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Economic analysis of digital motor 
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Abstract 

Rehabilitation technologies offer promising opportunities for interventions for patients with motor disabilities. 
However, their use in routine care remains limited due to their high cost and persistent doubts about their cost-
effectiveness. Providing solid evidence of the economic efficiency of rehabilitation technologies would help dispel 
these doubts in order to better take advantage of these technologies. In this context, this systematic review aimed 
to examine the cost-effectiveness of rehabilitation interventions based on the use of digital technologies. In total, 660 
articles published between 2011 and 2021 were identified, of which eleven studies met all the inclusion criteria. Of 
these eleven studies, seven proved to be cost-effective, while four were not. Four studies used cost-utility analyses 
(CUAs) and seven used cost-minimization analyses (CMAs). The majority (ten studies) focused on the rehabilitation 
of the upper and/or lower limbs after a stroke, while only one study examined the rehabilitation of the lower limbs 
after knee arthroplasty. Regarding the evaluated devices, seven studies analyzed the cost-effectiveness of robotic 
rehabilitation and four analyzed rehabilitation with virtual reality.The assessment of the quality of the included stud‑
ies using the CHEERS (Consolidated Health Economic Evaluation Reporting Standards) suggested that the quality 
was related to the economic analysis method: all studies that adopted a cost-utility analysis obtained a high quality 
score (above 80%), while the quality scores of the cost-minimization analyses were average, with the highest score 
obtained by a CMA being 72%. The average quality score of all the articles was 75%, ranging between 52 and 100. 
Of the four studies with a considering score, two concluded that there was equivalence between the intervention 
and conventional care in terms of cost-effectiveness, one concluded that the intervention dominated, while the last 
one concluded that usual care dominated. This suggests that even considering the quality of the included studies, 
rehabilitation interventions based on digital technologies remain cost-effective, they improved health outcomes 
and quality of life for patients with motor disorders while also allowing cost savings.
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Introduction
Rehabilitation is defined as "a set of interventions 
designed to optimize functioning and reduce disability 
in individuals with health problems interacting with their 
environment" [6]. Rehabilitation interventions aim to 
help an individual overcome difficulty in thinking, seeing, 
hearing, communicating, eating, or moving [37].

To be effective, motor rehabilitation programs must 
adhere to the principles of motor learning, i.e., they must 
be early, intense, multidisciplinary, task-oriented, and 
provide feedback to the patient [38]. However, several 
obstacles to adhering to these principles have been iden-
tified, including individual1, social2, and environmental 
challenges3 as well as challenges related to rehabilitation 
personnel4 [35].

Rehabilitation assisted by digital technologies clearly 
emerges as a solution to support healthcare profes-
sionals by providing high-intensity, repetitive, and 
task-specific exercises with the aim of improving the 
rehabilitation process [23]. The high costs associated 
with digital rehabilitation technologies pose a barrier 
to their adoption in routine rehabilitation care. In the 
economic literature, evidence of the cost-effectiveness 
of these technologies has sparked intense debate and 
lacks consensus. Some systematic reviews have been 
conducted to evaluate the consumption of healthcare 
resources, costs, or overall cost-effectiveness of reha-
bilitation technologies [20, 24]. These reviews suggested 
that rehabilitation technologies (RT) can be effective 
in improving clinical outcomes and reducing health-
care costs for people with physical disabilities. In recent 
years, there has been growing interest in the cost-effec-
tiveness of digital technologies, particularly virtual 
reality (VR) tools and video games, as well as robotic 
technologies in the field of motor rehabilitation [9, 21, 
31]. This systematic review aimed to synthesize the 
most recent evidence on the cost-effectiveness of digital 
motor rehabilitation technologies compared to conven-
tional care, considering the latest studies and methodo-
logical guidelines for economic evaluations, in order to 

inform decision-making regarding the adoption of these 
often-costly technologies in routine rehabilitation care.

Methods
This review was conducted following the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines [28] and its associated check-
list (see Appendix 1). The review protocol was registered 
on the International Prospective Register of System-
atic Reviews (PROSPERO) under registration number 
CRD42023448095.

Study selection
Inclusion criteria

▶ Types of studies

We included randomised controlled trials (RCTs).

