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ABSTRACT ARTICLE HISTORY
Smartphones are among the most innovative technologies of our time, Received 29 January 2025
becoming an integral part of daily life. Smartphone gaming has gained ~ Accepted 24 May 2025
immense popularity worldwide; however, prolonged and excessive KEYWORDS

gaming can pose risks to the musculoskeletal system. This study aims Smartphone; gamers;
to review the prevalence, risk factors, and strategies for preventing mus- musculoskeletal disorders;
culoskeletal disorders among smartphone gamers. A scoping review mobile gaming

was conducted on studies published between 2007 and 2024 in English.

The search was performed across multiple databases, including Medline,

Web of Science, Scopus, CINAHL, Embase, OVID, Google Scholar, and

the Cochrane Library. The methodological quality of the included stud-

ies was assessed using the Critical Appraisal Skills Program checklists.

Outof aninitial 1,042 articles, 19 studies met the inclusion criteria. These

included 14 observational studies, 3 clinical trials, 1 case report, and 1

pilot study. The data were extracted and narratively analyzed. Key risk

factors identified were poor posture, prolonged gaming duration and

frequency, and repetitive hand movements. The neck, upper back, and

upper extremities were the most commonly affected body regions.

Strategies to mitigate musculoskeletal disorders among smartphone

gamers include reducing gaming duration and frequency, improving

posture, minimizing repetitive movements, enhancing the gaming

environment, and implementing educational interventions.

Relevance to human factors/ergonomics theory

The influence of smartphoes on human health is crucial. Smartphone gaming, which is
popular in smartphone users, can cause musculoskeletal issues, while ergonomics science
can help preventing them. By reviewing smartphone gamers’ musculoskeletal disorders,
their risk factors and existing preventive measurs, we tried to address these issues. The
findings can be used as ergonomis advices for developing guidelines regards smart-
phone gaming.
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Introduction

Smartphones are among the most innovative technologies of the twenty first century
(Madianou 2014), becoming an inseparable part of daily life due to their extensive appli-
cations across various domains (Reddy, Sharma, and Chaudhary 2020). Today, the frequency
and duration of using smartphones has increased because these devices are portable, small
and easy to use in many settings (King et al. 2020). Smartphones play a significant role in
people’s everyday activities, including work, entertainment, and communication (Eitivipart,
Viriyarojanakul, and Redhead 2018). Approximately 6.92 billion people globally own a
smartphone (Gorce and Jacquier-Bret 2023). A study found that 85% of Americans aged
18-29 own a smartphone, with 46% reporting that they cannot live without it (Smith 2015).
Additionally, research indicates that 79% of individuals aged 18-24 keep their smartphones
with them nearly all the time (Neupane, Ali, and Mathew 2017). Smartphone addiction has
emerged as a major global health concern, exacerbated by the COVID-19 pandemic
(Mokhtarinia et al. 2024).

Among the various uses of smartphones, mobile gaming has seen a notable increase in
recent years (Tarannum and Anand 2023). Mobile gaming, as a predominant form of playing
games (Syvertsen et al. 2022), has gained immense popularity worldwide, particularly
among young people (Lam, Liu, et al. 2022). Currently, there are nearly 3 billion mobile
gamers globally, and it is estimated that in 2025, over half of the world’s population will
engage in mobile gaming (Lynkova 2024). The recent rise in smartphone gaming has the
potential to become a serious public health concern (66C51 Gaming Disorder 2018). Playing
mobile games for short periods may have positive health effects (Kogan et al. 2017).
Improving cognitive functions such as memory, attention, and problem solving skills (Quiles
and Verdoux 2023), enhancing reading ability, and improving reaction time are among are
among the benefits of mobile gaming (Peters et al. 2021). However, prolonged gaming
sessions can have significant negative effects on both mental and physical health (Alshehri
and Mohamed 2019). Common unhealthy behaviours among gamers include extended
periods of sitting and adopting poor postures while using smartphones (Lam, Liu, et al.
2022). Prolonged sitting has been linked to chronic diseases (Owen, Bauman, and Brown
2009), while poor posture can lead to orthopaedic injuries (McGee and Ho 2021). Elite
gamers, who may spend more than eight hours a day playing, are particularly at risk (Khan
and Chaikumarn 2024). They often train for several hours daily to enhance reaction speed,
rapid decision-making, and hand-eye coordination (DiFrancisco-Donoghue et al. 2019).
However, this high-intensity training can lead to muscle fatigue, strain, postural adaptations,
and repetitive stress injuries. Among elite smartphone gamers, common health issues
include headaches, neck pain, finger pain, and injuries affecting the head and trunk (Lam,
Liu, et al. 2022).

One of the primary physical consequences of prolonged mobile gaming is musculoskel-
etal disorders (MSDs) (Ahmed et al. 2024; Kurniawan et al. 2024; Tholl et al. 2022; Zaveri
et al. 2024). MSDs refer to injuries or pain affecting the musculoskeletal system, including
muscles, tendons, ligaments, nerves, and joints (Fernandes, Gongalves, and Conti 2018).
Studies revealed that four out of ten gamers experience musculoskeletal pain (Lindberg
etal. 2020). Mobile esports can negatively affect the biomechanics of the spine (Lam, Chen,
etal. 2022). Back pain is a common issue reported by esports athletes (Lindberg et al. 2020).
Smartphone gamers often adopt a forward head posture during gameplay, making them
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prone to neck discomfort and back pain (McGee and Ho 2021; Park et al. 2017). Research
indicates that two-thirds of mobile gamers report musculoskeletal symptoms, predomi-
nantly in the neck and upper extremities (Kurniawan et al. 2024). Continuous mobile
gaming can lead to muscle injuries in the thumbs (Wang et al. 2019). Repeated hand and
finger movements, coupled with prolonged sitting, increase the risk of MSDs (Tholl et al.
2022). Terms such as ‘gamer’s thumb’ (De Quervain’s tenosynovitis) (Ilyas et al. 2007),
internet gaming disorder (IGD) (Ko and Yen 2024), and ‘“Text neck’ (Neupane, Ali, and
Mathew 2017) have recently emerged in the literature addressing smartphone gaming-
related complaints. This is while Mobile electronic sports (esports) have gained global
popularity (Truong et al. 2020), with well-known smartphone esports games like PUBG
Mobile, Clash Royale, and Call of Duty Mobile. The introduction of mobile play-to-earn
(P2E) games, such as TapSwap, Hamster Kombat, and Rocky Rabbit, has further increased
smartphone usage, potentially extending gaming durations (Gholami and Kalantari 2025),
while more hours of gaming are associated with hand pain (Mariano et al. 2024). The
duration and activities associated with smartphone use, such as gaming, are important risk
factors for MSDs (Hanphitakphong, Thawinchai, and Poomsalood 2021). Notably, shorter
durations of mobile gaming are associated with lower prevalence rates of MSDs in the
shoulders, elbows, and wrists, underscoring the risks posed by extended gameplay
(Sirajudeen et al. 2022).

