Tholl et al. BMC Musculoskeletal Disorders (2022) 23:678
https://doi.org/10.1186/512891-022-05614-0 BMC Musculoskeletal

Disorders

RESEARCH Open Access

: L ®
Musculoskeletal disorders in video gamers — =

a systematic review

Chuck Tholl", Peter Bickmann', Konstantin Wechsler?, Ingo Frobdse' and Christopher Grieben?

Abstract

Background: Video gaming is a recreational activity with yearly increasing popularity. It is mostly a sedentary
behavior combined with repetitive movements of the upper limbs. If performed excessively, these movements may
promote strain injuries and a sedentary lifestyle is one of the contributing factors to musculoskeletal disorders. There-
fore, a systematic review was conducted to evaluate if video gaming negatively affects the musculoskeletal system of
video gamers.

Methods: PubMed, Web of Science and The Cochrane Library were systematically searched in order to identify
relevant peer reviewed original articles in English published between 2000 and 2021. The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) method was used for the analysis. Studies were included when
they contained investigations of changes of the musculoskeletal system due to video gaming in healthy individuals.
Studies with participants older than 60 years or solely psychological, social or cardiovascular outcomes were excluded.
An adapted version of the Newcastle—Ottawa Scale was used for the risk of bias analysis.

Results: Sixteen observational studies involving a total of 62,987 participants met the inclusion criteria. A majority
(11) of the studies reported statistical negative musculoskeletal changes due to video game playtime. Four studies did
not report changes and one study found no effect of video game playtime on the musculoskeletal system. Out of the
eleven studies, which demonstrated a negative impact of video game playtime on the musculoskeletal system, the
most reported painful body parts were the neck (n=4), shoulder (n=4) and back (n=3). Ten studies reported odds
ratios (OR) for the dependence of the appearance of musculoskeletal disorders on video game playtime. In eight stud-
ies OR were significantly increased (1.3—5.2).

Conclusion: Eleven out of twelve studies demonstrated a negative impact of video game playtime on the musculo-
skeletal system. In particular, excessive video game playtimes (>3 h/day) seemed to be a predictor for the appearance
of musculoskeletal disorders. Due to their great popularity across multiple generations, specific and tailored preven-
tion and health promotion programs for video gamers need to be developed to counteract this important public
health issue.
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Introduction

Video gaming is one of the most popular recreational
activities in the world [1]. In 2021 there were approxi-
mately 3.24 billion video gamers across the globe [2].
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market amount close to USD 176 billion in 2021 [3]. This
is almost twice as much as the market size of the global
fitness and health club industry in 2019 [4], which is also
a big part of the leisure activity sector. Therefore, video
gaming cannot be seen as a short-term trend. However,
it is important to keep in mind that especially the video
gaming industry was one winner of the worldwide corona
pandemic [5], because video gaming was not restricted
by it. On the contrary, a lot of people had more leisure
time and they spent their free time on video gaming in
the corona lockdowns around the globe [5, 6], which was
a perfect basis for an accumulation of sedentary time.

Video gaming is a screen-based activity, compara-
ble to watching TV, working at the computer or using a
smartphone. These kinds of activities are characterized
by long, continuous sitting periods and physical inactiv-
ity [7]. Such sedentary behaviors are well-known risks
of all-cause mortality and non-communicable diseases
(NCD) [8, 9]. Watching TV is probably the most motion-
less undertaking of the screen-based activities, because
it typically occurs in the evening time after dinner and a
day of work [10]. Therefore, it is a kind of relaxing activ-
ity for most people [11]. Working at a computer, e.g.,
in the office on the other hand, often involves different
kinds of sitting or standing positions, which are occa-
sionally interrupted with short walks [12]. In addition to
this seated position, video gaming requires fine motor
skills to execute the gaming process [13, 14]. Therefore, it
involves repetitive movement of the arms, wrists, hands
and fingers in order to interact in the virtual environment
[15], similar to some types of office work or even more
intense activities [16]. Such movements, when performed
continuously and without interruption, can lead to mus-
culoskeletal disorders (MSDs), especially of the upper
limbs [17, 18]. Moreover, MSDs are associated with phys-
ical inactivity, prolonged sitting and unilateral (sitting-)
postures [19].

