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ABSTRACT

Background: eHealth has the potential to improve outcomes such as physical activity
or balance in older adults receiving geriatric rehabilitation. However, several challenges
such as scarce evidence on effectiveness, feasibility, and usability hinder the successful
implementation of eHealth in geriatric rehabilitation.

Objective: The aim of this systematic review was to assess evidence on the effectiveness,
feasibility, and usability of eHealth interventions in older adults in geriatric rehabilita-
tion.

Methods: We searched 7 databases for randomized controlled trials, nonrandomized
studies, quantitative descriptive studies, qualitative research, and mixed methods stud-
ies that applied eHealth interventions during geriatric rehabilitation. Included studies
investigated a combination of effectiveness, usability, and feasibility of eHealth in older
patients who received geriatric rehabilitation, with a mean age of =70 years. Quality
was assessed using the Mixed Methods Appraisal Tool and a narrative synthesis was
conducted using a harvest plot.

Results: In total, 40 studies were selected, with clinical heterogeneity across studies.
Of 40 studies, 15 studies (38%) found eHealth was at least as effective as non-eHealth
interventions (56% of the 27 studies with a control group), 11 studies (41%) found
eHealth interventions were more effective than non-eHealth interventions, and 1 study
(4%) reported beneficial outcomes in favor of the non-eHealth interventions. Of 17 stud-
ies, 16 (94%) concluded that eHealth was feasible. However, high exclusion rates were
reported in 7 studies of 40 (18%). Of 40 studies, 4 (10%) included outcomes related to
usability and indicated that there were certain aging-related barriers to cognitive ability,
physical ability, or perception, which led to difficulties in using eHealth.

Conclusion: eHealth can potentially improve rehabilitation outcomes for older patients
receiving geriatric rehabilitation. Simple eHealth interventions were more likely to be
feasible for older patients receiving geriatric rehabilitation, especially, in combination
with another non-eHealth intervention. However, a lack of evidence on usability might
hamper the implementation of eHealth. eHealth applications in geriatric rehabilitation
show promise, but more research is required, including research with a focus on us-
ability and participation.

Keywords: Geriatric rehabilitation, eHealth, effectiveness, feasibility, usability, system-
atic review
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INTRODUCTION

The world’s population is aging rapidly. Currently, 143 million people are aged 80 years
or older, and this number is expected to rise to around 426 million in 2050' . Although
many older adults are relatively fit, functional decline, multimorbidity, and geriatric
syndromes such as frailty or falls are common in older adults**. A combination of these
age-associated conditions triggers an increased risk of adverse outcomes such as hospi-
talization, functional impairments, and even mortality“‘ Postacute care such as geriatric
rehabilitation aims to diminish these age-associated risks. Evidence shows that geriatric
rehabilitation can improve functional outcomes and reduce nursing home admissions
and mortality>®- On the other hand, the rapidly aging populations and lack of staff are
putting pressure on the quality, accessibility, and affordability of geriatric rehabilitation. In
regard to these problems, the use of eHealth can be seen as important and promising, as it
has the potential to simultaneously improve both rehabilitation outcomes and efficiency.

eHealth can be defined as “the use of digital information and communication to support
and/or improve health and health care” . Some examples of eHealth are video commu-
nication, exergames (ie, active video games), and mobile apps. Although eHealth can be
seen as important and promising, successful implementation of eHealth interventions
in geriatric rehabilitation is complex, can be time consuming, and involves a variety of
determinants on multiple levels®'. To safely and successfully implement eHealth in
geriatric rehabilitation, scientific evaluation of eHealth is key'"'> Three important out-
come measures for the evaluation of eHealth in geriatric rehabilitation can be identified:

effectiveness, feasibility, and usability®">.

In terms of effectiveness, previous reviews show that eHealth can improve physical activ-
ity, gait, and balance in community-dwelling older adults'*"” . However, the evidence on
effective eHealth in geriatric rehabilitation is scarce and fragmented. To our knowledge,
no prior reviews have examined the effectiveness of eHealth in geriatric rehabilitation.

To better understand how eHealth can be used safely, feasibility testing is an important
first step'®'®. The aim of feasibility testing is to “determine whether an intervention is ap-
propriate for further testing”***" but a general accepted standard on feasibility testing
is lacking. Examples of factors that can be addressed in feasibility testing are adverse
events, adherence, and acceptability'®.

Additionally, usable eHealth is also an important prerequisite for successful implemen-
tation''*?, Usability can be defined as“the extent to which a system, product, or service
can be used by specified users to achieve specified goals with effectiveness, efficiency,

23



Chapter 2 | eHealth in Geriatric Rehabilitation: Systematic Review of Effectiveness, Feasibility,
and Usability.

and satisfaction in a specified context of use””. For older adults receiving geriatric
rehabilitation, usability is especially crucial, since there are certain age-related barriers
that may hamper the usability of eHealth®*?°. These barriers can be categorized into 4
patient-related domains: cognition, physical ability, perception, and motivation®’. For
example, poor vision can make it harder to distinguish certain icons on screens, or cog-
nitive impairment might lead to problems understanding certain eHealth interventions.
Often, eHealth is insufficiently tailored to these age-related barriers®.

Therefore, a systematic review of eHealth in geriatric rehabilitation including the con-
cepts feasibility, usability, and effectiveness was needed. This systematic review can help
speed up the implementation process of eHealth and ensure successful adoption of
eHealth overall. The aim of this review was to assess evidence on the effectiveness, fea-
sibility, and usability of eHealth interventions in older adults in geriatric rehabilitation.

METHODS

Study Registration and Protocol

This systematic review is registered at PROSPERO, with registration number
CRD42019133192% . This systematic review was based on the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-analyses) statement, which is an evidence-based
minimum set of items used for reporting in systematic reviews and meta-analyses®. The
complete checklist for this review can be found in Multimedia Appendix 1.

Types of Studies and Participants

In this review, we included randomized controlled trials, nonrandomized studies, quanti-
tative descriptive studies, qualitative research, and mixed methods studies. We excluded
systematic reviews, abstracts, editorials, and non-English and nonpeer-reviewed studies.
Studies examined older patients with a mean age of =70 years who received geriatric re-
habilitation, which is in line with consensus statements on the organization and delivery
of geriatric rehabilitation across Europe®'. Because there is variability between countries’
health care systems and consequently also between countries’ provisions of geriatric re-
habilitation®'*?, we included studies in different types of settings such as (geriatric) reha-
bilitation centers, skilled nursing facilities, hospitals, or ambulatory settings. Studies that
included patients with a chronic disease with no acute functional decline were excluded.

Interventions and Outcomes

Studies investigated eHealth interventions applied during postacute geriatric rehabili-
tation. Outcome measures related to the effectiveness of interventions were included
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if they could be classified based on the World Health Organization’s International Clas-
sification of Functioning, Disability, and Health (ICF) model**, which covers the following
domains: body functions and structure, activities, participation, environmental factors,
and personal factors. For the purpose of this review, we chose to specify feasibility
within the following domains: adverse events, adherence, and exclusion rates. Usabil-
ity outcome measures were classified based on the MOLD-US framework, which is an
evidence-based framework of aging barriers that influence the usability of eHealth
in older adults and includes 4 categories: cognition, motivation, physical ability, and
perception”’. We included both primary and secondary outcome measures.