Smartphone devices enable gamers to play in various environments, often increasing
overall gaming time. However, factors such as small screen sizes, suboptimal viewing angles,
and repetitive movements can lead to muscle fatigue and recurring injury patterns (Lam,
Liu, et al. 2022). These risks are particularly concerning for children and teenagers, who
may lack awareness about the dangers of MSDs (Cankurtaran et al. 2022). A study found
that 57.5% of students were addicted to mobile games and were more susceptible to MSDs
than their non-addicted peers (Ahmed et al. 2024). Despite the popularity of smartphone
gaming, there is limited research on this topic compared to non-mobile gaming (Syvertsen
et al. 2022). The shift from computer-based to mobile gaming in esports requires further
investigation to better understand and design training strategies that can help reduce occu-
pational health risks (Lam, Chen, et al. 2022). Given the recent emergence of mobile play-
to-earn games and the widespread prevalence of smartphone gaming, it is essential to review
the literature on MSDs among smartphone gamers. This study seeks to examine and sum-
marize the available evidence on MSDs in this population.

Materials and methods

This scoping review was conducted following the latest version of the PRISMA extension
for Scoping Reviews (PRISMA-ScR) and aimed to review the literature on musculoskeletal
disorders (MSDs) in smartphone gamers. The research question focused on the prevalence
and risk factors of MSDs in this group. The search terms were selected based on the study’s
objective and included ‘mobile phone), ‘smartphone) ‘mobile games), ‘gamers, and ‘muscu-
loskeletal disorders. Connectors such as ‘and;, ‘on;, ‘effect, and ‘of” were used to refine the
search. The literature was searched across various online databases, including Medline,
Web of Science, Scopus, CINAHL, Embase, OVID, Google Scholar, and the Cochrane
Library. Multiple keyword combinations were utilized during the search. The inclusion
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criteria for publications were as follows: studies published between 2007 (the year smart-
phones were introduced) and November 2024, full-text access, written in English, focusing
on musculoskeletal disorders (MSDs) and their risk factors in smartphone gamers, and
meeting methodological quality standards.

All types of study designs were included, based on the recommendations of Whittemore
and Knafl (2005), including original research articles, clinical trials, pilot studies, letters to
the editor, case reports, and narrative reviews, published in English. Additionally, reference
lists from review articles were cross-checked for potential supplementary studies. Articles
published in non-peer-reviewed journals, duplicate studies, systematic reviews (because of
potential bias due to potential double counting), articles without full-text access, and articles
with low methodological quality were excluded.

Following the literature search, two independent authors screened the identified arti-
cles by title and abstract to assess eligibility. Any disagreements between the authors were
resolved through discussion and re-evaluation, with the involvement of a third author
when necessary, leading to complete consensus. The full texts of 19 included studies were
thoroughly analyzed to extract relevant information on musculoskeletal disorders in
smartphone gamers, which were then summarized. Data extraction was performed sep-
arately by two authors. The extracted information included general study details, partic-
ipant characteristics, study type, main data collection tools, key findings, and implications.
Methodological quality was assessed using the Critical Appraisal Skills Programme
(CASP) checklists (‘Critical Appraisal Skills Programme’ 2023). The articles were inde-
pendently assessed by two authors using a scale ranging from 0 to 8. Any discrepancies
between the authors were resolved through discussion in a meeting with all authors. A
score of 6 was chosen as the cutoff point, with articles scoring 6 or higher classified as
high quality. After scoring, 19 publications met the high-quality criteria (five articles
scored 6, six scored 7, and seven scored 8). Of the 19 included papers, one was a confer-
ence paper, and 18 were journal articles. Figure 1 presents the PRISMA-ScR flow chart
for the study. The data were summarized narratively, and the results were grouped
accordingly.

Results

Of the 19 studies included, 17 were conducted in Asia (89%) and 2 in Europe (11%). The
majority of the publications were observational studies (14, 73.68%). There were also 3
clinical trials, 1 case report, and 1 pilot study. Five publications lacked practical conclusions
and clear take-home messages. Table 1 presents the results of the synthesis.

The extracted data grouped in four main domain, including risk factors of MSDs in
smartphone gamers, prevalence of MSDs in the gamers, Hand MSDs, and implications for
preventing MSDs.

Risk factors of MSDs in smartphone gamers

The included studies identified awkward gameplay postures, repetitive movements, and
excessive gaming durations as the primary risk factors for musculoskeletal disorders (MSDs)
in smartphone gamers. The combination of these factors can lead to more severe MSDs
over time.
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Figure 1. The PRISMA-ScR flow chart for study selection process.