MSDs are a huge financial burden for healthcare sys-
tems in European countries. In 2016 Germany reported
a loss of gross value added of EUR 30.4 billion because
of musculoskeletal and connective tissue disorders [20].
This represents 1.0% of Germany’s gross domestic prod-
uct (GDP). The Swedish public health care reported
approximately 20-30% of all visits were caused by MSDs
and in France annual costs borne by enterprises exceed
EUR 1 billion per year through MSDs [20]. Thus, in
order to reduce health care costs and increase produc-
tivity, all countries should be interested in reducing the
prevalence of MSDs. The generic term musculoskeletal
disease includes several different kinds of conditions and
diseases which affect bones, joints, muscles, and connec-
tive tissues [21]. For this reason, there is not only one but
a variety of definitions of MSDs. Due to this diversity of
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definitions and thus a wide range of included diseases, the
evaluation of MSDs lacks in a gold standard approach.
Therefore, many different evaluation methods have been
used. The most common ones are subjective (non-)stand-
ardized questionnaires, which are used to evaluate pain
or discomforts in a defined time period [22]. Alterna-
tively, (objective) clinical tests such the Finkelstein’s test
[23], have been used to evaluate single musculoskeletal
issues. Thus, a wide variety of diseases and injuries have
been listed and evaluated under the term MSD. The main
physical causes for MSDs are lifestyle factors, being over-
weight, physical (non-)activity, postural problems, sports,
heavy workload and ergonomic aspects [20, 24]. In addi-
tion, psychosocial, socioeconomic and environmental
risk factors can be important [20]. Video gaming com-
bines many of these factors like prolonged sitting-periods
with a lack in physical activity, repetitive movements of
the upper limbs and ergonomic burdens. Consequently,
video gaming can be expected to lead to a higher risk for
MSDs. The results of previous research have indicated
this association [15, 25, 26]. Nevertheless, at this moment
there is no overall-evidence of whether video gaming
could affect the musculoskeletal system negatively.

The aim of this systematic review is to give an overview
and review evidence of the extent to which video gaming
influences the musculoskeletal system of gamers. For this
purpose, in this systematic review it was investigated (1)
whether video gaming negatively affects the musculoskel-
etal system of gamers, (2) to what extent the factor play-
time influences musculoskeletal changes and (3) if there
are certain body parts or specific tissues particularly
affected. This is especially important if the imbalances in
video gamer’s health-behavior and special needs are to
be identified. Moreover, these findings could be used for
group specific prevention and rehabilitation recommen-
dations to counteract these behaviors and improve the
health of video gamers.

Methods

The protocol for this review was registered and published
in the PROSPERO database (CRD42021220167) and was
reported in accordance with the Preferred Reporting
Items for Reviews and Meta-Analysis (PRISMA) [27].

Eligibility criteria

Studies had to be peer-reviewed, published between 2000
and 2021, and written in English. Participants in the stud-
ies had to be active video gamers.

All studies in which changes were investigated in the
musculoskeletal system because of video gaming were
of interest. This included issues of bones, cartilages,
ligaments, tendons, muscles and tissues. Of special
interest were negative changes in all human tissues and
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movements, for example range of motion, muscle ten-
sions, pain syndromes and injuries. Reports about
changes in the posture, muscle-nerve-connectivity or
pain were included, as well as studies of the assessment
of harms like cross-sectional, case—control or longitudi-
nal studies. In addition, experimental studies like rand-
omized controlled trials (RCTs) were also included.

Studies were excluded if they only contained psy-
chological, social, or cardiovascular outcomes. Other
reviews, meta-analysis and case reports were excluded
for this review. Moreover, studies on overweight or obese
people were excluded. Studies with elderly people (over
60 years) were excluded, along with studies which were
restricted to specific musculoskeletal diseases or condi-
tions or psychological, cognitive or social disorders.

Information sources and search strategy

Systematic electronic literature searches were undertaken
of PubMed, Web of Science and Cochrane Library data-
bases. Additionally, Google Scholar and reference lists of
included studies were searched unsystematically. The first
systematic electronic literature search was conducted on
08 October 2020 using PubMed and was updated on 01
December 2020 and 26 June 2021. For Web of Science
the first search was conducted on 20 October 2020 and
was updated on 02 December 2020 and 26 June 2021. The
Cochrane Library was searched on 15 December 2020
and this was updated on 26 June 2021. Unsystematic
searches of Google Scholar were conducted on 08 and 09
December 2020. Literature search strategies used medi-
cal subject headings (MeSH) and text words related to
video gaming and musculoskeletal, injury or pain (Addi-
tional file 1).