▶ Types of interventions

Studies evaluating motor rehabilitation interventions 
based on digital technologies (DTs) such as robot-assisted 
gait therapy, virtual reality, augmented reality, and telere-
habilitation were included. There were no restrictions on 
the type of DT used.

▶ Types of economic evaluation methods

For this systematic review, we included economic 
evaluations that employed one of the four methods 
used in healthcare to assess the cost-effectiveness of 
interventions: cost-effectiveness analysis (CEA), cost-
utility analysis (CUA), cost-benefit analysis (CBA), 
and cost-minimization analysis (CMA). For detailed 
descriptions of these approaches, please refer to the 
Appendix.

Types of participants  Individuals aged 18 or older with 
motor disabilities, regardless of the underlying condition 
that caused it.

Language of publication  Only studies published in 
English or French were included in this systematic 
review. These inclusion criteria are presented in in 
Appendix 2.

Exclusion criteria
Studies that did not evaluate motor rehabilitation assisted 
by digital technologies or that were not full economic 
evaluations in health care were excluded. Reports that 
were not full articles, such as expert opinions, protocols, 
narrative reviews, treatment guidelines, and recommen-
dations, were also excluded.

1  Physical disabilities such as vision problems, lack of energy, and motor 
deficiencies hinder walking training. Additionally, lack of motivation to 
engage in any type of exercise, alterations in patients’ mental health status, 
and fear of falling and losing balance are also obstacles
2  The constraints related to managing schedules and family responsibilities 
are social barriers that hinder physical rehabilitation
3  The lack of family and social support, transportation and accessibility 
challenges, as well as a lack of awareness of opportunities, are obstacles to 
physical rehabilitation
4  The shortage of access to programs, lack of tailored interventions, and 
absence of exercise options leading to boring or monotonous training ses-
sions
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Search terms
A search strategy tailored to the electronic databases 
PubMed, Web of Science, Science Direct, Scopus, and 
the Cochrane Library (CENTRAL) was developed with 
the assistance of a methodologist. Keywords and Medical 
Subject Headings (MeSH) terms related to motor impair-
ment, rehabilitation, digital rehabilitation technologies, 
and economic evaluation were used to formulate the 
PubMed query. This query was then adapted for use in 
other databases. The queries employed in the different 
databases are presented in appendixes 3 and 4. Initial 
searches were conducted on these databases in May 2023, 
with an update in May 2024, to identify studies published 
over the past two decades and those that have employed 
the most recent economic evaluation methodologies.

Study selection
 The examination of the identified articles took place in 
three stages. First, the titles and abstracts were reviewed 
to select eligible articles. Then, the full texts of the arti-
cles retained from the first stage were examined to deter-
mine their final inclusion. Finally, the relevant data from 
the included articles were extracted.

The initial selection of studies was conducted by assess-
ing titles and abstracts retrieved through database que-
ries. After removing duplicates on the Rayyan platform 
[27], two researchers (K.A.A. and K.G.A.) indepen-
dently reviewed the titles and abstracts to exclude stud-
ies deemed irrelevant according to the inclusion criteria. 
The full texts of the selected articles were then read to 
determine their eligibility. Disagreements were resolved 
through consensus with a third researcher (M.L.G.P). 
The percentage agreement between the two authors 
regarding the included studies was estimated.

Out of the 660 records initially identified from the 
databases, 563 were screened after removing duplicates 
(see PRISMA diagram). Following the examination of 
titles and abstracts, 543 were excluded due to lack of rel-
evance. Twenty articles underwent full-text review, of 
which 9 were excluded for the following reasons: 5 [2, 3, 
19, 24, 29] for an inadequate study design, 3 [10, 15] for 
an intervention not involving rehabilitation technologies, 
and 1 [32] for a non-conventional comparator. Overall, 
11 articles meeting the inclusion criteria were included in 
the review. The percentage agreement between the two 
reviewers was 97.42% (529/543 articles).

The study inclusion process is summarized in Fig. 1.

Data extraction
To enable data comparison, data were extracted using a 
standardized form by the two researchers. Information 
regarding the included studies (year of publication, coun-
try, study design), patient data, temporal horizon, study 

perspective, discounting, details on the intervention and 
control group, evaluation of outcomes and costs, incre-
mental costs and incremental outcomes, incremental 
cost-effectiveness ratio (ICER), and sensitivity analyses 
were extracted. The extracted data were then subjected 
to synthesis, analysis, and a narrative summary by 
researcher K.A.A. Researcher K.G.A., on the other hand, 
was responsible for ensuring the relevance of the entered 
data in accordance with the study’s objective.