Sources and Search Strategy

On March 9, 2019, March 10, 2019, and January 11, 2021, we searched the following
databases: MEDLINE, PsycINFO, EMBASE, EMCARE, Cochrane Library, Web of Science,
and Central databases. For this review, 3 separate search strings were compiled. The
first focused on the effectiveness, the second focused on the feasibility, and the third
focused on the usability of eHealth interventions in geriatric rehabilitation. The search
string focusing on effectiveness included keywords related to older adults, rehabilita-
tion, and eHealth interventions. Studies were identified when at least 2 of 3 keywords
were present. The search strings focusing on feasibility and usability included an ad-
ditional keyword related to feasibility or usability. In both search strings, keywords were
combined using MeSH terms using the Boolean operations “or” and “and.” The complete
search strings can be found in Multimedia Appendix 2.

Selection of Studies and Data Extraction

We first screened titles of the identified studies. The abstracts of all potentially relevant
studies were then screened by 2 authors independently. Next, full texts were obtained
and reviewed by the same authors. We excluded studies that did not meet the inclu-
sion criteria. Disagreements between the 2 authors were discussed until a consensus
was reached. If a disagreement could not be resolved, a third reviewer was consulted.
Data extraction was performed using Covidence, which is an online systematic review
management tool® . In Covidence, a data extraction form was constructed that included
details of publication (ie, author, year, title, country of study, and funding), study design,
methods (ie, inclusion and exclusion criteria, population, randomization, statistical
analysis, and outcome measures), sample characteristics (ie, age, number of participants,
gender, and diagnosis), eHealth intervention (ie, name of intervention, goal of interven-
tion, delivery of intervention, and application of intervention), and primary and second-
ary outcomes. As the complexity of eHealth interventions influences implementation,
we sorted eHealth interventions ranging from simple (ie, video communications, health

)9,35.

sensors, or gateways) to complex (ie, robotics, exergames, or virtual reality One
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author then extracted the data. A subset of the data (10% of included studies) was also
extracted by a second author to check interrater reliability.

Quality Appraisal

The quality of included studies was assessed using the Mixed Methods Appraisal Tool
(MMAT)*, which allowed quality assessment across different study designs. The MMAT
is a critical appraisal tool specifically designed to assess the quality of 5 types of study
designs: qualitative research, randomized controlled trials, nonrandomized studies,
quantitative descriptive studies, and mixed methods studies. For each study design, the
MMAT provides 5 quality criteria that must be rated with “Yes,””No,” or “Can’t tell” Since
the calculation of an overall score from the ratings of each criterion is discouraged®** ,
we reported a separate score for each rating. Nevertheless, an overall score was reported,
because it provides a general picture of study quality. Studies were not excluded based
on study quality *® . For the randomized controlled trials and nonrandomized designs, we
rated the criterion “Are there complete outcome data?” as “No” when the drop-out rate
was over 20%°¢ . In nonrandomized designs, we rated the criterion “Are the confounders
accounted for in the design and analysis?” as “No” when there was no description of ad-
ditional therapy offered during the study, functional status, or cognitive status. Quality
assessment was carried out by one author, and 10% of the included studies were selected
at random and additionally assessed by a second author to check interrater reliability.

Data Analysis and Data Synthesis

In studies that reported outcomes related to effectiveness and included a control group,
a narrative synthesis was conducted using a harvest plot® . In the harvest plot, primary
and secondary outcomes were described and color coded based on ICF domain. For each
study, the bars in the harvest plot indicated the total results for the different ICF domains,
and the height of the bars represented the methodical quality based on the MMAT. When
a study reported multiple consistent results within the same ICF domain, the results were
combined in 1 bar. If a study reported conflicting results within the same ICF domain,
both results were presented. Randomized controlled trails were represented by a thick
contour around bars. A meta-analysis was not feasible since the included studies were
too heterogeneous with regard to population, intervention, and outcome measures.

RESULTS

Study Selection

The search strategy identified a total of 7635 unique records. After exclusion of records
based on title and abstract, 331 records remained. During full-text screening, a further
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291 records were excluded, resulting in the inclusion of 40 studies in this review. Reasons
for exclusion are presented in the study flowchart shown in Figure 1.In 12 cases, a third
reviewer was needed to achieve consensus during the process of study selection.

o
33587 records identified through 1 additional record identified
g database searching through other sources
5
=
E
@
=
) Y
— 7635 records after removal of duplicates
(7] r
=
§ 7635 recorc?sl screened S 5924 records excluded (no older
5 by title adults, no rehab setting, non-
l eHealth intervention
171X records screeried by 1380 records excluded (age <70
abstract I years, rehab setting, non-eHealth
z intervention, no ICF outcomes)
: !
E" 291 full-text articles excluded:
) 331 full-text articles
assessed for eligibility - Age <70 years (272)
[ - Norehab setting (9)
- No ICF outcomes (5)
1 - Non-eHealth intervention (2)
Not peer-reviewed (3)
- 40 studies included in
§ systematic review
2
~

Figure 1. PRISMA flow diagram of search strategy results. ICF: International Classification of Functioning,
Disability, and Health.

Study characteristics are shown in Table 1. Of the 40 included studies, 18 (45%) were

497 2 (5%) had a mixed methods design®®*** 1 was a
61-79

randomized controlled trails
qualitative study®® , and 19 (48%) had a quantitative nonrandomized design
which 9 studies (of 19, 47%) included a control group®**"**”® | Of 40 studies, 17 studies
(43%) were conducted in a hospital setting®'##462031°5576264666871 (3f the 17 hospital-
setting studies, 12 (71%) were conducted in a dedicated hospital-rehabilitation un
jt174446205135,366471.79 5 (1296) were in a hospital-stroke unit®”®®, and 1 (6%) was conducted
in a geriatric day hospital® . Of the 40 studies, 10 (25%) were conducted in an ambula-
tory setting®#8°2546069757678 g st dies (23%) took place in a geriatric rehabilitation set-
ting'84349°8606771.7778 15 ctudies (5%) were at a tertiary rehabilitation center®®”, 1 study
(3%) was at a skilled nursing facility 77, and 2 studies (5%) did not report the setting®”>.

, of

27



: Systematic Review of Effectiveness, Feasibility,

Chapter 2 | eHealth in Geriatric Rehabilitation

and Usability.

