to maintain a neck angle of 0–15° flexion, in 
line with ergonomic recommendations. Shoulder an-
gles, smartphone height, and distance were customized 
according to each participant’s usual smartphone hab-
its to ensure a comfortable experience. Participants 
were allowed 3 min to acclimate to the measuring pro-
cedure [15]. In each smartphone usage scenario, par-
ticipants were required to perform a single-leg stand-
ing test on their dominant leg while typing the English 
alphabet (A–Z) with their thumb, securely holding the 
device in their hand. Each session lasted 1 min, with 
a 2-min break between trials.

The single-leg standing evaluation began with par-
ticipants standing with both feet on the surface. They 

Table 1. Demographic and anthropometric characteristics of the participants (n = 50)

Variables
Normal group (n = 25) 

mean ± SD
FHP group (n = 25) 

mean ± SD
p-value

Gender (males / females) 6(24%) / 19(76%) 9(36%) / 19(76%) 0.365
Age 20.32 ± 1.07 20.48 ± 0.96 0.581
Weight 53.66 ± 6.71 56.60 ± 11.12 0.264
Height 162.48 ± 7.26 163.88 ± 9.07 0.550
BMI 20.24 ± 1.61 20.87 ± 2.09 0.239
CV angle (degree) 52.98 ± 3.54 44.66 ± 2.76 < 0.001**
Total experience time of smartphone use (years) 8.19 ± 2.05 8.34 ± 2.09 0.796
Daily duration of smartphone use (hours) 6.66 ± 1.39 6.44 ± 1.55 0.612

BMI – body mass index, CV – craniovertebral, ** indicates a significant difference between conditions at p-value < 0.01
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then transferred their weight to their dominant leg as 
instructed, maintaining control of the smartphone and 
ensuring that the non-dominant knee was flexed at 
a 90° angle [17].

NWBB for assessment of postural sway during 
quiet standing

CoP was assessed using the NWBB (Nintendo, Kyo-
to, Japan). The NWBB is made from a plastic composite 
material and has four load sensors at each corner to 
measure vertical forces. It uses a Bluetooth connection 
to link with a laptop computer, which is controlled by 
customized LabVIEW software (National Instruments, 
Austin, TX, USA). Data are transferred via Windows-
based software designed for Bluetooth. The data are 
sampled at 30 Hz, consistent with previous studies 
(10–50 Hz), and a 10 Hz cut-off filter is applied post-
sampling [21, 22]. Before each test, the NWBB was 
calibrated with a 20.4 kg weight [23]. CoP variables 
such as path length sway, anteroposterior (AP) sway 
amplitude, and mediolateral (ML) sway amplitude were 
measured in centimetres.

Statistical analysis

Participant demographic data were initially sum-
marized using descriptive statistics such as means and 
standard deviations. A Shapiro–Wilk test was used to 
assess the normal distribution of variables. The Chi-
square test was used to examine the differences in gen-
der between groups. A two-way mixed ANOVA was 

performed to evaluate the interaction effects between 
conditions (NU, 1H, and 2H) and groups (FHP and 
normal) on CoP sway variables in all directions. Inde-
pendent t-tests were conducted to compare CoP sway 
variables between groups under different test condi-
tions. Within-group comparisons across conditions 
were performed using one-way repeated measures 
ANOVA, followed by Bonferroni post hoc analysis to 
identify pairwise differences. Data analysis was con-
ducted using SPSS software version 26.0 (IBM SPSS 
Statistics, SPSS Inc., Chicago, IL, USA), with a prede-
termined significance level (alpha) set at 0.05.

Results

The interaction effects (group × conditions) on CoP 
sway were significant for all variables, including path 
length sway, AP sway amplitude, and ML sway am-
plitude, on both soft and hard surfaces (partial ² = 
0.966 to 0.988, p < 0.001). The between-group (normal 
vs. FHP) interaction effects were significant for all vari-
ables on both soft and hard surfaces (partial ² = 0.187 
to 0.373, p < 0.01). Additionally, the within-group (NU 
vs. 1H vs. 2H) interaction effects were significant for 
all variables on both soft and hard surfaces (partial 
² = 0.379 to 0.752, p < 0.001). Post hoc tests revealed 

significant differences between NU vs. 1H and NU vs. 
2H, but no significant difference was found between 
1H vs. 2H, as shown in Table 2.

