2572-3243

@

Journal of

Young et al. J Musculoskelet Disord Treat 2022, 8:114
DOI: 10.23937/2572-3243.1510114

Volume 8 | Issue 2

Open Access

MusculoskeletalDisordersand Treatment

SYSTEMATIC REVIEW

Effects of Electronic Usage on the Musculoskeletal System in
Adolescents and Young Adults: A Systematic Review

Jamie L Young, OTS’, Madeline G Snell, OTS?, Oscar Robles, OTS", Joan E Kelso,
OTS%, Alexia M Kammitsis, OTS?, Nicole K Cloutier, OTS?, Allison DeVries, MLIS4,
and Karthik Mani, OTD, OTR, FACOT**

Claudia Hilton, PhD, MBA, OTR, FAOTA?

L)

Check for

1Entry-level Occupational Therapy Doctoral Student, University of Texas Medical Branch at Galveston, Texas, USA

2Associate Professor, University of Texas Medical Branch at Galveston, Texas, USA

3Assistant Professor, University of Texas Medical Branch at Galveston, Texas, USA

‘Librarian, UTMB, Texas, USA

*Corresponding author: Dr. Karthik Mani, Assistant Professor, University of Texas Medical Branch at Galveston, Texas,

301, University Blvd, Galveston, TX, 77555, USA

Abstract

Background: Rapid developments in technology
demand the use of various electronic devices in daily life.
Adolescents and younger adults are reported to consume
more technology compared to other age groups. Examining
the health implications of device use may assist with
population level prevention and wellness strategies and
stakeholder education.

Objective: To systematically examine the literature
regarding the effects of electronic device usage on the
musculoskeletal system in adolescents and young adults.

Method: Four electronic databases (OVID Medline,
PubMed, EBSCOhost, and Scopus) were searched for
peer-reviewed articles published in English between 2011
and 2021. All selected articles were critically appraised and
examined for risk of bias. The Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines were used to report data.

Result: Sixteen articles met the inclusion criteria. The
evidence synthesis revealed an association between
electronic device use and musculoskeletal impairments.
Notably, excessive use and non-neutral postures during the
use contributed to musculoskeletal discomfort and disorders.
Neck, upper and lower back, and upper extremities were
the most affected body regions.

Conclusion: Prolonged use of electronic devices and
maladaptive postures while using may contribute to
musculoskeletal impairments in adolescents and young
adults.

Keywords

Occupational therapy, Posture, Upper extremity, Pain,
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Introduction

Technology has become an integral part of our lives.
To access technology, people use electronic gadgets.
During recent years, touchscreen smartphone devices
have become increasingly accessible to all ages and
budgets and therefore, are often commonly used
on a daily basis [1]. Approximately 61% of the global
population use the internet, 67% use a mobile device,
and 56.8% actively use social media. Additionally,
social media usage has increased by 13.1% in the past
12 months [2]. Due to the greater accessibility of and
higher demand for technology, a resulting dependency
has developed in educational and employment settings.
Further, the recent pandemic has caused a shift toward
and surge in the electronic device usage for work and
educational purposes.

The use of electronic devices, including mobile
computers, leads to frequent deviation from neutral
body positioning, such as non-neutral posture, sustained
posture, repetitive motions, and awkward movements
that causes stress to musculoskeletal system. This can
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result in ergonomic difficulties which may contribute to
development of musculoskeletal disorders (MSDs) [3].
MSDs are defined as injuries and/or disorders of the
muscles, tendons, cartilage, joints, and spinal discs [4].

Literature reveals a strong association between
device use and musculoskeletal issues. Xie, et al.
explored the physical demands imposed on muscles
and joints in different body regions through the use
of electronic devices and found that typing on the
computer placed higher demand on the neck and back
muscles (upper and lower trapezius) and hand muscles
(wrist and finger extensors) compared to touchscreen
typing [5]. They also found that greater demand was
placed on the neck extensors and thumb muscles during
texting on touchscreen smartphones. Kaya Aytutuldu, et
al. also found a strong association between symptoms
in the upper extremity and those who regularly used
computers at work [6]. Yu, et al. reported that head and
neck issues were associated with poor placement of the
screen in mobile computer users (laptop/tablet) [7].

The positioning of devices in relation to the users
was found to be a contributor to the risk of back pain
and the symptom severity is influenced by factors
such as posture, devices used, duration of use, and
gender [8,9]. Yoakum, et al. examined the influence of
anthropometric factors such as height, weight, and sex
of individuals on neck positions when using devices.
They attributed the degree of impact of neck flexion to
sex and height characteristics, and posited that females
experience more mandibular protrusion with device use
than males [10].

Evidence indicates that smartphone usage may
also lead to musculoskeletal impairments related to
the hand, such as pain near the base of the thumb, De
Quervain's tenosynovitis, and osteoarthritis of the first
carpometacarpal joint [11-13].

MSDs have huge economic implications for society.
The costs related to MSDs include, but are not limited
to medical expenses, disability, and lost income. The
direct and indirect costs related to MSDs, from 2004-
2006, were estimated to be $576 billion and $373 billion
respectively [14]. Individuals with MSDs may experience
disability and reduced quality of life, which in turn may
affect their participation in daily occupations, including
education and work, leading to income loss. Employers
may incur costs related to decreased productivity and
increased absenteeism of their workforce. In 2012, 29%
of days off from work were attributed to MSDs [14].

Device usage is popular among vyouth. The
prevalence of device usage was found to be high among
young adults and adolescents [15]. Many young adults
and adolescents own and use gadgets like cell phones,
tablets, and laptops. They use devices to communicate,
learn, play, and pursue hobbies. The literature is limited
in identifying the effects and long-term implications of
device usage among young adults and adolescents.

As prolonged electronic device usage is generally
believed to be associated with MSDs, it is possible that
the prevalence of MSDs will increase alongside the rise
in technology consumption. Given the prevalence and
high economic implications of MSDs, it is essential to
examine the contributing factors to develop effective

Table 1: Search strategies and databases.

Data Base Search Terms Limitations Articles
Ovid (“Musculoskeletal disease”) AND Limit to English 3
("smartphone” OR "cellphone”) Limit to publications 2011 - 2021
Limit to adolescents and young adults
Exclusion: Musculoskeletal treatments using
electronics
PubMed (1.) “musculoskeletal condition” AND | (1.) Publication date: last 10 years 1.)4
“tablet use”
. (2.) “electronic use” AND “effect” AND
(3 Search Strings) “musculoskeletal” AND “phones”
(2.) Filters applied: in the last 10 years, Humans, (2.)2

Young Adult: 19-24 years
(3.) “electronic use” AND “effect” AND
“musculoskeletal” AND “videogames”
(3.) Filters applied: 10 years, Humans, Young

Adult: 19-24 years (3)1

EBSCOhost (“musculoskeletal diseases” OR Limit to English 4
“diagnosis, musculoskeletal’) AND - C
(“smart phone” OR “cellular phone” Limit to publications 2011-2021
OR “tablets” or “digitizers”)

SCOPUS “tablet” AND “use” AND Limit to health professions 2

“musculoskeletal” AND “pain”

Young et al. J Musculoskelet Disord Treat 2022, 8:114

e Page 2 of 25 e



https://doi.org/10.23937/2572-3243.1510114

DOI: 10.23937/2572-3243.1510114

ISSN: 2572-3243

prevention and stakeholder education strategies.
Hence, this systematic review attempts to examine
the current evidence on the effect of electronic device
usage on the musculoskeletal system in young adults
and adolescents.

Methods

Search strategies and databases

The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines served
as the model for this systematic review [16]. The first
six authors determined the search terms with guidance
from the institution’s librarian (Table 1). To determine
initial eligibility, authors reviewed article titles and
abstracts from the following databases: Scopus, Ovid,

PubMed, and EBSCOhost. Two additional sources were
located from reviewing the search results’ reference
lists. Risk of bias and level of evidence were determined
for each reference extracted, based on the guidelines
recommended by the American Occupational Therapy
Association (AOTA) [17-19]. To determine the reliability
of the evidence, bias was graded as low, moderate,
or high. The authors used the following inclusion and
exclusion criteria to select articles for the review.
Disagreements in article selection were resolved
through discussion and consensus. A summary of article
exclusions with reasoning is presented in the PRISMA
diagram (Figure 1).

Inclusion criteria

We used the following inclusion criteria to identify

Records identified through
database searching (n = 175)

C
ke ,

= Ovid- 46 Additional records

¥ PubMed- 50 identified through
._'u:: EBSCOhost- 68 other sources (n = 2)

c Scopus- 11

Q
i)

(@)}

£

= Records excluded

Records screened

(] —

s (n=177) (n=151)
S

]

wv

2

= Full-text articles Full-text articles
0 assessed for eligibility > excluded, with reasons
2 (n=26) (n=10)
[

©

Q

-g Studies included in

o qualitative synthesis

£ (n=16)

From “Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement,” by D. Moher, A.

Liberati, J. Tetzlaff, D. G. Altman; The PRISMA Group, 2009, PLoS Med 6(6): €1000097.
http://dx.doi.org/10.1371/journal.omed 1000097
Figure 1: PRISMA Diagram
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articles for this review: (i) Articles published in peer-
reviewed journals between 2011 and 2021; (ii) Articles
published in English; (iii) Articles that included human
participants aged between 10-35 years; (iv) Articles that
met a minimum evidence level of 3B as per the evidence
table recommended by the AOTA [17]; and (v) Articles
that focused on musculoskeletal issues associated with
electronic usage. For this review, we considered the
use of smartphones, handheld gaming devices, tablets,
laptops, and computer devices as electronic usage.