Adesayy Aujoey
(9sn asuayul jo |PUOIIUSAUOD O} UOIMPPE Ul ESLIVEETIN s91eISPANUN
$1012e} |PUISIXD sioyo1paid quads awiny) ‘UlW G| J0J M 6S /€7=U paziwopueluou £10T
'SSQUDAINDRYT Ayjiqiseaq /SUOISS3S T :9SN PIPUIWIWIODDY sowebiax3 (£’0L)9, sesoubelp adiyny aAlRIIUEND Ljorewnd
|endsoy
(;4HW% pue ,sg abe Adesayy Ke@ >uyensn eulyd
S9l}IAIDR -I9Ae ‘Juads awiy |e03) |PUOIIUSAUOD 0} UOHIPPE Ul 2Jed |ensn sA €/ 06=U paziwopueiuou Loz
‘SSQUDAINDRYT Ayjiqiseaq ‘|B30] SUOISSDS  ‘UOISSIS/UIW Q| sawebiax3 (1°'2) 08  sasoubelp ajdnny aA1RIIUEND xueyd
aied |ensn Jun uon
(uoisod Apoq Adesayy SA A}1jeal [BNUIA Y)IM -eyljigeya. ‘|eydsoH eljjensny
S9lyARde Buuiejurew) saniane |euonusAuOd 03 uohiippe ul uoh §'LE op=u £10T
‘SSQUDAINDRYT ‘SSOUDAINRYT “J9am/sAep g ‘uolssas/inoy | -euiquiod ul sawebiaxy  (0L) v a»oNs 10y Lllpuued
Sa1}AIOR (suols 1sidesayroisAyd yum S10SUdS Y3|eay yum Kioje|nquuy K.y
‘suopouny Apoq -$95 U ‘pa33|dwiod u) uo11eDIUNWWOD 03PIA APjosm uolneuIqWIod Ul Va2 Sl=u paziwopueiuou 910T
'SSQUDAIIDRYT Ayjiqiseaq 3SINU YHM s||ed A} uo1eDIUNWWOD 03PIA (L) 1L oNS aA1RIUEND sly2d0ulag
uon 1sidesayy Aq aied |ensn
-edpiped ‘sanianoe papinoid weiboid uonuanaid ||ey SA UY}|B9H®-UOU Yum Kiorenquuy Aley
‘SSOUIAIL (42Y10) saniande ‘Yjuow/Xxg uoiy uoljeuiquiod ul 8 o L=u 810¢
-29y9 ‘ANIqIsead ‘SSOUDAINRYT -eJJUNWWOD O3PIA ‘S||ed AR uonedIUNWWOd 03PIA  (§'9) 6/  sasoubelp ajdnniy 10y zlyadoulag
uon wop
€9 -ejljiqeyal dujensn -Bunipayun
swoy 0} uonisuel) buunp spiodai 96 og=u 0z0C
= Ayjigesn ab.eydsip 0y ssadde bulpiroid sdde a|iqopy -/9) 18 J1padoyrio spoyiaw paxip ssuewneg
aied |ensn
sa1693e.3Ss YUm papinoid aiom SA U}|ESHR-UOU Y}IM Kiorenquuy s91eISPaUUN
uonedpiyed (419430) sanIAIDE ‘salianb jJuswissasse uoleuIquod ul 9l S5=u 600C
‘SSQUDAINDRYT ‘SSOUDAINRYT 0} papuodsai s323[gns ‘asn Ajleq uonedIuUNWWOod 03pIA  (1°S)9'LL oeipied) A cuoseuseg

"sonstLRIRYD APNIS *|L 3jqel

-]
o



(s3utof Jo Ayjiqow) Adesayy |eyidsoH ueder
suoppuny Apoq suopuny Apog |eUOI}USAUOD 0} UOIIPpPE Ul 21ed |ensn sA 06 oz=u paziwopueiuou /102
'SSOUDAINDRYT 'SS9UDAINDRYT ‘Rep 1ay30 K193 sonoqoy (S°2) vL J1padoyyo aAlRIIIUEND 010D
Adesayy Jun uon
[CRIETSREN |EUOIIUSAUOD 0} UOIIIppPe Ul -eyjiqeya ‘jexdsoy Ajey
suoppuny Apoq 0} dwi} ‘@dueljdwod) ‘|e30} SUOISSas O | 00l 7=u paziwopueiuou /102
'SSOUAINDRYT Ayjiqisead 199M/sKep G ‘U0ISSaS/SINUIW 07 soi30qoy v/ ayons aAleIIUEND . Ylopuen
(soxaa1 pue Adeiayy Jun uon
(soxapal pue ‘auoy  ‘auo) 4amod sppsnw) |EUOI}USAUOD 0} UOIIIPPE Ul -eyjiqeyai ‘jeydsoH Aley
“Jamod 3|asnwi) suopuny Apoq 'S}99M 9 190 Y2aM/sAep G 21ed |ensn sa 8'GH gp=u 0202
'SSOUDAINDRYT 'SS9UDAINDRYT ‘UOISSSS/SAINUIW OF sJn0qoYy (£%9) 2L ons 104 scluIydsdURLY
jun wop
ao1s ‘ledsoH -Bunypauun
sanIAlDe (42y30) aled |ensn sa 44 cl=u paziwopueluou 6002
'SSOUIAINDRYT SDIIAIIDR ‘SSOUDAIIDAYT s2am/sKep G ‘Uoissas/inoy | Ayijeas jendiip €/ ayons aAlIRYIIUEBND soSuewpy
Adesayy uon spuepsyIaN
[EUOHUSAUOD O} UolIppe Ul 08 -ejljigeyal dulel9n £002
suoppuny Apoq (9douauadxa sjusied) ‘leyoy 6 oL=u paziwopueiuou oY250g3u
'SSOUIAINIRYT 510108} [BUOSID] SUOISSSS § ‘UOISSSS/SAINUIW 07 so130qoy -€5) TL ENOINS dAlIR}IUBND -100Q
SI9pUIWaI 1IN0 uun wop
(@sn wue wie pajddye asn 0} syuaijed -U}IM SIOSUDS Y}[eay SA oy ou3s ‘|eyidsoH -Burypayun
ERVEIET o] pue puey) saiIAle puiWwai 0} pajelqIA JoSuas Yjjeay SETJIIEY] 9'09 ce=u 610C
‘ANiqisead 'SSUDAIIRYT 'S}99M 10} JOSUSS U}|esy IO\ U)M SI0SUSS Y3|eaH Vi ons 104 ,BAlIS-eQ
uon
-ej|IgeyaJ dliyelan eljessny
$10)0B} [BUIDIXD (;1av) sat uolssiwpe 2led [ensn sa Iy pE=u paziwopueiuou 1102
'SSOUDAINDRYT SSOUIAIIRYT Bupnp Ajiep 1osuss yijeay a1op S10SUSS Y}esH /L sasoubelp a1diny aAlRIIUEBND Lunea

(panunuo2) 'sonsiedRIRYd APNIS *L d1qeL

29



: Systematic Review of Effectiveness, Feasibility,

Chapter 2 | eHealth in Geriatric Rehabilitation

and Usability.

uon lun uon
-edpied ‘sananoe -eyl|iqeya. ‘|eydsoH eljesnsny
‘suoppuny Apoq Kels jo uoljeinp 10y 39am/skep g 2Jed |ensn sA 08 =u Loz
'SSBUBAIIDRYT 'SSOUDAIIIBY] ‘U0ISSas/SANNUIW 7 sawebiaxy ()68 sasoubelp oaidiyny 104 ociONET]
uon
-edidiped ‘saniaioe (jea160| payiodas joN eissny
‘suonpuny Apoq  -oinau) suolduny Apoq 9Jed |ensn sA 0€ ov=u paziwopueiuou 810T
'SSOUDAIIDRYT 'SSOUDAINRYT Buluiesy oyads-yse] Ayijeas [enyip (L) ¥8 oNs aAlIRMIUEBND ,0BASUOY
Hunuon
¥'95  -eM|iqeya. ‘jendsoH Auewan
(jensIA) suonouny Apoq SY9IM € J9NO M /sKep € Buipeas yooq sa (€€°2) %1¥'95=u 610C
— 'SSOUDAINIRYT UoISS3S/SINUIW O $313000Y 1'€L 0N 104 slauiey
un uon
S9IAIOR (S3UDAD 9s19Ape ‘Quads Adesayy 2Jed |ensn sA 0S -ejljigeya. ‘|eydsoH K.y
‘suonouny Apoq awin ‘uoneAnow) |eUOIIUSAUOD 0} Uohippe ul A3i[ea1 [enpIA Yyiim uony (LSY) y=u slLoc
'SSOUDAIIDRYT Ayjiqiseaq 9am/sAep € ‘UoISSIS/SAINUIW O -BUIWIOD Ul SDwebiax] S'LL oNS 104 2501
uon
Adesayy €S geyai dujeLsn s91eISPAUUN
510108 [PUIRIXD (1av) senianoe |EUOIIUSAUOD O} UOIHPPE Ul 21ed |ensn sA (66 587=u paziwopueiuou 910T
'SSQUDAIIDRYT ‘SSOUDAINRYT ‘asn A|iep pabeinodug Kemazeb yyjeaH -8t) 6/ oeipied) aAlRIIUEBND oSPIH
Adesayy
|EUOIIUSAUOD O} UOIHPPE Ul payiodai joN Auewusn
(1@v) suonouny Apoq ‘|e10] UI SUOISSIS GT 0 L=u paziwopueiuou 0Loz
— ‘SSOUDAINRYT 199M/SKep G ‘UOISSIS/SNUIW GT $213000Y A 0NS aA1RIIUEND 2,9SSoH
510308} (soxayau pue Jun uon
|eUIRIX® ‘sa13IAIDE  ‘Buo] ‘lIomod 3Psnw) Adesayy -eyljigeya. ‘|eydsoH Kuewssn
‘suorpuny Apoq suopuny Apoq |EUOIIUSAUOD O} UOIHPPE Ul 21ed |ensn sA a4 0s=u 10T
‘SSQUDAINDRYT ‘SSOUDAINRYT 199M/SKep 1 ‘UOISSIS/SNUIW O $2130q0Y (91) 0L 0N 10y 29SSOH

