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Abstract: The aim of this study was to assess the prevalence of static balance impairment in university
student smartphone users with subclinical neck pain and identify the associated risk factors. Because
of rapid and widespread smartphones use, and the subsequent effect on neck pain in university
students, it is essential to determine the prevalence of balance impairment and associated factors
in this population. Simple random sampling was completed among eighty-one participants in this
cross-sectional study. A self-reported questionnaire, fitted precisely for smartphone users, was used
prior to clinical assessment by the Balance Error Scoring System. Both simple and multiple logistic
regressions were used to analyze the prevalence of static balance impairment and associated factors.
The prevalence of static balance impairment in university student smartphone users with subclinical
neck pain was 74.07% (95% CI: 64.32 to 83.82). The significant risk factors were “daily smartphone
use ≥ 4 h” (AOR: 19.24 (95% CI 4.72 to 78.48) p = 0.000), “≥4 years of smartphone use” (AOR: 5.01
(95% CI 1.12 to 22.38) p = 0.035), and “≥7 neck disability index score” (AOR: 12.91 (95% CI 2.24 to
74.45) p = 0.004). There was a high prevalence of static balance impairment in university smartphone
users with subclinical neck pain. University student smartphone users with subclinical neck pain
who met at least one of the risk factors should realize their static balance impairment.

Keywords: balance error scoring system; smartphone users; daily hours of smartphone use; years of
smartphone use and neck disability index score

1. Introduction

In modern society, multifunctional smartphones are frequently used in daily life.
Smartphones serve not only as a multimedia collection, camera lens, and global and
satellite navigation system [1] but also as a means for sending and accepting email, storing
data, playing games, and engaging in learning interactions [2]. These activities have led to
a rapid increase in worldwide smartphone use and concomitant neck pain [3] and have
altered users’ dynamic balance [4–6].

Among smartphone users, university students in their 20s use their smartphones more
than any other age group [7]. In the United States, in 2017, approximately 96% of people
aged 18 to 24 used mobile phones 2.5 h per day, and 97.7% of the mobile phones used
were smartphones [8]. In Hong Kong and Thailand, smartphone use triggered neck pain in
68.2% and 90%, respectively, of 18 to 24-year-old university student smartphone users [9].
This neck pain incidence was attributed to awkward postures and static and repetitive
work [10].

Subclinical neck pain (SNP) refers to mild-to-moderate recurrent neck pain. Sub-
clinical means that the participants have not yet taken treatment as the pain severity is not
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severe. Stages of SNP may be within 7 days to 3 months (subacute SNP) or within more
than 3 months (chronic SNP) [11–13]. It is classified according to the area identified by a
subject who complains of pain on both sides of the neck, including central of the posterior
part of the cervical spine from the superior nuchal line to the T1 spinous process, as central
SNP. Right SNP is identified by a subject who complains of neck pain only on the right side
of the neck and left SNP only on the left side of the neck [12].

Smartphone users with neck pain flex their neck slightly more than those without neck
pain while using their smartphone [14]. Almost 91% of college students position their neck
in flexion throughout smartphone use [15]. As neck flexion increases, there is increased
compressive load on neck structures [16]. The severity of musculoskeletal symptoms is
also associated with daily hours of smartphone use [17]. A total time of smartphone use
≥ 2 h per day is associated with a neck and shoulder pain adjusted odds ratio (AOR) = 1.49
(95% confidence interval (CI) = 1.20–1.86) [18], and total time spent on smartphone ≥ 2.4 h
per day is associated with a neck pain OR = 2.27 (95% CI = 1.24–5.96) [19]. Previous studies
indicated a moderate-to-strong association between the total time spent on smartphones
and neck pain with an AOR ranging from 1.49–8.63; variations occurred according to
the total time spent on smartphone, postures, and other factors [20]. Total time spent,
postures, and other factors decrease cervical proprioception and dynamic balance control
in smartphone users [6].

Dual tasks using smartphones [4], short note sending [5], and prolonged use > 4 h/day
negatively affect dynamic balance control [6]. The maintenance of balance is essential in the
prevention of injuries, and it depends on the central nervous system through the integration
of sensory information from the vestibular, somatosensory, and visual systems [21]. Alter-
ations in any of these inputs disturb balance and increase the risk of injury [22]. Although
smartphone users encounter problems associated with dynamic balance control [4–6], most
of a person’s daily activities that commonly include static balance control consume minimal
muscle energy [23]. Static balance is the capability of orientating the center of mass over
the base of support while the body is at rest [24]. The correlation between anthropometrical
characteristics and static and dynamic balance is proven in the study of Tabrizi, H.B. et al.
(2013) [25].

Long-duration smartphone use increases cervical joint position sense error [6,7,26],
visual fatigue [27,28], neck pain [20], and adopted flexed neck posture [29–31], while
decreasing dynamic balance [4–6]. Alterations in visual, sensory, and proprioceptive input
to the central nervous system might be related to static balance in smartphone users.
Previous studies have not yet determined the prevalence of static balance impairment in
smartphone users. There is a lack of knowledge on the effects of smartphone use on static
balance and factors associated with balance impairment in relation to smartphone use.

The current study was aimed at evaluating the prevalence of the static balance im-
pairment of university student smartphone users with SNP and factors associated with
static balance impairment in this population. It was expected that there might be a high
prevalence of balance impairment in smartphone users and that daily hours of smartphone
use might be high and impact static balance control. The findings from this study may
prove useful in preventing impaired static balance control and recurrent neck pain in
smartphone users.