Exclusion criteria

We excluded articles that used electronics as a form
of treatment for musculoskeletal diseases and studies
that focused on additional factors for effects on the
musculoskeletal system other than electronic usage.
We also excluded articles that had participants with
pre-existing mental or musculoskeletal disorders which
could potentially be confounding factors. Two studies
were excluded after initial review due to having a low
level of evidence, and participants outside the criteria
age, respectively [20,21].

Results

Of the 16 articles that met the inclusion criteria,
eight were identified as level 2B evidence [22-29] and
eight were level 3B evidence [30-37]. The authors
examined all 16 articles for risk of bias using the NIH
Quality Assessment Tool for Before-After (Pre-Post
Studies) with No Control Group (Table 2) [18]. Fifteen
articles were determined to have low risk of bias [22-31;
33-37] and one was determined to have moderate risk
of bias [32]. In seven studies, [23,24,26,29,32,33,35] the
authors utilized a self-report survey or questionnaire
as the outcome measure collecting data related to
pain level, location, and type, presence of numbness/
tingling, presence of bruxism (teeth grinding), and
diagnosis of temporomandibular disorder. In eight
studies [22,27,28,30,31,34,36,37], the authors reported
using quantitative assessment measures to collect data
related to posture, spinal kinematics, joint positioning
and angles, and pain. Inone study[25], authors examined
the results using both types of outcome measures (a
self-report questionnaire on perceived musculoskeletal
discomfort and quantitative assessment measures of
posture and upper extremity positioning).

The selected studies examined electronic usage
pertaining to general amount/duration of use, age at
start of use, frequency of use, time of use per week,
positioning during usage, purpose associated with use,
and types of electronic devices used. Electronic devices
used included cellphones/smartphones/mobile phones,
tablets, desktop computers, laptop computers, and
gaming devices.

Table 3 presents the evidence synthesis. To
determine the effect of electronic usage on various body
segments, the following analysis groups the articles by

Young et al. J Musculoskelet Disord Treat 2022, 8:114

the regions of the body reported to be affected (head
and neck, upper and lower back, and upper extremity).

Head & neck

Twelve studies provided evidence of the effects
of electronic usage on the cervical spine. From these
studies, 12,253 participants were investigated for the
effects of electronic devices on the musculoskeletal
system.

Elserty et al. [23] found that the most common
area for discomfort was the neck region. Korpinen &
Paakkonen [33] and Queiroz et al. [35]. reported that
about half of their study participants experienced neck
related symptoms. Most of the neck problems appear
to be related to increased neck flexion. Tapanya, et al.
found that greater neck flexion during smartphone use
showed increased biomechanical burden on the cervical
spine, resulting in more musculoskeletal discomfort and
risk of injury to the area [28]. Short, et al. found a trend
that cervical neck flexion during smart phone use could
contribute to deformity over time [36]. Similarly, Szucs,
et al. found that using a tablet, whether supported on
a table or held in the hands, produced the greatest
amount of forward head shift and neck flexion [27].

The duration of device usage was reported to
contribute to neck related symptoms. Gustafsson, et
al. explored the relationship between number of texts
sent per day and physical symptoms and found that a
higher number of texts sent was associated with neck
pain [24]. Lin, et al. found an association between
duration of electronic use and posture, with the neck
being one of the body regions showing a 13-38% joint
movement increase from the middle to end of a typing
session [25]. Pais, et al. also assessed long term device
usage on neck flexion. The findings indicated a negative
association between the duration of digital device use
and neck flexion ability [34]. Silva, et al. found that an
average electronic device use of 583 minutes per week
was associated with pain in the cervical region [26].

Non-neutral postures and patterns of device use
were also reported to contribute to musculoskeletal
symptoms around the neck region. Douglas and
Gallagher used x-rays to examine the effect of trunk
position on various intervertebral joints in the cervical
spine, including sitting in a reclined, semi-reclined, or
upright posture and reported increased demand on the
neck in each position when compared to neutral [22].
Toh, et al.’s study revealed a prospective association
between the patterns of mobile touch screen device use
and musculoskeletal symptoms in adolescents [29].

Aside from the musculoskeletal symptoms related
to the cervical spine, one study [32] revealed symptoms
related to the temporomandibular joint. In this cross-
sectional study, the authors surveyed 578 young adult
participants (18 to 35 years of age) on the effects of
modern cellular technology on various aspects of life

e Page 5 of 25 e



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

qunJy
J1ay} Buijeanal Juesw j| se
sjuswainseaw olweuAp
obJapun 0} Juem jou

pip sjuedioned swos -

‘g|dwes jo azIg -

‘asn
auoydpews yjm awiy Jano
alnysod |euids ul sebueyo
noge suoIsNjouUod

MBIP 0} SN MO|[e Jou

saop ubisap Apnig -

sessauyes

‘Bunsay 0} Joud paplooal
sjuawainseaw [0AQU0) -

‘sisAjeue
|BO1ISIE)S DAISUSIXT -
‘uonisod siajad pue

aJnjsod |eulds ainseaw
0] pasn wajsAs a|qeljay -

‘payuodal alem
alnjsod |euids ul sebueyd
pue uonoippe auoyduews
u9aM}ag SUONBIOOSSE ON -

"uonejol
90BLINS PaseaIoul YIM
peje[aI00 spuey om)
10 U0 ypm Bunxs] -

‘punoy
OS|e SEM SISOpPJO| Jequin|
paseaioul Apueoubis v -

‘Bupyiem ajiym pue
Buipuels Bunp uoneuloul
unJ} pue sisoydAy
2l0BIOY) Ul 8SBaloUl
weoyubis e oy pes|

syse)} auoydyuews ||y -

auoyduews -

pajsa] seoine(

(SVS) aleds uonoippe
auoydpews uodal-}|es -

‘wa)sAs AydesBodo
aoepns e Buisn painseaw
SeMm |ilwpead) e uo Bupjjem

ajiym pue Buipuels
Burinp uonisod oiAjed
pue ainisod |euidg -

"alleuuonsanb yyesy gg
-4S pue a|eds uonoippe auoyduews
a2y} pajajdwod sjuedionled -

‘auoydiews e JnoyyMm [jlupead)
e uo Bupjiem ajiym pue ‘uopnisod

Buipuess [esnau e ul Buipuels
alom sjuedioied ‘jojjuod e sy -

‘lwpeal

e uo Bupjiem pue Buipuels ajiym
Jea J1ay) 0} suoyduews ay} Yim ||eos
auoyd e pajejnwis syuedioiued -

‘wpean e
uo Bupjjlem ajiym pue Buipuels ajiym
yse} Bunxa)} papuey-om} pue papuey
-9U0 B pajonpuod juedonled yoe] -

Alojeloge| e Ul uopeNWIS

bumes Apms

‘sejnujw
09 < abesn suoyduews Ajiep -

auoyduews

yonojy e Buisn aouauadxs
JeaA auo uey} alow -

plo-sieak-0g-g| paby -
Alunwwos
AJISIOAIUN By} WO} SI9BJUN|OA -

BLB}IID UoISnjouf

(p'Ge = obe
uesiy) (IN8L/491) sainseaw
olweuAp Joy sjuedioied ¢

(¢'gz = obe

ues\) (N9Z/d+2) seinsesw
Buipuess Joj syuedioed oG = N

Mo

seig Jo ysiy

Apms poyod
[BUOIJO8S SS0ID

syjbusais sbuipuiH jueayiubis sainseayy awoN0 uonuaniau| sjuedioied gcene] lele .sowﬁﬂ
selg Jo sy
Bumesg Apng ubisag Apnig
S9sSSaUy eI sdnolg |osuo) eLId)IID uoIsn|ou| 05UBpIAT
syjbuains s)insay salnsealy awoos3nQ uoljuaAId}U| sjuedidiped JO [9A9T  Jedjlloyiny

"9|qe) 90USPIAT i€ B|qeL

e Page 6 of 25 o

4
3
Y.
)
o
I
o
1Y
D
©
o
<
T
ke
—
o
1]
[m]
-
1)
@)
X
0
o
3
3]
(7]
=}
=
S
<
-
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

"paJoapISUOD JOU 8ieM
$10)0B} |2JUBIUOIIAUS
JO S108Y8 |enusod -

BEETIS
ayj uo asn suoydyuews
JO sjuswuoJIAuG abesn
|eal uasaidal jou

Aew Aiojeloqe| e ul
Bupjiem jo uonejnwis -

"s@)NuIW G I0}
AJUO panIasqo solewauy
auids pue Ajanoe

3[oSNwW Jo uojjeulwexy -

sassauxyes)

uedioed

yoeas .oy} juswiiadxa ay}
alojaq papJodal sem
ain)sod aoualael Y -

‘Swio)sAs
8|qeljal Ag paynuenb
pue pajo9)|09 eje( -

sybusa.is

‘suonIpuod Bupjiem
punog om} ay} usamiaq
punoy AJIAlOE 8[osnw Ul

aouaiayip juesyiubis oN -

(00 > o) eoyubis
Bulaq ssoualaylp ayy
yim ‘suoydyuews e
Inoyym Buiiiem uey)
Jayeaub (Bunxsl) %8°L€
0} (Buismolq) %G 9L
sem Ajanoe sjosnw

JO [8A8] uBIpBW 8y -

(S0°0 > o) suoyd

e Buisn uaym juesyiubis
2I0W SEM SISOpJO| Jequin|
pue sisoydAy o1oeioy] -

sbuipui jueayiubis

auoyduews -

pajsa] saoire(

suolIpuUOD
Buiiem aAl ay) usamiaq
paJedwod pue payiuenb
aJom sajosnw aeuids
J0}08J8 Jequin| ay} Jo
s|oA9| AlAnoe o1jo8[e0AwW
8y} pue sajgeleA
sonewsauny auldg -

