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Abstract

Introduction: Telemedicine across many specialties in clinical practice has been established in the literature
regarding technology platforms, privacy issues, cost, and clinical effectiveness. However, the lack of data in
these areas applicable to spinal cord injury telerehabilitation (teleSCI) still exists. The gaps in these knowledge
areas continue to hinder its widespread implementation and serve as pathways for focused efforts in teleSCl
research.

Objective: This systematic review aims to substantiate the clinical effectiveness and potential barriers to teleSCl
implementation by verifying the statistical significance of various clinical outcomes from randomized trials pub-
lished within the recent past decade.

Methods: A qualitative synthesis of randomized studies, conducted across various regions, was systematically
reviewed after identifying relevant records from database search engines. Applied filters in the search included
publication dates (2010-2020), humans, full-text, and no language preference. The 13 studies were selected per
Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram, and the risk of bias across
studies was evaluated by using the Physiotherapy Evidence Database scale of quality assessment.

Results: Quantitative outcome measurements demonstrated positive impact across studies: 79.1% (34/43) of all
measurements were statistically significant for positive outcomes and 18.6% (8/43) yielded no effect but were
significant. Primary outcomes addressed various spinal cord injury (SCl) management areas; 38.5% (5/13) of stud-
ies also assessed secondary outcomes. Interventional platforms were conventional technologies used in teleme-
dicine. One study (7.7%) achieved data encryption; no studies presented cost-analysis data.

Conclusion: The majority of studies demonstrated significant positive outcomes to validate teleSCl clinical effec-
tiveness through conventional technology. These results further expand our understanding of teleSCl's impact
and its demonstrated potential for improving SCI individuals’ lives. However, heterogeneity of selected studies
limits the conclusive recommendations to address potential barriers to its widespread implementation. Moreover,
the development of new data is warranted to promote “buy-in" of widespread teleSCl implementation.
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Introduction

Spinal cord injury or dysfunction (SCI/D) can result
from either traumatic or nontraumatic occurrences
and renders life-altering events. Its clinical manifesta-
tions involve changes in underlying strength, sensation,
and other bodily function that causes paralysis and
disability." Other consequences manifest in varying
degrees with profoundly compromised function in
necessary life activities.” Furthermore, secondary med-
ical complications associated with multiorgan sys-
tems including neurogenic bowel, lower urinary tract
disorder, pressure ulcers, endocrine and metabolic
abnormalities, and cardiopulmonary and hemody-
namic instability along with sexual dysfunction com-
monly occur after discharge from acute inpatient
rehabilitation.” These comorbidities can lead to un-
fortunate losses physically, emotionally, socially, and
economically.*

Secondary complications require costly and time-
consuming medical management by qualified specialty
care providers in a clinical setting. The morbidities
yield severely compromised levels of activity and par-
ticipation, ultimately impacting the quality of life
(QoL) for many, with death resulting in severe cases.”
The situation can be devastating not only for patients
but also for caregivers and clinical providers involved
in their care. Therefore, it is essential to prevent and
systematically manage these complications. However,
continuous and appropriate health services for SCI/D
individuals are denied under many circumstances.
Many of these individuals cannot access specialty clin-
ics due to barriers in economic burdens, transporta-
tion, and remote locations.®

In the efforts to combat such barriers, the advent of
telemedicine has propelled ways for the delivery of
medical care from remote locations through informa-
tion telecommunication technology (ICT).” The evolv-
ing field of telemedicine, in past decades, has revealed
innovative options in telerehabilitation to address un-
derlying challenges in remotely managing patients re-
quiring rehabilitation. In 2016, the concept of spinal
cord injury telerehabilitation (teleSCI) was officially
introduced at the International Spinal Cord Society
Annual Scientific Meeting in Vienna, Austria, by an in-
ternational panel of leaders through an instructional
telemedicine course.® Furthermore, evidence in the lit-
erature shows the efficacious role of telemedicine
within other clinical specialties—internal medicine
and mental health—with high levels of satisfaction
among patients who reside in remote locations.”
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Telerehabilitation in spinal cord injury (SCI) man-
agement has been applied and reported to have had
successful outcomes in some global areas.' It is espe-
cially beneficial for those who are disadvantaged by
barriers to accessing specialty care clinics. From the
perspective of “taking ownership,” Kryger et al.
validate that appropriate use of technology enhances
empowerment to participants promoting a sense of
responsibility in being more involved and better edu-
cated about their care and overall well-being.'' How-
ever, mobile and telehealth interventions appear to be
used less commonly in teleSCI management.'*"”

Furthermore, there has been insufficient evidence
generated, even in the recent past decade, which vali-
dates its clinical efficacy in SCI individuals. The lack
of data is particularly evident throughout many Asian
countries, presumably influenced by economic, politi-
cal, and cultural factors.'® In the Republic of Korea
(S. Korea), debates regarding the feasibility of teleSCI
among health care experts are ongoing, whereas uncer-
tainties in cost-effectiveness leave doubts in physicians’
minds regarding widespread implementation across
medical specialties.'*

Health care experts still consider teleSCI to be in its
developing stages, which require fine tuning in many
aspects.15 The associated privacy concerns present as
deterrence for policymakers. The data regarding cost—
benefits are insufficient to convince health economic
experts, whereas sparse evidence regarding clinical effi-
cacy and reimbursement inevitably fails to reach a con-
sensus among physicians.'®'® These are some of the
demanding challenges remaining to be addressed and
require solutions to overcome the lingering concerns
toward telemedicine implementation. Gaps in these
knowledge areas continue to maintain uncertainties
in teleSCI clinical practice and research. This system-
atic review aims to substantiate the clinical effective-
ness of teleSCI and confirm existing potential barriers
in its widespread global implementation by verifying
the statistical significance of clinical outcomes from
randomized trials published within the recent past
decade.