2. Materials and Methods
2.1. Design

Simple random sampling was conducted in this cross-sectional study at The Labora-
tory of Physiotherapy, Department of Physiotherapy, University of Medical Technology,
Yangon, Myanmar. This study was conducted in accordance with the Declaration of
Helsinki and was approved by the Khon Kaen University Ethics Committee for Human
Research (HE 612374) and Thai Clinical Trial Registry (TCTR20190903003).
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2.2. Participants

University student smartphone users with neck pain at Yangon University of Medi-
cal Technology, Myanmar were invited to participate in this study. The inclusion criteria
are listed as follows: (1) subclinical or intermittent neck pain and mild-to-moderate neck
dysfunction without regular treatment; (2) 18–25 years of age; (3) BMI ≤ 30 kg/m2, as
BMI > 30 kg/m2 could negatively influence balance control [32]; (4) experience in using
a smartphone with > 6 months duration and daily smartphone screen time ≥ 2 h [19,33];
(5) neck disability index (NDI) score range of 5–14/50; (6) mild to moderate pain on the visual
analogue scale (VAS) 30 to 74 mm; and (7) voluntary participants who comprehend English.

Participants with any one of the following conditions were excluded: (1) visual, au-
ditory, vestibular or neurological deficits; (2) traumatic injuries or surgical interventions
of the spine and lower limb within one year prior to the beginning of the study; (3) medi-
cal conditions which may have a negative effect on balance; (4) chronic musculoskeletal
diseases, lower limb fractures, and injuries; (5) participation in any neck muscle strength-
ening and balance training over the past 12 months; (6) Beck Depression Inventory (BDI)
score > 30/63; (7) Dizziness Handicap Inventory (DHI) score > 30/100; and (8) sedative
drug or alcohol use within the past 48 h.

2.3. Screening and Experimental Process

Participants were recruited via poster invitation on notice boards of each Faculty at
University of Medical Technology, Yangon. A physiatrist professor and the researcher (Saw
Wah Wah, SWW) assessed each participant based on a specification for signs and symptoms
of SNP [34], a self-reported questionnaire for smartphone users, and criteria for eligibility.
All participants provided written informed consent. For optimum measurement quality,
prior to the test trials, familiarization of eligible participants was conducted. This process
involved 2 sets of 10 s each for the Balance Error Scoring System (BESS) elements, 2 sets of
10 s each for the craniocervical flexion test (CCFT), 2 sets of 5 s each on each cervical joint
position sense (CJPS), and 2 sets of 1 s each for the VAS. Participants were then assessed for
formal BESS, CJPS, CCFT, VAS, and NDI measurement. Figure 1 shows a flow diagram of
the participants in this study.

2.4. Outcome Measurements
2.4.1. Static Balance

The Balance Error Scoring System (BESS) was the principal outcome measure to study
static balance. The BESS is a continuous score measure; lesser BESS scores represent
superior balance control, whereas greater scores represent inferior balance control on a
total 0–60 BESS scores. For participants aged 18–25, the total BESS score of ≥ 15 is the
cutoff point for balance impairment [33,35]. The BESS is a standardized clinical measure to
assess balance impairment [33,36]. The BESS has exhibited adequate to excellent validity
with force-plate target sway (r = 0.31 to 0.79) and moderate reliability (intraclass correlation
coefficient, ICC = 0.07) to excellent (ICC = 0.92) reliability [33,37].

To assess static balance, participants were instructed to maintain standing balance
barefoot with hands on their hips while performing each of the six BESS sub-tests with
closed eyes for 20 s. The sub-tests of the BESS are described as follows: (a) Double leg stance
with feet together (firm surface), (b) single leg stance on non-dominant foot (firm surface),
(c) tandem stance on non-dominant foot in back (firm surface), (d) double leg stance with
feet together (foam surface), (e) single leg stance on non-dominant foot (foam surface), and
(f) tandem stance on non-dominant foot in back (foam surface) (Figure 2) [33]. Each sub-test
was recorded by counting participant’s errors of deviance from the selected test position.
In case of several concurrent errors, the failure to maintain the selected test position for
>5 s was counted as an error. Errors included hands-off iliac crests, eyes opening, fall or
footstep stumble, abduction or flexion of hip > 30 degrees, and lifted forefoot or heel from
test surface. The total BESS score was calculated by adding the number of errors per each
of the six sub-tests [35,38]. We controlled the hip angle of the raised (dominant) side in the
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SLS sub-test by thoroughly instructing the participant to maintain their hip angle in neutral
with the flexed knee at 90 degrees [33].
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Figure 1. A flow diagram of participation in the study.

In recent research, SWW was trained by an expert physiotherapist, Dr. Rungthip
Puntumetakul (Dr. RP) from Khon Kaen University, Thailand, with 30 years of clinical
experience. SWW was trained how to use the CROM, including the protocol, score card,
normal value, cutoff scores, and confounding factors influencing measurement. Training
proceeded until the expert physiotherapist was satisfied with the accuracy of the results
from the researcher. This study showed excellent intra-rater reliability (ICC = 0.98 to 0.99).
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Figure 2. Static balance assessment. (a) Double leg stance with feet together (firm surface), (b) single
leg stance on non-dominant foot (firm surface), (c) tandem stance on non-dominant foot in back (firm
surface), (d) double leg stance with feet together (foam surface), (e) single leg stance on non-dominant
foot (foam surface), and (f) tandem stance on non-dominant foot in back (foam surface).