Quality assessment
The methodological quality of the included studies was 
assessed by two researchers using the Consolidated 
Health Economic Evaluation Reporting Scale (CHEERS) 
checklist [17], the 2022 version of which comprises 
28 items presented in the Appendix. Each item on the 
CHEERS checklist received a score of 1 if identified (YES) 
in the study, 0.5 if partially identified (YES*), 0 if not iden-
tified (NO), and NA if not applicable. All the articles were 
assigned an overall quality score. A high score indicates 
high-quality reporting. In general, quality scores ranging 
between 10 and 30, 40 and 70, and 80 and 100 out of 100 
are indicative of a low-quality article, a moderate-quality 
article, and a high-quality article, respectively [7].

Data synthesis
First, we presented the results of article selection and the 
characteristics of the populations studied in the included 
studies. Next, we addressed the foundational choices of 
economic evaluation within the included studies [26]. 
Subsequently, we presented the results of the meth-
odological quality assessment, which is crucial for the 
validity and reliability of the conclusions of this system-
atic review. These scores are expressed as percentages 
based on the CHEERS checklist. Finally, in the last sec-
tion devoted to cost-effectiveness results, we present the 
findings of all included studies, followed by results cat-
egorized by types of digital rehabilitation technologies. A 
dominance analysis was carried out using a dominance 
ranking matrix (DRM) [11]. The dominance ranking 
matrix (DRM) is a classification tool developed by the 
Joanna Briggs Institute (JBI) to interpret economic evalu-
ation results in systematic reviews. The DRM is a three-
by-three matrix with the following options:

	(i)	 Strong dominance: When the intervention is more 
effective and less costly, equally effective and less 
costly, or more effective with equal or lower cost, it 
is favored for efficiency.

	(ii)	 Weak dominance: When the intervention is equally 
effective and costly, more effective but costlier, or 
less effective but less costly, no conclusion is drawn 
about its preference without considering decision 
makers’ priorities.
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	(iii)	 Nondominance: When the intervention is costlier 
and less effective, equally costly but less effective, 
or costlier but equally effective, this suggests that 
the comparator is favorable for efficiency.

The analysis is presented in the form of a permutation 
matrix showing the 9 results that exist in terms of cost-
effectiveness. This matrix allows for classifying studies 
into 3 bands: dominance of intervention, dominance of 
control, and intervention equivalent to control. The pres-
ence of a certain number of studies in one of the bands 
allows us to draw conclusions about the cost-effective-
ness of the intervention.

Results
Settings and population
The 11 included studies were published over the last 15 
years, between 2011 and 2021. Significant heterogeneity 
is observed among these studies in terms of countries, 
characteristics of the studied populations, evaluated 

interventions, and objectives, reflecting the diversity of 
contexts and approaches for the economic evaluation of 
digital motor rehabilitation technologies.

Indeed, of the eleven included studies, four were con-
ducted in the USA [16, 30, 34, 36], two in the UK [1, 9], 
one in France [31], one in Germany [13], one in Spain 
[22], and one in Mexico [4]. The eleventh study [18] was 
an international trial conducted in three European coun-
tries: Belgium, Norway, and Denmark. The articles were 
published over the past two decades, between 2011 and 
2021, but the majority (10/11) were published within the 
last 10 years.

There is important heterogeneity among the interven-
tions in the trials included in the review. Most studies 
compared the intervention group to a group receiving 
conventional therapy, except for two studies that used 
three comparison arms, with two arms receiving inter-
ventions based on rehabilitation technology and one arm 
receiving conventional therapy [9, 36].

Fig. 1  Study selection process for this systematic review (PRISMA)
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Seven studies examined robot-assisted rehabilitation 
interventions. Among these studies, four [13, 31, 34, 36] 
involved rehabilitation sessions in a specialized center, 
while another focused on home-based rehabilitation 
through tele-rehabilitation [16]. Additionally, two studies 
evaluated group rehabilitation in a gym setting.

Four studies examined rehabilitation interventions 
using virtual reality technology, whether at the patient’s 
home [30] or in a rehabilitation center [1, 18, 22].