Sjuswiainses)\ swoalnQ

‘punoqg swie yjoq yym Bujjem -
‘punoq wue auo yum Buryjem -
‘Buryjiem ajiym Bunxe) peapuey-om) -

‘Buiem ajiym
Buismouq papuey-auo Buonpuoo -

‘auoyd
e Buisn jnoyum Buijjem |jewlou -

:SUOI}IPUOD JUBIBYIp
BAl} Ul [lWpeaJ} e uo Buep

uonuarigu|

Alojeloge| e Ul uopeNWIS

bumes Apms

‘Bupjiem ajiym auoyduews
e Buisn ur Aynoiyip oN -

'sieak aauy}
uey} ajow Joj suoyduews
-4yono} B PAUMO BABH -

"sJoplosIp |e}a|eysojnosnw
JUB1IN0 Jo snolAaid o -

eLa}lID uoISnjoul

(g'Lz = obe
uesiy) (46/INL L) s1o8lans oz

sjuedioed

MOT

seig Jo ysiy

Apnig Hoyo)

ga¢ [9ne7]

[L€]
18 ‘104D

e Page 7 of 25 «

4
3
Y.
)
o
I
o
1Y
D
©
o
<
T
ke
—
o
1]
[m]
-
1)
@)
X
[72]
o
3
3]
(7]
=}
=
S
<
-
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

"sjuspnys
AjisJaAlun e alem pue
az|s s|dwes |[lewg -

‘suoyisod pauloal Jo
BUI|03J-IWISS JO YSU Jayuny
e 8q p|nod sisoydAy
oroeloy} Jaddn pue ‘29
MOJaq Sjulol [elqauanIB)uI
Jo a|bue o1oBIOY) SSOsse
jou pip Apnys 8y -

‘sa|bue julof [eigapanIalul
Ul SUOljel/EA SWOS 10}
a|qisuodsal uaaq aney
p|NO2 puEe 10} P3||0U0D
Apoauip jou sem a|bue diH
"a|qissod se yoeq Jej Se JIs
0} way) Buienos uey} Jayjo
ul sem juedioiued ay)
189S 8y} UIylIm painseaw
Ajjeoy1oads jou alom
a|bue yunu} pue diH -

")se) 1o|qe} Buipeal
paje|nwiis ‘uoneinp Uoys e
paulwexa Ajuo Apnis ay] -

sessauyesm

‘painseaw
alom sajbue (g) ajdyny -

sybusais

‘lesynau o0} patedwod
pauloal Ul paxaj alow
sem £0-g0 ‘suonisod
Wbudn pue pauloal lwas
0} paJedwoo juaiayip
J0U sem jnq ‘uonisod
Budn "sA paulpal pue
|eJnNau Ul papusixe alow
sem g9O-19 ‘suonisod
JNo} JBYJ0 ‘SA paxa|}
alow Apueoiiubis sem
uoixalj |In4 L-O-lINMS
"'€0-¢0 pue ‘20-10
‘10-lInxs Joj uonisod
3UnJ} JO 10948 ulew
jueoyiubis e sem alay] -

ybudn "sA jwas usamjaq
90UBJBYIP OU SEM 38U}
Janamoy ‘ybudn pue
IWSS "SA uopisod pauljoal
BY} Ul UOIX3)} |INYS SSI|
sem aJay) ‘sainysod
Buipeau ¢ ay} JO "sainisod
Buipeau ¢ ay} 0} pasedwod
[eJN8U Ul paXa|} SSO| SEM
9|bue INyS "ajbue NS
uo 109y8 jueoniubis e

pey osje uonisod yunuj -

‘Jualayip Apueoiubis

10U sem uonisod ybudn
Jybudn pue pauloal-lwas
"SA UNJ} BUID8I B YIm
19|ge) e Buipeas uaym
1S9||lewsS sem peay ay} Jo
VIND "WJe jJuswow ay}
Joj uonisod unuy Jo 108ye
jueoiubis e sem alay] -

‘lesinau o}
paJtedwod uonisod yoea
Ul paxaj} aJow sem 199 -

sbuipuipueoyiubis

18|qe -
pajsa] seoired

'€0-20 ‘20 1O LO-lINs
usamjaq sa|bue juior
[eJgepaAIBIUl PUY (VIND)
wie Juswow [euoneielb
‘|eluozioy ayj 0} aAle|al
albue nys (7199)
SISOP.UO| |BOIAISD PlOJJUBD
BJoM Ud)e] sainses|) -

sjsal wle
ay Buisn Jnoyym Jo|qe) e
1e X 00|/peal 0} pajontisul

alom juedionled -

usej] seinseayy JueAsjoy

Apoq 118y} Jo

Jed jualaylp ¢ uo paoe|d siaylewolq
yum (pauioad ‘pauljoal-iwss ‘pajeas
1ybudn ‘uoIxa|} ¥oau xew ‘jesjnau)
sainysod jualayip G Ul paleas alom
syuedioied ajiym uaye} shel-x -

uonuariBu|

19)U8D YiesH
19Y[eA\ -SesuBIY JO AlsiaAlun

bumes Apnis

Aoueubaud
JO 90UBYD OU -USWOAN -

‘sieak om) ised ay) uiyim
sueos | D Jo ‘Aes-x Bwaus
wnueq ‘Aes-x 10e4y |9 ‘Ael-x
aulds Jequwin| 0} ainsodxae ON -

[oyooe
Buiggnu oy saibisje oN -

sayoepeay 21uoJyo oN -

Ainful
aulds 10 3oau snoinaud opN -

eLa}lID uoISnjoul

"pIo sIA £2-02
(4L LWL L) sunpe BunoA gz =N

sjuedioed

MOT

seig Jo ysiy

Apnis poyoo
aAlj0adsold

gz 1one1

[zZ]

Jaybejen
9 se|bnoQ

e Page 8 of 25

4
3
Y.
)
o
I
o
1Y
D
©
o
<
T
ke
—
o
1]
[m]
-
1)
@)
X
0
o
3
3]
(7]
=}
=
S
<
-
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

alieuuonsanb dn moj|o4
OU SEM 8138y} pue [jews
sem azis ajdwes ay] -

olgnd [esauab

8y} JoU pue sjuapnis
Adesayy |eaisAyd Ajuo 0}
payw| sem Apnjs ey -

painseaw sem
awi} ul uiod auo AuQ -

sassauyes)

JOJWOoISIp
40 sadAj Juaiayip 8y} yum
papn|oul alam JoJwoosIp

10} SUOI}ed0| |eldoA8sS -

papnjoul aJom
suonisod Apoq |elonas -

sybusa.is

‘ued Apoq

ol10ads e YjIm 1oJwoosIp
Buijesy pue Aep Jad siyg
JaAo asn auoyduews

JO uoneInp usamiaq
aoueoylubis e sem aiay] -

‘siabuyy pue

‘spuey ‘slap|noys ui uied
Buipiebas ssjewsy pue
Solew Usamjaq aoualaylp
jueoyiubis e sem alay] -

‘uoibal yos8u
By} e 1|8} SeM HOJOISIP
uowIWIo9 }sow ay] -

"oau
pue Yoeq pue JSLIM Ul
uled Buljes) sejews) pue
S8|BW Usam}aq aoualaylp
eoyubis e sem alay] -

(%zs) selew uey)
(%89) selewsy ul Joybiy
JeUMm ydiym ‘uonoippe
suoydyews papodal
syuedionsed Jo %4Z9 -

sbuipuiS Jueoyubls

auoyduews -

pajsa] saoire(

(auidnspoeq

uo Bulf| ‘euoud/yoewols
uo BulA| ‘BulA| apis/epis
uo BuiAe| ‘yonoo/iieyo
ul Bumyis ‘Jooy} uo Bunyis
‘Buipuels) auoyduews
Jo abesn Buunp
suonisod uowwo?) -

(ssauaios ‘Buidweld
‘ured/buiyoe ‘sssuquinu
[BuiBuy ‘ssauyys)
HojwoosIp Jo sadA] -

"199)/69] ‘1sum ‘Jabuly
/puey “joeq ‘ahs ‘yoau
‘wJe ‘Jap|noys) LojWoIsIp
JO sa)is Jualayiq -

U] saInseal JUeAs[oy

asn suoyduews
Jo @ousjenald -

ejep oiydesbowsq

‘awi ul Juiod auo je
paJajsiuiwpe ajleuuonsanb auluQ -

uonuariBu|

auluQ -
1dAB37 -
Bumes Apmis

‘Aep |eo1dA} e uo
Jy+g Joy suoydpews e Buis -

‘Adesayy
jeaisAyd jo juspnys AjsioAiun
ajenpelsbiapun ue Bulag -

ysibu3g ui Aeains pueisiapun
pue Apea. 0} g|ge Buleg -

Aanins
sse00e 0] sauoyduews BuineH -

eLa}lID uoIsnjoul

sih L g-g| Jo abe

uesw (4082/INEE L) suspms
Adesay] [eo1sAud 0z = N

sjuedioed

MOT

seig Jo ysiy

Apnis AaAins
|euoI}08s-SS04)

gz 1one1

[ez]
‘[e 10 ‘Auss|g

e Page 9 of 25

4
3
Y.
)
o
I
o
1Y
D
©
o
<
T
ke
—
o
1]
[m]
-
1)
@)
X
[72]
o
3
3]
(7]
=}
=
S
<
-
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

s}nsal ay) pajoaye aAey
Wbiw saouasayip ajA1say
pue ‘jesnyno ‘olydesSowep
|euonippe |eJonas