(panurauo2) sonsiIRRIRYD APNIS *L d1qeL

30



Kioye|nquuy eljessny
uonuaAIRul ybnoiyy 0=u paziwopueiuou 110T
— P312NPUOD UOIIRDIUNWIWOD ||y Uo11e2IUNWIWIOD 03PIA — sasoubelp sjdnnpy aAlleYIUEND &19d
si01oey Kdesayy buipes-jeob no uon
Jeusalxa ‘uoneddny |EUOI}USAUOD O} UOIHIPPE Ul -U}HM SI0SUIS Y}|eay SA -eyljIqeyaJ d1eID eljesysny
-led ‘sanAlOe ‘sysidesay) buinas-jeob 85 0Lz=u 910C
'SSOUDAIIRYT 'SSOUIAIIDYT Aqg Bumas-jeob pue speqpasy Ajleg UM SI0SUS Y}|eaH (8) 18  sasoubelp ajdnnpy 104 ol93d
uon
sal)IAIDe S9S1DI9XD St -eyl|I0eyaJ d13eID pueaz)Ims
‘s10)0e} |euostad (510308} |eUOSIDd) pa1e|nbai-}|as SA (6L yS=u £10T
SS9UDAIIDRYT SSUIAIDYT Kep e 921M} ‘UOISSIS/SRINUIW OF sawebiaxg -/9) ¥/  sasoubelp ajdiyny 104 42520
Kioye|nquuy Auewan
(sownumop ‘awn 1ay bunoy (06 yl=u paziwopueiuou 10T
Ayjiqeydandy uonejesul) Ayjiqises{  -luow Joj dwoy e pade|d siosuss S10SUSS Y1|esH -12) S'€8 s1padoyuo dAlleYUEND SlRloydsie
uon
Adesayy -eyjl|IqeyaJ d1eID spuepayiaN
(95N jo ased) |EUOI}USAUOD 0} UOIIPPE Ul VA /=u £10T
— Ayjigesn ‘UOISSDS/SAINUIW OF sawebiaxg (8) 0L J1padoyyio spoyiaw paxip &BUIT
‘Sal}IAILDOR Adesayy
‘suopouny Apoq |EUOI}USAUOD O} UOIHIPPE Ul Kioye|nquuy BuoybuoH
‘AN)Iqisesy (Aupqow) ‘s|eob 2Jed |ensn sA 908 Lg=u 0z0T
'SSOUDAIIRYT SDIMAIIR ‘SSAUDAINDAYT  Uolieyl|iqeyal uo paseq dde jo asn sdde ajiqopy (1'6) €62 s1padoyuQ 104 Y
uon Jiun uon
-edidipied ‘saniaoe Adesayy -ejljigeya. ‘|eydsoH Aley
‘suonouny Apoq |EUOI}USAUOD 0} UOIIPPE Ul 2Jed [ensn SA 9/ p=u paziwopueiuou 910T
'SSOUDAIDRYT 'SSUDAINIRYT '599M/SUOISSDS 7 sawebiax3 0oL J1padoyyo aAlIRMIUEND ,1oPuINST

(panunuo2) 'sonsiedRIRYd APNIS *L d1qeL

31



Kdesayy

Systematic Review of Effectiveness, Feasibility,

|EUOI}USAUOD 0} UOIIIPPE Ul Jun uon
S}99M T 10} -ejljigeya. ‘|eydsoH ueder
‘sallIAIDe S3I}AIDR 399M/SUOISSDS 9 sawebIaxa Y3im uoiy 68 /[T=U paziwopueiuou 0202
'SSOUDAINRYT SSUIAIIDDYT UoISSas/UIW O -eUIqWIOD Ul SJ130q0Y (€9) L8 s1padoyyiQ aAlRIIUBND soueel
uon Adesayy uon
-edpiyed ‘saryanoe |EUOIIUSAUOD O} UOIHpPPE Ul -e}l|igeyal duensn Auewan
‘suolpouny Apoq (uonoeysiyes 'SOIM -7 10) }9IM/SUOISSIS €-7 0S 8=u paziwopueiuou 110Z
‘SSOUDAINIRYT ‘aduaIaype) AN|iqisead ‘UOISSDS/SAINUIW SH-0E A31[ea4 |enIA ‘sd130q0Y 6L s1padoyuQ aAlRMIUEBND L HDPIMYIS
(asn wJe Adesayy uon
$1010B} [BUISIXD pue puey) salyAOe |EUOIIUSAUOD O} UOIHPPE Ul -e}l|Igeya. duensn SpueIRYIdN
‘uonedpiyied ‘suoljouny Apoq 'S}DIM Q JDNO 3DIM/SUOISSDS € €c pz=u 110Z
SSDUDAIIDRYT 'SSQUDNAIIIDYT 'SUOISSS/SAINUIW OE-0 L so130q0Y (z8)€'LL ENOINY 104 ,2Uo0ydS
(soxayas Adeisayy JEMVES]
pue ‘auo} 4omod |EUOIIUSAUOD O} UOIHPPE Ul A)jeal jenuiA yum uoley|iqeyay puejeazmaN
suondunyApoq  dpdsnwi) suolduny Apoq 'S}93M 9 JDAO }IIM/SUOISSIS uon 00L L=u paziwopueiuou Loz
SSQUDAIIDRYT 'SSQUIAIIIDYT  ‘UOISS3S/SRINUIW Gt -euIqWIOD Ul $J130q0Y 9/ 0NS aAlRMIUEBND ¢, uosdwes

9Jed |ensn SA

Chapter 2 | eHealth in Geriatric Rehabilitation
and Usability.