2.4.2. Cervical Joint Position Sense

CJPS, or cervical proprioception, was measured with a cervical range of motion mea-
surement (CROM) device, Deluxe USA, EN-121156 [39]. CROM has been indicated to have
excellent concurrent validity (r = 0.93–0.98), excellent inter-rater reliability (ICC = 0.89–0.98)
with 3D Fastrack [40] and excellent correlation (r = 0.78–0.86), and significant-to-excellent
test–retest reliability (ICC = 0.74–0.96) with the VICON motion capture system [41]. CJPS
error ≥4.5 degrees shows cervical proprioception impairment [42].

To measure cervical proprioception, a CROM device was put on the participant’s
nose-bridge and ears and a Velcro strap was secured to the head. The natural head posture
(NHP) was selected to indicate zero degrees at each of the horizontal, sagittal, and compass
meters. Each participant was blindfolded and sat upright on a chair, with hands on thighs,
feet on floor, flexed hips, and knees at 90 degrees. Rehearsal to recognize the CJPS, NHP,
and relocation to NHP was accomplished for 5 s prior to the assessment trials [43,44]. Three
trials of relocation to NHP from each cervical range of motion was averaged and then noted
in degrees as CJPS [39].

SWW was trained by Dr. RP about how to conduct the CROM device, including the
protocol, how to position the subject in the NHP, how to reinforce the accuracy by 2 magnets
placed over the subject’s shoulders, and how to identify and calculate the CJPS degrees,
score card, normal value, cutoff scores, and confounding factors influencing measurement.
Training advanced until the expert physiotherapist was satisfied with the accuracy of the
results from the researcher. Intra-examiner reliability of this study ranged from ICC 0.78
to 0.99.
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2.4.3. Craniocervical Flexors Function Test

Muscle function, strength or muscle endurance of the deep cervical muscles was
assessed with the craniocervical flexors function test (CCFT) [45]. The highest pressure
from a baseline of 20 mmHg at which the participant could accurately perform the CCFT
up to 10 s was the activation pressure score. The highest target pressure that the participant
could attain and hold for 10 s, starting from 20 mmHg with an increase of 2 mmHg at each
phase, with a total possible increase in 5 phases up to 30 mmHg (target pressures of 22, 24,
26, 28, and 30 mmHg), was the performance pressure score. If a participant could complete
the third level of the test (at 26 mmHg) and achieve 7 repetitions of correctly holding the
CCFT for 10 s, then the performance pressure score was 6 × 7 = 42 mmHg. Probable
performance pressure scores of the CCFT ranged from 0 to 100 mmHg [45–47]. Dysfunction
of the craniocervical flexors was indicated by a decreased performance pressure score of
CCF ≤ 24 mmHg [48].

The participant was assessed by the CCFT in the crook lying position. A stabilizer or
feed-back device (Chattanooga Group, Inc., Hixson, TN, USA) with a towel were positioned
under the participant’s suboccipital area. The physiotherapist instructed the participant
in the CCFT as cervical flexion of the upper cervical spine without any further flexion of
the middle or lower cervical spine. Two types of CCFT scores were measured in two tests:
activation pressure score and performance pressure score [45].

In the present research, SWW was assessed by an expert physiotherapist, Dr. RP,
to confirm that she was qualified to competently use the feed-back device “stabilizer”,
including knowledge of the protocol, positioning the subject, identifying normal versus
abnormal activity of the craniocervical flexors, use of the score card, normal value, and
cutoff scores and avoiding confounding factors influencing measurement. Training stopped
when the expert physiotherapist was satisfied with the accuracy of the results from the
researcher. The intra-rater reliability of this study (ICC) ranged from 0.91 to 0.99.

2.4.4. Visual Analogue Scale

A VAS was used to report the participant’s intensity of pain on a 100 millimeters (mm)
scale. The VAS is an easy patient-reported measure [49]. A greater VAS score shows larger
intensity of pain. The cutoff points were no pain (0–4 mm), mild pain (5–44 mm), moderate
pain (45–74 mm), and severe pain (75–100 mm) [50,51].

In the VAS assessment, the participant placed a vertical line on the visual analogue
scale line at the point that reflected his/her pain intensity. The distance in millimeters from
the zero anchor was documented as the VAS of the participant [49,52].

2.4.5. Neck Disability Inventory Score

The NDI is a patient-reported measure to assess neck pain due to daily life and disabil-
ity [53]. The NDI is a specific conditional and functional questionnaire including 10 items:
pain, personal care, lifting, reading, headaches, concentration, work, driving, sleeping,
and recreation [54]. The NDI shows excellent validity with other instruments [55,56] and
excellent intra-rater reliability (ICC = 0.93) in patients with neck pain [57].

Each of the 10 items is scored from 0–5, in which zero means “no pain” and 5 means
“worst imaginable pain”. The maximum score is 50. The duration of the test is from 3 to
7.8 min [54].

The cut-off scores can be interpreted as follows:

• 0–4 points: no disability;
• 5–14 points: mild disability;
• 15–24 points: moderate disability;
• 25–34 points: severe disability;
• 35–50 points: complete disability.

A higher score indicates greater patient-rated disability. The minimal clinically impor-
tant change (MCID/MCIC) was calculated as 5 points [55].
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2.4.6. Dizziness Handicap Inventory

The DHI was developed to measure the self-perceived level of handicap associated
with the symptom of dizziness [58]. The DHI has 25 items with 3 response levels, sub-
grouped into three domains: functional, emotional, and physical. The DHI has good
correlation with specific objective measures of balance [59–61]. The DHI may be useful in
identifying subjects with benign paroxysmal positional vertigo [61]; a total score of 0 to
30 indicates a mild dizziness handicap, a total of score of 31 to 60 indicates a moderate
dizziness handicap, and a total score of 61 to 100 indicates a severe dizziness handicap [61].
The DHI is reliable (r = 0.92 to 0.97) and is a valid, comprehensively, and clinically useful
tool to measure self-perceived handicap associated with the symptom of dizziness from a
variety of causes [62]. The participants were screened with DHI questionnaires to exclude
vestibular disorder if their DHI score > 30/100.