Selection process

Author 1 and 2 independently screened titles and
abstracts to include studies for full text analysis. The
full text of the included studies were also independently
reviewed by both authors to decide on inclusion or exclu-
sion. Author 3 helped to find a consensus solution for the
cases where there was a disagreement.

Data collection process

The systematic electronic literature search results were
uploaded to Citavi 6 [28], a reference management pro-
gram, to determine if there were duplicates. After that,
literature was uploaded to Rayyan [29], an internet-based
software which facilitates collaboration among review-
ers during the study selection process. As the final step, a
manually created excel sheet was used for data extraction
from the included studies.
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Study risk of bias assessment

An adapted version of the Newcastle-Ottawa Scale
(NOS) for cross sectional studies [30, 31] was used to
evaluate the risk of bias for the included studies. The scale
included four items for selection (maximum 5 stars),
one item for comparability (maximum 2 stars) and two
items for outcome (maximum 3 stars). Therefore, each
selected study was rated with a number from 0 (low qual-
ity) to 10 stars (high quality). By definition, a total of 7 or
more stars indicated high quality, 4 to 6 stars indicated
medium quality and 3 or less stars indicated low quality.
Author 1 and 2 independently rated the studies and dif-
ferences were resolved after a discussion. If there were
further disagreements regarding study ratings Author 3
was involved in order to find a consensus solution.

Synthesis of results

It was anticipated that the identified studies in this sys-
tematic review would be heterogeneous in the study
design. Therefore, the study results were synthesized nar-
rative without any further statistical analysis. The narra-
tive synthesis is based on the guidelines of the Centre for
Reviews and Dissemination [32].

Results

Study selection

In Fig. 1: PRISMA Flow chart of study selection it is
shown, that a total of 2017 articles were identified in
three databases and Google Scholar. After removing
duplicates (465), the titles and abstracts of the remaining
1552 studies were screened, of these 1526 studies did not
fit with the inclusion criteria. Thus, a total of 26 full text
articles were assessed for their eligibility. Finally, 16 eligi-
ble studies were included for the analysis.

Study characteristics

In Table 1: Study characteristics the characteristics are
shown of the 16 included studies. A total of 62,987 par-
ticipants from ten different countries and four continents
were involved. The dominant population in eleven out
of 16 included studies, were school aged kids and young
adults aged between 5 to 20 years. Studies were mainly
cross sectional, with the exception of one experimental
study [26]. Out of the four possible video gaming devices
(computers, consoles, handhelds, smartphones), seven
studies included one device [25, 26, 33—37], three stud-
ies included two devices [38—40] and six studies included
three or more devices [41-46]. Due to insufficient infor-
mation, it is not possible to rule out that in two stud-
ies [37, 39] more than the indicated devices were used.
Overall computers were the most commonly reported
devices in 13 studies. The main body regions of reported
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Fig. 1 PRISMA Flow chart of study selection

musculoskeletal pain were the neck (n=7), back (n=6),
shoulders (n=5) and hands (z=5). As the evaluation
method, in eleven of the studies self-designed non-stand-
ardized questionnaires were used [25, 36—39, 41-46].
Moreover, in two studies standardized questionnaires or
checklists were used [33, 40] and one study each involved
the use of electromyography (EMG) data and a visual
analog scale [26], a clinical test and a partially standard-
ized questionnaire [34] or only a partially standardized
questionnaire [35].

Methodological quality

The risk of bias in all studies was assessed by an adapted
version of the NOS (Additional file 2) and is shown in
Table 2: Risk of bias in individual studies. Ten stud-
ies were of high quality with a score of 7 or higher [25,
34, 35, 38-40, 42, 44-46], five studies had a medium
quality with a score between 5-6 [26, 33, 36, 41, 43],
and one study got score of 1 [37] and was rated as low
quality.