Mobile game addiction increases susceptibility to MSDs across various body parts
(Ahmed et al. 2024). Frequent gaming, prolonged sessions, and changes in wrist position
are linked to hand pain in smartphone gamers (Ma et al. 2019). The prevalence of MSDs
among those gaming for more than five hours daily is significantly higher compared to
those with shorter gaming durations (Zaveri et al. 2024). Prolonged smartphone gaming
increases muscle activity, spinal load, and discomfort. For example, an average neck flexion
angle of 28.46 degrees was observed during one-hour smartphone gaming trials
(Dandumahanti and Subramaniyam 2023). Interestingly, a study by Kurniawan et al.
revealed that casual smartphone gamers reported higher rates of MSDs in the lower back,
shoulders, neck, and wrists, along with greater feelings of stiffness and fatigue, compared
to professional gamers (Kurniawan et al. 2024). Even relatively short gaming sessions in a
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flexed posture have been found to cause pain in the neck and trunk (Park et al. 2017). For
teenagers, as little as 20 min of sustained smartphone gaming can lead to awkward posture,
muscle fatigue, pain, and discomfort in the neck region (Hanphitakphong, Thawinchai,
and Poomsalood 2021).

Forward head posture is particularly linked to a higher prevalence of neck stiffness (Ali
et al. 2022; Khan and Chaikumarn 2024), while poor spinal posture, reduced spine mobility,
and instability increase the risk of neck and back pain for mobile esports athletes (Lam,
Chen, et al. 2022). Poor hand positioning and excessive gaming duration are major con-
tributors to hand disorders (Tarannum and Anand 2023). Highly repetitive movements of
the thumb and fingers, along with frequent tapping on touchscreens, are common during
smartphone gaming and are associated with musculoskeletal discomfort in school children
(Lui, Szeto, and Jones 2011). Overuse of the thumb during gaming can lead to chronic
injuries in the abductor pollicis brevis and extensor pollicis brevis muscles, especially after
just 20 min of continuous gaming (Wang et al. 2019).

Former studies reported three main hand problems and their associated risk factors. A
previous study reported tendon rupture due to excessive smartphone gaming. Playing a
match-3 puzzle game for 6-8 wk continuously led to the rupture of the left extensor pollicis
longus tendon (Gilman et al. 2015). Carpal Tunnel Syndrome (CTS) was also seen in
smartphone gamers. Chronic compression of the median nerve in the wrist was observed
in Malaysian students aged 18-25. Among 373 participants, the majority exhibited mild
symptoms of CTS, such as tingling and numbness (Majid et al. 2022). De Quervain’s
Tenosynovitis (DQT) refers to an inflammatory condition of the wrist joint causes ten-
derness, pain, and swelling near the thumb. In one study, 13% of gamers were affected by
DQT, with a strong correlation between gaming hours and the condition. Over a quarter
of participants reported feeling stressed during gaming and while gripping objects (Ayaz
etal. 2022). Another study revealed that 49% of teenagers tested positive for Finkelstein’s
test, indicating DQT due to prolonged gaming, frequent play, and wrist posture changes
(Ma et al. 2019).

The only study focused on the specific effects of a single smartphone game on MSDs
examined Pokémon Go players. It found that problematic gaming (compulsive gameplay
with negative impacts on the gamer’s life) was associated with pain in the back, legs, and
arms (Kaczmarek, Behnke, and Dzon 2022).

The prevalence of MSDs in smartphone gamers

Research on the prevalence of musculoskeletal disorders (MSDs) among smartphone gamers
is limited. However, existing studies report a high prevalence of MSDs. Ahmed et al. found
that the overall prevalence of MSDs in smartphone gamers was 52.1% (Ahmed et al. 2024),
while other study reported this rate as 65.96% (Kurniawan et al. 2024). When assessing MSDs
in specific body regions, the neck consistently showed the highest prevalence. Among elite
smartphone gamers, the neck had the highest prevalence of MSDs (40%), followed by the
fingers (38%), upper back (24%), lower back (20%), and shoulders (16%) (Lam, Liu, et al. 2022).
In smartphone esports athletes aged 18-30years, the 7-day prevalence of MSDs was 41.4% in
the neck, 35.1% in the shoulders, 32.4% in the lower back, 23.4% in the upper back, 20.7% in
the wrists, and 18.6% in the elbows (Khan and Chaikumarn 2024). Similarly, a study on uni-
versity student smartphone gamers found the neck to be the most affected body part, with a
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7-day prevalence of 40.5%. Other affected regions included the lower back (38.7%), shoulders
(33.1%), upper back (22.7%), hands/wrists (19%), and elbows (6.1%). However, when assessing
a 12-month period, the prevalence rates were significantly higher, reaching 74.2% in the neck,
60.7% in the shoulders, 55.8% in the lower back, 50.9% in the upper back, 44.2% in the hands/
wrists, and 15.3% in the elbows (Yao, Sundar, and Ramalingam 2021). Prolonged sitting postures
may lead to lower-back pain in the smartphone gamers (Lam, Chen, et al. 2022).

Implications for prevention and control of MSDs in smartphone gamers

Given the high prevalence and risk factors associated with MSDs in smartphone gamers,
effective prevention and control strategies are essential. Reducing smartphone gaming to
10-minute intervals has been recommended for individuals aged 10-18 to minimize neck
strain (Hanphitakphong, Thawinchai, and Poomsalood 2021). Similarly, keeping continuous
gaming sessions under 20 min and reducing reliance on the thumb for gaming were advised
(Wang et al. 2019). Raising awareness among student gamers about CTS and encouraging
reduced playing time to limit repetitive wrist movements is another key strategy (Majid
etal. 2022). Decreasing screen time has also been suggested to mitigate forward head posture
and associated neck strain (Ali et al. 2022). Ma et al. recommended limiting gaming duration
to less than 2.25h per day and reducing gaming frequency to lower the risk of De Quervain’s
Tenosynovitis (Ma et al. 2019). Ergonomic practices and proper posture were highlighted
as effective ways to reduce neck-related MSDs (Zaveri et al. 2024). Additionally, improving
the gaming environment, including seating and screen positioning, was cited as an import-
ant preventive measure (Kurniawan et al. 2024).

Discussion

This study is the first attempt to review musculoskeletal disorders (MSDs) in mobile phone
gamers. The results indicate that MSDs are highly prevalent among smartphone gamers.
Poor posture, extended gaming frequency and duration, and repetitive movements are the
main risk factors for MSDs in this population. The neck, upper back, and upper extremities
are the most affected body regions.