Methods

Database search

The first author performed the initial search using
key search terms and appropriate Boolean phrases:
telerehabilitation OR telemedicine AND “spinal cord
injury” OR “SCL.” Search engines included CINAHL
(n=214), PubMed (n=117), and Clinicaltrials.gov
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(n=3). A research assistant independently performed
a search (March 15, 2020) on two Korean databases:
Research Information Sharing Service and Korea Med-
ical Citation Medical Index. However, these did not
yield any relevant articles based on our search criteria.
Our salient efforts involved a comprehensive search
of the gray literature using Web of Science (n=43),
EMBASE (n=149), Cochrane Library (n=12), PsyINFO
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(n=73), and Google Scholar (n=29). We assessed a
total of 640 records identified from 10 search engines
aforementioned to narrow the selection field. The fol-
lowing filters were applied: (1) publication date range
from January 1, 2010 to January 1, 2020, (2) human
subjects, (3) open access with full-text articles, and
(4) no language preference specified. The flow diagram
in Figure 1 shows the summary of database research.

'd N\
640 records IDENTIFIED
c by database search: CINAHL (214), Cochrane (12), CT.gov (3), Embase (149),
2 Google Scholar (27) +(2), PsycInfo (73), PubMed (117), Web of Science (43),
8 RISS(0), KMCMI(0)
E
=
()]
=
467 records EXCLUDED
— by removal of duplicates across
database and irrelevant topics
[-T4]
E 173 records SCREENED
@ by title, abstract and author’s
5,"5 key words
113 records EXCLUDED
by additional “filters and limits”
(open access, published date range
2010-2020)
= 60 full text articles assessed for
z ELIGIBILITY
B
w
47 articles EXCLUDED
based on criteria: sample size, study
— type, absence of direct clinical
intervention (telerehabilitation)
-
(1]
3 13 studies INCLUDED
£ by meeting full selection
criteria for qualitative synthesis
in the final review
FIG. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart: selection of studies
by database literature search.
.
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Screening and eligibility criteria

The identified records were assessed by research assis-
tants, giving attention to the title, abstract contents, and
key phrases per our selection criteria. This review
focused uniquely on randomized trials, including feasi-
bility and pilot studies with respect to the study design.
Our criteria for inclusion and exclusion are outlined
in detail.

Inclusion

a. Randomized controlled or clinical trials (RCTSs)
including pilot and feasibility studies.

b. Study participants with underlying SCI/D (spinal
cord injury or dysfunction).

c. Study participants are adult males or females of
18 years or greater.

d. Sample size greater than eight participants per
study.

e. Health care and related services delivered through
teleSCI platform with outcomes assessment in
SCI/D management.

f. Intervention delivered using technology from
home or community setting with interactions be-
tween participants and clinical providers (phy-
sicians, nurses, allied health professionals, and
licensed or qualified rehabilitation counselors).

Exclusion

We excluded case studies, case series presentations,
observational studies, articles with fewer than eight
study participants, and all review types of studies.
Study protocols merely proposing a study design with-
out resultant data or interventional outcomes were all
excluded. Since telerehabilitation is still considered
evolving and require fine tuning,' particularly in tech-
nology advancements, our review focused on current
research spanning the past decade. Studies published
outside of the specified date range—between 2010
and 2020—were also excluded. After eliminating dupli-
cates and other irrelevant articles, 13 studies met our
criteria and were included in this review.

Data collection process

The first author performed data extraction from 13
selected articles. At the time of data acquisition, one
of the designated coauthors withdrew and was pre-
empted from further collaboration. Subsequently, any
discrepancies were resolved by consensus among the
three coauthors.
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Extracted data information

The computing system in the research laboratory served
as the central management system for acquired data stor-
age. Record keeping of all information was maintained
separately on an excel spreadsheet. Addendum notes
were also generated for organizing or information and
recorded using a word document. The items of extracted
data were categorized as follows: characteristics of (1) se-
lected studies, (2) study population, (3) study methods,
and (4) study results with outcome data. The summary
of these data categories is given in Table 1.

Information for assessment of the risk of bias

The quality of the selected studies was evaluated by assess-
ing the risk of bias, using the quality checklist assessment
formulated by Physiotherapy Evidence Database (PEDro)
scale in reporting data.”® In systematic reviews, evaluating
the quality of RCT's is common practice. However, the re-
liability of data obtained with most quality assessment
scales has not been established.” Maher et al.*' described
in their report of two studies designed to investigate the
reliability of data obtained with the PEDro scale devel-
oped to rate RCTs’ quality evaluating physical therapist
interventions. The scale is a valid measure of the method-
ological quality of clinical trials.

Results

Selection and characteristics of studies

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses flow diagram shown in Figure 1
summarizes the systematic approach to our record
search. Identified records were assessed based on our
selection criteria. Through a stepwise process of screen-
ing and exclusion, 13 total studies met our criteria. The
characteristics of the selected studies included in the
final review are summarized in Table 2.