Results of individual studies

In Table 3: Results of individual studies, the individual
results of the included studies are presented. In eleven
studies a statistical negative impact was reported of video
game playtime [3, 5-7, 9-11, 13, 14, 16, 17] on the mus-
culoskeletal system. In four studies no impact was exam-
ined [2, 4, 8, 12] and in one study no effect was found of
video game playtime on the musculoskeletal system [44].
Out of the eleven studies, in which a negative impact of
video game playtime on the musculoskeletal system was
demonstrated, the most reported painful body parts
were the neck (n=4), shoulder (n=4) and back (n=3).
In ten of these studies odds ratios (OR) were calculated
for the dependence of the appearance of musculoskel-
etal disorders on video game playtime [33-35, 38-40,
42-46]. In order to compare the group of video gam-
ers, in eight studies non-gamers or subjects were used
who played less than one hour a day of video games as
a control group [33, 38, 39, 42—46]. The remaining stud-
ies only contained video gaming time < 2.25 h/day [34] or
added every daily hour of video gaming [40] for an OR
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Table 2 Risk of bias in individual studies

Selection Comparability Outcome Score
Study: first author (year) 1 2 3 4 5 6 7
Burke (2002) [41] * * ** * 5
DiFransiciso-Donoghue (2019) [37] * 1
Hakala (2006) [38] * * * * * % * * 8
Hellstrom (2015) [39] * * * * * k * * 8
Kang (2003) [33] * * * % * * 6
Lindberg (2020) [25] * * * * * * 7
Ma (2019) [34] * * * * * * * 7
Meziat-Filho (2017) [35] * * * * % * * 7
Sekiguchi (2018a) [42] * * * *k * * 7
Sekiguchi (2018b) [43] * * * % * * 6
Silva (2016) [44] * * * >k * * 7
Tazawa (2001) [36] * * * * * 5
Torsheim (2010) [40] * * * ok * ok * * 8
Wang (2019) [26] * % * % * 5
Xavier (2015) [46] * * * * * * * 7
Yabe (2018) [45] * * * * %k * * 7

1: Representativeness of the sample; 2: Justified and satisfactory sample size; 3: Non-respondents rate and characteristics; 4: Ascertainment of the exposure or risk
factor (2 stars possible); 5: Comparability of groups based on study design or analysis (2 stars possible); 6: Assessment of the outcome (2 stars possible); 7: Statistical

test description; Score: from 0 (low quality) to 10 stars (high quality)

calculation. In addition, the OR were based on different
evaluation methods (Table 1: Study characteristics) and
models which are described in the appendix (Additional
file 3). A significant increase of the OR was reported in
eight studies [33, 34, 38, 39, 42, 43, 45, 46]. In these stud-
ies, the OR ranged from 1.3 to 5.2.

Discussion

For the first time, the effect of video game playtime on the
musculoskeletal system of video gamers was examined in
a systematic review. Sixteen articles met the inclusion
criteria of which ten were considered to have a low risk
of bias. The main finding of this study is that video gam-
ing could have a negative impact on the musculoskeletal
system. With regard to this, video gaming duration was
the decisive factor. The odds ratio of musculoskeletal dis-
orders increased up to 5.2 for excessive video game play-
time (>3 h/day).

The first research question can be confirmed, since
in eleven out of 16 studies a negative impact of video
game playtime on the musculoskeletal system was dem-
onstrated. Seven of these studies were rated with a low
risk of bias. The remaining four studies were rated with
a moderate risk of bias. Hence, the overall bias of these
eleven studies can be rated as low to medium. Conse-
quently, the results confirm that video gaming negatively
affects the musculoskeletal system of video gamers.

The second research question, whether excessive video
game playtimes can be determined as a decisive factor
in the development of MSDs, can also be confirmed. In
eight studies a significant increase was reported of OR in
individuals with high video game play times. More pre-
cisely, the probability of developing a MSD was signifi-
cantly increased in subjects with video game playtimes of
about two to three hours per day or more.

From the results the third research question can also
be validated. Video gaming negatively affects different
body parts. Out of the eleven studies, in which a nega-
tive impact of video gaming on the musculoskeletal sys-
tem was demonstrated, the most negatively affected body
parts caused by video gaming were the neck, shoulder
and back. Consequently, video gamers who have exces-
sive playtimes seem to be more vulnerable to developing
pain in the neck, shoulder or back area.