2.4.7. Beck Depression Inventory

The BDI is a 21 item, self-report rating inventory that assesses characteristic attitudes
and depression symptoms; each item corresponds to a major depressive symptom in the
preceding 2 weeks [63]. Internal consistency for the BDI ranges from 0.73 to 0.92 with
a mean of 0.86 [64,65]. The BDI demonstrates high internal consistency, with alpha co-
efficients of 0.86 and 0.81 for psychiatric populations and non-psychiatric populations,
respectively [64]. The BDI lasts approximately 10 min to understand the questions com-
prehensively and sufficiently [65]. In the present study, the BDI was used as a screening
device if a participant’s BDI score > 30/63 to exclude depression symptoms.

2.5. Sample Size

The sample size estimation was conducted after the pilot study. When p (prevalence)
was greater than or equal to 0.6 and 95%CI (1.96), d (precision) could be set to 0.1 [66]. The
sample size of the study was 81. It was considered acceptable as described by Naing et al.
(2006) [67] and Puntumetakul et al. (2022) [68].

2.6. Statistical Analysis

Participant characteristics and variables were analyzed using descriptive statistics.
Continuous variables such as age, body mass index (BMI), and BDI scores were analyzed by
the mean and standard deviation (SD). Categorical variables were analyzed using frequency
and percentage. Simple logistic regression analysis was employed to calculate the AOR
and their 95% CI for the presence of balance impairment for each risk factor. After the
simple logistic regression analysis, variables whose p-value < 0.20 were taken as candidate
variables for the multiple logistic regression. A backward stepwise method for variable
selection of multiple logistic regression analysis was used [69]. The p values < 0.05 were
considered statistically significant. The STATA program version 13.1 (STATA, College
Station, TX, USA) was employed in this study.

3. Results
3.1. Participant Characteristics

Participant characteristics are described in Table 1.

3.2. Impairment: Balance, CJPS and Muscle Function

From a total of 81 smartphone users with neck pain, 60 participants had static balance
impairment with a prevalence of 74.07%, (95% CI: 64.32 to 83.82). The prevalence of CJPS
impairment (right rotation) was 35.80% (95% CI: 25.14 to 46.47) and that of (left rotation)
was 32.10% (95% CI: 21.71 to 42.49). The prevalence of craniocervical flexors function
impairment was 72.84% (95% CI: 55.87 to 79.72) (Table 2).
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Table 1. Characteristics of participants (n = 81).

Factors
Total

Participants,
n (%)

Mean (SD) Min-Max
Participants without
BESS Impairment,

n (%)

Participants with
BESS Impairment,

n (%)

Demographic
Age (years)
<20
≥20

45 (55.56)
36 (44.44)

19 (0.51)
21 (1.64)

18–19
20–25

9 (20)
12 (33)

36 (80)
24 (67)

Gender
Male
Female

10 (12.35)
71 (87.65) - - 4 (40)

17 (24)
6 (60)

54 (76)
BMI (kg/m2)
<20
≥20

49 (60.49)
32 (39.51)

18.17 (1.27)
22.45 (2.11)

15.9–19.95
20.3–28.38

10 (20)
11 (34)

39 (80)
21 (66)

BDI (score)
<4
≥4

44 (54.32)
37 (45.68)

1.72 (1.93)
8.29 (8.38)

0–8
4–17

14 (32)
7 (19)

30 (68)
30 (81)

DHI (score)
<7
≥7

43 (53.09)
38 (46.91)

0.67 (0.07)
0.82 (0.06)

0–6
8–28

14 (33)
7 (18)

29 (67)
31 (82)

Smart phone and other visual display terminal use
Daily hours of smartphone use
<4
≥4

24 (29.63)
57 (70.37)

2.88 (0.27)
4.83 (1.70)

2.5–3.5
2.5–8.0

16 (67)
5 (9)

8 (33)
52 (91)

Years of smartphone use
<4
≥4

33 (40.74)
48 (59.26)

2.67 (0.48)
4.88 (0.90)

2–3
4–7

15 (45)
6 (13)

18 (55)
42 (88)

Posture when using smartphone
Sitting
Lying

33 (40.74)
48 (59.26) - - 11 (33)

10 (21)
22 (67)
38 (79)

Daily hours of other visual display terminal use
<2
≥2

60 (74.07)
21 (25.93)

0.38 (0.48)
3.29 (1.82)

0–1
2–9

18 (30)
3 (14)

42 (70)
18 (86)

Neck pain status
Visual analogue scale (mm)
<44
≥44

60 (74.07)
21 (25.93)

33.83 (4.37)
50.19 (4.75)

30–44
45–64

21 (35)
0 (0)

39 (65)
21 (100)

NDI (score)
<7
≥7

43 (53.09)
38 (46.91)

5.30 (0.46)
9.29 (1.74)

5–6
7–14

19 (44)
2 (5)

24 (56)
36 (95)

Site of neck pain
Central pain
Right or left pain

29 (35.80)
52 (64.20) - - 9 (17)

11 (52)
43 (83)
10 (48)

Stage of neck pain
Subacute
Chronic

54 (66.67)
27 (33.33) - - 17 (31)

4 (15)
37 (69)
23 (85)

Episode
<3
≥3

14 (17.28)
67 (82.72) - - 10 (71)

11 (16)
4 (29)