Table 1. Summary of Data Extracted

Data categories

Selected Author, title, institution, country of origin, objectives,
studies digital object identifier, first date of article
submission and final publication dates
Study Sample size, age, gender, SCI level or type (ASIA
population scale classification), comorbidities
Study Design, setting, geographic location, data collection
methods method and tools, process of recruitment,
randomization and allocation concealment,
follow-up period, interventional platform,
secondary technology, and data security
Results and Primary and secondary outcomes, observed

outcome measurements, intervention results and
statistics analysis, adverse events, and attrition
rate

data outcome

ASIA, American Spinal Injury Association; SCI, spinal cord injury.
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Risk of bias across studies

The risk of bias was assessed across studies using the
PEDro scale. Nine studies scored 9 or greater out of
11, whereas three studies scored 7 out of 11, and one
study scored 6 out of 11. Potential bias across studies
appears to be associated with blinding and allocation
concealment. Quality assessment based on the PEDro
scale revealed that 38.5% (5/13) of selected studies
achieved allocation concealment. Blinding of partici-
pants, clinicians administering interventions, and asses-
sors measuring outcome were reported as 46.2% (6/13),
15.4% (2/13), and 46.2% (6/13) across studies, respec-
tively. Table 3 gives a summary of the assessment.

Synthesis of results

Selected studies. The following is a summary of the
characteristics of the selected studies included in this
review.®12273!1 The affiliated institution, country of
origin, study title, study objectives, journals in which
they were published, along with digital object identifier
numbers and date of articles” first submission were
extracted. After agreement by coauthors, studies were
included, following independent search and screening
efforts without the assistance of a librarian. Our criteria
for publication date ranged between 2010 and 2020
since a decade was believed to be an extended period
for advancements in IT device technology for their
potential application in telemedicine. The earliest pub-
lication among selected studies was from 2011, whereas
the most recent was from 2019.

Study population. The total number of participants
across studies was 818 and ranged from 13 to 142,
with a mean of 62.9 participants.”>** The mean of
male participants across all studies was 62.96% (n=>515/
818). Three of the studies included >50% female par-
ticipants in both experimental and control groups,”*
and two studies had >71% in female participants.*”*®
Age was reported in years by mean with standard devi-
ation, among seven studies according to interven-
tion (range 29-51.5) and control (range 38-52.8)
groups.®11222327,28.31

Ten studies focused strictly on SCI, whereas one
study included multiple sclerosis (MS).>> One study
included MS and amputees,”® whereas another study
included MS, cerebral palsy (CP), stroke, spina bifida,
and lupus.”® Two studies reported on the American
Spinal Injury Association (ASIA) scale classification
with SCI type by specific neurological levels of inju-
ry.”"*> Majority did not use ASIA scale classification,
whereas some labeled participants as “tetraplegia” ver-
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sus “paraplegia” without detailed neurological lev-
els.! 1222427283031 Gix studies reported completeness or
incompleteness of injury.'"*>*****?! One study that
included MS participants reported only neurological lev-
els of injury for its SCI participants.”” Two studies,
which included disabilities of varying disorders (MS,
CP, stroke, amputees, and lupus), did not specify neuro-
logical levels of injury nor ASIA classification.”®*’ One
study did not report types or levels of injury.”

Comorbidities of participants reported by seven stud-
ies included pressure ulcers,! 12332 depression,“’zz’s2
pain,25 diabetes,”® and cardiovascular abnormali-
ties.”®’' The remaining six studies did not report
comorbidities of participants.®***”~>°

Study methods. The settings for conducting the in-
tervention were in the participants’ home for all studies
(some studies indicated “community” as a designated
remote location and that was considered as “home”).
In contrast, one study was conducted in a laboratory-
simulated home setting.”> Geographically, studies were
conducted in various countries including the United
States,”®?’2%32  Canada,***® Australia,>>***° United
Kingdom,25 27 Bangladesh,21 India,?® and China.’!

Various methods of data collection were reported, in-
cluding telephone interviews and/or in combination with
written questionnaires.>*'>**>?**73%> One study added
home visits with telephone interviews.® Other studies
used clinical assessment,”>**" survey forms,” and web-
portal with software applications."" Most studies used
one or more standardized tools for data collection.
Among these, various tools were used to assess the
QoL*!"?**?**: WHO-QOL-BREF, HR-QoL, PWI, SCL-
EWL, PHQ-9, QALY, and PUSH. Pain, depression, and
anxiety symptoms were assessed by respective authors in
the studies using NRS, PCS, CES Depression Scale,
DASS-21, BDI-II, and HADS. Levels of disability, activity,
and independence were measured by CHART-SF, PADS,
SCI-SC scale, SCIM-III, COPM, WHODAS, and
CHART-SF. Mindfulness of self-management in health
was also measured using FFMQ, PAM, PACIC, ASIS,
and CHIEF-SF. Other tools used in studies included
ARAT and RAHFT to measure hand function and
strength, whereas TAI scores evaluated the performance
of wheelchair transfer techniques.** Self-reported measures
for seeking employment were measured using JSES and
LOT-R* Refer to Appendix Al for abbreviations.