When comparing the normal and FHP groups, it 
was observed that the FHP group exhibited greater CoP 
sway length in all directions, including path length 

Figure 1. The smartphone texting task performed during single-leg standing under various conditions

1 hand usage on hard 
surface (1H/HS)

2 hand usage on hard 
surface (2H/HS)

1 hand usage on soft 
surface (1H/SS)

2 hand usage on soft 
surface (2H/SS)
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Table 2. Two-way, mixed-effects analysis of variance of covariance with repeated measures (2 groups × 3 conditions), 
between-group interaction effect (normal vs. FHP), and within-group interaction effect (NU vs. 1H vs. 2H).

V
ar

ia
bl

e

Testing  
condition

Mean ± standard error Mean 
differences 
(between 
groups)

Between-group
interaction  

effect p-value  
(partial 2)

Group × 
condition

interaction  
effect p-value

(partial 2)
all groups normal group FHP group

Pa
th

 le
ng

th
 s

w
ay

 (c
m

)

NU/HS 91.96 ± 2.80
98.21 ± 3.92 121.50 ± 3.92 –23.30 ± 5.54

< 0.001**
(0.269)

< 0.001**
(0.970)

1H/HS 119.63 ± 3.96a

2H/HS 117.98 ± 3.10b

within group
interaction effect
p-value (partial 2)

< 0.001**
(0.606)

NU/SS 108.32 ± 3.21
124.61 ± 5.49 160.55 ± 5.49 –35.94 ± 7.76

< 0.001**
(0.309)

< 0.001**
(0.966)

1H/SS 157.39 ± 4.95a

2H/SS 162.04 ± 5.17b

within group
interaction effect
p-value (partial 2)

< 0.001**
(0.752)

A
P 

sw
ay

 a
m

pl
it

ud
e 

(c
m

)

NU/HS 3.43 ± 0.12
3.43 ± 0.10 4.17 ± 0.10 –0.75 ± 0.14

< 0.001**
(0.373) < 0.001**

(0.984)

1H/HS 3.86 ± 0.10a

2H/HS 4.11 ± 0.08b

within-group  
interaction effect  
p-value (partial 2)

< 0.001**
(0.379)

NU/SS 4.02 ± 0.10
4.37 ± 0.15 5.05 ± 0.15 –0.68 ± 0.21

0.002**
(0.187)

< 0.001**
(0.978)

1H/SS 4.88 ± 0.12a

2H/SS 5.23 ± 0.21b

within-group  
interaction effect 
p-value (partial 2)

< 0.001**
(0.485)

M
L 

sw
ay

 a
m

pl
it

ud
e 

(c
m

)

NU/HS 2.54 ± 0.07
2.89 ± 0.08 3.28 ± 0.08 –0.40 ± 0.11

< 0.001**
(0.205) < 0.001**

(0.984)

1H/HS 3.32 ± 0.08a

2H/HS 3.40 ± 0.08b

within-group
interaction effect
p-value (partial 2)

< 0.001**
(0.667)

NU/SS 2.90 ± 0.07
3.30 ± 0.08 3.76 ± 0.08 –0.46 ± 0.11

< 0.001**
(0.263)

< 0.001**
(0.988)

1H/SS 3.79 ± 0.07a

2H/SS 3.91 ± 0.09b

within-group
interaction effect
p-value (partial 2)

< 0.001**
(0.706)

NU/HS – non-usage on hard surface, 1H/HS – 1 hand on hard surface, 2H/HS – 2 hands on hard surface
NU/SS – non-usage on soft surface, 1H/SS – 1 hand on soft surface, 2H/SS – 2 hands on soft surface
* significant difference at p < 0.05, ** significant difference at p < 0.001 

a significant difference between NU and 1H, b significant difference between NU and 2H