56 (84)
Cervical joint position sense error (degrees)
Right rotation
<4.5
≥4.5

52 (64.20)
29 (35.80)

3.05 (0.88)
6.29 (1.84)

1.33–4
3.33–11.3

20 (35)
1 (4)

37 (65)
23 (96)

Left rotation
<4.5
≥4.5

55 (67.90)
26 (32.10)

3.03 (0.85)
6.09(1.80)

1.33–4
4.5–11.3

21 (40)
0 (0)

32 (60)
28 (100)

Craniocervical flexors test (mmHg)
<24
≥24

59 (72.84)
22 (27.16)

26.47 (2.39)
17.64 (3.06)

24–30
12–20

2 (9)
19 (32)

20 (91)
40 (68)

Abbreviations: SD, standard deviation; BMI, body mass index; DHI, Dizziness Handicap Inventory; BDI, Beck
Depression Inventory.
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Table 2. Prevalence of impairment: balance, cervical joint position sense, and muscle function.

Impairment Number Prevalence 95% CI

Static balance impairment 60 74.07 64.32 to 83.82
Cervical joint position sense impairment
Right rotation 29 35.80 25.14 to 46.47
Left rotation 26 32.10 21.71 to 42.49
Craniocervical flexors function test impairment 59 72.84 55.87 to 79.72

3.3. Regression Analysis: Prevalence, AOR, and 95% CI of Balance Impairment with Risk Factors

In a simple logistic regression analysis, fifteen variables reached a p-value < 0.2: age
20–25 years; BMI ≥ 20 kg/m2; BDI score ≥ 4; DHI score ≥ 7; daily smartphone use ≥ 4 h;
≥4 years of smartphone use; daily ≥ 2 h of other visual display terminal use; moderate
neck pain on VAS; NDI score ≥ 7; central pain; chronic pain; ≥ 3 episodes of neck pain;
CJPS error on right rotation ≥4.5 degree; CJPS error on left rotation ≥ 4.5 degree; and CCFT
≥ 24 mmHg. These variables were further analyzed by multivariate logistic regression.

In the multiple logistic regression analyses, “daily smartphone use ≥ 4 h” (AOR: 19.24
(95% CI 4.72 to 78.48) p = 0.000), “≥4 years of smartphone use” (AOR: 5.01 (95% CI 1.12 to
22.38) p = 0.035), and “NDI ≥ 7 score” (AOR: 12.91 (95% CI 2.24 to 74.45) p = 0.004) were
the risk factors significantly associated with static balance impairment (Table 3).

Table 3. Prevalence, adjusted OR and 95% confidence interval of balance impairment with risk factors
by using simple and multiple logistic stepwise regression.

Factors
Neck Pain with Static Balance Impairment

Crude OR (95% CI) Adjusted OR (95% CI)

Demographic
Gender
Male 1.00 -
Female 2.12 (0.53 to 8.40)
Age (years)
<20 1.00 -
≥20 0.50 (0.53 to 8.40) *
BMI (kg/m2)
<20 1.00 -
≥20 0.49 (0.81 to 1.34) *
Beck Depression Inventory or BDI (scores)
<4 1.00 -
≥4 2.00 (0.71 to 5.65) *
Dizziness Handicap Inventory or DHI (scores)
<7 1.00 1.00
≥7 2.14 (0.76 to 6.04) * 2.02 (0.29 to 14.23)
Smart phoneand other visual display terminaluse
Daily hours of smartphone use (hours)
<4 1.00 1.00
≥4 20.8 (5.96 to 72.60) * 19.24 (4.72 to 78.48) **
Years of smartphone use (years)
<4 1.00 1.00
≥4 5.83 (1.95 to 17.45) * 5.01 (1.12 to 22.38) **
Posture when using smartphone
Sitting 1.00 -
Lying 1.9 (0.70 to 5.19)
Daily hours of other visual display terminal use (hours)
<2 1.00 1.00
≥2 2.57 (0.67 to 9.83) * 2.56 (0.34 to 19.12)
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Table 3. Cont.

Factors
Neck Pain with Static Balance Impairment

Crude OR (95% CI) Adjusted OR (95% CI)

Neck pain status
Neck pain or VAS (mm)
mild pain (30–44 mm) 1.00 1.00
moderate pain (45–74 mm) 10.00 (1.25 to 79.95) * 7.66 (0.33 to 177.14)
Neck disability index or NDI (scores)
<7 1.00 1.00
≥7 14.25 (3.04 to 66.86) * 12.91 (2.24 to 74.45) **
Pain regions (group)
Right or left pain 1.00 1.00
Central pain 3.37 (1.20 to 9.45) * 1.80 (0.29 to 11.16)
Stage of neck pain (stage)
Sub-acute 1.00 -
Chronic 2.64 (0.79 to 8.83) *
Episode of neck pain (episode)
<3 1.00 1.00
≥3 12.73 (3.37 to 48.00) * 0.61 (0.03 to 11.99)
Cervical joint position sense error (degrees)
Right rotation
<4.5 1.00 1.00
≥4.5 7.77 (1.66 to 36.37) * 5.65 (0.88 to 36.43)
Left rotation
<4.5 1.00 -
≥4.5 6.33 (1.35 to 29.72) *
Craniocervical flexors test (mmHG)
<24 1.00 1.00
≥24 4.75 (1.00 to 22.44) * 3.70 (0.53 to 25.90)

Abbreviations: BMI, body mass index; kg/m2, kilograms per meter square; DHI, Dizziness Handicap Inventory;
BDI, Beck Depression Inventory; VDT, visual display terminal; BESS, balance error scoring system, * p-value < 0.20,
** p-value < 0.0.