'S10}09s JI9Y} Jo sadwes
aAneuasaldal Ajluessaosu
j0U aJe sjuedioled -

sessauyesM

alleuuonsanb

ay} bunsdwos ajiym
payse aq p|noo suopsanb
Aue os jods ayj uo Jno
paj|l} Sem alieuuonsanp -

sybuans

"WISIXNJQ puUe ‘SJapIosIp
Jejngipuewolodwsa)
‘ssauidas|s awnAep
JO Ys1 8y} pasealoul
asnJano auoyd woul}

ssal)s pue ‘auoyd Aq
paJlaAl|ep uoljewloyul

Aq pasneo ssals ‘ybiu
1e pauayeme Bulaq

Buipnjoul ‘esn suoyduews
0 sjoadse snole -

sbuipui jJueayiubis

sauoyduews

pajsa 828

alleuuonsanp poday-j|es

se.nsesy\ 8W0dINO

slopiosip
Jejngipuewolodwsay jo sisoubelp
pue ‘wsixniq ‘ssauidag|s awniep
‘uoissaldap ‘Ajaixue ‘sonslisioeleyd
asn auoyd a|iqow ‘sajqelen
olydesbowap uo saleuuonsany -

uonuariBu|

3JOM JO
aoe|d Jo uonnyisul Buljooyos
syuedioiued je uosiad ul
paje|dwod alieuuonsanpd

bumes Apms

"UOIJEDIUNWILLIOD
ajowal 4o} suoyd e buisn -

‘Yyeay pooo -
sjnpe BunoA -

eLa}lID uoIsnjoul

sjoalgns Je|noas papnijoul

¢ dnoug -sjoalgns xopoyuo
papnjoul z dnoug ‘sjoslgns
XOopoyuO-eqjn papnjoul |
dnoig “(pjo-sieah geg-g1)
synpe pabe BunoA jo sdnoib ¢

sjuedioed

8jelapol

seig Jo ysiy

Apnig Hoyo)

ga¢ [9ne7]

[z€]
‘e 1o ‘uewpad

-lpows

e Page 10 of 25

4
3
Y.
)
o
I
o
1Y
=
©
o
<
T
ke
—
o
1]
[m]
=
1)
@)
X
[72]
o
3
3]
(7]
=}
=
il
©
=
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

‘aw} ui syuiod ¢ wouy
ejep Ajuo ‘suonednoado
Apnis Jo J0M JO ainjeu
8y} Uo uonewloul
pajwi| ‘sasodind Jayjo
Jo} suoyd jo asn Jo
sabessaw 1xa} Jo Y1Bus|
Uo uoIeWIO}UI pa)IWI|
‘selq |enuajod pJemo)
spus} ejep uodal-}|es -

sessauyesM

‘so|qeleA
Buipunojuo9 40} [013U0D
‘ubisap |euipnyibuoj
‘paseg-uonejndod
‘dnoub Apnys abie -

sybuais

‘swoydwAs papodal pue
Buibessaw-1xa] usamiaq
punoj Sem UOIEID0SSE
ou }nqg ‘saljWaIIXd
Jaddn/iap|noys ayj ui
uied jJo alom suodal
‘dn-moj|o} Jeahk oAl 1Y -

sbuipui jueoyiubisuoN

‘saljlwalxe

Jaddn/ispnoys ui pue
3oeq Jaddnyyoau ul uied
pauodal pue Buibessaw
1X8)} U8BM]}ag puNo} aJam
suoljeloosse ‘auljaseq je

swoydwAs yym asoyy Jo4-

‘dn-moj|0} Jeak auo

1e spuey ayy ut Buiibun
pue ssauquinu pue
Buibessaw 1xa} Jo spodal
ybiy usamiaq punoj alom
suoneloosse anloadsold
‘auljeseq e swoldwAs
OU YjIm 3soy} JoH -

sbuipui jueayiubis

sJabul pue spuey
ul Buybun/ssauquunp -

spuey ‘sisum
‘swue ‘slep|noys ui uied -

¥oau/yoeq Jaddn ul uled -

swojdwAs
|ejajeysoinasnyy

skep og 1se
Ul JUSS SIX8} JO Jaquiny -

buibessoyy 1x8]

sieak oAl pue ‘JeaAk auo

‘sul[eseq je paJalsiulwpe AsAINg -

uonuarigu|

alleuuonsenb paseq-gspa -
uspamg -

bumes Apmis

Bunxe) SINS Inoge uonssenb
8UO }ses| e 0} spuodsay -

eLa}lID uoIsnjoul

plo sleak

¥2-02 pabe (4££eh/IN6S.T)
sInpy BunoA z602 = N

sjuedioed

MOT

seig Jo ysiy

Apnig poyo)
[euipnyibuo]

gz 1one1

[v2] e
10 ‘uossjeisno

e Page 11 of 25 »

4
3
Y.
)
o
I
o
1Y
D
©
o
<
T
ke
—
o
1]
[m]
-
1)
@)
X
[72]
o
3
3]
(7]
=}
=
S
<
-
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

'ssalls se yons ‘swoldwAis
0] 8)NqLIuod Aew
se|qgelieA Buipunojuo) -

"selq asuodsal e
spJemo} spua) Jodal-jjes -

‘swoydwAs ay)
10 suoljejaidiayul Juaiayip
aney Aew syuedidiued -

«Sjuapnis,
pue ,)I0M 8Woy, usamiaq
sjenuaiayip o} Ajjiqeu -

sessauyes

"9)el asuodsal ybiH -

sybuans

‘swoydwAs awos yjm
uoljeID0SSE Uk pey os|e
uonsneyx3- ‘sjuswbas

Apoq snouea ui swoydwAs
pue ainsig| je siendwod
a|qeuod snsian dopjsep

JO @sn usamjaqg punoy

9J9M SUOIJBID0SSY -

")oeq Jamo|
pue diy ay} Ul %g'Z¢ pue
308U 8y} ul swoldwAs
paoualadxa synpe
BunoA Jo 9,e°eG ‘|[eIdnQ -

‘sojew
10 %G ¢ 0] pasedwod
‘uayo Apaud yoau ayy
Ul sayoe Jo ‘ssauquinu
‘ured paoualiadxa
USWIOM JO %G9 -

sbuipui jJueayiubis

sjuswboes
Apog snouea ul ssauquinu
J0 ‘suied ‘sayoy -

swojdwAs
|eje[exsojnasnyy

asn Jo Junowy -

(ssuoyd a|iqo

% sia)ndwo) ajqeliod
‘siendwio) dopisaq)
pasn so1U0109|d Jo adA] -

AbBojouysa | jo asn

alieuuonsanb uoday-jes -

uonuariBu|

alleuuonsenb paseq-gspa -
puejuI -

bumpes Apmis

plo-sieak-Qg Jepun -

eLa}lID uoIsnjoul

(sieah g'¢

-/+ L' ¥Z = ueap) (JobunoA pue

plo-sieah-0¢) (MIS6/INT09)
SHnpy BunoA €951 = N

sjuedioed

MOT

seig Jo ysiy

Apnig Hoyo)

ga¢ [9ne7]

[e€]
usuoxieed

9 usuidioy]

e Page 12 of 25 »

4
3
Y.
)
o
I
o
1Y
=
©
o
<
T
ke
—
o
1]
[m]
=
1)
@)
X
[72]
o
3
3]
(7]
=}
=
il
©
=
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

pajenjeAs jou
SBeM SJ8Sh U0 8sneo ued
18|qe) ainssaid Joejuo) -

pazAjeue jou

3se} Buunp sajosnw aAloe
wouJj sjeubis |eolyo9j90Aw
wioJ} pajoa)|oo eyeq -

pazAjeue

JOU sem wocmE._Otma
%se} 8Ao8lqO- yse)
paje|nwis siy) Buunp
Bumes |einjeu e ul
PBAIBSQO JOU 84N}sod -

sysey buidAy
-uou je ¥00] jou piq -

sessauyesM

sdnoub Bunsay
0} Juswubisse wopuey -

sybusais

‘pus
a8y} 0} paledwod uoissas
BuidAy sy jo s|ppiw ayy
wioJj Juawaow juiof

ul 8sealsoul %ge-¢l

B paMoys 3oau pue
‘SMOQ|9 ‘S}SUM dy] -

‘pJeogAey jds

pajbue ay) sem uoneinap
Jeu|n 1ses| ay} yum
uondo pJeoghay ay] -

")sap E e asn }9|qe) 0}
paJjedwod moq|a |esnau
2I0W B INg UOISUS)Xd
}SUM 9I0W PAMOYS

paqg ul esnjs|qe] -

1SOMO]| peY Xsap pue
‘HOJWOoDSIp paAledlad-j|as
1saybiy pey uonisod deT -

sbuipuiq jueayiubis-uopN

uoneanp asn
21UOJ}O8| Y}IM pasealoul
3N Ul JojJwodsIp
pani@olad-j|es -

(a19e) Usy) pue ‘xau
buiaq de| ‘ysow Buiaq
Pag Ylim) UOISUSIXS 1SUM
Bunoaye ubisep pieoghay
pue }8|ge} jo uonisod -

awiy abesn 21U0J}08[8 UY)IM
pasealoul Apueoiiubis
swanow juiof jo abuey -

pasn
pJeogAay Jo adA} pue
suoisod jualayip ypm
}oau pue quij Jaddn jo
so|bue juiof ul @oualayiq -