All studies in this review are RCTs. Four of these are
pilot or feasibility studies.>*>*”° Six studies reported
in detail on the process of recruitment, randomization,



‘snsojewsylfis sndnj d1ws3sAs ‘375 ‘uonounysAp uo Ainfur piod
Jeulds ‘Q/|DS ‘el [e21Ul]D 1O P3||043u0d paziwopuel ‘| DY ‘Adeiays [edisAyd ‘| 4 ‘s1sosa)ds ajdinw ‘S ‘Adesayl aAInubod Jo uiwpe jeuosiad J1U0IIII|D ‘| IV D ‘JUSPIDI. JB|NISBA0IGRIRD ‘YAD ‘As|ed [eigaiad ‘4D

wialsAs Bupoyuow
JiweuAp J91aweled-njnw
SS9|AJIM J0WI d|geieam
yum Bujuiesy asudn paq

J0}IUON

wia1sAs Buoyuow
910Wal e yum pajdnod Hujuiesy Buipuels
yum Ainfur piod [eulds Jsye uoisusrodAy

skep o€ >LID9J9 JO Buloyuow oWy a/ms  9e=N 104 2DUBDS [BJIPAN 10T “49quiadeQg 13RISOYHO JO JUBWILAI} [edIUl]D e18 39 udys
uonounysAp
pi0d |eulds yum s19y99s-qol 1oy
uonUINIAUI 92IN0SaJ duljuo ue Jo Apnis pajjoJIuod
S}S9M {  |euonewlojul Suljuo paseq-gam a/ns  8r=N (ropd) 1Oy pio) |euids  8L0Z “4aquia1das paziwopue) 1oid e DS pue YoM e 19 uhisioqg
1S 'YAD 104 e sanljiqesip
uoddns suoyds|ay pue ‘epyiq euids 48d Jo [e21sAyd yiim synpe 10} UOUSAID}UI
syjuow 6 Buiyoeod s10WaI Paseq-gaMm ‘4D 'SW DS TOL=N 104 JewInor ueduswy €107 “49quadaq uawabeuew ybloM YieayspL e 19 Jswwiy
s1aylo s1DY ybnoiyy siajsuely Jieydjaaym
uonuanisuisod sl9jsuel] Jleydjasaym ‘ssondwe 1uspuadapul uo Bujuiesy sjsues)
skep z-1 Jo Buiutes paseq-gqam SW'DS  LL=N 1oy BN JO SIAIYDIY 810T paseq-gam jo Adediys oyl bunebnssau|  .'[e 18 £3qoIoMm
1D¥ 10)id e :Kinfur piod [eulds
M3IAISIUI Suoydaal yum yum ajdoad ui AdesayioisAyd paseq
syoam g  weiboid ds1DIaXd | d PIsSeq-gaM DS  tvZ=N (oyd) 1oy pio) jeurds /102 -09M JO UOIIDRJSIIES PUR SSIUDAINIDYS dY| /718 19 130D
10y e Kinfur
Hunioyuow [euod paseq-gam pJod |eurds ul sW02IN0 |e1dosoydAsd
pue sajnpow uonedidde UdJeasay 1ouIa| pue yjjeay uo walsAs uoneyjigeyas pue
SUIUOW 6  9]IOW DAIIDRISIUI DIASP-LeWS DS 8E=N 1Dy |e2IpaA JO |eusnor 6107 ‘1snbny  yiesy o|iqow 9ANDRISIUI B JO 129)J9 YL L 1B 10 196Ky
Juswabeuew-9s yiesy saroidwi
saydeod Ainful p1od jeuids s1uoiyd> yum suosiad
yyeay-19ad Aq poddns jlew-a 10} UOIIUSAISIUI JUSWIIMOdWS paseq
syjuow 9 pue 1xa} ‘paseq-auoydaa] DS +¥8=N 1D4 YR JO SaAIYIY £10T ‘ydey  -duoyda|a) ‘pa|-193d e Jo ey paziwopuey  .[e 13 UBYIINOH
Jely A)|Iqisea) pajjoIIuod ‘paziwopuel
e :Ainful pi1od jeuids Buimoljoy
buiuren (Aupqiseay) uled djuolyd pue uoissaidsp yum cZAelul4 pue
SY99M 8  SSUINJPUIW SUIUO PISEG-GIM DS /9=N [eu} paziwopuey pio) jeurds 8107 ‘Youeyy  9jdoad Joj ssaunypui paJaAIdp-1aUISIU]| ulesy
Adessayy Jleday |einsN pue uonouny puey di63jdena -3 )
syjuow 6 9s1219Xd pasinIadns-a|a DS  €L=N (43n0-ssoud) 10y uone|igeyaloinaN 110T "YdIepw sanosdwil uopel|igeyaia|a} SWoy-uj 1D{SM3Z|eMOY|
ysape|bueg pue eipuj ur Linfur pi1od
|euids yum 3jdoad ui s192jn ainssaid
J0 uswabeuew sy 4oy woddns paseq
EEN W] uoddns paseqg-suoydaja] DS SLL=N 1Dy pio) jeurds £10T 1snbny -auoydas|al Jo SISA[eUB SSDUBAIIDRYS-1S0D 718 19 eioly
Ainfur p1od |euids
21UOJYD YUM S}Npe Ul J9pIOosIp poow
(astjyem |9|jesed Joj Juswiealy Joineyaq aaniubod paseq
syjuow G| 1JVd® :MalnRiul-suoydala | DS 8y=N  9Andadsoud) 1Oy pioD [eulds  GLOZ 43QuiaddQ  -}9UISIUL UE JO [el} [013UOD pazZIWopUeRl Y . e 13 IuLol|BIy
w91sAs
9suodsal 9210A SAIDRISUI uonounysAp plod jeurds yum suosiad oy
syjuow 9 pajewolne = e aied, SW DS TwL=N 104 pio) jeurds €107 'aunf  UORUSAISIUI Y}eayda} e yo Apnis jojid ¥, '|e 312 ueyInoy
ysape|bueg ui
Ainfuy p1od |euids juadal e yum |eudsoy
S1ISIA-DWOY pUe S1ORIUO0D (3op1d) |en wouy abieydsip buimojjoy a1ed paseq
syluow g suoydsja| = Moed aIe), DS  0E=N paziwopuey 9107 ‘Aepy -Aunwwod jo [euy paziwopuel Jo)id o8 13 ulessoy
dn-mojjo4 ABojouyd3} uoiUIAIBIU| uonendoqd  sjdwes ubisaQg lewanor L APIL Joyny