Protective factors against MSDs

According to the results video game playtimes had a
negative impact on the musculoskeletal system of video
gamers. Moreover, this effect was amplified in individu-
als who had higher video game play times. However,
this effect was not amplified in multivariate models
(see Table 3: Results of individual studies). On the con-
trary, OR tended to decrease in more complex models
[33, 38, 39, 42, 43, 45]. Therefore, some factors could
have reduced the negative effect of video gaming on the
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musculoskeletal system. In particular physical activ-
ity and age are well-known factors which can influence
different health parameters [47-49] and may decrease
OR. Physical activity and exercise are factors, which can
counteract or prevent MSDs [49]. Moreover, in some
studies the health benefits have already been shown of
physical activity on the musculoskeletal system in sed-
entary populations, like video gamers [50]. Additionally,
physical activity and even more sport therapy are typical
and successful treatments used in the rehabilitation pro-
cess of MSDs [51]. Consequently, physical activity and
exercise could be protective factors which would reduce
the negative health impacts of long continuous video
game playtimes on the musculoskeletal system. Moreo-
ver, these interventions are necessary during the rehabili-
tation of MSDs if full health and performance status are
to be regained of casual and professional video gamers.
In addition to these physical factors, also sleeping habits,
psychosocial balance, socioeconomic status, and envi-
ronmental and ergonomic factors can either positively
and negatively affect the musculoskeletal system [19, 24,
45]. For this reason, all these factors should be taken into
mind, if excessive video game playtimes occur. In addi-
tion, video gamers need to be sensitized about the haz-
ards of excessive and continuous video gaming.

Population and MSDs

The majority of the included populations were school
aged kids and young adults in eleven of the 16 studies.
In the remaining studies college students (n=3), esports
athletes (n=1) and gaming room visitors (n=1) were
observed. These populations were domiciled in ten dif-
ferent countries. Hence, cultural, social and psychologi-
cal differences between the populations might have led to
a variation of the reported diseases, pain or risk factors
[52, 53]. In addition, some populations are known to be
more prone to the development of MSDs. For example,
the highest reported OR was 5.2 in crude and adjusted
analysis [43]. The authors of this study observed young
baseball players, who usually are a vulnerable group for
MSDs in the upper limbs [54, 55]. Consequently, just
playing baseball can be associated with MSD occurrence.
On the other hand, if baseball is the physical activity of
choice this could also be a protective factor, which coun-
teracts the negative impact of video gaming. The crude
and adjusted OR, which included the number of baseball
practice hours among other things, did not differ from
each other. Thus, the population group could have had an
impact, but it seemed not to be as influential as the video
game time in this study. In order to obtain more trans-
parency and a better understanding, studies in which
effects of behaviors on the musculoskeletal system are
observed, should clearly show the singular impacts in
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complex statistical analysis. This would provide a better
differentiation of the possible influencing factors.

In addition, in the present study the participants age
range of the included studies ranged between 6 and
35 years. It is known that higher ages are negatively
associated to health related outcomes like MSDs than
younger ages [48]. Therefore, it is even more concerning
that in the majority of included studies, in which young
populations were observed, it was found that there is a
negative association of MSDs and video game playtime.
In conclusion, high video gaming times can already cause
MSDs in children and adolescents. Hence, the early
spread of information to parents and kids is necessary
about the negative association of MSDs and excessive
video game playtimes. On the other hand, specific and
tailored prevention and health promotion programs for
(young) video gamers are needed.

Screen-based activities and MSD
As previously mentioned, video gaming is mostly a sed-
entary activity and comparable with other screen-based
activities like office work. Accordingly, different kind of
MSDs have been associated to screen-based activities
[56—58]. Therefore, several joints could be affected in dif-
ferent ways and with varying severities. The most affected
pain regions in this review were the neck (36%), shoulder
(36%) back (27%). Due to the heterogeneity in observed
gaming devises and the possibility of multiple answers,
no specific devise could be connected to one pain region.
However, in some studies it has been shown that there
is an association of specific screen-based activities with
MSDs. It could be demonstrated that watching TV was
associated with chronic musculoskeletal pain in Brazilian
schoolteachers [59]. The authors showed that an increase
in TV watch time by 30 min per day was associated
with a 5.1% higher probability of having chronic mus-
culoskeletal pain in the long-term. On the other hand,
they also showed that an increase in physical activity by
60 min per week was associated with a 6.2% lower prob-
ability of chronic musculoskeletal pain. Therefore, they
rated watching TV and physical activity as independent
parameters, which effect MSDs in opposite ways.
Smartphone use has been associated with MSDs in the
literature. In particular, upper limb [60, 61] and wrist
pain [62] are common complaints. Similar results are
shown in the present review. In six studies the effect of
video game playtime on upper limb joints were analyzed.
In four of them a significant increase was reported in OR
of disorders or pain in at least one joint caused by exces-
sive video game playing (>2-3 h/day) [33, 34, 38, 43].
These effects on the upper limbs are not surprising when
the biomechanics of smartphone use is visualized, as it
requires predominately upper limb activity. Additionally,
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excessive smartphone use (>5 h/day) has been associ-
ated with lower back pain [63]. In contrast, the authors
reported that all time intervals of computer use were
associated with lower back pain. These results could be
explained by the flexibility of smartphone usage com-
pared with computer use. Smartphone use is independ-
ent of location and posture, can be executed along with
physical activities like walking, and allows, therefore,
more mobility and adaptability to delay the beginning of
symptoms. In comparison, computer use is mostly a sed-
entary behavior, which needs a fixed place and thus limits
the mobility of users.