Among the reviewed studies reporting the prevalence of MSDs, the neck was the body
region with the highest frequency of complaints (Khan and Chaikumarn 2024; Lam, Liu,
etal. 2022; Yao, Sundar, and Ramalingam 2021). Smartphone gamers tend to flex their necks
during gameplay, which places significant pressure on cervical intervertebral discs, as well
as the neck and upper-back muscles. The study by Dandumahanti and Subramaniyam
confirmed that gamers maintain a flexed neck posture during most of their gaming time
(Dandumahanti and Subramaniyam 2023). The engaging nature of smartphone games often
distracts players from maintaining proper trunk and neck posture, even among those who
are aware of the correct posture, leading to neck flexion. This issue is further exacerbated
in play-to-earn games, where holding a smartphone at eye level for extended periods can
be challenging (Gholami and Kalantari 2025). As both casual and professional gamers tend
to flex their necks during gameplay, it is crucial to raise awareness among all smartphone
gamers about the potential consequences and encourage the elimination of poor neck pos-
ture habits. Fatigue and reduced stiffness and activation of neck muscles occur after just
20 min of gaming (Sarikaya et al. 2023), so smartphone gaming sessions should be kept
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under 20 min each. For teenagers, this duration should be limited to no more than 10 min
(Hanphitakphong, Thawinchai, and Poomsalood 2021).

The average prevalence of musculoskeletal disorders (MSDs) in smartphone gamers is
lower than in some occupational groups with repetitive upper limb movements and neck
flexion, such as assembly line workers (Arghami et al. 2016; Samadi et al. 2018). However,
it is comparable to work-related musculoskeletal disorders reported in the European work-
force (de Kok et al. 2019). However, most participants in the reviewed studies were students,
teenagers, and young adults. Given the role of occupation in causing MSDs and the multi-
dimensional nature of the symptoms, this is unsurprising. A prevalence rate exceeding 50%
in younger populations suggests a potential increased vulnerability to MSDs later in life.
Smartphone gamers who play for more than two hours a day are at risk of developing mus-
culoskeletal disorders across multiple body regions (Lui, Szeto, and Jones 2011). Therefore,
limiting gaming time to under two hours per day may help prevent MSDs. Since gamers
tend to sit for prolonged periods, setting up an ergonomic gaming station (such as using
ergonomic chairs) can help reduce the risk of low back pain. Additionally, physical training
programs can further reduce the risk of MSDs among gamers (Lam, Chen, et al. 2022).

Frequent and prolonged smartphone gaming is associated with a higher prevalence
of MSDs (Ahmed et al. 2024; Ma et al. 2019; Zaveri et al. 2024). Gaming duration is a
key risk factor: the longer the gaming session, the higher the risk of MSDs, likely due to
more and longer awkward postures and repetitive movements. However, even shorter
gaming sessions can trigger MSD symptoms. Studies show that symptoms can appear
after just 20min of gaming (Hanphitakphong, Thawinchai, and Poomsalood 2021).
Interestingly, casual gamers reported more MSD complaints than professional gamers
in one study (Kurniawan et al. 2024). This discrepancy may stem from the small sample
size or the multifactorial nature of MSDs, with gaming being just one of several contrib-
uting factors. Additionally, casual gamers may play for longer periods per session, which
is linked to increased MSD risk. Reducing gaming time to less than 2 h a day, along with
limiting each gaming session to 10-20 min, can help lower the risk of MSDs (Khan and
Chaikumarn 2024). Developing evidence-based guidelines for gaming could be beneficial
in this regard.

Repetitive hand and finger movements are strongly associated with MSDs in the hands,
wrists, and fingers (Lui, Szeto, and Jones 2011; Tarannum and Anand 2023; Wang et al.
2019). Overuse of the hands and fingers, combined with poor wrist posture (e.g. flexed,
extended, or deviated), increases the risk of hand-related MSDs. Many smartphone games
require repetitive and frequent tapping on the touchscreen. Holding a smartphone and
repeatedly tapping the touch screen places strain on tendons, muscles, and joints. Common
conditions include Carpal Tunnel Syndrome and De Quervain’s Tenosynovitis (Ma et al.
2019; Majid et al. 2022). The thumb is particularly overused during gaming, as frequent
tapping and movement for game tasks place high pressure on thumb muscles. In extreme
cases, non-stop gaming has even led to tendon rupture. The exciting nature of gaming is
thought to decrease players’ pain perception, consequently allowing them to play longer
and worsening the condition (Gilman et al. 2015). Reducing gaming time, minimizing
repetitive hand and wrist movements, and increasing gamers’ awareness of proper ergo-
nomics can help mitigate the risk of conditions such as De Quervain’s Tenosynovitis and
Carpal Tunnel Syndrome. Additionally, using ergonomic joysticks may assist in improving
hand posture.



THEORETICAL ISSUES IN ERGONOMICS SCIENCE . 15

Several of the reviewed studies proposed preventive strategies for MSDs in smartphone
gamers. These strategies include increasing awareness of known risk factors, reducing gam-
ing frequency and duration, avoiding awkward postures, and improving the gaming envi-
ronment. However, it is important to note that relying on a single solution may not be
enough. None of the studies implemented strong interventions or emphasized the need for
a multi-strategy approach, despite evidence showing that single strategies have limited
effectiveness in preventing MSDs (Samadi et al. 2018). Therefore, developing a smartphone
gaming guideline could be valuable. A combination of educational interventions, shortened
gaming duration, reduced gaming frequency, improved posture across all body regions,
decreased repetitive hand movements and tapping, and an optimized gaming environment
may help prevent MSDs in smartphone gamers. To prevent smartphone gaming-related
MSDs in teenagers, it is essential for parents and guardians to monitor gaming duration
and postural habits.