saIpN)s Pa3dalas Jo sonsUdRIRY) 3Y) jJo Liewwng *Z 3d|qel

[2)]
©



‘uonddUl 1oeI} Aleuun ‘|1 ‘sieak 3yl paisnipe-Aiijenb ‘ATv0 ‘aseqeieq aouapiag AdesayioisAyd ‘0igad ‘@Insesy uoneandy
JuBNed “AIVd ‘ORI SPPO ‘YO 591 MIeM UIIAL “LAIN ‘1531 Ysnd UIN “LdIA ‘3]edS A2ed143-J9S 1UaWaINd0id qof ‘S3S( ‘Adeiayl as104axa ‘13 ‘9z1s 1999 ‘53 ‘[eAISIUI SDUSPYUOD ‘D 1S3 WY UDIeasay UodY ‘I vy

Auapiys
sabueyd ainssaid poojq d11eISOYLIO JljolSselp Bujuren ssedwod pue bujuien
pue 31j01sAs ul panosdwi Buluiesy sjqel-yiL paq asudn d1399 03 sasuodsay %LLL 11/9 payodas suon euiyd SWOoH (g1 39 udys

2cuediubIs [ednsiels yoeal ol buijiey
s9sAjeue 12913-03-UONIUIUI YHM PIAIDSCO
9)el uonue ybiy ‘snpow bujuses| ybnosyy
$92Jn0Sal |DS pue uom jo xerdn ybiH S3S[ WdN-GZ %9€ LL/L pauodai suoN elessny  Aunwwod ‘OwoH o 1B 39 ufisiog
21025 31663A/INIy 210
134} 2105 18) = UOIIINU ‘3SIDIDXD

(L0'0>d) siskjeue dnsiels -|e10} ‘9SID19%d YIbuas ‘3s1DI9xd
uo uodesul dwi pue dnoub ul Juediubis J1goJae =AyAioe ‘A1IAlde 01 sialleq
sem sdnoib usamiaq adualaylp ybiamApog xapul ssew Apoq ‘yblam = pawolg %801 LL/L payodas auoN S91e1S PavuN SWoH oz |8 39 Jowuwiy
dn-moj|oy
skep z-| 13sod uonUIAI-S||IYS pue
(S0'0=d) wawaroidwi ‘buiuieny-1sod ajeipawwil uonisinboe
pamoys bBululesy Jajsuel) paseq-gapy -S| ‘uljdseq @ sanbiuydal Jaysuel] %/ LL/8 pauodas suoN $91e1S PaNuUN SWOH gz 18 39 £5qoiom
1MIN-9 104 padunououd a1ow Ing Juedyiubis Ayjigow
10U 319M sdUBIAYIP dnoib-uSEIMIDYg uo Buipuadap [MIN 9 10 1dW 9 %SCL LL/L pauodas suoN wopbury pauun  ANunwwod ‘DwoH 218 38 433 no)
swoydwiAs
poow pasnpal piemoy Buipuail sSW0dIN0 suolssiwpe
JerosoydAsd uedyiubisuou yum (€0°0=d) Jeudsoy ‘susia woou Aduabiaws
S|LN pa2npal Ajpuedyiubls UonUIAIRIU|  ‘s310S 2Inssald ‘|1 N =SaW0dIN0 Y}jeaH %TEL LL/6 pauodas suoN $91L1S PaNuUN SWOH L1810 196Ky
(Ly0'0=d) $3103S \Vd ul 9bueyd juediiubis
papaiA 1uswabeuew-j|as Yeay paj-1aad juswabeuew-jjas yijesH %66 LL/8 pauodal 3uoN  S31LIS PaluN ‘epeur)  ANUNWWOD ‘SWOH o7 |8 33 Ueylnoy 4

(85°0— 03 £/'C— 1D %56 ‘05'L—=HIp uesw)
uofeonpaoydAsd ueyy ssaujnjpuiw

Aq 210w pasnpal Ajpuedyiubis uoissaidag Auianas wordwis uoissaidaqg %8'GE 11/8 paidAinus eleg wopbury payun  Anunwwiod SwoH . Aejui4 pue uiesy
13 49 panosdwil Apnis pais|dwod vz 1839
(Lo'0>d) 2105 sy1buais puey pue wiy 1vdy  swedpnied ||y LL/0L pauodal suopN epeue) ‘eljessny swoH |SM32Z|emoy|
sasAjeue ANARISUIS
AQ SSOUDAIIIDY-1S0D %/8 “(150°0 O}
¥00°0 ‘1D %S6) £Z0'0=SATVD Buipuodsaiiod pauteb
(ZEY— 0} ZL'E— D %S6) IS 43N dJnssaid ATVO pue uondnpais 3z|s 13d|n)
pacnpal ueaw 1oy duIdHIP dnoib-usamiag SDWO02INO Y3|eay pue 3yausag-1sod pavodai 10N LL/6 pauodas suoN eipu| ‘ysapejbueg  1a1uad aied Aieiua] 718 12 eIy