W. Tapanya, N. Sangkarit, Forward head posture and balancing

HUMAN MOVEMENT

36
Human Movement, Vol. 25, No 3, 2024

Table 3. Comparison of CoP sway variables in each direction between FHP and normal groups, on both soft and  
hard surfaces (n = 50)

Variable
Testing  
condition

Mean ± SD Mean  
differences  

(between groups)

Between-group  
p-value (95% CI)normal group FHP group

Path length sway  
(cm)

NU/HS 83.16 ± 20.06 100.76 ± 19.49 –17.60 ± 5.59
0.003**

(–28.85 to –6.35)

1H/HS 107.12 ± 26.82a 132.14 ± 29.14a –25.02 ± 7.92
0.003**

(–40.94 to –9.10)

2H/HS 104.35 ± 20.10b 131.62 ± 23.64b –27.27 ± 6.21
< 0.001**

(–39.75 to –14.79)

NU/SS 98.28 ± 22.15 118.35 ± 23.18 –20.07 ± 6.41
0.003**

(–32.97 to –7.18)

1H/SS 139.12 ± 26.63a 175.66 ± 41.74a –36.54 ± 9.90
< 0.001**

(–56.45 to –16.63)

2H/SS 136.42 ± 27.72b 187.65 ± 43.65b,c –51.22 ± 10.34
< 0.001**

(–72.02 to –30.43)

AP sway amplitude  
(cm)

NU/HS 3.10 ± 0.66 3.76 ± 0.97 –0.65 ± 0.23
0.008**

(–1.12 to –0.18)

1H/HS 3.47 ± 0.66a 4.25 ± 0.70a –0.78 ± 0.19
< 0.001**

(–1.16 to –0.39)

2H/HS 3.70 ± 0.55b 4.52 ± 0.61b –0.82 ± 0.16
< 0.001**

(–1.15 to –0.49)

NU/SS 3.82 ± 0.65 4.23 ± 0.75 –0.42 ± 0.20
0.041*

(–0.82 to –0.02)

1H/SS 4.60 ± 0.85a 5.17 ± 0.86a –0.58 ± 0.24
0.021*

(–1.06 to –0.09)

2H/SS 4.70 ± 1.13b 5.75 ± 1.74b –1.05 ± 0.42
0.014*

(–1.89 to –0.22)

ML sway amplitude  
(cm)

NU/HS 2.35 ± 0.47 2.72 ± 0.50 –0.36 ± 0.14
0.010*

(–0.64 to –0.09)

1H/HS 3.10 ± 0.48a 3.53 ± 0.66a –0.43 ± 0.16
0.011*

(–0.76 to –0.10)

2H/HS 3.21 ± 0.61b 3.60 ± 0.54b –0.39 ± 0.16
0.020*

(–0.72 to –0.06)

NU/SS 2.73 ± 0.44 3.08 ± 0.58 –0.35 ± 0.15
0.020*

(–0.64 to –0.06)

1H/SS 3.55 ± 0.43a 4.03 ± 0.60a –0.48 ± 0.15
0.002**

(–0.77 to –0.18)

2H/SS 3.63 ± 0.47b 4.19 ± 0.76b –0.56 ± 0.18
0.003**

(–0.92 to –0.20)

NU/HS – non-usage on hard surface, 1H/HS – 1 hand on hard surface, 2H/HS – 2 hands on hard surface  
NU/SS – non-usage on soft surface, 1H/SS – 1 hand on soft surface, 2H/SS – 2 hands on soft surface
FHP – forward head posture
For between groups, * significant difference at p < 0.05, ** significant difference at p < 0.001  
For within groups, a significant difference between NU and 1H, b significant difference between NU and 2H 
c significant difference between 1H and 2H
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For between groups, * significant difference at p < 0.05, ** significant difference at p < 0.001. For within groups, “a” significant difference 
between NU and 1H, “b” significant difference between NU and 2H, “c” significant difference between 1H and 2H.

Figure 2. Comparative analysis of CoP sway between groups; the FHP group and the normal group, when utilizing  
a smartphone and maintaining a single-leg stance in different conditions, and within-group between three conditions; 

NU, 1H, and 2H on hard and soft surfaces.