4. Discussion

A new finding from the current study was the high prevalence of static balance
impairment (74%) in university student smartphone users with SNP. There are no previous
reports for comparison not only regarding prevalence of balance impairment in smartphone
users but also on static balance impairment in this population. Possible reasons for the
high prevalence of static balance impairment may be associated with the risk factors of
smartphone use.

Smartphone use of more than 4 h daily was the most significant risk factor in this
study. This knowledge may be useful in preventing impaired static balance control in
smartphone users. In both simple and multiple logistic regression analyses, the current
study findings demonstrated that a significant risk of static balance impairment occurred
when using the smartphone for more than 4 h daily compared with a duration of 2–4 h
daily. The current result is consistent with the findings of Azab et al. (2017) [6], which
show a significant decrease in dynamic balance among three groups (A, B, and C) of
smartphone users with varied hours of smartphone use. The most significant decrease in
dynamic balance was found in group C (smartphone use > 4 h per day), which was more
than group B (smartphone use <4 h per day) and group A (not smartphone use) [6]. The
dynamic balance significantly decreased while dual tasking using a smartphone, such as
playing games, sending text messages, web surfing, and listening to music [4]; using a
smartphone while standing; and in dual-task situations (sending messages and using a
social network service). SNS showed the highest instability. Smartphone SNS involves
significant concentration, more than texting or using key-pad mobile phones [5].

Daily mobile phones usage >5 h was significantly associated with cervical and shoulder
pain when age and gender were considered. However, a weaker association became
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obvious after additional confounding factors (age, sex, level of education of parents, school
achievement, puberty, and efficacy of physical activity and stress) were adjusted [67].
Previous studies indicated a moderate-to-strong association between total smartphone use
hours and cervical pain, with AOR ranging from 1.49–8.63, with variations according to
their smartphone use hours, postures, and other factors [17]. Increased total time spent
on a smartphone increased neck flexion postures adopted, which occurred in excess of
91% of college student smartphone users [12], resulting in increased visual fatigue [28]
and CJPS error [7,18]. The effect of visual input causes changes in muscle activity in the
trunk and lower leg muscles during balance control [70]. Thus, the alterations in visual
processing can disturb the degree of dependence on proprioception and postural sway or
static balance [70]. These issues decreased cervical proprioception and may affect dynamic
balance control in smartphone users.

The current results show an association between years of smartphone use and static
balance impairment in university student smartphone users. Our study found that more
than 4 years of smartphone use had a significant association with impaired static balance,
with an AOR of 5.01 (95%CI = 1.12 to 27.38). University students, especially students
in their 20s, used their smartphones more than other ages [7]. Myanmar has 53 million
citizens, of whom 46 million (85%) are smartphone users [71]. The effects on static balance
control by years of smartphone use relate to visual fatigue, which is one component of the
balance control system. The long duration of smartphone use induces visual fatigue and
negatively effects both static and dynamic balance function. Visual fatigue can be provoked
by maintaining 40 cm between the visual display terminal screen and a user’s eyes for an
hour [27,28]. Visual fatigue may also substantially affect visual perception feedback and
visual focusing ability [72]. Visual recognition is a key factor in maintaining posture and
static balance control [73]. Visual input induces changes in muscle activation in the trunk
and lower leg muscles throughout balance control [70]. Alterations in visual input can
affect the degree of dependence on proprioceptors and postural sway or static balance [70].

Our findings demonstrated that the NDI score was a significant risk factor of static
balance impairment in both simple logistic analysis and multiple logistic analysis, with an
AOR of 12.91 (95% CI of 2.24 to 74.45). This finding is consistent with those of previous
studies with mean NDI scores between 10.6 and 25.8, indicating that mild neck disability
was significantly associated with standing balance [74–77]. Awkward postures, static and
repetitive work associated with smartphones use [10], and smartphone addictive scores
may be attributed to increased neck disability [78]. When an individual focuses on the
smartphone screen, the cervical spine flexes to maintain posture. This shift causes tempo-
rary creep in cervical muscles and ligaments from acute neck pain, and inhibitory effects
are produced to restrict the use of the affected region [79]. Longer smartphone use results
in increased neck pain and NDI scores [80] for university students who use smartphones
for periods longer than 3 h daily [81]. Increased adopted flexed neck posture occurred in
smartphone users with SNP [26] and in >91% of university student smartphone users [15].
Increased neck flexion angles increase the compressive load on neck structures [16], and
pain effects not only nociceptors but also the mechanoreceptors of the spinal cord and the
CNS [82,83]. Balance control depends on proprioceptive input from mechanoreceptors and
vestibular and visual input to the CNS [84–86].

5. Limitation

The current study has some limitations. First, because the number of male participants
was not equal to the number of female participants, the current study cannot conclude that
there was no significant difference in static balance between males and females. Second,
the static balance control may be disturbed by physical fitness. Future studies should
explore the correlation between static balance impairment and the fitness or activity level.
Third, although before conducting the study we calculated the sample size according to
prevalence as our main outcome, this sample may not be appropriate when the data were
analyzed by multiple logistic regression for determining factors associated with balance
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impairment as the secondary outcome. Additional research should consider selecting
sample size by referencing a multiple logistic regression study to strengthen the results.

6. Conclusions

The current study found a high prevalence of static balance impairment in university
student smartphone users with SNP. The findings revealed that associations between static
balance impairment and ≥4 daily hours of smartphone use, and between ≥4 years of
smartphone use and NDI scores ≥7, were statistically significant. Our study found static
balance impairment in participants who used their smartphones from 2–4 h daily. Thus,
the findings indicate that we should reduce our daily hours of smartphone use, which
could negatively impact static balance. Additional research on the arrangements of using
smartphones, optimal neck flexion angle, optimal schedule, and management plans to
identify the precise mechanisms underlying the associated factors will be beneficial in
preventing the adverse effects of smartphone use.

