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ABSTRACT Objective: The aim of the study is to investigate the ef-
fect of neck extensor muscle endurance on neck pain, neck disability
and sleep problems among university students with smartphone ad-
diction. Material and Methods: A total of 192 university students
aged 18-25 years participated in the study. “Smartphone Addiction
Scale-Short Form” was used to determine smartphone addiction. Neck
extensor muscle endurance was assessed using the “Cervical Exten-
sion Endurance Test”, neck pain at rest and during activity was ana-
lyzed using the “Visual Analog Scale”, neck disability was assessed
using the “Neck Pain and Disability Index”, and sleep problems were
investigated with the “Pittsburgh Sleep Quality Index”. Results: It was
found that 45.8% of the university students were addicted to smart-
phones. Neck extensor muscle endurance (p=0.029) was significantly
lower, neck disability (p=0.039) and neck pain (rest pain p=0.050; ac-
tivity pain p=0.012) were significantly higher in the smartphone ad-
dicted group. Neck extensor muscle endurance was not found to be
associated with pain, neck disability and sleep quality among the par-
ticipants with smartphone addiction. However, it was maintained that
there is a positive correlation between neck disability, pain and sleep
quality (p<0.005). Conclusion: Smartphone addiction causes neck
pain, neck disability and sleep problems by weakening neck functions.
Neck injury is linked to pain and sleep quality in smartphone addicts.
Our results emphasize the importance of informing individuals about
the risks of smartphone addiction. Especially in individuals with smart-
phone addiction, it is recommended to reduce the duration of phone
use.
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OZET Amag: Calismanin amaci akilli telefon bagimliligs olan iini-
versite 6grencilerinde boyun ekstansor kas enduransinin boyun agrisi,
boyun yeti yitimi ve uyku sorunlarina etkisini incelemektir. Gere¢ ve
Yontemler: Calisma kapsaminda 18-25 yag aras1 192 iiniversite 6g-
rencisi degerlendirilmistir. Calismada demografik bilgiler i¢in sosyo-
demografik bilgi anketi ve akilli telefon bagimliligini tespit etmek i¢in
“Akilli Telefon Bagimlilik Olgegi-Kisa Formu” kullanilmistir. Boyun
ekstansor kas enduransi “Servikal Ekstansiyon Endurans Testi”, istira-
hat ve aktivite sirasindaki boyun agrisi “Gorsel Analog Skala”, boyun
yeti yitimi “Boyun Agr1 ve Dizabilite Indeksi”, uyku sorunlari “Pitts-
burgh Uyku Kalitesi indeksi” ile degerlendirilmistir. Bulgular: Calis-
mada degerlendirilen tiniversite 6grencilerinin %45,8’inin akilli telefon
bagimlist oldugu goriilmistir. Akilli telefon bagimlist olan grupta
boyun ekstansor kas enduransi (p=0,029) istatistiksel olarak anlamli
diizeyde diisiik, boyun yeti yitimi (p=0,039) ve boyun agris1 (istirahat
agris1 p=0,050; aktivite agris1 p=0,012) ise istatistiksel olarak anlamli
diizeyde yiiksek bulunmustur. Akilli telefon bagimliligt olan katilim-
cilarda boyun ekstansor kas enduransi ile agri, boyun yeti yitimi ve
uyku kalitesi arasinda iligki bulunamamistir. Ancak boyun yeti yitimi
ile agr1 ve uyku kalitesi arasinda pozitif korelasyon oldugu saptanmis-
tir (p<0,005). Sonug: Akilli telefon bagimliligi boyun fonksiyonlari-
nin zayiflamasina neden olarak boyun ekstansor kas enduransinin
azalmasina, boyun yeti yitimine, boyun agrisina ve uyku sorunlarina
neden olmaktadir. Akilli telefon bagimlilarinda boyun yeti yitiminin
agr1 ve uyku kalitesi ile iliskili oldugu goriilmektedir. Sonuglarimiz, bi-
reylerin akilli telefon bagimlilig: ve riskleri hakkinda bilgilendirilme-
sinin 6nemini vurgulamaktadir. Ozellikle akill telefon bagimlilig olan
bireylerde telefon kullanim siiresinin azaltilmasi 6nerilmektedir.