NU – non-usage
1H – 1 hand
2H – 2 hands  
FHP – forward head posture 
AP – anteroposterior 
ML – mediolateral
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sway, AP sway amplitude, and ML sway amplitude, 
across all conditions: NU (single task), 1H (dual tasks), 
and 2H (dual tasks), on both soft and hard surfaces. 
These differences were statistically significant (p < 0.05), 
as shown in Table 3 and Figure 2.

Within-group comparisons of smartphone usage 
revealed that both 1H and 2H smartphone usage led to 
a significant increase in CoP sway length compared to 
NU in all directions, on both soft and hard surfaces 
(p < 0.05), in both groups. However, no significant dif-
ferences were observed between 1H and 2H, except in 
the FHP group, where 2H resulted in a significantly 
greater increase in path length sway compared to 1H 
on soft surfaces (p < 0.05). No such difference was ob-
served in the normal group, as shown in Table 3 and 
Figure 2.

Discussion

This study is dedicated to investigating the com-
plex interplay between smartphone use and postural 
stability control, with a specific focus on CoP when bal-
ancing on a single leg. The primary objective is to ex-
plore how this relationship varies between individuals 
with FHP and those with normal posture. It also aims 
to investigate the differences within each group based 
on diverse patterns of smartphone use, including non-
usage, one-hand, and two-hand use, on various sur-
faces. The study aims to uncover the impact of smart-
phone dependency on the musculoskeletal health of 
individuals with FHP by analyzing the complex inter-
actions and emphasizing the importance of under-
standing how smartphones affect posture control in 
vulnerable groups such as those with FHP due to their 
widespread use in society. Additionally, the study aims 
to investigate how specific smartphone usage patterns 
affect postural stability in individuals with FHP com-
pared to those with normal posture, potentially leading 
to tailored strategies to mitigate the negative musculo-
skeletal effects of smartphone use, especially for high-
risk groups, and bridging the gap between technology 
use and musculoskeletal health outcomes to inform 
clinical practices and public health initiatives promot-
ing healthier smartphone behaviours and reducing 
hazards of prolonged use, particularly for individuals 
with FHP.

The findings of this study unequivocally demon-
strate that when comparing individuals’ attempts to 
maintain balance on one leg on both hard and soft 
surfaces, significant differences arise between those 
using smartphones and those not using smartphones. 
Specifically, it was observed that smartphone usage 

led to increased CoP sway across all directions, in-
cluding path length, AP sway, and ML sway. Engaging 
in a dual task while using smartphones, such as walk-
ing or maintaining balance, can significantly impact 
one’s stability and increase the risk of falls [8, 9]. When 
individuals divide their attention between using a smart-
phone and performing a physical task simultaneously, 
it can lead to decreased awareness of their surround-
ings and compromised balance control [9, 24]. Research 
suggests that dual-task activities involving smartphones 
can interfere with postural stability by diverting at-
tention away from maintaining proper balance and 
body alignment [9]. This distraction can disrupt the 
coordination between sensory inputs, such as visual 
and proprioceptive cues, which are essential for bal-
ance control [25]. As a result, individuals may exhibit 
altered gait patterns, reduced stability, and an in-
creased likelihood of losing balance or falling. More-
over, prolonged use of smartphones often involves pro-
longed periods of static posture, such as neck flexion 
and decreased head stability, which can further exac-
erbate the risk of falls [26, 27]. Additionally, the repeti-
tive nature of smartphone use may contribute to muscle 
fatigue and decreased muscle activation, further com-
promising balance and stability.

