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SUMMARY
Background. The effect of smartphone use on the cervical spine has been extensively 
examined and verified independent of time or age, although its negative effects on the 
lower back require additional research.
Purpose. The purpose of this study is to investigate the relationship between smart-
phone addiction and back functional disabilities, as well as the endurance and 
morphology of core stability muscles.
Methods. One hundred eight subjects (72 males and 36 females) were divided into 2 
groups, Group A: 66 addicts (27 females and 39 males) and Group B: 42 non-addicts 
(9 females and 33 males) based on their smartphone use as measured by smartphone 
addiction scale short version (SAS-SV). The Oswestry disability index (Arabic version) 
was used to assess back functional disabilities, and diagnostic ultrasonography was 
used to assess lumber muscle morphology (cross-sectional area CSA and muscle thick-
ness MT) of the lumbar erector spinae and multifidus. Finally, the endurance of core 
stability muscles was evaluated using supine and prone bridge tests.
Results. The results showed no association between SA and back functional disabili-
ties. Furthermore, CSA, MT of lumber erector spinae, and multifidus were not asso-
ciated with addiction. On the other hand, back muscle endurance was associated with 
addiction as the non-addict group recorded higher holding time in the supine bridge 
test (p = 0.021). Furthermore, smartphone addiction recorded higher dorsal pain and 
more duration of smartphone use especially in the form of social networking and video 
watching in the addict group (p > 0.05).
Conclusions. There is no evidence that smartphone addiction is correlated with back 
pain severity, back functions, and CSA or MT of multifidus and erector spinae muscles. 
On the other hand, smartphone addiction affects core stability and muscle endurance 
assessed by supine bridge tests.
Study registration. Protocol registration number at clinical trials.gov is NCT05321030.
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INTRODUCTION
Smartphone use has been spread all over the world. The 
number of mobile phone users in Egypt raised in the last year 
2022 by 64% according to the National Telecommunications 
Regulatory Authority (NTRA). The Coronavirus disease 

(COVID-19) pandemic was one of the causes that increased 
smartphone use due to isolation and social distance leading 
to more physiological and psychological affection (1). 
Smartphone addiction (SA) is one of the psychologi-
cal affection which falls under the category of behavioral 



594 Muscles, Ligaments and Tendons Journal 2023;13 (4)

Smartphone Addition and Back Morphology

addiction (2). SA was assessed using various versions of 
valid and reliable questionnaire as the smartphone addic-
tion scale (SAS) (3) or using phone applications (4) or even 
specific questions regarding smartphone usage (5). 
The physiological dysfunctions secondary to smartphone 
overuse were musculoskeletal (6, 7), respiratory (8), visu-
al (9), and neural (10). Controversial findings were found 
in the literature concerning the impact of smartphones 
on body systems, particularly the musculoskeletal system. 
Thus, further research about the musculoskeletal impair-
ments associated with smartphone use is required (11). 
Lumbar proprioception deficit increased post smart phone 
usage but no changes were reported concerning lumbar 
curvature (12). Although, others found increased lumber 
lordosis and thoracic kyphosis in participants with or with-
out low back pain (LBP) after a minimal time of smart-
phone use in sitting posture (13, 14). Moreover, smart-
phone overuse is also associated with altered trunk muscle 
activation and posture (14). 
Smartphone overuse was also associated with increasing 
back pain in young adults either asymptomatic or symptom-
atic subjects. Mechanical LBP is highly reported in adults 
(15). There are many risk factors including the excessive 
use of electronic and hand-held devices (16, 17). Back pain 
is associated with morphological changes in multifidus and 
erector spinae as a cross-sectional area (18). Although back 
muscles are considered very important in maintaining core 
stability, no research up to the author’s knowledge stud-
ied the correlation between them and smartphone overuse. 
The relationship between smartphone use and increasing 
pain severity in the lumber spine is reported (19, 20).
Back pain could prevent the normal activity of daily living 
(ADL). Although, the effect of smartphone usage on 
back functions is still under investigation. However, the 
correlation between pain severity and duration of phone 
use failed to reach significant levels (20, 21). Furthermore, 
smartphone usage may interfere with activities of daily 
living (ADL) and walking (7, 22).
Muscle endurance, morphology (cross-sectional area, 
thickness, side-to-side symmetry, fatty infiltration) and 
muscle contractility are pain-sensitive changes (23-28). 
Therefore, this study aims to investigate the relationship 
between smartphone addiction and back pain and func-
tional disability, as well as the endurance and morphology 
of core stability muscles.