sbuipui jueayiubis

(1e19e)) ped-1 s|ddy -

pasn seoireg

alleuuonsanb
a|eos Ajljigesn-walsAg -

8s oluo.jo8|g

o|eos
Hojwoosip Apoq Q-0 -

Jojwoosig
|ej8jeysojnasnyy

slajowoluobosyose
[eixe-1q Agq painseaw
os|e uonelAsp Jeujn
pue [elpel pue ‘uoixa|}
‘UOISUB)X® JSUAA -

wolsAs
Aiyawoluob-o309]0 9|qIxa|}
Aq painseaw sajbue juiof
309U pue ‘Moq|e ‘ISUAA -

uopIsod Juiop

9oualv)al oy palsa) dnolb
|0J)UOD OU SEM 83U} ‘SUONIPUOD
jualayip ¢ 0} Ajlwopuel paubisse
alom sjuedpied ybnoyyy -

jo4U0D

sAep aA1N08sSU0D

-uou 9 JaAo (N|ds pue ‘spIp ‘aLs)
paje|ndiuew Bulaq pieoghay yim
‘ped| a|ddy uo BuidAy sjnuiw Qg -

uonisod abesn Joj paq 1o
‘de| ‘ysop 0} Juswubisse wopuey -

uonuariBu|

Aojeloge| ul Bumes paje|nuig -

bumes Apms

Apnys aJ104aq Yoam Ui
6y g Jano sjoalqo jo Buny oN -

UIW/SPIOM GE }Sed) 1e pJeogAay
01U0J}99]8 Uo adA} yonoy ue) -

syjuow
9 1sed uiyum anoge pajels
seale u| uled ol10ads-uou o -

SOI}IWBIIXS 10 ‘SY00}Ng
‘joeq ‘Yo8U Ul SI8pIosIp
[B}8]9)S0|NISNW UMOU) O -

JueuIWOp puey ybry -

eLg}lID uoisnjoul

(s1eah L g-0z oby) -
(d6/N6) - sinpe gL = N
sjuedioed

MOT

seig Jo ysiy

ubisep |elojoe}
paxiw gxg
:Apmg Hoyo)

gz 1one1

[s2] ‘le1e ‘ury

e Page 13 of 25 »

4
3
Y.
)
o
I
o
1Y
=
©
o
<
T
ke
—
o
1]
[m]
=
1)
@)
X
0
o
3
3]
(7]
=}
=
r
©
=
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

sa|qeLeA
aW09}N0 BAI8SJO 0}
SUONUBAJIBIUI [EUOIEDONDPD
ou ‘sauoydyews pasn
Apueulwop sjuedionied
‘azi1s a|dwes |ews -

sessauyes

saoualaylp Jueolubis
Alleonsiels ‘1sassyul Jo
101)}U09 payodal oN -

sybuais

‘9|geleA
VAD 8y} ul sdualayip
ou ‘Ajleuonippy -

S8|qelIBA UOISUB)Xe
Ul pajou 8ouUBIBYIP ON -

sdnoub

JNoj} 8y} UsaM}aq d|qeLieA
uoIxajy ul aoueoiiubls
[eonsie)s papoday -

sbuipui jJueayiubis

sauoyd 9|Iqo\ -

pasn saoired

a|bue
|eigalionoluelo Bulnseaw
10} Uy e) os|e sabew -

‘papJooal
sem abelaAe pue sjeAlajul
ajnuiW | yim sswipy ¢

Pa31ss} INOYH "INOY [BOIAISD
10} Usye) sjuswaInses| -

seinsesyy 8WodINO

sdno.b |oJjuoo payiodal op -

0JU0D

(Aepjy +y ‘Aep

MY -z ‘Aepjy z-1 ‘Aep/iyl) seoinep

10 abesn Jo uoleinp uo paseq
sjenpiaipul pajeledas sdnolb i -

uonuarigu|

‘JJejs pue sjuspnjs AJIsisAlun
YlIM pawiopad "payioads JoN -

bumes Apms

saniwJloyep
Aue Jo auids |e2IAI9D 0}
ewneJ; snoinaid oN -

}oam/sAep G wnwiuiw
B 0 SYUOW + 9 S99IASP
|enbip asn sjuedionied -

eLg}lID uoisnjoul

Ge-g| saby -

‘AlIsJaAIUN B JO Jels
pue sjuapnis ‘sajews) 9 pue
sojew g ‘[ejor sjuedioed gg -

sjuedioied

MOT

seig Jo ysiy

Hoyoo
|eUOI}08S-SS0.1D

ga¢ [9na7]

[vel
‘e 1o ‘sied

e Page 14 of 25 »

4
3
Y.
)
o
I
o
1Y
=
©
o
<
T
ke
—
o
1]
[m]
=
1)
@)
X
[72]
o
3
3]
(7]
=}
=
il
©
=
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

selq
|lenuajod sjussaud asn
olu0J109|9 Jo Jodal-jjes -

sloineyaq
sl Jay1o pue sieplosip
[euonows Sk Yyons paipnis
10U 8JoM sanssl JayiQ -

‘asn puewsap
-MO| WOJ} 8oUBIS|0}
uied asealoul Aew ylom
Buiuesw - saniAoe
J0M Jo Aouanbaly mo)
UHM SOSSB[O DILOU0Dd
-0100S 9|ppiw/Jaddn
pue Jaddn sapnjoul
Ajuo uonejndod ay] -

sassauyes

"SOWOIPUAS

uied [e}9|9)S0jNosnwW 1o}
eld)Io paysiigelss buisn
‘ured |eyojo¥SOINAShW

10 pauie|dwod oym
sjuaosa|ope Jo
uonjeulwexs |eaisAyd
|ejo|eyso|nosnw
onewsa)sAs e

jo uonezinn -

(seiq Alowsw

JO 10848 paonpal yoiym
‘8’0 J0 xapul eddey Aq
umoys Ayjigeljas 1sael
-}s9} Jua||90x3 0} abueyo)

selq Alowaw Jo J08)e
ay} Buronpaus-Ayjgerel
1S9]91-]S9} JU||90Xd
yym alieuuonsanb
ejoasnay] -

sybusa.is

"S9OIASP D1UOI}OD|D
Z 1se9| Je asn oym sp|o
Jeah g Ajluowwoo
1SOW ‘sjusosajope Ul
uied |eja[@¥so|nosNwW
Jo Aouanbauy ybiy

e pajuasald Apnys

ay} ‘|lesanQ -

'SJUS3S3|0pE 8y} JO %EE Ul
POAISSO SBM SWOIPUAS
uled |e}g|axso|nosnw

| 1se9| 1y -

‘Sjusdss|ope
10 %0/ Aq pauodas sem
asn sweb o1uoJo9|3 -

‘spuey
pue jsum ayj ul %6| pue
‘swJe/Jap|noys ayj ul
%1€ ‘squi| Jamo] sy} ul
%L ¥ Mo8U BU} Ul %61
‘Yoeq ayj ut Buieq %99
ypm uied |ejajeysojnosnw
pauodal %19 -

sBupul

Xoqy -
uonejsAeld -

I -

Aogawes) -

S OpUSUIN -

S9IASP pldypuey 9|Iqoj\ -
J8indwo) -

:pasn saoined

BWOoIpUAS
uied jeuoibal xajdwo) -

sihpuooidy -

sijsing -

sijuipus -

BWOIPUAS |e1oSBJOAN -
awoJpuAs AjjigowsadAy
wiol ubluag -
eibjeAwo.ql ajlusANnp -
‘pejenjens

aJom sawoipuAs ured
|ejajexysoinasnyy /

‘(seuoyd

[199 pue ‘saweb 21u0.}08|e ‘JeuIsul
‘1eindwiod Buipnioul) eipaw [eubip
JUOISIAQ|S} JO @SN 8y} pue ‘swojdwAs
uied |e}a[@XsS0|NdSNW ‘safiAl}oe
|eaisAyd ‘eyep oiydeibowap
Bunuodal aireuuonsanb odal-jes -

uonuarigu|

lizeig ‘ojned OeS Ul |00Yos
ayeAld ulyIm woolsse|) -

bumes Apms

ueipienb [eba| wouy
JUBSUO0D PaWIOoUl dABY ISNIA -

ewne.) Jusda. Jo suodal o -

saseasip ploJAy} Jo ‘Na
‘soneuab ‘0160j00uo ‘oleWNaYl
‘suonoayul 0} Alepuooss

uled |e1a[@3sojnosnw oN -

eLa}lID uoISnjoul

(pjo sieak
61-01) sjusoss|ope 662 = N

sjuedioed

MOT

seig Jo ysiy

Apnig Hoyo)
|euol}oas-ssol)

ga¢ [9ne7]

[gel
‘e 18 ‘zodienp

e Page 15 of 25 »