UONUIA
SUOI}e}|NSU0D -19}Ul Y}|BaHD-UOU SA
(19y30) auoyda|a} { pue S}SIA dWoY { UOIIUSAIDIUI Y}edHd K1oje|nquuy spuepayiaN
uonedpied saniAnoe “1av buioy -UOU YHM UORBUIqWOd 9’6/ ovz=u 610C
'SSOUDAINDRYT 'SSOUDAINDRYT -luow Joj awoy e pade|d s1osuag Ul S10SUdS Y}eaH (69) €8 J1padoyyo 10Y glod
21ed |ensn sa
SalyAIDR (syurof yo Ay SI0SUDS y3eay K103e|nquuy ureds
‘suondunyApoq  -|Iqouw) suonouny Apog UM UoHeUIqUID Ul veL Zyl=u €107
'SSOUDAINDRYT 'SSOUDAINDRYT sAep 0| J9A0 UoISSas/inoy | UoI3eDIUNWIWOD 03PIA  (§'9) €€/ ipadoyuiQ 104 ,,Sesanbid

(panurauo2) sonsiIRRIRYD APNIS *L d1qeL

32



Altep jo seniARde 11QY,

"3)eJ B3y WNWIXeW HHIN%,
*3]B2S UOIIISXT PaAIRdId Biog g,

"3|qjejieAe 10N,

‘[eL1} Pa||0IIUOD PIZIWOPUEI :] DY,

Adesayy
|EUOIIUSAUOD O} UOIHPPE Ul |exdsoH ueder
suonuny Apoq (AMjIqow) saiiAIde ‘S}99M 17 Ul 21ed |ensn sA 18 6L=uU paziwopueiuou 810T
‘SSOUDAIIDRYT 'SSOUDAINRYT UOISSdS {71-Z | ‘UOISSS/SINUIW 17| $213000Y (58'9) 9/ J1padoyro aARIIUEBND 20@MBYIYSOA
Kioye|nquue 193
€€ -Ua> uoneyljiqeyay eljensny
ped! 2Jo|dxa 03 pabeinodua (€8 ZL=N S10Z
— sjuaijed ‘sdde pajjeysul ysidesay | -€5) €L Mons sAne}eND 0s@HUM
Hun uon
$10)0B}) |PUIDIXD (AynoYyIp ‘syuana -ejljigeya. ‘|eydsoH K.y
‘suonouny Apoq 9s1aApe ‘para|dwod u) S29M 9 JINO }IIM/SUOISSDS § 21ed |ensn SA €S 0€ =u /10T
'SSQUDAIIDRYT Ayjiqiseaq ‘UOISSDS/SAINUIW Of $213000Y (L) 1L oNS 104 ,,0llbouep
uon Jun uon
-edidiyied ‘saniaoe Adesayy -eyljigeya. ‘|eydsoH eljensny
'SSOUDAIIRYT (AMjiqow) saniAlde |EUOIIUSAUOD O} UOIHpPPE Ul 21ed |ensn sA 9 85=u 51L0Z
‘Ayjgesn 'SSQUINIIIDYT $|99M/UOISSIS G ‘UOISSIS/INOY | sawebiaxg (z1)08  sasoubelp ajdniny 104 ,sD1oguapuep
S9I}AIOR Kioye|nquuy epeue)
‘suopouny Apoq (1av) senanoe S}O9M 17 JONO }IIM/SUOISSDS € 0S p=u paziwopueiuou 900C
'SSOUDAIIDRYT 'SSOUIAIIDYT ‘UoISSas/INoyY | uo1eDIUNWWOD 03PIA G/'0/  sasoubelp ajdnnpy aAlR}IUEBND o, Aueubisnoj
Kdesayy 1un uon
uon |EUOIIUSAUOD O} UOIMPPE Ul -eyljigeya. ‘|eydsoH Kjey
-edpipied ‘sanianoe ‘S399M G JINO YIIM aJed |ensn sA 6€ 8z=u 910T
'SS9UBAINDRYT ‘SSOUaAIDRYT /SUOISSaS G ‘UOISSas/SaInuIW Q€ $2110q0yYy 9)zL 9y0.S 10Y mwm_mmozm._.

(panunuo2) 'sonsiedRIRYd APNIS *L d1qeL

33
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41-46,55-57,60,67-73
’

Of40studies, 17(43%)includedparticipantswhowerediagnosedwithstroke
10 (25%) included participants with multiple diagnoses***>>*%61627678 11 (28%) included
participants with orthopedic problems®#8343839646674757% "and 2 studies (5%) included
participants with cardiac-related diagnoses®*®*. Across all studies, the included sample
size ranged from 1 to 285 participants.

Various types of eHealth interventions were used. Of 40 studies, 11 studies (28%) de-
livered the intervention via robotics**4>%5°665667072 5 st\1dies (5%) combined robotics
with virtual reality’®’*, and 1 study (3%) combined robotics with exergames’. Addition-
ally, 9 studies (of 40, 23%) investigated exergames*#04%31°8628477 of \which 2 (of 9, 22%)
combined exergames with virtual reality***® and 1 (of 9, 11%) combined exergames with
health sensors®'. Of 40 studies, 2 (5%) examined video communication’®’®, 3 (8%) com-

bined video communication with health sensors*>>%°

,and 1 (3%) combined video com-
munication with a non-eHealth intervention®. Of 40 studies, health sensors were used in
6 studies (15%)*%***7%%37 including 1 (of 6, 17%) in combination with a health gateway®
and 1 (of 6, 17%) in combination with a non-eHealth intervention®. Of 40 studies, 3 stud-

ies (8%) investigated mobile apps®***%, and 2 studies (5%) examined virtual reality®”,

Outcome measures related to effectiveness were reported in 24 of 40 studies (60
) #042:45.47-50,53,55,56.61,63:68, 7072737579 3 10 of 40 studies (25%) included outcome measures
related to effectiveness and feasibility*'*¢*>34°76269717477 Of 40 studies, 2 studies (5%) in-
cluded outcomes related to usability®®®, 2 studies (5%) included outcomes related only
to feasibility”’%, 1 study (3%) included outcomes related to effectiveness and usability’’,
and 1 study (3%) included outcomes related to feasibility and usability”. A detailed
description of all included studies can be found in Multimedia Appendix 3.

Study Quality

Results of the quality assessment are presented in Figure 2 and Figure 3. The quality of
the included studies ranged from -3 to 5 (on a scale ranging from -5 to 5). The mean
overall score was 3 for randomized controlled trails, 1 for quantitative nonrandomized
studies, 1 for a mixed methods studies, and 5 for a qualitative study (based on 1 study).
In quantitative nonrandomized studies, the most frequent shortcoming was insufficient
reporting of confounders; only 2 of 19 studies (11%) accounted for confounders in
design and analysis’>”®. The representativeness of the target population in quantita-
tive nonrandomized studies was also often insufficient; 9 of the 19 studies (47%)
reported insufficient information, lacking either adequate explanation of why certain
eligible participants chose not to participate or a clear description of the target popula-

tion?>616567.6971.757678 | ndditionally, 6 of the 19 studies (32%) included a sample size of less
th a n64,66,70,72-74.
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Table 2. Quality Appraisal of Included Studies

Randomized controlled trails Randomization Groups Complete Assessors Adhere to Overal
studies appropriately  comparable? outcome data? blinded? intervention? score
performed?

Vanoglio, et al (2017)
Hesse, et al (2014)

Taveggia, et al (2016) 4
Cannell, et al (2018) *
Schoone, et al (2011) 4
Piqueras, et al (2013) #’
Pol, et al (2019) *®
Oesch, et al (2017) *°
Peel, et al (2016) *°
Laver, et al (2012) *°
Berg, et al (2016) **

losa, et al (2010) *
Barnason, et al (2009) >3
Bernocchi, et al (2018) %2
Franceschini, et al (2019) ¢
Li, et al (2020) %

Karner, et al (2019) >°

Da-Silva, et al (2019) >/

G0 0 000000000066
R ldicidialddiaial Iolaialaia
QCCCt @ECC-OBOCCC ¢
C@CEE CEC OO@E ¢ G @G
G000 - 060606000 -G
90 - 000000000

Score Calculation

.=+1®=0.=-1
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Quantitative nonrandomized  Representative Are the Complete Confounders Intervention Overall
studies of the target measurements outcome accounted for?  administered score
population? appropriate? data? as intended?