METHODS
This cross-sectional observational study was carried out 
in Kasr Al-Ainy Hospital, between December 2021 and 
November 2022. This study was conducted following the 

ethical standards established in the Declaration of Helsin-
ki of 1946 and was approved by the Ethical Committee 
of the Faculty of Physical Therapy, Cairo University (P.T. 
REC/012/003474 – Date of approval: July 11, 2021).

Participants
Using G-power version 3.1.9.7 for Windows and regarding 
the t-test study, an alpha level of 0.05, confidence interval 
95%, and effect size of  0.25 (to detect small effects), two 
groups, and nine dependent variables, the total sample size 
was 136 subjects. Three hundred volunteers were screened 
as shown in figure 1, one hundred fifty asymptomatic partic-
ipants were enrolled in this study, and 108 completed all the 
steps of the study (figure 1). Subjects were divided based on 
the addiction score into two groups, Group A: 66 addicts 
(27 females and 39 males) and Group B: 42 non-addicts (9 
females and 33 males). This is a valid and reliable 10-ques-
tion scale for the detection of smartphone addiction. Each 
question has a possible score ranging from 1 to 6, with a 
total questionnaire score ranging from 10 to 60 points. A 
score of 34 is considered a cut-off for smartphone addiction, 
with greater scores indicating more addiction (29).

Figure 1. Flowchart of participants.

Participants were interviewed and their demographic data 
were obtained and recorded, SAS-SV, subjective data about 
smartphone usage, and Oswestry disability index (ODI) 
to assess the correlation between addiction and functional 
disabilities (30, 31). They are asymptomatic participants either 
male or female, their age is ranged from 17 to 35 years old, 
and their body mass index (BMI) ranged from 19.0 to 29.9 kg/
m2. Furthmore, they should be Arabic speakers smartphone 
users. Participants were excluded if they are athletes or had 
any history of spinal trauma or dysfunction, systemic disease 
presenting in the back (such as ankylosing spondylitis), spinal 
deformity, or leg length discrepancy were observed.

Procedures
Initially, the examiner screened subjects against study eligi-
bility criteria and explained the study’s purposes and proce-
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dures carefully and thoroughly. Eligible participants were 
invited to participate in the study and if they agreed, an 
informed consent was signed. Data collected by the subjects 
themselves were demographic data, back pain severity, and 
ODI. The second step is the assessment of core muscle 
morphology by diagnostic ultrasonography which was 
executed by an expert radiologist (Dr. HE). The last step 
was the assessment of core stability endurance by supine 
and prone bridge tests which were recorded by stopwatch.

Assessment

Pain secondary to prolonged smartphone use
Pain severity was assessed by the visual analog scale (VAS), as the 
participants were asked about the site of pain due to prolonged 
smartphone use, if the back is affected, he/she report its severity. 
VAS is a 10-cm line with two endpoints. Zero indicated no pain 
and 10 indicated intolerable pain, the patients were asked to put 
a mark on the line which indicates their pain severity, and the 
intensity was measured by a ruler in millimeters. VAS is a valid 
and reliable method for pain assessment (32).