Anahtar Kelimeler: Akilli telefon; boyun kaslari;
boyun agrist; uyku
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Smartphones make people’s lives easier with
their numerous features. However, smartphone ad-
diction causes both physical and psychological prob-
lems. The concept of nomophobia (no mobile phone),
which refers to smartphone addiction, was first used
in a study conducted in the United Kingdom in 2008.
It has been observed that nomophobic people feel un-
comfortable and anxious when they have a problem
accessing their smartphone.' In a study conducted on
the subject, it was mentioned that physical problems,
depressive feelings and anxiety caused by excessive
use of smartphones, difficulty in controlling the du-
ration of smartphone use, frequent use of smart-
phones to escape from problems are associated with
nomophobic attitude.?

It can be said that smartphone addiction has be-
come a serious problem especially among young peo-
ple and related studies are mostly focused on young
people.’ Smartphone addiction can cause physical in-
activity, musculoskeletal problems, neurological
problems and sleep disorders.** In addition, increased
levels of anxiety, symptoms of depression have been
reported in studies of the psychological effects of
smartphone addiction.’

In studies examining the regional effects of
smartphone use, it has been shown that long-term
smartphone use causes pain in the cervical region,
loss of sense of position, increased activity in the
neck extensor muscles, decreased regional pain
threshold in the shoulder region, wrist and thumb-re-
lated problems, increased pressure in the carpal tun-
nel, decreased nerve conduction velocity and
overload in the tendons, due to being fixed in the flex-

ion position.5'?

In studies examining the correlation between
smartphone addiction with cervical muscle strength
and endurance, different results were found. Although
there are studies in the literature showing that cervical
extensor muscle strength and endurance decreases
among individuals with pain complaints during smart-
phone use, there are also studies showing that flexor
muscle strength and endurance are maintained in the
smartphone addicted group, as well as studies showing
that flexor muscle endurance is reduced but extensor
muscle endurance is kept at the same level.”!"!3
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The purpose of this study is to measure neck ex-
tensor endurance among smartphone addicted group,
to analyze the effects of addiction on extensor en-
durance and observe the relationship between en-
durance, neck disability, pain, and sleep.

I MATERIAL AND METHODS

All volunteer students studying in the physiotherapy
programme of Suleyman Demirel Universty, Isparta
Health Services Vocational School were involved in
the study. A total of 192 students participated in the
study. Ethical approval for this study was granted
from the from Clinical Trials Ethics Committee of
Suleyman Demirel University, Faculty of Medicine
(date: September 27, 2024, no: 80) and was per-
formed in accord with the ethical standards of the
Declaration of Helsinki.

The study inclusion criteria were to continue
studying at university, having and using a smartphone
for at least 2 years, being aged between 18 and 25.
Participants were excluded from the study if they
were receiving treatment for pain or sleep problems,
had systemic or malignant disease, connective tissue
or inflammatory disease, active localised osseous and
disc pathology in the cervical region, a history of con-
genital abnormalities or fractures in the cervical re-
gion, a diagnosis of fibromyalgia, or a diagnosis of
temporomandibular joint dysfunction.

In our study; “Sociodemographic data form”,
“Smartphone Addiction Scale-Short Form”, “Visual
Analogue Scale”, “Neck Pain and Disability Index”,
“Pittsburg Sleep Quality Index (PSQI)”, “Neck Ex-
tensor Muscle Endurance Test” were used. “Neck Ex-
tensor Muscle Endurance Test” was performed by a
blinded researcher to the participants’ smartphone ad-
diction level.

Sociodemographic data form: Participants’ so-
ciodemographic information (gender, age, weight,
height, smoking, sports habits) were recorded with
the sociodemographic data form created by the re-
searchers.