(C0=53) uondejsies
-3J1| J9Yb1y pue (€0=53) ssans ‘('0=53)
A1d1xue “(4°0=53) Juswaroidwi poow uofdeysies
juedyiubis pamoys sasAjeue dnoab-uiyum 3JI] Yyum Juswanoidwl poopy %6TT LL/8 pauodal suoN ejjessny SWwoH 718 39 1unol By
(L0'0>d ‘paisn(pe
19puab pue abe) uoissaidap
Jo A1IaAses Yiuow-9 padnpai

(£00=d 'g'L=YH0) ‘(L0000 >d) uswom ui syyuow 9
uonez||in aied-yyeay uo 1pedwi uedyiubls oN  1e s192jn ainssaid Jo aduasald padnpay %E'9 LL/8 pauodai suoN s91e1S paMuN Aunwwo) 2¢12 33 ueyinoy
(LT 01 T 31D %S6)
%/ J0 el Aljeyow ‘paip syuedpiued om| Ayjeyow asned ||y %/°9 11/8 payodas suon ysopejbueg  AHunwwod ‘SWoH o2 13 ulessoH
jJudWAINSEIW SAWOINQ sawodno Atewlid selq Jo dysu uondAnua uonedo| bunies Joyiny
9Jeds o1g3id eleq s1ydesboan UOIIUDAIDIU|

SjUBWIAINSE3)\ pue sawodInQ Aiewlld ‘saIpnis paidalas Jo sdnsuldeIey) 3y} jo Llewwns °€ a|qel



Lee, et al.; Telemedicine Reports 2021, 2.1
http://online.liebertpub.com/doi/10.1089/tmr.2020.0026

6,22,26,27,28,30
23-25,27,29

and ascertaining of allocation concealment.
Five reported on only the recruitment process.
Two studies neglected to provide any information re-
garding these processes in their study design.”>** The
quality assessment across studies (Table 4) revealed
that six studies achieved blinding of all study partici-
pants.>***® Two studies secured blinding among
those who administered intervention.'"** Blinding of
those who assessed at least one key outcome was
attained in 6 of the 13 studies.>'"**~*>*

Telephones and computers were the more commonly
used technology for delivery of the intervention, and all re-
quired internet connection.>*>*****”*° Computer-based
platform was used for automated interactive voice re-
sponse system,3 2 Videoconferencing,24 and web-based
internet communications.'"*” One study required smart-
phones while another used a wearable remote wireless
monitoring device.”' Three studies also required second-
ary technology equipment, including computers for
online data tracking system,”>***® and one study provided
participants with laptops, computers, and web-cams.**

In this review, one study addressed privacy concerns
in protecting participants’ personal information
acquired through an online survey.> All other studies
did not report achieving data encryption or securing of
personal information in adherence to Heath Insurance
Portability and Accountability Act (HIPAA) guidelines.

Study results and outcomes data. Primary outcomes
observed were as follows: all-cause mortality,6 pressure
ulcer and depression,”* mood improvement with life satis-
faction,> costs and health outcomes with quality-adjusted
life years gained,” upper limb strength and function,”* de-
pression symptoms severity,” self-management in health
techniques,”® health and psychosocial outcomes,'" 6-min
walk or push test,”” changes in score for wheelchair trans-
fer techniques,”® biomedical (weight, body mass index,
barrier to activity), physical activities, nutritional status
(scores in fat, fiber, and fruit/veggie),” securing employ-
ment, and depression symptoms severity.3

Secondary outcomes were assessed in five studies:
medical complications, depression, participation, QoL;
hand (grasp and pinch forces) function; anxiety, pain
perception, catastrophizing, and mindfulness; global
ratings of services or resource use; and quality of pri-
mary care 525262830

Outcome measurements were primarily quantitative
and demonstrated a positive impact. Among 43 total
measurements tested across studies for statistical sig-
nificance, 34 (79.1%) were significant for positive out-
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comes, whereas 8 (18.6%) yielded no effect but were
significant. There was one negative impact by statistical
testing,”> and one study reported no significant testing
for outcome measures.® Table 3 summarizes the pri-
mary outcomes and measurements.

Attrition rates across all studies ranged from 6.7%
(2 out of 30)° to 36% (9 out of 40 unaccounted for in
final analysis).”® Only one study had all of their partic-
ipants complete the study,”> and one study did not re-
port any information on attrition.”> Three participants
withdrew due to disinterest,!' and seven withdrew for
unspecified reasons.”® Adverse events across studies
were as follows: three deaths,®!! seven hospitalizations
for pressure ulcers,”*® one participant started dialy-
sis,” and two participants had acute illnesses.”

Discussion

Telemedicine concepts and application in clinical practice
have demonstrated their feasibility over the past decade.
However, teleSCI is yet to become widely implemented
worldwide. The focused areas of investigation among
the reviewed studies included community-based care
after discharge from inpatient rehabilitation, wound
care management, orthostatic hypotension, mental
health, chronic pain, hand function, home physiotherapy,
wheelchair transfer training, bodyweight management,
promoting self-management in health, psychosocial sup-
port, and securing of employment for community-
dwelling individuals with SCL>'"**7>?