Edmans, et al (2009)

Koneva, et al (2018)

Yoshikawa, et al (2018)

=

w9
= s war R

NP

Goto, et al (2017) %
Levinger, et al (2016)

Hicks, et al (2016) &

Chan, et al (2012) %2

Dakin, et al (2011) &

Bernocchi, et al (2016) %

®:®: 9000 : 0

Doornebosch,(2007) 7°

/.\

Gandolfi, et al (2017) *

® : 000 :0:0

~N

Hesse, et al (2010) 72

Sampson, et al (2012) 73

-
-
(N

Schwickert, et al (2011) 7*
Marschollek, (2014) 7°

Tousignant, et al (2006) 7®

®66
~N
L3

Cimarolli, et al (2017) 77
Peel, et al (2011) 8

Takano, et al (2020) ”°

Cocererc@e@eeeeeeeee
00 000066 - 0066 -G
¢ 9900 - OOOOOO00000

Qualitative studies Qualitative Data collection Findings Results Coherencein  Overall
approach methods adequately interpreted data, analysis, score
appropriate? adequate? derived from  sufficiently by and
the data? data? interpretation?
White, e al 2015] 60 @ < e O ® o
Mixed methods studies Adequate Different Integration of Divergences or Components of Overall
rationale for components qualitative  inconsistencies  study adhere score
mixed methods integrated? and addressed? to quality
design? quantitative? criteria?

Ling, Y, et al (2017) % ‘ ‘ ‘ i ‘
Backman, et al (2020) *° . . . . . .

Score Calculation

.=+1 = =o.=-1
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Effectiveness

Main Results for Effectiveness

Across all studies with a control group (n=27; 27/40, 68%), 73 different outcome mea-
sures were reported that were related to effectiveness, including 16 (22%) within the
ICF domain “body functions,” 40 (55%) in the domain “activities,” 11 (15%) in the domain
“participation,” 4 (5%) in the domain “external factors,” and 2 (3%) in the domain “per-
sonal factors” (Figure 4). In 15 studies (of 27, 56%), eHealth interventions were found to
be at least as effective as non-eHealth interventions when focusing on the primary out-
come measure, and 11 studies (of 27, 41%) reported eHealth interventions to be more
effective than non-eHealth interventions. Of 27 studies, 1 study (4%) reported beneficial
outcomes in favor of the non-eHealth interventions. Results for each ICF domain are
described in detail below. A harvest plot illustrating the evidence regarding effective-
ness is presented in Figure 5.

Body Functions
Of 40 total studies, 14 studies (35%) included 16 outcomes related to body functio
ng*1A24547503457.6467 Of these 14 studies, 9 studies (64%) found, in 7 outcome measures,

significant improvements in favor of the intervention group (Figure 5)*'*¢#7:34366567,

Of 14 studies, 4 studies (29%) reported improved muscle power through robotics®*®,
exergames’, or mobile apps®. Of 14 studies, 4 studies (29%) found that the addition of
robotics****® or video communication in combination with health sensors* improved
the mobility of joints when compared with physical therapy alone. Another 2 studies
(of 14, 14%) reported that the use of robotics could decrease pain when compared with
conventional physiotherapy®*®. Koneva and colleagues® reported that the use of virtual
reality improved neurological status, as measured by the National Institutes of Health

stroke scale, when compared with usual care (5.2+0.4 vs 6.3+0.5; P<.001).
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and Usability.

Health condition
Stroke, orthopedic, divergent

!

Body functions

Muscle power, tone, and reflexes
Fugl-Meyer Assessment - arm
[42,45,56], Modified Ashworth scale
[42,56], grip and pinch strength
[41,46), Motorcity Index - arm [41,57],
Medical Research Council [42],
Nicholas Manual Muscle Tester [47],
Quick-DASH [41],

Force gauge [54]

Mobility of joints

Western Ontario and McMaster
Universities Osteoarthritis Index
[47,64,66], Range of Motion [47,56,64-
66]

Pain

Visual Analogue Scale [47,54,57,65],
Western Ontario and McMaster
Universities Osteoarthritis Index-Pain
[66]

Neurological
National Institutes of Health stroke
scale [57,67]

Visual

Timed Instrumental Activities of Daily
Living [50], Star Cancellation Test
[55,57], Line Bisection Test [S5]

<>

' : .

Activities Participation
Activities of daily living Quality of life
Barthel index [42,52,54,67,68], Functional Independence EuroQol 5D [40, 45,50-52], EuroQol-
Measure [43,45,50,59,79), Activities of Daily Living Scale VAS [51,52], Stroke Impact Scale [45],
[40,52,63], Medical Outcomes Study 36-Item Short
Rankin scale [57,67], Lawton Instrumental Activities of Form Health Survey [43], Assessment
Daily Living [54], Scores of Independence Index for Quality of Life instrument [64]
Neurological and Geriatric Rehabilitation [55]

Mood

Mobility Beck Depression Inventory [67],
Timed Up and Go [44, 47,50,52,54,64,79), Short Physical Geriatric Depression Scale [45]
Performance Battery [40,50,51], 6 min walk test
[43,53,67), Rivermead Mobility Index [51,67], Self- Self-assessment
selected Walking Speed [66], Maximal Walking Speed [66], Falls Efficacy Scale [51,52,54,79)

Feasibility of Intervention Measure - locomotion [61],
walking time per day [40],

10-meter walk test [43,44], Modified Motor Assessment
Scale [44], Gait (measured by motion analysis) [64]

Canadian Occupational Performance
Measure-satisfaction [48],
Reintegration to Normal Living Index
[51], Motor Activity Log [57]

Maintaining body position

Berg balance scale [52,79], The Step Test [44,51]

Tinetti Gait Scale [43], Functional Reach Test [44,79],
Sitting Balance Test [44], Lateral Reach Test [44], Modified
berg balance scale [50], Activity specific Balance
Confidence [50], Maximal Balance Range test [51],
Balance (measured by accelerometer) [49], Morse Fall
Scale [54], Standing Test For Imbalance and Disequilibrium
(791

Hand and arm use

Nine hole peg test [41,46], Action research arm test
[42,45,57], Box and block test [42,44], Stroke Upper Limb
Capacity Scale [46], Abilhand Scale [46]

Other

Canadian Occupational Performance Measure [48], Falls
(n) [52], Time first fall [52]

Physical activity [53], Activity Measure for Post Acute Care
[51], Real task performance [68]

v
External factors Personal factors
Discharge setting [40,63], costs [41,42,45], Motivation [49], enjoyment [49]
readmissions [40], length of stay [61]

Figure 2. Outcome measures classified on ICF-model
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Activities

Of all 40 included studies, 25 studies (63%) reported 40 outcomes related to activi-
tigs?0P57761°6466687% " and 13 studies (33%) found, in 17 outcomes, a significant outcome
in favor of the intervention group*®4'6#830:3362636667.79 " 40 studies, 5 studies (13%)
demonstrated that eHealth was effective in improving activities of daily living when
the intervention was delivered via video communication in combination with health
sensors and a non-eHealth intervention® or when the intervention was delivered via
health sensors in combination with health gateways®, exergames®, robotics’, or virtual
52,67[ physi othera py62'79:

or no intervention®. Another 6 studies (of 40, 15%) found that eHealth could contribute
52,79,

reality”’. In these studies, eHealth was compared with usual care
to improved mobility through the use of robotics®*”® exergames®, virtual reality®’, video
communication in combination with health sensors *, or health sensors in combina-

tion with goal setting®. These interventions were compared with physiotherapy®**'”,