Smartphone Addiction Scale-Short Form:
The Smartphone Addictino Scale, a 10-item, 6-point
Likert-scale, was developed by Kwon et al. to deter-
mine smartphone addiction.'* Turkish validity and re-
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liability was determined by Noyan et al.'* The re-
sponses on the scale are expressed as 1 “strongly dis-
agree”, 2 “disagree”, 3 “partly disagree”, 4 “partly
agree”, 5 “agree”, 6 “strongly agree”. Scale scores
range from 10 to 60. As the score obtained from the
scale increases, the risk of addiction rises. The scale
is single-factor and has no subscales. Cut-off score is
31 for males and 33 for females.'*!®

Visual Analogue Scale: Participants were ques-
tioned about resting and activity pain using a stan-
dard Visual Analogue Scale (VAS) (0-10) (0="no
pain” 10=“excruciating pain”).'®

Neck Pain and Disability Index: The Neck
Pain and Disability Index is a form for the func-
tional assessment of neck pain that was developed
by Wheeler et al.'” and Turkish validity and relia-
bility study was conducted.'® The questions investi-
gated the severity of neck pain and its impact on
recreational activities, occupational life, social and
functional status related to life and its relationship
with emotional factors. Each question is scored on a
scale of 0-5. High scores indicate severe neck dis-
ability.

PSQI: It was developed by Buysse et al. in
1989." The validity and reliability of the Turkish ver-
sion was carried out by Agargiin et al.”° The PSQI is
areliable, valid and standardised index that measures
sleep quality over a 1-month period and enables clin-
ical evaluation of various sleep disorders that may af-
fect sleep quality. The PSQI includes 19 self-rate
questions and 5 questions to be assessed by a house-
mate or roommate, if any. A 7 component scores gen-
erated from 19 self-assessment questions (subjective
sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbance, use of sleep med-
ication, and daytime dysfunction). Each component is
scored between 0-3. A score of “0” indicates no dif-
ficulty, while a score of “3” indicates severe diffi-
culty. The scores of the 7 components are summed to
obtain a total PSQI score, which ranges from 0 to 21.
A high score indicates poor sleep quality. In our
study, those with a total PSQI score greater than 5
were considered to have poor sleep quality; those
with a total PSQI score of 5 or less were considered
to have good sleep quality.'?
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Neck Extensor Muscle Endurance Measure-
ment: “Cervical Extension Endurance Test” was
used for the measurement of neck extensor muscle
endurance. During the test, the participant lay prone
position with their head protruding from the treatment
table and their arms along their trunk. A belt was
placed at the level of T6 to stabilize the upper tho-
racic spine. The participant’s head was placed so that
the cervical goniometer read 0 degrees and then was
asked the participant to hold the head position steady
with the chin retracted and the cervical spine in a hor-
izontal position. The time spent in this position was
recorded.!” The test was terminated in the event of
uncomfortable pain in the cervical region or a change
in head angle of 5 or more degrees. Cervical extensor
test has an intrarater reliability of 0.77 (95% CI of
0.55-0.89) and 0.9 (0.79-0.95) for 2 raters.”! We had
to change the original test because of the motion cap-
ture equipment. Unlike the current study, we used a
goniometer instead of the laser in our study.'?

STATISTICAL ANALYSIS

Before statistical analysis, the normality of the data
was assessed. In the comparison of the data belong-
ing to the groups with and without smartphone ad-
diction, for independent groups, the t-test was used if
the normality assumption was met. If the normality
assumption was not met, the Mann-Whitney U test
was used. Pearson correlation analysis was applied to
investigate the relationship between the smartphone
addiction score and neck extensor muscle endurance,
neck disability and the PSQI score, since the data met
the normality assumption. The relationship between
the smartphone addiction score and pain severity was
assessed using Spearman correlation analysis, since
the data did not meet the normality assumption. The
association was considered weak if the r value was
<0.3, moderate if the r value was between 0.3 and 0.7,
and strong if the r value was >0.7.%2

I RESULTS

The present study was planned to determine the effect
of neck extensor muscle endurance on pain, neck dis-
ability and sleep quality among university students
with smartphone addiction, the data collected from
192 university students were analyzed.
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In our study, 141 (73.4%) of the participants
were female and 51 (26.6%) were male. In both
groups, the number of participants who smoked and
exercised regularly was very close to each other, 67
(34.9%) participants smoked and 51 (26.6%) partic-
ipants exercised regularly. It was observed that the
mean smartphone addiction score of the participants
in our study was 31.51, which is close to the cut-off
(cut-off value for male: 31, cut-off value for female:
33). Eighty-eight participants (45.8%) were found to
be addicted to smartphones and when the smartphone
addiction levels according to the gender of partici-
pants were analysed, it was seen that the addiction level
in women was higher than in men (Figure 1). It was
also observed that 81 (42.2%) of the participants had
pain at rest and 53.1% had pain during activity. One
hundred two participants (77.2%) had sleep problems.