Assessment of back functional disability
The Oswestry disability index assesses pain and functional 
disability by demonstrating the effect of back discomfort on 
the level of activity and is divided into ten components. The 
score for each item ranges from 0 to 5, the score was calcu-
lated by the addition of the values assigned for each of the 
10 individual questions (30). 
The total score was calculated and presented as a percent-
age, where 0% represents no disability and 100% represents 
the worst possible disability. Disability is categorized as 
follows: mild or no disability (0%-20%), moderate disabil-
ity (21%-40%), severe disability (41%-60%), incapacity 
(61%-80%), restricted to bed (81%-100%) (31). ODI is a 
valid and reliable method for the assessment of pain and 
functional disability of low back pain. A 10% is considered 
minimal clinical importance difference (MCID) (33, 34) 
with 76%, and 63% sensitivity and specificity respectively 
(35). The Arabic version of ODI was used in this study and 
its validity and reliability were documented (36). 

Assessment of core muscle morphology 
Ultrasonography (US) was used for the assessment of muscle 
cross-sectional area (CSA) and muscle thickness (MT). US 
is a valid and reliable assessment tool for multifidi CSA and 
MT in younger asymptomatic individuals (37, 38), showing 
excellent within-day, interrater reliability, and good-to-ex-
cellent between-days, interrater reliability. MDCs ranged 
from 1.01-1.26 cm in lumber multifidus (LM) measurement 
of old adults with LBP (39). Lumbar erector spinae (LES) 
measurement showed excellent reliability (40). 

Ultrasonography image conducted using General Electric 
E9 equipped with a 3.5 and 7.5 MHz curvilinear trans-
ducer for measurement of the multifidus CSA, MT, and 
CSA of lumber erector spinae. Subjects were lying on their 
abdomen, minimizing the lumbar lordosis using a pillow. 
Detection of spinous processes was performed manually by 
ultrasound imaging through a view of the spinous process-
es relative to the sacrum in the sagittal section. Then the 
aquatic gel is applied for CSAs measurement of the LM 
muscle, measurement done at L4 during rest. LM can be 
visible bilaterally on both sides of the spine or separately. 
The CSA of the multifidus was measured by tracing around 
the muscle border with the cursor on the screen as shown in 
figure 2 (28, 38, 41).

Figure 2. Cross sectional area measurement.
A1 multifidus; A2 erector spinae.

Assessment of multifidus MT was done at rest and during 
contraction via a contralateral arm lift 5 cm off the table 
measured by a ruler with the shoulder at 120 of abduction 
and elbow at 90 of flexion assessed by goniometer with 
approximately 30% of maximum voluntary contraction 
done through carrying a bottle of water based on the indi-
vidual’s body weight < 68.2 kg = 0.68 kg, 68.2-90.9 kg = 0.9 
kg. Participants were asked to maintain the contraction for 
3 seconds (38,41). In the same manner, the CSA of LES was 
measured during rest and at the level of the L3 transverse 
process of the L3 vertebra (42).

Assessment of core muscle endurance 
Prone and supine bridge tests were used as indicators for 
lumbar spine stabilization endurance capability. Bridging 
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maneuvers are practical, reliable, and valid methods for 
the assessment of core stability. In the prone bridge, each 
subject was lying on the abdomen, supported on the elbow, 
shoulder-width apart with a narrow base although the feet 
still not touching. The participant was asked to raise his/
her pelvis off the floor by supporting his body weight on the 
shoulders and toes as shown in figure 3. The position was 
maintained until fatigue or pain.  
In the supine bridge, each subject began lying on his back 
with 90 knee flexion, thighs parallel to each other with a 
narrow base. The subject was asked to raise his/her pelvis 
maintaining shoulder, hip, and knee in a straight line. Time 
of maintenance was recorded when the individuals perceived 
fatigue or pain. Instructions about the correct position were 
given. Normal individuals were capable to maintain both 
positions for about 1-2 minutes without disturbance (43). 

groups. The correlation between smartphone addiction 
and the tested variable was done using Pearson correla-
tion coefficient. Continuous variables as ultrasonograph-
ic measurement and core stability testing were present-
ed as mean ± standard deviation (SD). The qualitative 
variable as ODI score was presented as count (%). All 
statistical tests were performed using the statistical pack-
age for social studies (SPSS) version 16 for Windows. 
The level of significance for all statistical tests was set 
at p < 0.05.