52,67

usual care®*¥, or health sensors without goal setting®. Of 40 studies, 4 studies (10%)
reported improvements in balance when the intervention was delivered via robotics’,
exergames®’, exergames in combination with health sensors®' or video communication

305179 or usual

in combination with health sensors®?, when compared with physiotherapy
care®’. Another 2 studies (of 40, 5%) reported that either robotics*' or exergames in com-
bination with health sensors*® could improve hand and arm function when compared
with physiotherapy *' or no intervention®. Pol and colleagues® found that patient-
reported daily functioning significantly improved with the use of health sensors in
combination with cognitive behavioral treatment, compared with cognitive behavioral
treatment alone, reporting a difference of 1.17 (95% Cl 0.47-1.87; P<.001). Bernocchi and
colleagues®® reported that the use of video communication in combination with health
sensors and a non-eHealth intervention was effective in preventing falls in patients who
were at high risk of falling, when compared with usual care (29 falls vs 56 falls; P<.001). Of
40 studies, 1 study (3%) demonstrated that the use of video communication in combina-

tion with health sensors improved physical activity when compared with usual care®.
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Participation

Of 40 studies, 12 studies (30%) included 11 outcome measures within the participation
domain?*0345:4830-3357646779 " f these 11 studies, 3 studies (27%) reported a significant
difference in quality of life*®, mood?, or self-assessment* when the intervention was
delivered via the use of video communication in combination with health sensors and a
non-eHealth intervention®, virtual reality®’, or the use of health sensors in combination
with a non-eHealth intervention®. Particularly, Bernocchi and colleagues® demon-
strated that the use of video communication in combination with health sensors and
a non-eHealth intervention significantly improved scores on the EuroQol Visual Analog
Scale at 6 months, when compared with usual care (mean 63.8 vs mean 53.5; P<.001).
Koneva and colleagues @ reported that the use of virtual reality decreased the severity of
depression as measured by the Beck Depression Inventory, when compared with usual
care (mean 9.5, SD 5.52 vs mean 10.3, SD 6.03; P<.05). Additionally, Pol and colleagues®
found that the use of health sensors in combination with a non-eHealth intervention
significantly improved the performance satisfaction in daily functioning at 6 months,
when compared with usual care, reporting a difference of 0.94 (95% Cl1 0.37-1.52; P<.001).

External Factors

Across all 40 studies, 5 studies (13%) included outcome measures related to external
factors 4°**%6183 Of these 5 studies, 2 studies (40%) included robotics as interventions
and found significant differences in cost, in favor of the intervention group*"*. Of the
5 studies, 1 study (20%) included robotics as an intervention and found a difference in
favor of the control group®. Hesse and colleagues* and Vanoglio and colleagues®' re-
ported decreases in cost with the use of robotics in comparison with either regular arm
therapy (€4.15 [US $4.92] for robotic interventions vs €10.00 [US $11.85] for regular arm
therapy, for each patient per session)* or physiotherapy (€237 [US $280.73] for robotic
intervention vs €480 [US $568.57] for physiotherapy, for each patient per 30 days)*’. In
contrast, Schoone and colleagues® reported an increase in total costs when compared
with physiotherapy (€644.14 [US $762.99] for robotic interventions vs €423.74 [US
$501.93] for physiotherapy). Across all studies, no differences were found with regard to

40,63,

discharge settings**® readmissions®, or lengths of stay®'.
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Figure 3. Harvest plot: Effectiveness of eHealth interventions

Personal Factors

Oesch and colleagues® found that self-requlated exercise using instruction leaflets was
superior to exergames in terms of enjoyment (effect size: 0.88, range 0.32-1.44; P<.001)
and motivation (effect size: 0.59, range 0.05-1.14; P=.046).
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Feasibility

Main Results for Feasibility
Of the 40 included studies, 20 studies (50%) evaluated the feasibility of the eHealth

intervention used*'#6°0323457,59.606264656971.727478 of \nyhich 19 (of 20, 95%) concluded that

the eHealth intervention was feasible when it was delivered via robotics*"%*7"7?

50,62,64,77

, robotics

in combination with exergames’, exergames
46,51

, exergames in combination with
health sensors**®', video communication’®, video communication in combination with
health sensors®*®, health sensors®, health gateways in combination with health sen-
sors”®, or mobile apps®***%®. Peel and colleagues’ reported that the use of video com-
munication was not feasible due to problems related to patient limitations, staff issues,

and the logistics of the system.

The outcome measures applied to evaluate feasibility varied considerably among
studies, and a total of 19 different outcome measures were used. Of the 20 studies that
reported feasibility, 6 studies (30%) reported outcomes related to “adverse events,” 7
studies (35%) reported outcomes related to “adherence,” and 7 studies (35%) reported
outcomes related to “exclusion rate.” Another 4 studies (of 20, 20%) did not specify the
outcome measure used to evaluate feasibility but used outcomes related to effective-

ness to establish feasibility>***%>”2,

Adverse Events
None of the included studies reported serious adverse events during the study pe-
riod* 639317476 ‘However, 2 studies (of 40, 5%) reported that some participants experi-

enced discomfort during exergames **°°,

Adherence

Of 40 studies, adherence was reported in 7 studies (18%)****’7* and 5 studies (13%)
reported information regarding the number of completed sessions*'*°**%°, Of the 7
studies reporting adherence, 5 studies (71%) reported high levels of adherence, ranging
from 76%° to 100%’“. Of the 7 studies, 2 studies (29%) reported low adherence in pa-
tients assigned to an exergame intervention when compared with either a non-eHealth
intervention® or use of the exergame intervention below the recommended level (<30
minutes per week)”’.

Exclusion Rate
Of 40 studies, high exclusion rates were found in 7 studies (18%). Specifically, of these 7
studies, 1 study (14%) reported an exclusion rate of 64%", 2 studies (29%) reported an

exclusion rate of 75%***', and 4 studies (57%) reported an exclusion rate over 80%™**>*°%,
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In these latter studies, eHealth was delivered through complex eHealth interventions:

424 exergames®’, and virtual reality®®. The most commonly reported reasons

45,47,49,51 45,49

robotics

for exclusion were cognitive impairment , physical impairment™™, and refusal to

participate***9*1% Of these 7 studies, in 2 studies (29%), the reason given for declining

to participate was “no interest” in eHealth®*",

Usability

Main Results for Usability
Of 40 studies, outcomes related to the usability of eHealth interventions were addressed

51,58,

in 4 studies (10%): 2 studies (5%) evaluated the usability of exergames””* and another

2 studies (5%) evaluated mobile apps®®®. Evaluation of usability consisted of a system

5859 or semistructured interviews*>°.

usability scale®" a survey of patients and therapists
Of the 4 studies that reported usability, 2 studies (50%) included outcomes related to
the barrier “cognition,” 4 studies (100%) included outcomes related to the aging barrier
“motivation,” and 1 study (25%) included outcomes related to the barrier “physical abil-

ity.” None of the studies included outcomes related to the barrier “perception.”

Cognition

Ling and colleagues®® reported that some patients found exergames too complicated
because of the requirement to engage in multiple activities simultaneously, and they
experienced difficulties in following instructions. To tailor the exergames to older
patients with cognitive impairments, the authors advised to minimize the amount of
information presented on the screen, which might help older patients to perceive the
information better®®. Additionally, White and colleagues® reported that patients with
cognitive impairments experienced difficulties in operating mobile apps and needed
their partner for support.