Negative associations of neck pain in computer users
have also been presented in a systematic review [58].
The relation of continuous computer use and neck pain
was significant with constant mouse (>2 h) or computer
use (>6 h). The authors also reported the associations of
stressful and breakless work postures with neck pain. It
can be assumed that the combination of physical inactiv-
ity, unilateral postures and repetitive movements of the
upper limbs are the reasons for this. These results rein-
force the findings of our review that video game play-
times of at least two to three hours a day were highly
associated with MSDs.

A related analysis of 45,555 pre-adolescents showed the
association of screen time in general and the degree of
spinal pain [64]. It was found that the relative risk ratio in
children increased with increasing hours spent in front of
a screen, independent of physical activity. Consequently,
screen-based activities could be considered as inde-
pendent risk factors for MSD. Moreover, plenty of other
health risk factors like depression in adults [65] and chil-
dren [66] or obesity in childhood [67] have been linked
to screen-based activities. In summary, not only video
gaming, but also other screen-based activities can harm
the human musculoskeletal system even if they have dif-
ferent requirements. In particular, continuous computer
work and smartphone use were associated with MSDs
and other health issues. Consequently, a combination of
excessive working and leisure time screen-based activi-
ties, could lead to a highly increased risk of developing a
MSD in all ages. These problems need to be counteracted
at an early age.

Limitations

The results obtained in this work must be interpreted
in the light of some limitations. First, the methodologi-
cal quality of included studies is heterogeneous. Six out
of 16 studies have a moderate to low quality, which must
be recognized when interpreting any of the results. In
addition, this review just included English articles, which
can cause a language bias. Especially articles from coun-
tries with a big video gaming community, like China or
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Korea, could have been beneficial. Second, there is a lack
of interventional studies in this research field, which are
needed if causality is to be examined. Except for one
study, the included studies had a cross-sectional design.
In this design a direct causality cannot be assumed. How-
ever, if the statistics are adapted using cofactors and
covariates, the principles of mediation should allow an
association to be made. Third, the generic term muscu-
loskeletal disorders includes different kinds of conditions
and diseases. Consequently, there was a high hetero-
geneity of MSD definitions and an inconsistency of the
evaluation methods of the included studies. Due to the
versatility of the term MSD there was a lack of standardi-
zation of the measurement methods of MSDs. In particu-
lar, self-designed non-standardized questionnaires were
mainly used for MSD evaluation. Therefore, a generaliza-
tion of the results is limited because too many different
non-validated measurement methods were used.

Conclusion

In eleven out of 16 studies a negative impact was dem-
onstrated for video game playtime on the musculoskel-
etal system. Moreover, excessive video game playtimes
(>3 h/day) seemed to be a predictor for the appearance
of MSDs. In particular, the neck, shoulder and back were
the most negatively affected body regions. The combina-
tion of continuous sitting, physical inactivity and repeti-
tive movements of the upper limbs might be the reasons
for that. Additionally, other screen-based activities could
even amplify this association. Due to the great popular-
ity of video gaming across multiple generations, specific
and tailored prevention and health promotion programs
for video gamers need to be developed to counteract this
immense public health issue. Not only casual video gam-
ers, but also and especially esports athletes should be
aware of this if they are to counteract the negative effects
of long video game playtimes. For this purpose, it seems
reasonable that esports professionals should serve as role
models for casual video gamers. In particular, possible
correlations between MSDs and different game genres
should be observed. Hence, future research should be
focused on prevention and health promotion programs
for this target group in order to provide a basis for rec-
ommendations. Furthermore, studies are needed in
which more details of the requirements and burdens are
demonstrated on the human body while video gaming.
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