4
3
Y.
)
o
I
o
1Y
=
©
o
<
T
ke
—
o
1]
[m]
=
1)
@)
X
0
o
3
3]
(7]
=}
=
r
©
=
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

paisal Ajjesuidwa

uaaq jou sey uonoeso.d
Je|ndeos ainseaw

0} pash anbiuyos] -

aAnoalgns
8q Ued juswainseaw
J9}oWOoIU0N) -

"sBuipuy

oz|[esauab o} Jopiey i
sayew yolym ‘sjuapnis
ajenpeib | O Ajuo papnjoul
pue sajewsay} Apsow

sem a|dwes Apnig -

Buluonisod

pue ulel}s Apoq 10aye
pIN0Oo yolym ‘1ojoey
p8||0Jjuod B Jou sem
sauoydyuews jo azis ay] -

pejess
sepisaq uonisod e ul usxe)
10U 8Jom sjuswainsesw
J8}8WOoIUO0N) -

sessauyesm

(LHD) 1sidesay)

puey pauyileo pasusuadxa
yum Ajlwaiixs Jaddn

ayj ui suonisod juiof
JuaJayIp JO sjuswalnseaw
oLjewoluUob aAIsudIX] -

sybusa.is

‘awll} JAA0 Ajwioep

0] 8}NgLIU0D PINOI Jey}
asn auoyd pews Buunp
UOIX3l} quuny} yjim
uoneIAap Jeu|n JSUM pue
‘uoixajy moqe ‘uonoesjoud
Jejndeos ‘uoixal} suids
|[BOIAJIBD POMOUS S} NSy -

asn auoyd

ajiqow uiyym Aep Jad
sajnuiw ¢t| Jo abelone
ue pamoys awli} usalog -

sBupul

auoyduews -

:pasn seoirag

(Aepysinoy)
pasn si auoyd Apjuanbaly
MOY UO UOoRno8||09 eleq -

~OUWI] UsdIdg,
papoday 8jddy pue
aJieuuonsanyd poday jjes

1SUM pue ‘wJiealo} ‘Moq|o
‘Japinoys ‘aulds ‘ejndeos
‘spbip ayj Jo uopow Jo
aa.ibap pue uonisod juiof
Buipnjoul sjuswainseaw
J8}2Woluox) -

8Injsod pue uolIsod juiof

‘yse) swes ay} buiwiopad pue
Jieyo e uj pajess Buiag Jo uoipuod
awes ay} Buouaiadxe syuedionied

[1e ypm ‘dnoub [os3uoo oN -

0JU0D

“Jreyo

B Ul pajeas a[Iym Jxa} 10 Jaulajul ay)
yo.ess Jayye o} pasn suoyd Lews -

uonuarigu|

Ayslaniun uoybununy
1e Bumes Alojeloge -

bumes Apmis

Ajslonun

uojbununy je weiboud (Q1O)
Adeiay) |euonednooo jo
JOJO0p Ul Sjuapn}s ajenpels) -

alnysod Bupoedwi suonipuod
[B}2]9)S0|NOSNW UMOUY ON -

suoydyews jo esn -

eLg}lID uoisnjoul

(s1eak 0p-0z 9bv) -
(Wg/dvY) - sinpy 9% = N
sjuedioed

MOT

seig Jo ysiy

Apnig Hoyo)
|euol}oas-ssol)

ga¢ [9ne7]

[9¢]
‘e 10 ‘Uoys

e Page 16 of 25 e

4
3
Y.
)
o
I
o
1Y
=
©
o
<
T
ke
—
o
1]
[m]
=
1)
@)
X
[72]
o
3
3]
(7]
=}
=
r
©
=
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

*9|qissod seiq podal-j|as -

‘suone|ndod Jayjo
0] AJjigezijesauab Jood -

sessauyesMm

"Sjua0salope Ul
ured [B}9[9)S0|NosSNW YjIm
asN 21U0J}08|8 pasealoul
JO 10840 8y} pue sjooyos
oliqnd ul JuswiaoueApe
|eaibojouyoa} Jo 10edwi
anbiun ay} slapisuo) -

sybusa.is

'suolbai Apoq

passasse ||e ul uied yim
pajeloosse aq 0} punoy
os|e sem Japuab sjewa -

‘spods pue syse)

Apnis Buipnjoui Buiay Ajiep
10 saniAoe Bulwiopad
UM aJauajul 0} pauodal
alom swoydwAg -

")oeq moj| pue uolbal
|eoIAI80 8y Ul uled yim
pejeInoSSe SeM pue Yoam
Jad sejnuiw £8G pebelae
S82IABP 21U0J}OB|D JO 8S -

(%02)

squi| Jaddn pue (%6°9¢)
auids Jequinjooeloy}

ul Ajluowwod Jsow

‘uled [ejajeysojnosnw
awos pauodal
SJUBISO|OPE JO 9% ]GO -

sbuipui Jueoyubls

ured [eje[e)sonosnyy

asn jo aw] -

asn Jo awi} AYoap\ -

asn jo Aouanbaly Apjaapp-
asn Jo Aouanbal -

asn Jo Je)s je aby -

soweb ojuo09|e
pue siaindwo) -

8s oluoIpo8|g

syjuow g jsed Jano

swojdwAs pue asn 21U0J}O3[8 JNoge

Bupjse aireuuonsanb podal-jas -

uonuarigu|

alleuuonsanb uodal-jeg -
S|00yos 2ligqnd -
lizeig -

bumes Apms

‘sJapJosip dnijewned Jo ‘onauab
‘snonjoajul ‘Aoueubald o} anp
saunful Jo uled |elajoysoNasnw
aAey Jou ISn| -

salnseawl
Juswissasse 0} 9aibe isnip -

alleuuonsanb a)e|dwod 1sniy -

eLa}lID uoISnjoul

(pjo sieak
6L-v1) SIUS0S8I0PY 196 = N

sjuedioed

MOT

seig Jo ysiy

Apnig Hoyo)
|euol}oag ssou)

gz 1one1

[92]
‘e 18 ‘eAlls

e Page 17 of 25 «

4
3
Y.
)
o
I
o
1Y
=
©
o
<
T
ke
—
o
1]
[m]
=
1)
@)
X
[72]
o
3
3]
(7]
=}
=
il
©
=
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

syuapnys 86900 Ayjeay
pue jueuiwop puey-jybu
|le alom sjuedioiued -

Jse)}

Bunum Jaded pue |louad e
Buns|dwon Jo yooq |eaidAy
e Buipeal Buunp ainysod
yum asn Abojouyoa)
Burnp sainisod

aJedwod jou pIq -

101qe) pue doyde) sy}
papinoid siojebnsanu| -

ysey ay} bunsidwos
uebaq Aay) Jaye Buoj
jou ejep pP83o9||0] -

spoylew pazipJepue)s
UM ge| e ul SUop
Bulaq alem salIAIOY -

sessauyes

sawo9)no poob

Usm uoneoliddy ¢d|IqoN
us8.10gaIn}sod ay| Jo
Aypiiea pue Ayjiqeley -

sybusa.is

ABojouyoa)

/S82IASD pldypuey
JBY}0 Jo asn Jejnbal
uey) sjoays snolsialep
Jo)ealb aonpoud Aew
90IABP SIY} JO Osn
Jejnbai - ABojouyos)
pue sa0IA8p Jayjo Auew
ueyy yusiayip Ajjeonsnels
aJam jey) saunysod
paonpoud asn js|qe] -

UOIX3[} 29U pue Jiys
peay pJemio} Jo Junowe
1sojealb ay) peonpoud
‘spuey ay} ul pjay Jo
9|qe} e uo pauoddns
Jayjaym ‘o|qey e buis -

sbuipui Jueoyubls

auoyd|j@D -

1elqel -

J9)ndwos doyde -
Jayndwoo dopyse -

:pasn seaineg

BJSWED 92IABP
B yjm uaye) sainjoid uo
syJewpue| paziyibip buisn
paje|nojeo aiom saueld
|enibes pue |euolod ay}

ul sajqeleA [eanjsod
|euone|suel) pue Jejnbuy -

JUBLISSBSSY [BJNJSOH

"SUOI}IPUOD 2IABP USdMIB]
paJedwod aiam Ydlym ‘sajqelien
alnysod aue|d [euolod pue |epibes
paie|nojes uonesidde sjiqow v -

‘(doyde|

“18|ge) ‘euoyd ajiqow) SadIA8p €
yim syse) pJepuels pawlopad Asyy
Se pue ainjsod [esjnau e ul uaye}
alom sjuedioied jo sainyold -

-abesn

ABojouyoay Ajiep Jiayy puejsiapun
Janaq 0} asleuuonsanb aynuiw
-9/l e pajo|dwod sjuedioied -

uonuariBu|

Bumes qgeT -
bumes Apmis

Gz 0} |enbas Jo ueyy sss| ING VY -

oY
[e91AI80 [N} SASIYSE O} ANy -

eLg}lID uoisnjoul

(plo-sieah-g'|
F1°12) (sojew ¢ ‘sejewsy g1)

sjuspnys 8b9)j00 LZ = N

sjuedioed

MOT

seig Jo ysiy

Apnig Hoyo)

gz 1one1

[22]
‘e 1o ‘sonzsg

e Page 18 of 25 »

4
3
Y.
)
o
I
o
1Y
=
©
o
<
T
ke
—
o
1]
[m]
=
1)
@)
X
[72]
o
3
3]
(7]
=}
=
r
©
=
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

"Hoys AjaAlje|al a1om syse)
Bunxa) suoyduews -

‘asn auoyduews o} a|bue
Jap|noys ajelidoidde jsow
8y} Anuspt o} sjqeun -

‘painsesw
sem ainysod one)s e AluQ -

sessauyesM

%06 99 0} paje|ndjed [aA3]
Jamod azis sjdwes vy -

sybusa.is

AlaAnoadsal ‘G ¥ ) pue
G ¥ 9/ 9Q 0} paJapISu0d
alom sa|bue azeb pue
1113 duoyd ajendoidde
By} ‘UoIXa[} 28U ( B Yim
auoyduews e asn o] -

‘uoIxajy foau o Aq
pajuasaldal si Buipuels
a|lym suoydyuews e
Buneltado Joy aunysod
¥oau ajeudoidde uy -