The body of research on MSDs in smartphone gamers is limited. Many studies broadly
addressed gaming across all device types, leading to their exclusion from this review. Some
studies were based on small sample sizes, while others acknowledged limitations and empha-
sized the need for further research. Future studies should incorporate larger, more diverse
samples. Additionally, most existing research focuses on specific age groups, primarily
students. Future studies should include participants from various occupations and age
ranges, as people of all demographics engage in smartphone gaming. Notably, no studies
were found on MSDs in play-to-earn gamers, despite the growing popularity of these games
worldwide (Gholami and Kalantari 2025). Given the recent rise of smartphone play-to-earn
games, we recommend that future research explore the prevalence and risk factors of MSDs
in this specific gamer population.

A limitation of this study was the heterogeneity of the included articles, which is common
in scoping reviews. The interpretation of the results was limited by differences in study
design, populations studied, and outcome measures.

Conclusion

There is limited literature on musculoskeletal disorders (MSDs) in smartphone gamers,
highlighting the need for more comprehensive and high-quality research. Smartphone
gaming exposes players to a heightened risk of MSDs, particularly in the neck, back, and
upper extremities. These issues are primarily associated with awkward postures, prolonged
and frequent gaming sessions, and repetitive movements. To prevent MSDs in smartphone
gamers, strategies such as shortening gaming duration, reducing gaming frequency, cor-
recting body posture, avoiding repetitive hand movements and tapping, and improving the
gaming environment and facilities may be effective. Educational interventions and efforts
to raise awareness among gamers on gaming platforms are also crucial.

Acknowledgments

We would like to express our sincere thanks to Mrs. Atefeh Kalantari for improving the English in
the manuscript. We also thank Zanjan University of Medical Sciences for financial support of this
study.



16 A. AHMADI SHOAR ET AL.

Author contributions

All authors contributed to the study conception and design. Material preparation, data collection
and analysis were performed by Reza Kalantari and Arshia Ahmadi Shoar. The first draft of the
manuscript was written by Milad Gholami and all authors commented on previous versions of the
manuscript. All authors read and approved the final manuscript.

This research was approved by the ethics committee of Zanjan University of Medical Science
(Project number: A-10-1967-5, ethic’s code: IR.ZUMS.REC.1403.302)

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was financially supported by Zanjan university of Medical Sciences.

ORCID

Arshia Ahmadi Shoar () http://orcid.org/0009-0002-2139-0135
Milad Gholami @) http://orcid.org/0000-0002-5731-1614
Reza Kalantari ([2) http://orcid.org/0000-0002-8938-2476

References

6C51 Gaming Disorder. 2018. ICD-11 International Classification of Diseases for Mortality and
Morbidity Statistics. Geneva, Switzerland: World Health Organization.

Ahmed, Sohel, Asir John Samuel, Arushi Mishra, Md Saifur Rahman, Md Ariful Islam, Md
Rashaduzzaman, Shankar Kumar Roy, Rahemun Akter, and Mohammad Jahirul Islam. 2024.
“Mobile Game Addiction and Its Association with Musculoskeletal Pain among Students: A
Cross-Sectional Study.” PloS One 19 (8): €0308674. https://doi.org/10.1371/journal.pone.0308674.

Ali, Muhammad, Naveeda Ashraf, Sara Khan, Ambreen Zahid, Maria Naeem, Abdul Rehman, and
Wagqas Latif. 2022. “Incidence of Forward Head Posture in Mobile Gamers: Cross Sectional
Study” Pakistan Journal of Medical and Health Sciences 16 (4): 766-768. https://doi.org/10.53350/
pjmhs22164766.

Alshehri, Abdullah Ghurm, and Ahmed Mohamed Abdel Salam Mohamed. 2019. “The Relationship
between Electronic Gaming and Health, Social Relationships, and Physical Activity among Males
in Saudi Arabia” American Journal of Men’s Health 13 (4):1557988319873512.

Arghami Shirazeh, Kalantari Reza, Ahmadi Kionani Elham, Zanjirani Farahani Ahmad, and
Kamrani Mehrdad. 2016. “Assessing Prevalence of Musculoskeletal Disorders in Women Workers
in an Automobile Manufacturing Assembly Line” Journal of Human, Environment, and Health
Promotion 1 (2): 75-79. https://doi.org/10.29252/jhehp.1.2.75.

Ayaz, Momina, Aqib Tofiq, Yumna Fatima, Syed Soban Abbas, Raheela Jabeen, and Rabab Komal.
2022. “Prevalence of De-Quervains Tenosynovitis among Smartphone Gamers among University
Students of Multan.” Journal of Nanoscope (JN) 3 (2): 165-171. https://doi.org/10.52700/jn.v3i2.74.

Cankurtaran, F, O. Menevse, A. Namli, H. §. Kiziltoprak, S. Altay, M. Duran, E. B. Demir, A. A.
Sahan, and C. Eksi. 2022. “The Impact of Digital Game Addiction on Musculoskeletal System of
Secondary School Children” Nigerian Journal of Clinical Practice 25 (2): 153-159. https://doi.
org/10.4103/njcp.njcp_177_20.

“Critical Appraisal Skills Programme?” 2025. https://casp-uk.net/casp-tools-checklists/.


http://orcid.org/0009-0002-2139-0135
http://orcid.org/0000-0002-5731-1614
http://orcid.org/0000-0002-8938-2476
https://doi.org/10.1371/journal.pone.0308674
https://doi.org/10.53350/pjmhs22164766
https://doi.org/10.53350/pjmhs22164766
https://doi.org/10.29252/jhehp.1.2.75
https://doi.org/10.52700/jn.v3i2.74
https://doi.org/10.4103/njcp.njcp_177_20
https://doi.org/10.4103/njcp.njcp_177_20
https://casp-uk.net/casp-tools-checklists/

THEORETICAL ISSUES IN ERGONOMICS SCIENCE . 17

Dandumahanti, Bhanu Priya, and Murali Subramaniyam. 2023. “Influence of Smartphone Game
Play on Head Flexion Angle, Muscle Activity, and Load at C7 among Adolescents” Work (Reading,
Mass.) 75 (4): 1413-1425. https://doi.org/10.3233/WOR-220422.

de Kok, Jan, Paul Vroonhof, Jacqueline Snijders, G. Roullis, M. Clarke, K. Peereboom, P. Dorst, and
L. Isusi. 2019. Work-Related MSDs: Prevalence, Costs and Demographics in the EU. European
Agency for Safety and Health at Work. Luxembourg: Publications office of European Union.