In our search, 13 teleSCI studies met inclusion crite-
ria, which were finally included in this review. This is a
significant contrast from a review of telemedicine stud-
ies in managing other conditions—asthma, chronic ob-
structive pulmonary disease, diabetes, heart failure, and
hypertension—as demonstrated by Wootton that iden-
tified >1300 publications.”®> And thus, the observation
validates the reality of sparse data in the literature on
teleSCI investigations.

Our review of selected studies was representative of
the SCI population across characteristics such as gen-
der, age, and type of injury. A review of global preva-
lence and incidence of traumatic SCI shows a high
male-to-female ratio®* and is consistent with the ma-
jority of the studies reviewed. The average age of injury,
at 42 years,” is consistent with the central tendency
of participant ages represented within the studies. The
predominant injury type reported was incomplete SCI,
consistent with epidemiological trends (66.3% of all
SCI).*® All studies were published in English, with
many having conducted in North America. However,
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given the absence of an accurate global prevalence
estimate, establishing geographic representation is prob-
lematic*****” and is indicative of the need for standard-
ization of guidelines for global SCI reporting.*®*’

The lack of standardized neurological levels of injury
reporting was evident across studies. This deficit can po-
tentially lead to challenges in clinical practice and in un-
derstanding current works and future needs in SCI
research.”®”” However, in this review, only two studies
appropriately reported neurological levels of injury
using the standardized ASIA impairment scale classifica-
tion.>"" The majority of studies used generalized terms
such a “tetraplegics” or “paraplegics.” Others merely
reported types of injury, such as “complete” or “incom-
plete.” Reviewers must be aware of these inconsistencies
as critical barriers to accuracy in the reporting of results.
The consistency with standardized reporting is compul-
sory since it minimizes doubts and errors while enhanc-
ing clear communication between research scientists and
clinicians within the academic community. By a commit-
tee of international experts, these limitations have been
recognized and prompted to promote global standards
of reporting in future SCI studies.’® One area of stan-
dardization suggested by the committee is shared data
and minimum information standards’®* to ensure
highly improved results from systematic review studies.

This review’s selected studies are all randomized tri-
als, of which four are pilot or feasibility studies.'*>*°
Six studies reported details, following Consolidated
Standards of Reporting Trials (CONSORT) guidelines,
in recruitment, randomization, and ascertaining of al-
location  concealment.®*>?%?72%3%  Two  studies
neglected to report any information on these process-
S Among the reviewed studies, <50% (6 of 13)
achieved blinding of participants,”**">® whereas some
studies secured blinding of research staff involved in ei-
ther the delivery of interventions (2 of 13)124 or
assessing outcomes data (6 of 13).6:11:23725.29 T po-
tential biases across studies appear to be associated
with blinding and allocation concealment. Our qual-
ity assessment based on PEDro scale®® revealed that
<40% of all studies achieved allocation conceal-
ment, and a mere 46% of studies incorporated blind-
ing in their study designs (Table 4). Based on this
rating scale assessment, it is plausible that 81.8%
(9 of 13) of the reviewed studies are likely to be reliable.

We observed primarily positive outcome measures
(79.1%) across studies. Similarly, most secondary outcome
measures (38.5%) were positive and focused on psychoso-
cial issues in the management of mood and depres-
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sion.”>***> One area, which lacked the attention that it
deserves among these individuals, is erectile dysfunction.
The highly prevalent condition among SCI males result-
ing in sexual dysfunction and infertility issues severely
impacts life quality.*” Among the reviewed studies, this
area represents a knowledge gap, which indicates the
need for further research in SCI sexual rehabilitation.*'
In contrast, it is arguable that SCI men who are con-
fronted by this issue may be more inclined to prefer per-
sonalized face-to-face attention in addressing this
sensitive area in the rehabilitation process.

The studies used various methods to support SCI
patients in the home and community through teleSCI in-
terventions using various technologies. The common
mode of intervention delivery included telephones and
computers for videoconferencing, interactive voice
response, and online data messaging systems. Web-
based platforms, as expected, were widely used and still re-
main the conventional technology. This is consistent with
the general trend in telemedicine practices for other med-
ical conditions.*>*> However, judging from the consis-
tency of traditional technologies used in earlier studies
considered to date,**** not much has evolved to yield in-
novative or cutting edge technology in recent years, at
least not in the extent to which it would have been con-
sidered applicable to drastically impact telerehabilitation
practices. The void brought on by this lack of technology
advancement—observed across studies of recent years—
maintains use of conventional platforms as status quo.*>*

Although earlier innovations may have served as driving
forces toward the significant development of telemedicine,
technological performance and applicability may be one of
the biggest challenges to implementing teleSCI across the
globe. Secondary technologies were also required in
many situations. These included webcams, smartphones,
speakers, microphones, portable laptops, remote wireless
monitoring systems, and wearable devices. The concurrent
reality is that many elderly patients who require ongoing
rehabilitation are unfamiliar with using smart devices,
whereas individuals with limited function likely require as-
sistance in operating technological devices. Reliable inter-
net connections with adequate speed and the need for
secondary equipment with knowledge in their operabil-
ity are tangible challenges**** to stabilizing and ensur-
ing the flawless delivery of interventions for these
patients’ optimal clinical care. These challenges are
limiting factors and serve as catalysts in the future di-
rection for teleSCI research and clinical practice.