Motivation

Van den Berg and colleagues®' reported a mean score of 62 (SD 21), on the system
usability scale (scores ranging from 0 to 100), indicating that participants were gener-
ally comfortable with exergames and that they would like to use exergames more
frequently. Similar findings were reported by Ling and colleagues®®, who concluded that
patients and therapists both found exergames easy to use and therapists intended to
use the exergame in the future. Therapists rated the exergame as highly satisfactory for
motor rehabilitation in older patients after hip surgery. Findings regarding mobile apps
indicated that patients readily grasped the skills required for use and that this was a

beneficial source of extrinsic motivation®>°.
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Physical Ability

Ling and colleagues® reported that some patients with physical disabilities had difficul-
ties playing certain exergames that required stepping exercises because these patients
were unable to maintain balance during exergames.

DISCUSSION

Principal Findings

This review aimed to provide an overview of the effectiveness, feasibility, and usability of
eHealth in geriatric rehabilitation. The review included 40 studies that applied eHealth
interventions in older patients receiving geriatric rehabilitation. The majority of the in-
cluded studies showed that eHealth interventions in geriatric rehabilitation are at least
as effective as non-eHealth interventions. All studies that delivered eHealth in combina-
tion with another non-eHealth intervention reported positive outcomes. Most studies
included outcome measures related to the ICF domain “activities.” Very few studies
included outcomes related to the ICF domain “participation.” eHealth seems to be fea-
sible in geriatric rehabilitation, since no serious adverse events were reported and most
studies reported high levels of adherence. However, high exclusion rates were found
in some studies. Results related to usability indicate that there are certain age-related
barriers, such as cognition and physical ability, that lead to difficulties in using eHealth.
Very few studies included outcomes related to feasibility and usability. However, these
are important prerequisites to maximize the likelihood of successful implementation,
and they thereby influence the effectiveness of eHealth.

Comparison With Prior Work

Our findings suggest that eHealth delivered via robotics, exergames, or health sensors
is often found to be at least as effective as non-eHealth. Previous reviews that examined

8182 often found more beneficial results in

robotics®, exergames'®, or health sensors
favor of the intervention group. These reviews did not focus on older adults who were
admitted for geriatric rehabilitation, and this could indicate that there are certain age-
related barriers that affect the effectiveness of eHealth in older adults receiving geriatric
rehabilitation. All of the included studies that delivered eHealth in combination with
a non-eHealth intervention reported beneficial outcomes in favor of the intervention
group. This is in line with other studies in which eHealth was delivered in combination
with a non-eHealth intervention®®°, This indicates that eHealth is more beneficial when
provided through blended care, where eHealth is delivered in combination with face-
to-face treatment. This may provide a better quality of care by combining the best of the

two types of interventions. This seems to especially be the case when blended care is
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delivered via video communication®” or health sensors*, since it offers the possibility to
monitor and treat patients remotely.

Almost all of the studies that included outcomes related to feasibility concluded that
eHealth was feasible in older adults receiving geriatric rehabilitation. None of the
studies reported serious adverse events, which is in line with other reviews concerning
feasibility of exergames'®. The majority of the studies that included outcomes related
to adherence or completed sessions reported high levels of adherence. Previous reviews
that examined exergames also reported high adherence rates®®. Some studies where
eHealth was delivered via robotics or exergames reported a high exclusion rate (up to
88%). All studies with exclusion rates of >75% were conducted in a geriatric rehabilita-

**%% or in a hospital with a dedicated rehabilitation unit®**'. Reasons for exclu-

tion setting
sion were mostly cognitive or physical impairments, problems that are often present in
older patients receiving geriatric rehabilitation. These findings indicate that eHealth in
geriatric rehabilitation is safe to use and overall adherence is expected to be high, but
complex eHealth interventions such as robotics and exergames might only be feasible

in a selective group of older patients receiving geriatric rehabilitation.

There is limited available evidence on the usability of eHealth interventions. The studies
included in our review indicate that exergames and mobile apps are usable once older
patients have been trained in their use. However, there were certain age-related barriers
associated with cognitive or physical ability that led to difficulties in using eHealth. While
we did not find studies that reported problems in the use of eHealth due to problems
in perception, 2 of 4 studies (50%) that included usability outcome measures explicitly
excluded patients with visual impairments®'®, This might suggest that poor usability
was expected in patients with visual impairments; this is in line with findings from other
studies”. These findings suggest that usability problems are expected in older patients
receiving geriatric rehabilitation, since they often suffer from cognitive, physical, or
visual impairments. eHealth should be tailored to these specific age-related barriers to
maximize the probability of successful use and implementation”?’. Furthermore, most
studies did not incorporate clear usability endpoints, and the evaluation of usability
varied considerably among studies. The lack of using clear endpoints or reliable and
validated questionnaires combined with task metrics (preferably, task completion) to
evaluate usability hampers the ability to pinpoint usability issues and prevents compari-

sons across different eHealth types™®.

Strengths and Limitations

The first strength of this review is the extensive search strategy that covered a broad
range of search databases and included all types of research designs. Another strength
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of this review is the categorization of outcome measures based on the ICF model, pro-
viding a clear overview of different types of outcome domains evaluated in the included
studies. Nonetheless, several limitations of this systematic review should be noted.
While this review provides a broad overview of the literature on 3 different concepts,
our study design led to a vast variety of different outcome measures related to effective-
ness. The inclusion of various outcomes measures, in combination with various eHealth
interventions and diagnoses, limited our ability to draw definitive conclusions. Since a
meta-analysis was not feasible, we were unable to report an effect size and publication
bias. We instead provided an overview of the effectiveness of eHealth interventions us-
ing a harvest plot. Lastly, while we used a separate search string that included keywords
related to usability, we only found 4 studies that included outcomes on usability. A
possible explanation might be that we did not include specific Computer Science search
databases, which might include more studies that are related to usability®. Further-
more, despite the massive growth in eHealth studies, only a small portion publish their
usability results®.

CONCLUSIONS

In conclusion, eHealth can improve rehabilitation outcomes in older adults receiv-
ing geriatric rehabilitation. Based on our findings, comparisons to literature, and the
strengths and limitations of our review, our main results and recommendations for fur-
ther research and the use of eHealth in clinical practice are (1) keep it simple, (2) include
evidence on usability, (3) focus on participation, and (4) ensure consensus. First, simple
interventions have the most potential to improve rehabilitation outcomes in older
adults receiving geriatric rehabilitation, especially, when they are provided as blended
care. Additionally, simple eHealth interventions have a higher chance of feasibility in
older patients receiving geriatric rehabilitation who often suffer from cognitive or physi-
cal impairments. Second, scarce evidence on the usability of eHealth might hamper the
implementation of eHealth in older patients receiving geriatric rehabilitation and could
negatively influence effectiveness and feasibility. Further research on this topic with
clear endpoints is needed. Health care professionals need to be aware of the usability of
eHealth interventions they are providing. Third, participation is a key concept in geriatric
rehabilitation and plays an important role in enabling older patients to continue living
as independently as possible. Future research on eHealth interventions should consider
including outcome measures related to participation.
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Fourth, current evidence on the use and evaluation of eHealth in geriatric rehabilitation
is diverse, making it hard to compare outcomes and draw evident conclusions. Con-
sensus on the use and evaluation of eHealth is needed for further development and
implementation of eHealth in geriatric rehabilitation.
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