‘saln(ul pue 1ojWo9sIp
[B1o]@)S0|NaSNW 28U

JO YSl 8y} asealoul Aew
yoiym Buipeo| ajosnwi
308U pue juswow
|euonelinelb ‘sonewaury
uo uapJng [ealueydauwolq
J9bue| e ul synsal ainjsod
}ooau paxal} Jajealb e ul
auoyduews e buisn -

sbuipui Jueoyubls

auoyduews -

:pasn saoineq

Buipiooal
09pIA [BUOISUBWIP-Z
BIA panIasqo Afjoalip

SN ISGEINE

(snizedeuy

Jaddn yybu ‘snizedes;
Jaddn ya) ‘seuids Jojoal1o
|eoainIa0 ybu ‘eeurds
J10}9819 |BJINIBD 148))
sdnoub ajosnw yoau §

10 AydesBboAwonos(g -

.usxe) saeinseswl Juensjey

"uoIIpPuUOd
yoes u| pajo|dwod
9JOM SJUBWISSISSE ||
Jaye pue al104aq 9|eos
anbojeue |ensiA e uo
9J09S HOJWOISIP Ho8u
JI8Y} 9kl 0} payse
alom sjuedoned -

JUBLISSBSSY Uled

se)nuIW ¢ Jo}
1Xe] 0} pejonJisul aiem sjuedoined -

Mede yipim-19p|noyYs 199} Ym pue)s
0} pajonJisul alem sjuedionied -

101098 Y)m
sa|bue uoixa|} 08U G pue ‘0¢ ‘Gl ‘0

Buipnjoul ‘sainisod oau juaiayip
ojul Ind Ajwopuel alom sjuedioiied -

uonuarigu|

‘puejieyL
‘AisisAlun useuoyy -

$80UBI0g
|ESIPSN PO)RINOSSY JO A)noed -

Aiojeloge] Adesay] |eoisAyd -
bumes Apmis

Kep Jad sinoy om) jses) je

Joy Ailep suoydyews sy} pesn
pue asn suoyduews Jo syjuow
91se9) Je pey sjuedioiled -

eLa}lID uoIsnjoul

(ebe
jo sieahk Gz-g1) (sojewsy 9|
‘sojew 9|) synpe bunoA gg = N

sjuedioied

MOT

seig Jo ysiy

(leyuswiiadxg
-Isenp)
paziwopuey
UoN

gz 1one1

[82] 'le
10 ‘eAuede |

e Page 19 of 25 »

4
3
Y.
)
o
I
o
1Y
D
©
o
<
T
ke
—
o
1]
[m]
-
1)
@)
X
[72]
o
3
3]
(7]
=}
=
S
<
-
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

"9AI}BAJBSUOD
alow sBuipuyy apew Ajay|
uolissiwo Jiay} ‘swojdwAs

[e1o|@¥so|nosnw Jo
aous|eaald pue uoneinp
asn auoydyuews Jaybiy
Apueoyiubis aaey dn
MOJ|0} BY} O} }1SO| dJam Oym
9soy} pue 1no paddolip
S]U92S9|0Ope BWOS -

‘swoldwAs

10} Ysu asealoul Aew
ainsodxa aAle|INWND
pue ‘painseauwl Jou
sem S1IA O} ainsodxa
awnayl| Jo asn Joud -

‘swoldwAs
J0 sainseaw juiod
awi} s|diynwi jo yoeT -

‘Aoeinooeul pue
selq ||jeoal 8onpoJjul Aew
sainseaw Jodal-j|es -

sessauyesm

"sJojoey Buipunojuoo
umouy Jo} sjuswisnipy -

‘'sAep puayoam

pue sAepxaam Buunp
asn Bujuieyqo Buipnjoul
399M 9|0ym B SSoUoe
sainseaw pajiejaq -

*dn moj|o}
ybiy yum sjdwes abie -

‘sjuadsajope
Buowe sawoo3no yjeay
|ensia pue swojdwAs
|ejo|eyso|nosnw pue
asn gS.1N usamiaq
SuoleIo0sSe uo Apnjs
[euipnyibuoy jsiid -

sybusa.is

‘swojdwAs Jo Ajuanss yim
pajeloosse jou dn moj|0}
pue auljaseg usamiaq
asn S1 N ul sabuey) -

‘swia)sAs |ejooyso|nosnw

pue Ayanoe uad (Aep
/1Y) uoneinp asn AS1N
usamjaq diysuone|al oN -

-dn-mojjo} aney swoydwAs
wJe pue Jap|noys

odU ylm pajeroosse
auleseq je sauoyduews
uo Bupiseyniy -

dn-moj|o} 1e swoydwAs
|e19|93S0|NosNW Yyim
pajeloosse auljaseq je
dSLIN uo (esn |elsuab
‘soapia Buiyoyem
‘saweb ‘|e1o0s) salAloe
ulepad ul uonedioied -

‘swoldwAs }oeq moj

U}IM pajeloosse aul|aseq
je 8sn }9|ge} JO 4yl < Biym
‘dn mojjo} 18 swoydwAs
¥oeq Jaddn pue Japjnoys
Plo8U YlIM paleioosse
auljaseq je suoyduews
40 1y L< yibus) Jnog -

dn

-MO||0} Je swoldwAs wue
pue ‘joeq mo| ‘Jap|noys
08U Ylm pajeloosse
asn }9|qe) auljeseq -

swoydwAs 3oeq moj

pue Jap|noys/}osu yym
pejeloosse asn auoyd
Jo @ouajena.d suljeseg -

swojdwAs Jap|noysoau
payuodau sjuedoied

10 %4/ dn-moj|o} Jeak
auo 0} auljeseq -

sbuipuyy juesyiubis

(101983
‘auoydyews) saoinaq
u88I2S yono] 9|IqoN-

pajsa] saoire(

(pueysum

‘SWwe “¥oeq Jamo| ‘yoeq
Jaddn “uap|noyspoaN)
uled |eja|ayso|nosnw
Jo uoneoo -

dS.LW Buisn seniAnoy -
asn gSLIN Jo ybueT -

auljeseq je
asn S1IA 1o aousjeAald -

uexe| seinsesyy JueAs[oy

*dn-moj|o} JedA auo je pue

auleseq je AaAins 0} asuodsay -

uonusriBU|

|ooyos
1e alleuuolsenb psseq-qep -

aJodebuig -

Bumes Apmis

Juasuo9 uelpienbiualed -

s|jooyos Alepuooas
Jo Arewud ui pajjolug -

dsLlinjoesn -
eLg}lID uoisnjoul

siealk gL-0| -oby

(4298/1N628)
sjuaosalope 1691 = N

sjuedioned

MOT

seig Jo ysiy

Apmig
[euipnyibuo]

gz 1one1

[62] ‘le1e ‘yoL

e Page 20 of 25 »

4
3
Y.
)
o
I
o
1Y
D
©
o
<
T
ke
—
o
1]
[m]
-
1)
@)
X
0
o
3
3]
(7]
=}
=
S
<
-
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

ISSN: 2572-3243

DOI: 10.23937/2572-3243.1510114

‘[21] uoneroossy Adeiay] [euonednoo( uedLBwYy WoJ paydepe 1ew.o) a|ge| :uoneld

'SISOPJOT [BOIAISD) PIOAUSD DD ‘WIY JUSWO [eUOHE)ARIS
WD ‘sniIBIA Selegelq Nd ‘SedlAeq Uselog yono] 9|IqojA :aS.LIN ‘Auwenxg Jeddn :3n ‘Adessy] [euoiednooQ jo ejeioooq Lo ‘Adessy] [euonednodQ 1O ‘8jewa 4 ‘Blel (N Ay

"@SN papus)xa 8jou Jou
pIp pue uonusAlalul yoes
1o} 8k} BWI) BUO IBAO
ua) e} SluUsWIBINSes| -

Joineyaq
|ednjeu abueyo Aew
S)SB)} pue JUSWUOIIAUS
10 ainjeu paje|nwis -

sessauyesMm

sisAjeue
|eOlISIIE}S DAISUDIXT -

sybusais

19|qe} Buisn
Usym pajou UOISUSIXD
1SUM JO sanjeA JaybiH -

19(qe) Buipjoy usym
UOREBIASD [EIPEJ ISUAN -

alnysod sjuedpiued

8y} pue s}s|qe} Jusldjip
Z @Y} usamiaq aoualayp
eouubis op -

sbuipuiH jueoiyubis-uon

|lews Buljlews

JO yse) a1semyos Burnp
ISLIM Ul pajou UoleIAsp
Jeujn alow Apueoyiubig -

puey jueujwopuou
"SA JUBUIWOP pue
suonelnblyuod ssosoe
Apueoniubis palea
Ajanoe ajosnw pue
‘suoljelajeooe ajbue jsum
‘alnysod 1sum uesy -

sbuipuiS Jueoyubls

1e|qe pedi -
19/qe ] WooY -
:pasn savireg

(93) Ananoe sjosn -
(1912Wo01UCH
[eIXe-1q) JSUAN -

(weyshs
sisAjeue uoiow g-¢
paJeljul) yuni} 4o 8inysod -

(sonewauny

a-£) Jep|noys Jo ain}sod -
Aunipoy

8/asny\ pue 8injsod

'9sN Ul S9oUBIBYIP
eoyiubls 89S 0} UonUBAIBIUI BY}
Buiousuadxs syuedioned e yum

‘dnoub [osu0d ou pey Apnis siy] -

j03U0D

(yueuiwop
-UOU "SA JUBUIWOP) SN pueH -

(seweb ‘jlews
‘BuIsmolq gam) XSe} aIeM}os -

(a19e) sA dej) uoneoo -
19|ge} Jo poddns -

:ul suoneinByuod yum (wooyx
Jo pedi Jayye) sie|qe} Jusiayip g

uonuarigu|

ge| ul pajejnuwis -

bumes Apns

3N Jo ‘yoeq ‘¥osu ‘peay

JO SUOIIPUOD [B)3]8YS0|NosnW

Jua1Ind Jo snoinaid oN -

Jaindwod
/18|9e) yum aouaadx3 -

eLg}lID uoisnjoul

(6z = abe uesp) -

(48/IN2) - sHNpY GL = N
sjuedioed

MOT

seig Jo ysiy

Apnig Hoyo)

ga¢ [9ne7]

[2€]
‘[e 19 ‘BunoA

e Page 21 of 25 »

4
3
Y.
)
o
I
o
1Y
=
©
o
<
T
ke
—
o
1]
[m]
=
1)
@)
X
[72]
o
3
3]
(7]
=}
=
r
©
=
©
o
C
3
o
>



https://doi.org/10.23937/2572-3243.1510114

DOI: 10.23937/2572-3243.1510114

ISSN: 2572-3243

using a self-report questionnaire. The findings indicated
that the stress associated with information received by
cellular technology and the stress of overuse increased
theriskoftemporomandibulardisorderand bruxism.The
study also revealed additional negative consequences
including chronic orofacial pain and irreversible damage
to hard dental tissue structures.