The findings of this study indicate that when com-
paring CoP sway between the FHP and normal posture 
groups, the FHP group exhibited a more pronounced 
increase in CoP sway across all conditions. This differ-
ence was evident in every direction and on both hard 
and soft surfaces, regardless of smartphone usage (non-
usage, one-hand use, and two-hand use). The increased 
CoP sway observed in the FHP group, compared to the 
normal posture group, during smartphone use and 
single-leg balancing likely results from several inter-
connected mechanisms. FHP is characterized by a for-
ward position of the head relative to the shoulders, which 
can lead to altered alignment of the cervical spine and 
increased muscle tension in the neck and upper back 
[28, 29]. This musculoskeletal imbalance can com-
promise the FHP group’s ability to maintain proper 
postural control during challenging tasks such as sin-
gle-leg balancing. Proper postural control relies on the 
integration of sensory inputs from the visual, vestibu-
lar, and proprioceptive systems [30, 31]. Individuals 
with FHP may experience disruptions in sensory inte-
gration due to changes in head and neck alignment, 
leading to decreased proprioceptive feedback and im-
paired balance coordination [32–34]. The altered align-
ment associated with FHP can affect neuromuscular 
coordination patterns, particularly in the muscles of the 
neck, shoulders, and upper back [35]. Dysfunctional 
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muscle recruitment and coordination may result in in-
efficient postural adjustments during dynamic tasks 
such as single-leg balancing, contributing to increased 
CoP sway [36].

Engaging in dual-task activities, such as using 
a smartphone while balancing on one leg, imposes ad-
ditional cognitive demands on individuals [8]. The FHP 
group may have more difficulty allocating cognitive re-
sources effectively due to their compromised muscu-
loskeletal and sensory systems associated with their 
posture [37]. This increased cognitive load can further 
disrupt postural control mechanisms and worsen CoP 
sway [38]. Individuals with FHP may adopt compen-
satory strategies to maintain balance, such as relying 
more on visual feedback or muscle co-contraction. How-
ever, these strategies may be less efficient or effective 
compared to those employed by individuals with nor-
mal posture, leading to greater variability in CoP sway.

Furthermore, when comparing within each group 
across conditions of one-hand and two-hand smart-
phone use, no significant differences in CoP sway were 
observed in any direction, except within the FHP group. 
Specifically, individuals with FHP exhibited an increase 
in CoP path length sway when using two hands com-
pared to one hand. This discrepancy in CoP sway based 
on smartphone handling was not evident in the nor-
mal posture group, aligning with earlier findings of CoP 
sway differences between the two groups. Thus, it is 
emphasized that the FHP group is at higher risk of 
losing balance while using a smartphone than the nor-
mal posture group. The increased CoP sway seen dur-
ing two-hand smartphone use compared to one-hand 
use in single-leg balancing among individuals with FHP 
involves various factors. Using a smartphone with two 
hands can exacerbate musculoskeletal strain in indi-
viduals with FHP, potentially causing increased muscle 
tension and altered posture that affect balance [39]. 
Two-hand smartphone interaction may require more 
cognitive and visual attention than one-hand use, which 
can detract from balance maintenance [9], especially 
in those with FHP who may have limited attentional 
resources for postural control. Individuals with FHP, 
who may have reduced neck mobility [40], might strug-
gle to visually scan their surroundings or adjust their 
posture effectively while using a smartphone with two 
hands, possibly leading to compensatory movements 
that increase CoP sway during single-leg balancing. 
These results highlight the need to examine the com-
plex relationship between smartphone use, postural 
control, and musculoskeletal factors, particularly in 
vulnerable populations such as those with FHP.

The limitations of this study include the lack of ex-
ploration into the mechanisms underlying the effects 
of smartphone usage on postural stability. Incorporat-
ing measures of muscle activity and sensory feedback 
could provide valuable insights into these mechanisms. 
Additionally, the absence of longitudinal follow-up hin-
ders understanding of the long-term impacts of smart-
phone usage on musculoskeletal health. Future studies 
should consider longitudinal assessments to provide 
further insight into the effects of smartphone usage over 
time, thereby informing preventive strategies and in-
terventions.

Conclusions

In conclusion, our study highlights that individu-
als with FHP face an elevated risk of losing balance 
during non-smartphone activities, such as single task, 
compared to those with normal posture. Furthermore, 
this risk of balance loss becomes more pronounced 
when engaging in smartphone use while maintaining 
single-leg standing balance (a dual task), as evidenced 
by increased CoP sway compared to the normal posture 
group. Notably, the risk is particularly heightened dur-
ing two-hand smartphone use. These findings under-
score the importance of considering the impact of FHP 
on balance control, especially in the context of smart-
phone usage, and emphasize the need for targeted in-
terventions to mitigate these associated risks.
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