RESULTS
There was no statistically significant between groups in 
personal data as age or body mass index (BMI). 21.05 ± 2.24 
years, 23.05 ± 2.42 kg/m2 is the mean ± standard deviation 
of age and body mass index (BMI) of group A and 21.38 ± 
2.13 years, 23.30 ± 3.03 kg/m2 for group B.
Participants were questioned about their painful areas 
induced by using the phone and recorded them. The 
answers ranged from cervical, lumber, dorsal, eyes, shoul-
der, hand, finger, wrist, or more than one segment even 
there was no pain was reported, the dorsal pain addict 
group showed statistically significant differences from the 
other groups (p = 0.03), but both groups reported more 
pain in the cervical region as shown in table I. Further-
more, information about how posture can cause discom-
fort was gathered from participants without offering them 
any options. According to participants, the positions that 
caused pain were flexed postures while standing, prone, 
sitting, or resting on one’s side, and there were no differ-
ences between the groups as in table II.
Questions about the duration of morning and whole-day 
smartphone use were asked and the choices were given 

Figure 3. Assessment of core muscle performance.

(A) Supine bridge; (B) Prone bridge.

Table I. Painful area during smartphone use.

Painful area during usage
Addict
n = 66

Non addict
n = 42 Chi-square P-value

No. % No. %
Cervical 38 57.6 25 59.5 2.68 0.10

Lumber 10 15.2 8 12.1 0.22 0.64

None 3 4.5 1 1.5 1.00 0.32

Dorsal 7 10.6 1 1.5 4.50 0.03*

Eye 3 4.5 5 7.6 0.50 0.48

Shoulder 3 4.5 2 3.0 0.20 0.65

Hand 2 3.0 0 0.0 2.00 0.16

Fingers 2 3.0 3 4.5 0.20 0.65

Wrist 2 3.0 0 0.0 2.00 0.16
*Significant at P-value < 0.05.

Statistical analysis
Initially, the Kolmogorov-Smirnov test was used to 
determine the normality of the data. Because the prima-
ry outcomes were normally distributed, parametric tests 
were used for analysis. Independent t-tests were used 
to find the significant difference in the mean between 
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in standard formula 1-2 h, 3-4 h, 5-6 h, or more than 6 
h. The last choice (more than 6 h) recorded a statistical-
ly significant difference between groups, as smartphone 
addicts used their smartphones more than 6 h (p = 0.03) 
as shown in table III, whereas morning smartphone 
use did not show any statistically significant differences 
between groups.
Furthermore, as shown in table IV, the functions performed 
using the smartphone were given in the form of social 
networking, video watching, gaming, texting, dialing, more 
than one task, or all of the above. Social networking and 

video watching were statistically greater in the addict group 
(p = 0.01). 
The Pearson correlation coefficient was used to assess the 
association between SA and back function, back muscle 
morphology, and core muscle endurance. The results 
showed no association between SA and back dysfunction. 
Furthermore, CSA and MT of both muscles were not asso-
ciated with addiction. On the other hand, back muscle 
endurance was associated with addiction as the non-addict 
group recorded higher holding time in the supine bridge 
test (p = 0.021) as shown in table V.

Table II. Posture causing pain.