DiFrancisco-Donoghue, Joanne, Jerry Balentine, Gordon Schmidt, and Hallie Zwibel. 2019.
“Managing the Health of the eSport Athlete: An Integrated Health Management Model.” BMJ
Open Sport & Exercise Medicine 5 (1): €000467. https://doi.org/10.1136/bmjsem-2018-000467.

Eitivipart, Aitthanatt Chachris, Sirinya Viriyarojanakul, and Lucy Redhead. 2018. “Musculoskeletal
Disorder and Pain Associated with Smartphone Use: A Systematic Review of Biomechanical
Evidence” Hong Kong Physiotherapy Journal: Official Publication of the Hong Kong Physiotherapy
Association Limited = Wu li Chih Liao 38 (2): 77-90. https://doi.org/10.1142/S1013702518300010.

Fernandes, Giovana, Daniela A. G. Gongalves, and Paulo Conti. 2018. “Musculoskeletal Disorders”
Dental Clinics of North America 62 (4): 553-564. https://doi.org/10.1016/j.cden.2018.05.004.

Gholami, Milad, and Kalantari, Reza. 2025. “Musculoskeletal Disorders among Smartphone Play to
Earn Gamers: An Emerging Concern.” Journal of Human Environment and Health Promotion 11
(1): 1-2. https://doi.org/10.61186/jhehp.11.1.1.

Gilman, Luke, Dori N. Cage, Adam Horn, Frank Bishop, Warren P. Klam, and Andrew P. Doan.
2015. “Tendon Rupture Associated with Excessive Smartphone Gaming” JAMA Internal Medicine
175 (6): 1048-1049. https://doi.org/10.1001/jamainternmed.2015.0753.

Gorce, Philippe, and Julien Jacquier-Bret. 2023. “Postural Prevalence, Time of Day and Spent Time
Activities during Smartphone Weekday Use among Students: A Survey to Prevent Musculoskeletal
Disorders” Heliyon 9 (12): €22796. https://doi.org/10.1016/j.heliyon.2023.e22796.

Hanphitakphong, Panida, Nuanlaor Thawinchai, and Somruthai Poomsalood. 2021. “Effect of
Prolonged Continuous Smartphone Gaming on Upper Body Postures and Fatigue of the Neck
Muscles in School Students Aged between 10-18 Years” Cogent Engineering 8 (1): 1890368.
https://doi.org/10.1080/23311916.2021.1890368.

Ilyas, Asif M., Michael Ast, Alyssa A. Schaffer, and Joseph Thoder. 2007. “De Quervain Tenosynovitis
of the Wrist” The Journal of the American Academy of Orthopaedic Surgeons 15 (12): 757-764.
https://doi.org/10.5435/00124635-200712000-00009.

Kaczmarek, Lukasz D., Maciej Behnke, and Marzena Dzon. 2022. “Eye Problems and Musculoskeletal
Pain in Pokémon Go Players.” Scientific Reports 12 (1): 19315. https://doi.org/10.1038/s41598-
022-22428-1.

Khan, Muhammad A., and Montakarn Chaikumarn. 2024. “Musculoskeletal Disorders, Perceived
Stress, and Ergonomic Risk Factors among Smartphone eSports Athletes: A Cross-Sectional
Study” Journal of Musculoskeletal Surgery and Research 8 (3): 247-255. https://doi.org/10.25259/
JMSR_113_2024.

King, Daniel L., Paul H. Delfabbro, Joel Billieux, and Marc N. Potenza. 2020. “Problematic Online
Gaming and the COVID-19 Pandemic.” Journal of Behavioral Addictions 9 (2): 184-186. https://
doi.org/10.1556/2006.2020.00016.

Ko, Chih-Hung, and Ju-Yu Yen. 2024. “Internet Gaming Disorder” In Tasman’s Psychiatry, edited by
Allan Tasman et al., 2949-2969. New York, USA: Springer.

Kogan, Lori, Peter Hellyer, Colleen Duncan, and Regina Schoenfeld-Tacher. 2017. “A Pilot
Investigation of the Physical and Psychological Benefits of Playing Pokémon GO for Dog
Owners.” Computers in Human Behavior 76: 431-437. https://doi.org/10.1016/j.chb.2017.07.043.

Kurniawan, Antonius Andi, Kianti Raisa Darusman, Theresia Indriani Prima Chesar, Xarisa Azalia,
and Erica Kholinne. 2024. “Comparing Health Risks and Musculoskeletal Issues between
Professional and Casual Mobile Esports Players: A Cross-Sectional Descriptive Study in Jakarta”
Frontiers in Sports and Active Living 6: 1372979. https://doi.org/10.3389/fspor.2024.1372979.

Lam, Wing-Kai, Bob Chen, Rui-Tan Liu, James Chung-Wai Cheung, and Duo Wai-Chi Wong. 2022.
“Spine Posture, Mobility, and Stability of Top Mobile Esports Athletes: A Case Series.” Biology 11
(5): 737. https://doi.org/10.3390/biology11050737.


https://doi.org/10.3233/WOR-220422
https://doi.org/10.1136/bmjsem-2018-000467
https://doi.org/10.1142/S1013702518300010
https://doi.org/10.1016/j.cden.2018.05.004
https://doi.org/10.61186/jhehp.11.1.1
https://doi.org/10.1001/jamainternmed.2015.0753
https://doi.org/10.1016/j.heliyon.2023.e22796
https://doi.org/10.1080/23311916.2021.1890368
https://doi.org/10.5435/00124635-200712000-00009
https://doi.org/10.1038/s41598-022-22428-1
https://doi.org/10.1038/s41598-022-22428-1
https://doi.org/10.25259/JMSR_113_2024
https://doi.org/10.25259/JMSR_113_2024
https://doi.org/10.1556/2006.2020.00016
https://doi.org/10.1556/2006.2020.00016
https://doi.org/10.1016/j.chb.2017.07.043
https://doi.org/10.3389/fspor.2024.1372979
https://doi.org/10.3390/biology11050737

18 A. AHMADI SHOAR ET AL.

Lam, Wing-Kai, Rui-Tan Liu, Bob Chen, Xin-Zhou Huang, Jie Yi, and Duo Wai-Chi Wong. 2022.
“Health Risks and Musculoskeletal Problems of Elite Mobile Esports Players: A Cross-Sectional
Descriptive Study”” Sports Medicine - Open 8 (1): 65. https://doi.org/10.1186/s40798-022-00458-3.