Upper & lower back

Eight studies found effects of electronic usage on the
upper and lower back. In total, 11,691 participants were
identified and studied for the impacts on the upper and
lower back.

The back appears to be the region most impacted by
device use. Back pain after prolonged device use was
reported by nearly two thirds of participants in several
studies [26,35]. The factors reported to contribute to
neck symptoms also contributed to upper and lower
back symptoms. For instance, the duration of device
usage [24,26,29] and non-neutral postures [30,31]
contributed to musculoskeletal discomfort in the upper
and lower back.

The pattern of and posture during use may also
contribute to back problems. For instance, walking while
using a handheld device was shown to have an impact
on spinal positioning, including increase in thoracic
kyphosis, lumbar lordosis, and trunk inclination [30,31].

Upper extremity

Eight studies focused on the effect of electronic use
on the upper extremity in 10,143 participants through
guantitative measures and self-report questionnaires
and surveys. Overall, the evidence illustrated that
electronic use did impact upper extremity positioning
in various joints.

Two studies revealed increased wrist ulnar deviation
during gadget (smartphone, tablet, etc.) use [36,37]. One
of these studies also noted increased radial deviation at
the wrist while holding a tablet [37]. Two studies noted
higher wrist extension measurements during tablet use
[25,37]. Lin, et al. further specified the postures that
cause extreme wrist flexion while typing on a tablet and
reported that lying in bed has extreme values compared
to having the tablet on lap or desk [25].

Device use also affected the positioning of proximal
upper extremity joints. Short, et al. highlighted the
general trend of flexed elbows and thumb flexion during
smartphone use [36]. Szucs, et al. found significant
anterior shift and flexion in the shoulders when tablets
were supported by a table during the use [27].

Several studies revealed the association between
device use and pain in their upper extremities. Silva, et
al. reported that 20% of the study participants reported
pain in the upper limbs after electronic usage [26]. Toh,
et al. stated that device use at baseline was associated
with shoulder pain at one year follow-up [29]. In
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Queiroz, et al.’s study, close to half of the participants
reported symptoms in upper extremity joints [35].
Younger (15-year-olds) participants who used at least
two electronic devices reported more symptoms.

Lin, et al. found a positive association between
the duration of electronic use and musculoskeletal
symptoms of pain and discomfort in the upper extremity
[25]. Gustafsson, et al. reported an association between
upper extremity symptoms such as shoulder pain,
numbness/tingling in the hand, etc. and the number of
texts sent per day at a one-year follow-up [24].

Discussion

This systematic review examined the impacts of
electronic device use on the musculoskeletal system in
adolescents and young adults. A majority of the studies
explored the impact of using various electronic devices
on multiple body regions. Of the 16 studies evaluated,
eight were level 2B and eight were level 3B evidence;
thus, the level of evidence for the effect of technology
use on the presence of musculoskeletal symptoms is of
moderate strength [17]. Overall, the findings suggest
that the musculoskeletal system is almost always
affected by maladaptive postures and positioning
associated with device use and the duration of device
use and long-term effects are expected. The following
paragraphs discuss each of these findings and offer
some general insights on handling these issues.

Maladaptive posture & positioning

Non-neutral and maladaptive positions were seen to
increase the prevalence of musculoskeletal symptomsin
the neck and upper extremities. This could be due to the
type of gadgets used (handheld devices), usage pattern
and behavior (prolonged use, holding them in hands
while using, walking while using smartphones, etc.),
and the environment (high or low surface in relation
to the user) in which the devices are used. Ergonomic
solutions may help mitigate the issue [21].

When considering ergonomic solutions, it is
important to understand that ergonomics is about the fit
between the user, device, and environment. The usage
environment of gadgets needs careful attention as it may
contribute to non-neutral or maladaptive posturing.
For instance, using gadgets while lying or sitting on
a bed may contribute to maladaptive posture of neck
and upper body. Gadget use in a sitting posture with
a neutral back is generally considered a safe position.
To optimize device usage in sitting, mounting devices
may be considered. For handheld devices (tablets and
smart phones, etc.), mounting devices such as tablet
cases, mounting stands, tablet cradles, etc. may be
considered. For users who input data through tablets,
a keyboard case may be considered. For adolescents
accessing gaming technology through gadgets, head
mounted virtual reality technology may be considered to
encourage neutral posture. Traditional office computer
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work ergonomic solutions such as adjustable table,
office chair with adjustable components, keyboard tray,
etc. may help desktop and laptop users.

The users must be encouraged to reflect on their
usage pattern and behavior periodically. To promote
such reflection, several smart gadgets offer usage
data that may provide insight into the duration of use.
Additionally, educating users about potential issues may
help them appreciate how much they may compromise
their health for convenience in usage of electronic
gadgets.

Aside from the external modifications and changes
in usage pattern and behavior, engaging in stretching
and strengthening exercises may help gadget users
avoid musculoskeletal issues.

Duration of device use & other predictors

The findings of this review also showed that the
prolonged use of electronic devices has an increased
negative effect on the body. Aside from the actual device
usage, other related variables such as sex [23,26,33,34],
presence of a paid job, excess weight [26], and level
of exhaustion [32,33], were reported to predict the
musculoskeletal symptoms.

Stakeholder education on these predictive factors is
the key to mitigate the musculoskeletal issues among
young gadget users. Several software ergonomic
applications are available in the market that alert the
users periodically regarding the duration of usage. For
instance, a user may set a timer to go off when it is two
hours. The users may be encouraged to download and
use these applications on their devices. Measures that
promote healthy lifestyle, effective stress management,
and work-life balance may also help mitigate
musculoskeletal issues in young workers.

Strengths and limitations

The strengths of this systematic review include the
examination of the impact of electronic device usage on
all body regions, inclusion of studies with moderately
large sample sizes, and the consideration of all
technological devices that are being utilized on a daily
basis. The limitations include the lack of higher-level
evidence (level 1) and longitudinal studies to examine
long-term effects. Also, some studies included in this
review were conducted in a laboratory setting rather
than natural settings.

Implications for practice

The findings have implications for multiple
stakeholders, such as healthcare professionals
(physicians, occupational therapists, ergonomic

consultants, etc.), device manufacturers, teachers, and
employers.

e Healthcare professionals may begin to assess
and document device usage behavior during
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annual physical examinations and/or preventive
visits to generate data and educate the public
on the potential impact of device overuse on the
musculoskeletal system.

¢ Rehabilitation professionals, such as occupational
therapists, when providing care to adolescent or
young adult patients with musculoskeletal issues,
should assess the patient’s device use behavior
as part of their evaluation. Further, they should
educate the individuals who are at risk for deve-
loping MSDs on proper body mechanics, ergono-
mic principles, and environmental modifications
associated with device use.

e Electronic device manufacturers may be more
competitive if they are more mindful of the
musculoskeletal issues associated with device use
when designing and manufacturing the device
and should include information related to the
safe usage of their products inside the product
package and on their websites.

e Teachers should ensure that adolescents are
using devices and gadgets in moderation to
complete educational activities.

¢ Employers need to ensure that their young
workers have proper work/office environment
to optimally position and safely use electronic
devices to complete work responsibilities.

Recommendations for future research

The emergence of the modern technology era and
increased dependency on electronic devices over
the last two decades may continue to increase the
prevalence of musculoskeletal conditions. Hence, it is
essential for the healthcare community to be cognizant
of the impacts of device usage on body systems and
ways to effectively manage them, through high-
quality rigorous research. Longitudinal studies may
help identify the long-term impact of device usage on
the musculoskeletal system. Further, studies spanning
across age groups, gender, population with different
anthropometrics, bodily regions, devices used, etc.
may reveal additional insights. Furthermore, studies
exploring the effectiveness of ergonomic interventions
in managing the musculoskeletal symptoms secondary
to device usage may yield valuable insights with practice
implications.

Conclusion

The use of various electronic devices is associated
with musculoskeletal symptoms in multiple regions of
the body, specifically the head and neck, upper and
lower back, and upper extremity in adolescents and
young adults. Maladaptive postures and prolonged
device use contribute to the musculoskeletal symptoms.
Future research examining the effect of usage of specific
devices, such as a smart phone, gaming device, etc. on
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bodily systems may further our understanding of the
human-device interaction and yield valuable insights
for stakeholders. Longitudinal studies examining the
long-term impact of device usage may help validate
and generalize these preliminary findings and provide
additional insights.
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