Posture cause pain
Addict
n = 66

Non addict
n = 42 Chi-square P-value

No. % No. %
Flexed during supine 1 1.5 1 2.4 0.00 1.00

Flexed posture 20 30.3 14 33.3 1.06 0.30

Flexed posture during sitting 14 21.2 7 16.7 2.33 0.13

Flexed posture during supine 5 7.6 5 11.9 0.00 1.00

None 2 3.0 1 2.4 0.33 0.56

Sitting 9 13.6 5 11.9 1.14 0.29

Standing 1 1.5 2 4.8 0.33 0.56

Supine 0 0.0 1 2.4 1.00 0.32

Supine with raising phone 0 0.0 2 4.8 2.00 0.16

Prone 1 1.5 0 0.0 1.00 0.32

Side lying 2 3.0 0 0.0 2.00 0.16

There was no specific posture 1 1.5 0 0.0 1.00 0.32

Table III. Time spent on a smartphone during the day.

Duration of smart phone use (hours)
Addict
n = 66

Non addict
n = 42 Chi-square P-value

No. % No. %
1-2 h 8 12.1 4 9.5 1.33 0.25

3-4 h 18 27.3 15 35.7 0.27 0.60

5-6 h 15 22.7 13 31.0 0.14 0.71

> 6 h 22 33.3 10 23.8 4.50 0.03*
*Significant at P-value < 0.05.

Table IV. Significant results from comparisons between groups.

Group Addict
n = 66

Non addict
n = 42 Chi-square P-value

Painful area during usage 10.6% 1.5% 4.5 0.03*

Duration of smartphone use (more than 6h) 33.3% 23.8% 4.5 0.03*

Personal usage (social network) 33.3% 19% 6.53 0.01*

Personal usage (videos) 0% 16.7% 7 0.01*
*Significant difference P-value < 0.05.
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DISCUSSION
The purpose of this study was to look at the relationship 
between smartphone addiction and changes in back func-
tion and morphology and endurance of core stability 
muscles in asymptomatic people. Smartphone use did not 
worsen the severity of back discomfort as measured by VAS. 
Morphological muscle state, as evaluated by CSA and MT in 
ultrasonographic pictures, did not differ by addiction score. 
The ODI revealed no major dysfunction affecting the back.
The absence of back pain in both groups may be due to 
the absence of immediate assessment after prolonged use of 
the smartphone because the static posture for a prolonged 
time in using a smartphone is one of the primary causes 
of pain even though there were no significant differences 
between groups in VAS score (20, 44). Furthermore, the 
results about the effect of smartphones on the back differ 
in the patient’s reported level of pain intensity experienced 
after prolonged smartphone use (45, 46). On the other 
hand, upper body pain is reported in almost all studies that 
measured the effect of smartphone usage on musculoskel-
etal system dysfunctions even though our results report-
ed that the cervical spine is the most painful area in both 
groups (10, 46-49). Back pain may be masked by higher-in-
tensity cervical pain.
The absence of back dysfunction in both groups may be relat-
ed to the young participant’s age and the absence of pain as 
ODI showed higher scores in chronic low back pain patients 
and our participants are all asymptomatic (50, 51). To the 
author’s knowledge, there was no study investigated the 
effect of smartphones on back function however, the effect 
of smartphones on neck function is measured and the results 
were contradicted. Bertozzi et al. reported that although 50% 
of the participant reported neck pain, there was no correla-
tion between neck pain and NDI score and that may be due 
to low-intensity neck pain reported by the student (52).
MT and CSA differ significantly with gender as larger sizes 
in male gender (53, 54). However, the lack of the appropriate 
number of females in the current study interfered with the 
analysis of the gender differences in all measured variables. 
Because the instructions and positioning were the same for 
all participants, the variation between right and left measure-