Author Contributions: S.W.W.: conceptualization, project administration, methodology, software,
validation, formal analysis, investigation, resources, data analysis, data curation, and writing—
original draft preparation, review and editing; R.P.: conceptualization, methodology, supervision,
review, and editing; U.C.: data analysis and data curation; T.C.: data analysis, writing—review and
editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of Center for Ethics in Human
Research, Khon Kaen University (HE 612374), Yangon University of Medical Technology, Myanmar
(IRB Approval No.1/2019-1), University of Public Health-Institutional Review Board, Myanmar
(UPH-IRB 2019/ Research/35) and Thai Clinical Trial Registry (TCTR20190903003).

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data will be available for anyone who wishes to access them for
research purposes; contact should be made via the corresponding author: rungthiprt@gmail.com.

Acknowledgments: We acknowledge all participants of this study and thank them for their voluntary
participation. Deepest thanks to the Research Center of Back, Neck, Other Joint Pain, and Human
Performance (BNOJPH), Khon Kaen University, Thailand and University of Medical Technology,
Yangon, Myanmar.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Haug, S.; Castro, R.P.; Kwon, M.; Filler, A.; Kowatsch, T.; Schaub, M.P. Smartphone use and smartphone addiction among young

people in Switzerland. J. Behav. Addict. 2015, 4, 299–307. [CrossRef] [PubMed]
2. Long, J.; Cheung, R.; Duong, S.; Paynter, R.; Asper, L. Viewing distance and eyestrain symptoms with prolonged viewing of

smartphones. Clin. Exp. Optom. 2017, 100, 133–137. [CrossRef] [PubMed]
3. Park, J.; Kim, J.; Kim, J.; Kim, K.; Kim, N.; Choi, I.; Lee, S.; Yim, J. The effects of heavy smartphone use on the cervical angle, pain

threshold of neck muscles and depression. Adv. Sci. Technol. Lett. 2015, 91, 12–17.
4. Hyong, I.H. The effects on dynamic balance of dual-tasking using smartphone functions. J. Phys. Ther. Sci. 2015, 27, 527–529.

[CrossRef] [PubMed]
5. Cho, S.-H.; Choi, M.-H.; Goo, B.-O. Effect of smart phone use on dynamic postural balance. J. Phys. Ther. Sci. 2014, 26, 1013–1015.

[CrossRef] [PubMed]
6. Azab, D.R.E.; Amin, D.I.; Mohamed, G.I. Effect of smart phone using duration and gender on dynamic balance. Int. J. Med. Res.

Health Sci. 2017, 6, 42–49.
7. Lee, J.; Seo, K. The comparison of cervical repositioning errors according to smartphone addiction grades. J. Phys. Ther. Sci. 2014,

26, 595–598. [CrossRef] [PubMed]
8. Do You Consume Media the Same Way as Your Parents? What about Your Peers or Children? The Fact Is . . . Q1 2017 The Nielsen

Total Audience Report. 2017. Available online: https://www.nielsen.com/insights/2017/the-nielsen-total-audience-report-q1-2
017/ (accessed on 20 May 2022).

http://doi.org/10.1556/2006.4.2015.037
http://www.ncbi.nlm.nih.gov/pubmed/26690625
http://doi.org/10.1111/cxo.12453
http://www.ncbi.nlm.nih.gov/pubmed/27716998
http://doi.org/10.1589/jpts.27.527
http://www.ncbi.nlm.nih.gov/pubmed/25729208
http://doi.org/10.1589/jpts.26.1013
http://www.ncbi.nlm.nih.gov/pubmed/25140085
http://doi.org/10.1589/jpts.26.595
http://www.ncbi.nlm.nih.gov/pubmed/24764641
https://www.nielsen.com/insights/2017/the-nielsen-total-audience-report-q1-2017/
https://www.nielsen.com/insights/2017/the-nielsen-total-audience-report-q1-2017/


Int. J. Environ. Res. Public Health 2022, 19, 10723 13 of 15

9. Woo, E.H.C.; White, P.; Lai, C.W.K. Effects of electronic device overuse by university students in relation to clinical status and
anatomical variations of the median nerve and transverse carpal ligament. Muscle Nerve 2017, 56, 873–880. [CrossRef]

10. Namwongsa, S.; Puntumetakul, R.; Neubert, M.S.; Chaiklieng, S.; Boucaut, R. Ergonomic risk assessment of smartphone users
using the Rapid Upper Limb Assessment (RULA) tool. PLoS ONE 2018, 13, e0203394. [CrossRef]

11. Lee, H.-Y.; Wang, J.-D.; Yao, G.; Wang, S.-F. Association between cervicocephalic kinesthetic sensibility and frequency of subclinical
neck pain. Man. Ther. 2008, 13, 419–425. [CrossRef]

12. Lee, H.; Nicholoson, L.L.; Adams, R.D.; Bae, S.-S. Body Chart Pain Location and Side-Specific Physical Impairment in Subclinical
Neck Pain. J. Manip. Physiol. Ther. 2005, 28, 479–486. [CrossRef] [PubMed]

13. Lee, H.; Nicholson, L.L.; Adams, R.D. Cervical Range of Motion Associations With Subclinical Neck Pain. Spine 2004, 29, 33–40.
[CrossRef] [PubMed]

14. Kim, H.-J.; Kim, J.-S. The relationship between smartphone use and subjective musculoskeletal symptoms and university students.
J. Phys. Ther. Sci. 2015, 27, 575–579. [CrossRef] [PubMed]

15. Gold, J.E.; Driban, J.B.; Thomas, N.; Chakravarty, T.; Channell, V.; Komaroff, E. Postures, typing strategies, and gender differences
in mobile device usage: An observational study. Appl. Ergon. 2012, 43, 408–412. [CrossRef] [PubMed]

16. Hansraj, K.K. Assessment of stresses in the cervical spine caused by posture and position of the head. Surg. Technol. Int. 2014, 25,
277–279.