Lindberg, Line, Simon Bay Nielsen, Mads Damgaard, Ole Rolskov Sloth, Michael Skovdal Rathleff,
and Christian Lund Straszek. 2020. “Musculoskeletal Pain is Common in Competitive Gaming:
A Cross-Sectional Study among Danish Esports Athletes” BMJ Open Sport & Exercise Medicine
6 (1): 000799. https://doi.org/10.1136/bmjsem-2020-000799.

Lui, Donald P. Y,, Grace P. Y. Szeto, and Alice Y. M. Jones. 2011. “The Pattern of Electronic Game
Use and Related Bodily Discomfort in Hong Kong Primary School Children” Computers &
Education 57 (2): 1665-1674. https://doi.org/10.1016/j.compedu.2011.03.008.

Lynkova, D. 2024. “How Many People Play Mobile Games in 2024?” TechJury, November 27, 2024.
https://techjury.net/blog/mobile-gaming-demographics.

Ma, Tianxiao, Lihua Song, Shenghua Ning, Huiwang Wang, Guisheng Zhang, and Zhanyong Wu.
2019. “Relationship between the Incidence of de Quervain’s Disease among Teenagers and Mobile
Gaming” International Orthopaedics 43 (11): 2587-2592. https://doi.org/10.1007/s00264-019-
04389-9.

Madianou, Mirca. 2014. “Smartphones as Polymedia?” Journal of Computer-Mediated Communication
19 (3): 667-680. https://doi.org/10.1111/jcc4.12069.

Majid, Norhaini, Mohamad Aidiel Emran Ismail, Muhammad Lugman Masar, and Sitti Syabariyah.
2022. "Mobile Games Among University Students: A Symptom and Functional Severity for
Carpal Tunnel Syndrome." Environment-Behaviour Proceedings Journal 7 (20):255-260. https://
doi.org/10.21834/ebpj.v7i20.3479.

Mariano, Lizbeth, Ping Yeap Loh, Yujiro Ishihara, Jeewon Choi, and Satoshi Muraki. 2024.
“Evaluating Musculoskeletal Discomfort in Esports: A Focus on Competitive and Recreational
Players From the Philippines and Japan. Journal of Electronic Gaming and Esports 2 (1): 1-10.
https://doi.org/10.1123/jege.2023-0035.

McGee, Caitlin, and Kevin Ho. 2021. “Tendinopathies in Video Gaming and Esports.” Frontiers in
Sports and Active Living 3: 689371. https://doi.org/10.3389/fspor.2021.689371.

Mokhtarinia, Hamid Reza, Maryam Heydari Torkamani, Nasim Farmani, and Charles Philip Gabel.
2024. “Smartphone Addiction Prevalence, Patterns of Use, and Experienced Musculoskeletal
Discomfort during the COVID-19 Pandemic in a General Iranian Population” BMC Public
Health 24 (1): 161. https://doi.org/10.1186/5s12889-024-17654-3.

Neupane, Sunil, U. Ali, and A. Mathew. 2017. “Text Neck Syndrome-Systematic Review.” Imperial
Journal of Interdisciplinary Research 3 (7): 141-148.

Owen, Neville, Adrian Bauman, and Wendy Brown. 2009. “Too Much Sitting: A Novel and
Important Predictor of Chronic Disease Risk?” British Journal of Sports Medicine 43 (2): 81-83.
https://doi.org/10.1136/bjsm.2008.055269.

Park, Joo-Hee, Sun-Young Kang, Sa-Gyeom Lee, and Hye-Seon Jeon. 2017. “The Effects of Smart
Phone Gaming Duration on Muscle Activation and Spinal Posture: Pilot Study” Physiotherapy
Theory and Practice 33 (8): 661-669. https://doi.org/10.1080/09593985.2017.1328716.

Peters, Jessica L., Sheila G. Crewther, Melanie J. Murphy, and Edith L. Bavin. 2021. “Action
Video Game Training Improves Text Reading Accuracy, Rate and Comprehension in Children
with Dyslexia: A Randomized Controlled Trial.” Scientific Reports 11 (1): 18584. https://doi.
0rg/10.1038/s41598-021-98146-x.

Quiles, Clelia, and Helene Verdoux. 2023. “Benefits of Video Games for People with Schizophrenia:
A Literature Review” Current Opinion in Psychiatry 36 (3): 184-193. https://doi.org/10.1097/
YCO0.0000000000000867.

Reddy, Pritika, Bibhya Sharma, and Kaylash Chaudhary. 2020. “Digital Literacy: A Review of Literature.”
International Journal of Technoethics 11 (2): 65-94. https://doi.org/10.4018/IJT.20200701.0al.