ments could be related to human error, sample diversity in 
lifestyle, posture, physical demand, and degree of activity (55). 
Body composition measures, side-to-side asymmetry, fatty 
infiltration, and BMI are closely connected with CSA, which 
may explain the lack of substantial changes in addiction 
levels (43, 56, 57), Willmink gave the same conclusion when 
he performed dynamic isolated lumbar training for lumbar 
multifidus and found clinically relevant improvement with-
out any changes in CSA of lumbar multifidus muscles (58). 
Goubert’s study showed no significant differences between 
groups in the size of multifidus and erector spinae CSA 
although fat cross-sectional area and lean muscle fat index 
were significantly higher in MF and ES in continuous CLBP 
compared to non-continuous CLBP (59). The absence of 
pain and its subtle changes in muscle structure may be the 
cause of the non-significant statistical differences found in 
muscle morphology. Furthermore, all assessment process-
es were done in static posture which put little demand on 
the motor and sensory system so not all dysfunction became 
obvious (60).
There are statistically significant differences in supine bridge 
score which may be attributable to higher lumber lordosis 
while sitting. Addictive smartphone users typically sit on 
their phones, putting additional strain on the lumbar spine 
and adjacent structures, and the back extensors become 
over-activated (61-63). 
Postural analysis and EMG studies showed increased flex-
ion angle for the neck and trunk with minimal (5 min) or 
prolonged smartphone use (up to 15 min) with concomitant 
hyperactivity of cervical erector spinae. Although, lower 
trapezius and thoracic erector spinae recorded a reduction 
in their activity in the same posture and time. Unfortunate-
ly, back muscle activity did not report in this study (64). 
Furthermore, young aged participants are cable of main-
taining and reaching high degrees of flexion which stretches 
the extensors and stimulates the pain-sensitive mechanore-
ceptors if the position is maintained for a long time (6, 65). 
The relationship between muscle structure and function is 
mutual and the pain can affect both of them. At the begin-
ning of the pain sensation, the nociceptive stimulation affects 
back muscle function if the pain is not treated and became 

Table V. Correlation between SA and back function, core muscle performance and smartphone use.

Group R P-value
Supine bridge -0.27 0.005*

Prone bridge -0.06 0.51

Frequency of use 0.31 0.02*

ODI -0.81 0.85
*Significant difference P-value < 0.05.
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chronic it affects muscle structure (66) hence it may be one 
of the causes of significant results in core stability testing. 
A lot of studies failed to correlate smartphone addic-
tion with dysfunctions as in Wahba study reported that 
the addiction score cannot be correlated to the differenc-
es in the magnitude of change in pain and proprioception, 
regardless of task duration (20). Also Marcel reported that 
there was no correlation between smartphone addiction 
and back VAS score or spinal postural changes reported 
(45). Furthermore, tension headache failed to be correlat-
ed with smartphone addiction (67) with the same conclu-
sions about craniovertebral angle (68) and the absence of 
correlation may be related to compensatory changes in the 
thoracic spine.
The effect of smartphone addiction on spine core stability 
is tested in the cervical spine and reported no differences 
between groups in deep cervical flexors endurance hold-
ing time (7). Spinal stability was reported to be affected 
in another study that measured the response of the cervi-
cal spine to sudden activities post-phone use: Eunjee et 
al. suspected that the cause may be due to cervical muscle 
stretch leading to fatigue and hyperactivity (69).

Limitations
To the best of our knowledge, this is the first study to look 
into the relationship between smartphone use and ultraso-
nographic measurement. However, there are certain limits. 
First, the assessment was completed without the use of a 
phone. Second, the degree of activity among participants 
was not fixed. Third, the study only included a control 
group. Finally, because this was a preliminary study with no 
prior data, the sample size was not computed.
This study, on the other hand, was blinded, which is 
supposed to reduce research bias. Furthermore, all partic-

ipants were students attempting to minimize variations in 
lifestyle. Future research is needed to address these limita-
tions and examine the effect of smartphone usage duration 
in different age groups and patients with various LBP etiol-
ogies and severity levels.

CONCLUSIONS 
There is no evidence that smartphone addiction is correlat-
ed with back pain severity, back functions, and CSA or MT 
of Multifidus and erector spinae muscles. On the other 
hand, Smartphone addiction affects core stability muscle 
endurance assessed by supine bridge tests.
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