When comparing participants, smartphone ad-
dicted group and non-smartphone addicted group,
there was no statistically significant difference be-
tween the groups regarding age, height, weight and
body mass index, and the groups were similar con-
sidering these variables (Table 1).

When comparing the groups in terms of neck ex-
tensor muscle endurance, neck disability score and
pain level, a statistically significant difference was
stated. Pain level was found to be significantly higher
in smartphone addicted group both at rest and during
activity. Although there was no significant difference
between the groups regarding sleep problems, there
was a difference at the level of 92.6% (Table 2).

B Addicted
B Non-addicted

Female

Gender

FIGURE 1: Smartphone addiction according to gender

463

TABLE 1: Comparison of demographic data between groups

Smartphone Non-smartphone
addicted group n=88 addicted group n=104
(X£SD) (X£SD) p value
Age (year) 20.09+1.378 20.29+1.46 0.316
Height (m) 1.67+0.08 1.67+0.08 0.983
Weight (kg) 61.44+11.94 61.60+12.32 0.927
BMI (kg/m?) 21.79+3.36 21.8243.39 0.948

Student t-test; SD: Standard deviation; m: Meter; kg: Kilogramme;
BMI: Body Mass Index

TABLE 2: Comparison of muscle endurance, neck disability,
pain and sleep quality in smartphone addicted group and
non-smartphone addicted group

Smartphone  Non-smartphone
addicted group addicted group

n=88 (X*SD)  n=104 (X¢SD)  pvalue
Muscle endurance (sec) ~ 88.30+51.98 107.72+69.96 0.029°
Neck disability score 22.40+17.54 17.09+17.71 0.039°
VAS (activity) 1.43+1.83 1.00+1.63 0.050°
VAS (resting) 2.20+2.24 1.53+2.25 0.012°
PSQlI score 7.34+3.08 6.50+3.34 0.0742

aStudent t-test; ®Mann-Whitney U test; Values with p<0.05 are highlighted in bold;
SD: Standard deviation; sec: Second; VAS: Visual analogue scale;
PSQ!: Pittsburg Sleep Quality Index

Figure 2 shows the graph comparing the means
of neck extensor muscle endurance, neck disability
and pain levels of the smartphone addicted group and
non-addicted group.

In this study, when the relationship between the
smartphone addiction score with neck extensor mus-
cle endurance, neck disability, sleep problems, activ-
ity pain and resting pain was assessed, there was a
weak, positive, bidirectional and statistically signifi-
cant relationship between smartphone addiction with
neck disability, sleep problems, resting pain and ac-
tivity pain (respectively p: 0.001, r: 0.240; p: 0.001,
r: 0.246; p: 0.008, r: 0.251; p:<0.001; r: 0.251). There
was no relationship between smartphone addiction
score and neck extensor muscle endurance (Table 3).

When the data of the smartphone addicted group
were analysed, neck extensor muscle endurance was
not associated with neck disability, pain and PSQI
score. However, there was a moderately, positive, sta-
tistically significant relationship between neck dis-
ability score with PSQI score, resting and activity
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Mean

Addicteds

Smartphone addiction

Muscle endurance (sec)
Neck disability score
PSQI score

VAS (activity)

VAS (resting)

Non-addicteds

FIGURE 2: Mean values of muscle endurance, neck disability, pain and sleep quality in smartphone addicted and non-smartphone addicted groups

TABLE 3: The relationship between smartphone addiction
score and muscle endurance, neck disability, pain and sleep
quality
Smartphone addiction score
Muscle endurance (sec)  Pearson r -0.107
p value 0.141
n 192
Neck disability score Pearson r 0.240
p value 0.001
n 192
VAS (activity) Pearson r 0.251
p value 0.000
n 192
VAS (resting) Spearman r 0.251
p value 0.008
n 192
PSQl score Spearman r 0.246
p value 0.001
n 192

Values with p<0.05 are highlighted in bold; sec: Second; VAS: Visual analogue scale;
PSQI: Pittsburg Sleep Quality Index

pain (respectively p: 0.03, r: 0.316; p: 0.000, r: 0.594;
p: 0.000, r: 0.519) (Table 4).