Samadi, Hamidreza, Matin Rostami, Ehsan Bakhshi, Ehsan Garosi, and Reza Kalantari, Department
of Occupational Health Engineering, School of Public Health, Hamedan University of Medical
Sciences, Hamedan, Iran. 2018. “Can Educational Intervention be Useful in Improvement of
Body Posture and Work Related Musculoskeletal Symptoms?” Journal of Human, Environment,
and Health Promotion 4 (2): 81-86. https://doi.org/10.29252/jhehp.4.2.7.


https://doi.org/10.1186/s40798-022-00458-3
https://doi.org/10.1136/bmjsem-2020-000799
https://doi.org/10.1016/j.compedu.2011.03.008
https://techjury.net/blog/mobile-gaming-demographics
https://doi.org/10.1007/s00264-019-04389-9
https://doi.org/10.1007/s00264-019-04389-9
https://doi.org/10.1111/jcc4.12069
https://doi.org/10.21834/ebpj.v7i20.3479
https://doi.org/10.21834/ebpj.v7i20.3479
https://doi.org/10.1123/jege.2023-0035
https://doi.org/10.3389/fspor.2021.689371
https://doi.org/10.1186/s12889-024-17654-3
https://doi.org/10.1136/bjsm.2008.055269
https://doi.org/10.1080/09593985.2017.1328716
https://doi.org/10.1038/s41598-021-98146-x
https://doi.org/10.1038/s41598-021-98146-x
https://doi.org/10.1097/YCO.0000000000000867
https://doi.org/10.1097/YCO.0000000000000867
https://doi.org/10.4018/IJT.20200701.oa1
https://doi.org/10.29252/jhehp.4.2.7

THEORETICAL ISSUES IN ERGONOMICS SCIENCE . 19

Sarikaya, Mehmet, Pelin Avci, Nuray Satilmis, Gokmen Kilingarslan, Isik Bayraktar, and Akan
Bayrakdar. 2023. “The Effect of Digital Gaming Duration on Musculoskeletal System Symptoms:
A Systematic Study.” International Journal of Disabilities Sports and Health Sciences 6 (3): 564-
573. https://doi.org/10.33438/ijdshs.1332626.

Sirajudeen, Mohamed Sherif, Msaad Alzhrani, Ahmad Alanazi, Mazen Alqahtani, Mohamed Waly,
Md Dilshad Manzar, Fatma A. Hegazy, et al. 2022. “Prevalence of Upper Limb Musculoskeletal
Disorders and Their Association with Smartphone Addiction and Smartphone Usage among
University Students in the Kingdom of Saudi Arabia during the COVID-19 Pandemic—A Cross-
Sectional Study. Paper Presented at” Healthcare 10 (12): 2373. https://doi.org/10.3390/health-
carel0122373.

Smith, Aaron. 2015. “US Smartphone Usage in 2015: Pew Research Center Report, Pew Research
Center”

Syvertsen, André, Angelica B. Ortiz de Gortari, Daniel L. King, and Stéle Pallesen. 2022. “Problem
Mobile Gaming: The Role of Mobile Gaming Habits, Context, and Platform.” Nordisk Alkohol- &
Narkotikatidskrift: NAT 39 (4): 362-378. https://doi.org/10.1177/14550725221083189.

Tarannum, Husna, and Milan Anand. 2023. “Effects of Smart Phone Gaming on Hand Strength and
Dexterity” CARDIOMETRY (26):437-442.https://doi.org/10.18137/cardiometry.2023.26.437442.

Tholl, Chuck, Peter Bickmann, Konstantin Wechsler, Ingo Frobose, and Christopher Grieben. 2022.
“Musculoskeletal Disorders in Video Gamers-a Systematic Review” BMC Musculoskeletal
Disorders 23 (1): 678. https://doi.org/10.1186/s12891-022-05614-0.

Truong, P, L. Truong, T. K. K. Le, and K. Kuklova. 2020. “Orthopedic Injuries from Video Games:
A Literature Review and Implications for the Future” International Archives of Orthopaedic
Surgery 3 (2): 20.

Wang, Dong, Liang Tang, Huihui Wu, and Dongyun Gu. 2019. “Analysis of the Effect of Overusing
Thumbs on Smartphone Games” The Journal of International Medical Research 47 (12): 6244—
6253. https://doi.org/10.1177/0300060519881016.

Whittemore, Robin, and Kathleen Knafl. 2005. “The Integrative Review: Updated Methodology”
Journal of Advanced Nursing 52 (5): 546-553. https://doi.org/10.1111/j.1365-2648.2005.03621.x.

Yao, Jireh Phuah Rong, Viswanath Sundar, and Vinodhkumar Ramalingam. 2021. “Predictors of
Mobile Video Gaming on Musculoskeletal Pain among University Students in Selangor,
Malaysia” Revista Pesquisa em Fisioterapia 11 (3): 518-527. https://doi.org/10.17267/2238-
2704rpf.v11i3.3916.

Zaveri, Mustafa, Bazgha Khan, Aqsa Faiz, Mubushara Afzal, Saima Allah Rakha, and Areeba
Khan. 2024. “The Prevalence of Neck Pain in Mobile Gaming Players among Undergraduate
Students in Karachi, Pakistan” Foundation University Journal of Rehabilitation Sciences 4 (2):
105-111. https://doi.org/10.33897/fujrs.v4i2.388.


https://doi.org/10.33438/ijdshs.1332626
https://doi.org/10.3390/healthcare10122373
https://doi.org/10.3390/healthcare10122373
https://doi.org/10.1177/14550725221083189
https://doi.org/10.18137/cardiometry.2023.26.437442
https://doi.org/10.1186/s12891-022-05614-0
https://doi.org/10.1177/0300060519881016
https://doi.org/10.1111/j.1365-2648.2005.03621.x
https://doi.org/10.17267/2238-2704rpf.v11i3.3916
https://doi.org/10.17267/2238-2704rpf.v11i3.3916
https://doi.org/10.33897/fujrs.v4i2.388

	Musculoskeletal disorders in smartphone gamers: a scoping review
	ABSTRACT
	Relevance to human factors/ergonomics theory
	Introduction
	Materials and methods
	Results
	Risk factors of MSDs in smartphone gamers
	The prevalence of MSDs in smartphone gamers
	Implications for prevention and control of MSDs in smartphone gamers

	Discussion
	Conclusion
	Acknowledgments
	Author contributions
	Disclosure statement
	Funding
	ORCID
	References