The advent of smart technology has given birth to a
myriad of lifestyle conveniences. It has also served to
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be pivotal in the delivery of health care through teleme-
dicine. Ironically, it has also resulted in costly losses for
many victims falling akin to hacking schemes and iden-
tity theft due to personal information security deficien-
cies. Data security and maintenance of the privacy of
personal information are critical issues in clinical prac-
tice. Those involved in handling such sensitive informa-
tion must abide by HIPAA compliance standards and
other security regulations.**™*® In contrast, most studies
in our review failed to address privacy issues and data
protection. Patients’ records should be kept highly se-
cured, intact, and protected from third-party theft or ac-
cess without consent.*” They should be accessible solely
to authorized individuals only when needed, strictly for
purposes of health care delivery or medicolegal situa-
tions. Security systems such as the Intrusion Detection
System—automatically detect malicious activities and
report to security service providers®—or similar secu-
rity systems should be mandated to handle data acquisi-
tion of private and personal information in research
activities. The prevention of unintended leakage of and
securing personal data remain a critical challenge in tele-
SCI. Hall and McGraw validate this by asserting in the
title of their article: “for telemedicine to succeed, privacy
and security risks must be identified and addressed.”*®
The burdensome question of cost-effectiveness and
benefits to both patients and providers alike will likely
impact decisions regarding the implementation of tele-
SCL®' Telemedicine practices in other specialties have
shown reduced costs compared with traditional face-
to-face visits. It yields an overall decrease in treat-
ment costs and transportation costs by minimizing the
frequency of in-person clinic appointments.”® Further-
more, it reduces time out of office costs for employees
and employers by eradicating the need to take time off
from work. Arora et al.—whose study failed to meet in-
clusion criteria and thus excluded in this review—vali-
dated the cost-benefits of teleSCI intervention using
technology among participants with pressure injuries.5 >
Since SCI rehabilitation is an ongoing and expensive
process, the use of teleSCI may decrease financial bur-
dens on patients and the health care system. However,
further studies are needed to draw meaningful conclu-
sions in areas of cost-effectiveness for SCI management.

Limitations

Although the studies in this systematic review addressed
different aspects of SCI management using conven-
tional technology platforms, the study’s inclusion crite-
ria served to be a limitation by failing to capture a sizable
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compilation of journal articles. Consequently, the in-
cluded studies’ heterogeneity made comparison difficult
across selected studies, particularly for quantitative anal-
ysis of outcome measures.

Conclusion

The majority of studies in this review demonstrated
significant positive outcomes to validate current tele-
SCI practices’ clinical effectiveness using conventional
technology. The qualitative synthesis results further
expand our understanding of teleSCI’s impact and its
demonstrated potential for improving SCI individuals’
lives. However, the development of new data generated
by ongoing research efforts to promote the “buy-in” to-
ward widespread teleSCI implementation is warranted.
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ARAT = Action Research Arm Test
Cl = confidence interval
CP = cerebral palsy
ePACT = electronic personal admin of cognitive therapy
ES = effect size
ET = exercise therapy
HIPAA = Heath Insurance Portability and Accountability Act
JSES = Job Procurement Self-Efficacy Scale
MPT = Min Push Test
MS = multiple sclerosis
MWT = Min Walk Test
OR = odds ratio
PAM = Patient Activation Measure
PEDro = Physiotherapy Evidence Database
QALY = quality-adjusted life years
QoL = quality of life
RCT = randomized controlled or clinical trial
SCI = spinal cord injury
SCI/D = spinal cord injury or dysfunction
teleSCl = spinal cord injury telerehabilitation
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Appendix A1. Abbreviations

WHO-QOL-BREF
HR-QoL
PWI
SCLWL
PHQ-9
QALY
PUSH

NRS

PCS
CES-D
DASS-21
BDI-II
HADS
CHART-SF

PADS
SCI-SC
SCIM-lI
COPM
WHODAS
CHART-SF

FFMQ
PAM
PACIC
ASIS

CHIEF-SF

ARAT
RAHFT
TAI
JSES
LOT-r

WHO-QoL-Brief Instrument Form

health related-QoL

Personal Well-being Index

Spinal Cord Lesion Emotional Well-being

Patient Health Questionnaire-9

quality-adjusted life years

Pressure Ulcer Scale for Healing

numerical rating scale

Pain Catastrophizing Scale

CES Depression Scale

Depression Anxiety and Stress Scale

Beck Depression Inventory-II

Hospital Anxiety and Depression Scale

Craig Handicap Assessment and Reporting
Technique Short Form

Physical Activity and Disability Survey

SCI Secondary Conditions Scale

Spinal Cord Independence Measure

Canadian Occupational Performance Measure

WHO Disability Assessment Schedule

Craig Handicap Assessment and Reporting
Technique Short Form

Five Facet Mindfulness Questionnaire

Patient Activation Measure

Patient Assessment of Chronic lliness Care

Adolescent Self-Management and Independence
Scale

Craig Hospital Inventory of Environmental
Factors-Short Form

Action Research Arm Test

ReJoyce Automated Hand Function Test

Transfer Assessment Instrument

Job Procurement Self-Efficacy Scale

Life Orientation Test-Revised.
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