I DISCUSSION

As a result of our study conducted to determine the
effect of neck extensor muscle endurance on pain,

TABLE 4: Relationship of muscle endurance and neck disability
with sleep quality and pain n smartphone addicted group
Muscle endurance Neck disability
(sec) score
Muscle endurance (sec) Pearson r 1 -0.097
p value - 0.368
n 88 88
Neck disability score Pearson r -0.097 1
p value 0.368 -
n 88 88
VAS (activity) Pearson r 0.136 0.519*
p value 0.205 0.000
n 88 88
VAS (resting) Spearman r -0.038 0.594*
p value 0.726 0.000
n 88 88
PSQl score Spearman r 0.054 0.316*
p value 0.614 0.003
n 88 88

Values with p<0.05 are highlighted in bold; sec: Second; VAS: Visual analogue scale;
PSQI: Pittsburg Sleep Quality Index

neck disability and sleep quality among smartphone
addicted university students, it was found that neck
extensor muscle endurance was lower among smart-
phone addicted group. Additionally, neck disability,
PSQI score, resting and activity pain level were found
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to be higher in the smartphone addicted group. Neck
pain level and sleep quality in smartphone addicts
were also associated with the level of neck disability.

Kim et al. reported that smartphone addiction
occurs in approximately one in three university stu-
dents, and that smartphone addiction is at a higher
level in females.* It was observed that 88 [(45.8%);
(68 female, 20 male)] of the university students eval-
uated in this study were addicted to smartphones. In
this regard, our study is compatible with the results
reported in the literature.

Studies investigating the effects of smartphone
usage on neck extensor muscle endurance have re-
ported different results. Similar to our study design,
in a study in which smartphone addiction was evalu-
ated with the “Smartphone Addiction Scale-Short
Form” and neck extensor muscle endurance was eval-
uated with isometric muscle test, it was shown that
neck extensor muscle endurance was lower in the
smartphone addicted group compared to non-ad-
dicted group.!! In a study examining the changes in
the musculoskeletal system in the neck region after
30 minutes of smartphone use, it was reported that
neck extensor muscle endurance was lower in indi-
viduals with neck pain during smartphone use than
in individuals without neck pain, and it was found
that there was a correlation between pain and en-
durance.!? Alshahrani et al. evaluated smartphone ad-
diction with “Smartphone Addiction Scale-Short
Form” and neck extensor muscle endurance with iso-
metric muscle test, found that neck extensor muscle
endurance was preserved in the smartphone addicted
group.” In our study, neck extensor muscle endurance
was found to be statistically significantly lower in the
smartphone addicted group compared to non-ad-
dicted group. In this sense, our study supports studies
reporting decreased neck extensor muscle endurance
in smartphone addicts. The reason for this result may
be the higher percentage of female participants in the
group with smartphone addiction. In many studies in
which both healthy participants and participants with
musculoskeletal problems were evaluated, it was ob-
served that the neck extensor muscle endurance of the
female gender was lower than that of the male gen-
der. In a study in which patients with forward head
posture were included, it was found that females had
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lower neck extensor muscle endurance.” In the study
in which the same extensor muscle endurance mea-
surement method was used and participants with sim-
ilar demographic characteristics were evaluated,
female participants had lower neck extensor muscle
endurance compared to male participants.®* It is also
known that regular exercise has a positive effect on
neck extensor muscle endurance.”> We think that one
of the reasons for the low muscle endurance in the
smartphone addicted group may be related to the low
regular exercise habits of the participants.