17. Eom, S.-H.; Choi, S.-Y.; Park, D.-H. An empirical study on relationship between symptoms of musculoskeletal disorders and
amount of smartphone usage. J. Korea Saf. Manag. Sci. 2013, 15, 113–120.

18. Shan, Z.; Deng, G.; Li, J.; Li, Y.; Zhang, Y.; Zhao, Q. Correlational analysis of neck/shoulder pain and low back pain with the
use of digital products, physical activity and psychological status among adolescents in Shanghai. PLoS ONE 2013, 8, e78109.
[CrossRef]

19. Berolo, S.; Wells, R.P.; Amick, B.C. Musculoskeletal symptoms among mobile hand-held device users and their relationship to
device use: A preliminary study in a Canadian university population. Appl. Ergon. 2011, 42, 371–378. [CrossRef]

20. Xie, Y.; Szeto, G.; Dai, J. Prevalence and risk factors associated with musculoskeletal complaints among users of mobile handheld
devices: A systematic review. Appl. Ergon. 2017, 59, 132–142. [CrossRef]

21. Wright, K.E.; Lyons, T.S.; Navalta, J.W. Effects of exercise-induced fatigue on postural balance: A comparison of treadmill versus
cycle fatiguing protocols. Eur. J. Appl. Physiol. 2013, 113, 1303–1309. [CrossRef]

22. Kellis, E.; Kouvelioti, V. Agonist versus antagonist muscle fatigue effects on thigh muscle activity and vertical ground reaction
during drop landing. J. Electromyogr. Kinesiol. 2009, 19, 55–64. [CrossRef] [PubMed]

23. Juul-Kristensen, B.; Clausen, B.; Ris, I.; Jensen, R.V.; Steffensen, R.F.; Chreiteh, S.S.; Jørgensen, M.B.; Søgaard, K. Increased neck
muscle activity and impaired balance among females with whiplash-related chronic neck pain: A cross-sectional study. J. Rehabil.
Med. 2013, 45, 376–384. [CrossRef] [PubMed]

24. O’Sullivan, S.; Schmitz, T.; Fulk, G. Physical Rehabilitation; FA Davis: Philadelphia, PA, USA, 2013; p. 10.
25. Tabrizi, H.B.; Abbasi, A.; Sarvestani, H.J. Comparing the static and dynamic balances and their relationship with the anthropo-

metrical characteristics in the athletes of selected sports. Middle East J. Sci. Res. 2013, 15, 216–221.
26. Kim, Y.-G.; Kang, M.-H.; Kim, J.-W.; Jang, J.-H.; Oh, J.-S. Influence of the duration of smartphone usage on flexion angles of the

cervical and lumbar spine and on reposition error in the cervical spine. Phys. Ther. Korea 2013, 20, 10–17. [CrossRef]
27. Suh, Y.W.; Kim, K.H.; Kang, S.Y.; Kim, S.W.; Oh, J.R.; Kim, H.M.; Song, J.S. The Objective Methods to Evaluate Ocular Fatigue

Associated With Computer Work. J. Korean Ophthalmol. Soc. 2010, 51, 1327–1332. [CrossRef]
28. Park, Y.-H.; An, C.-M.; Moon, S.-J. Effects of visual fatigue caused by smartphones on balance function in healthy adults. J. Phys.

Ther. Sci. 2017, 29, 221–223. [CrossRef] [PubMed]
29. Lee, S.Y.; Lee, D.H.; Han, S.K. The effects of posture on neck flexion angle while using a smartphone according to duration. Korean

Soc. Phys. Med. 2016, 11, 35–39. [CrossRef]
30. Ning, X.; Huang, Y.; Hu, B.; Nimbarte, A.D. Neck kinematics and muscle activity during mobile device operations. Int. J. Ind.

Ergon. 2015, 48, 10–15. [CrossRef]
31. Lee, S.; Kang, H.; Shin, G. Head flexion angle while using a smartphone. Ergonomics 2015, 58, 220–226. [CrossRef]
32. Carral, J.M.C.; Ayán, C.; Sturzinger, L.; Gonzalez, G. Relationships between body mass index and static and dynamic balance in

active and inactive older adults. J. Geriatr. Phys. Ther. 2019, 42, E85–E90. [CrossRef]
33. Wah, S.W.; Puntumetakul, R.; Boucaut, R. Effects of proprioceptive and craniocervical flexor training on static balance in university

student smartphone users with balance impairment: A randomized controlled trial. J. Pain Res. 2021, 14, 1935. [CrossRef]
[PubMed]

34. Paulus, I.; Brumagne, S. Altered interpretation of neck proprioceptive signals in persons with subclinical recurrent neck pain.
J. Rehabil. Med. 2008, 40, 426–432. [CrossRef] [PubMed]

35. Iverson, G.L.; Kaarto, M.L.; Koehle, M.S. Normative data for the balance error scoring system: Implications for brain injury
evaluations. Brain Inj. 2008, 22, 147–152. [CrossRef]
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