Neck pain is a common complaint in smartphone
addicts. Moreover, neck disability was also evaluated
in the studies and neck disability was found to be
higher in smartphone addicts.’*?” Guloglu et al. re-
ported that the level of smartphone addiction was as-
sociated with neck pain and neck disability score in
university students.?® In our study, consistent with the
previous studies, both pain level and neck disability
were found to be higher in the group of people with
smartphone addicion and both parameters were found
to be associated with smartphone addiction score. In
addition, in our study, it was observed that as the
level of smartphone addiction increased, the resting
and activity pain led by neck disability also increased.
Our study and other studies show that as smartphone
use increases, the level of pain and neck disability
also increases. We think that this may be caused by
the increased neck flexion posture during smartphone
use. This posture causes changes in cervical lordosis
and causes stress on the cervical spine. In addition, neg-
ative changes in muscle tissue or ligaments and deficits
in proprioceptive sensation may also be associated with
pain and neck disability.'" In our study, it was found
that sleep quality was poor in smartphone addicts. Poor
sleep quality may also have contributed to increased
pain perception and neck disability.

Exposure to blue light emitted from smartphones
stimulates photoreceptors located in the retina and
suppresses the hormone melatonin, which controls
the sleep-wake cycle. In addition, electromagnetic
waves emitted from the smartphone are known to
cause changes in cerebral blood flow and electrical
activity.”® Systematic reviews on the topic show the
negative effects of smartphone use on sleep health.>?
In our study, it was found that sleep problems were
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common in smartphone addicted people and sleep
problems increased as the smartphone addiction score
increased. We think that the reason for this situation
is due to hormonal and neural changes associated
with smartphone addiction.

In our study, it was observed that there was no
relationship between neck extensor muscle endurance
with neck disability, pain and PSQI score in the
smartphone addicted group. The reason for this may
be the neck extensor muscle endurance values of the
smartphone addicted group in our study. In our study,
the average holding time in the smartphone addicted
group was 88 seconds. In a study by Joona et al. in-
vestigating the normative values of neck extensor en-
durance test in 440 healthy young adult participants,
it was found that the average holding time was 47
seconds for male participants and 40 seconds for fe-
male participants.”® In our results, the mean neck ex-
tensor endurance test of the smartphone addicted
group was twice the value reported by Joona et al.**
The high neck extensor muscle endurance value of
the smartphone addicted group may have contributed
to neck posture and stabilisation, which may have
prevented the relationship between neck extensor
muscle endurance with neck disability, pain and sleep
problems.

As aresult of our study, we found that neck dis-
ability was found to be related to neck pain and sleep
problems in smartphone addicts. Excessive use of
smartphones can lead to habitual repetitive and con-
tinuous movements of the head and neck toward the
screen throughout the day. Such movements are as-
sociated with a high risk of neck pain and may ex-
plain the association between neck disability and
pain.’* It is also known that there is a significant pos-
itive correlation between sleep quality and neck dis-
ability.’! Munoz et al. investigated trigger points,
neck disability and sleep quality in individuals with
neck pain and, suggested that neck disability was as-
sociated with pain and sleep quality.’? In addition,
sleep problems lead to an increase in pain percep-
tion.* In this context, sleep problems were found in
the smartphone addicted group may be a reason for
the observed relationship between neck disability
with pain and sleep problems by causing an increase
in pain perception.
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Other studies of smartphone addiction in the lit-
erature have assessed neck function or the relation-
ship between addiction score and neck function in
addicted and non-addicted groups. Differently from
these studies, we think that our study will contribute
to the literature in terms of examining the effect of
addiction level on neck extensor muscle endurance,
neck disability, pain and sleep problems in smart-
phone addicts and determining the relationship be-
tween these parameters.

There are some limitations to this study. In the
method used for neck extensor muscle endurance
measurement, the participant was asked to maintain
the extension position as long as possible. Measure-
ment involves motivation. This is an important factor
that may vary from person to person and the result is
recorded on a sensitive variable such as seconds. This
may have affected the correlation between muscle en-
durance and other functional measures.

I CONCLUSION

As a result of our study, it was found that neck ex-
tensor muscle endurance was lower, neck disability,
PSQI score, resting and activity pain were higher in
university students with smartphone addiction com-
pared to the non-addicted group. In addition, neck
disability level was found to be associated with neck
pain and sleep quality in smartphone addicts. In this
context, raising awareness of smartphone addiction
and its consequences in the whole society, especially
in young generations, and offering solutions will have
a positive effect on individuals’ health. Additionally,
we believe that investigating the effects of ap-
proaches such as posture training or exercise pro-
grammes for individuals with smartphone addiction
on complaints associated with smartphone addiction
will contribute to the literature.
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