Seven trials addressed upper limb rehabilitation follow-
ing upper limb motor impairment after stroke. Among 
them, five [9, 13, 31, 34, 36] used robotic technology, 
and the other two used virtual reality [1, 18]. Two studies 
[4, 16] evaluated both upper and lower limb rehabilita-
tion with robotic technology. Finally, two studies [2, 30] 
assessed lower limb rehabilitation using virtual reality 
technology.

Ten studies focused on stroke, while one was con-
ducted on knee arthroplasty [30]. Regarding the disease 
phase, six studies and one study focused on the acute 
and/or subacute phase, respectively [9, 13, 18, 22, 31, 34], 
and the chronic phase [36] of stroke, while one study tar-
geted rural veteran stroke survivors [16]. The last three 
studies (one on knee arthroplasty and two on stroke) did 
not specify the disease phase.

The results of the study population are presented in 
Table 1 and Appendix 5.

Foundational choices of economic evaluation
All studies evaluated the cost-effectiveness of the inter-
vention compared to usual care. The majority of studies 
(7/11) adopted a healthcare system perspective for cost 
evaluation. The time horizons varied, ranging from a 
few weeks to 12 months, but were short for most studies 
(6/11 < 6 months). Four studies conducted CUA, while 
the remaining seven performed CMA. Two studies dis-
counted costs and health outcomes.

Studies included in this systematic review analyzed the 
cost-effectiveness of motor rehabilitation interventions 
involving the use of digital technologies, comparing them 
to usual care through randomized controlled trials.

The majority of studies mentioning an assessment per-
spective adopted a healthcare system perspective for cost 
evaluation, except for two studies that adopted a societal 
perspective [18, 36]. It was not possible to clearly identify 
the assessment perspective of some studies [13, 22, 34].

The time horizon varies from four weeks [18], and 
extrapolation beyond one year was conducted in one 
study [9] to estimate the long-term cost-effectiveness 
of the intervention. Five studies adopted a time horizon 
of 6 months or more, while six studies adopted a time 
horizon of less than 6 months [1, 9, 30, 31, 36]. Of the 
eleven studies included in this review, four CUA used 

a two-dimensional health outcome measure to assess 
health-related quality of life. These studies employed 
generic quality of life assessment questionnaires such 
as the EuroQol 5-Dimensions (EQ-5D) [9, 31] or the 
Health Utilities Index (HUI) [36]. The remaining seven 
studies were CMAs that used a unidimensional health 
outcome measure, assessing physical outcomes such as 
patient capacity improvement using tools such as the 
Action Research Arm Test (ARAT) or the Fugl-Meyer 
Assessment (FMA). Importantly, no cases of CEA were 
included in this review.

The types of costs identified in the studies varied 
depending on the chosen evaluation perspective. How-
ever, these costs generally included equipment costs, 
healthcare professionals’ costs, medication costs, 
home visit costs, administrative and overhead costs, 
and social care costs. The majority of studies estimated 
these costs based on single-site evaluation. Some stud-
ies assessed costs across multiple sites [18, 19, 31], 
while one study generalized cost estimates nationwide 
[9]. The specific types of costs identified in the vari-
ous studies are detailed in Appendix 6. The uncertain-
ties surrounding the cost-effectiveness results were 
assessed in three studies [1, 9, 36], while discounting of 
the cost and effectiveness results was carried out in two 
studies [9], [36]. The results of the foundational choices 
of economic evaluation are presented in Table 2. 

Quality assessment
The quality scores of the included studies ranged from 
52% (acceptable quality) to 100% (very good quality), 
with generally higher scores for CUAs than for CMAs.

On the basis of the CHEERS checklist, the arti-
cles included in the review had quality scores ranging 
from 52 [18] to 100 [9] out of a maximum score of 100. 
All quality scores are presented in Appendix  7. Trials 
with a time horizon of 12 months or less received ’NA’ 
for the items ’discount rate’, ’patient and public involve-
ment’, ’model justification and description’, and ’analysis 
and assumptions’.’ Two studies [9, 36] performed cost 
and consequence discounting, considering the five-year 
amortization period used in these studies. Four trials 
with a quality score exceeding 80 out of 100 were classi-
fied as high-quality economic evaluations, while all other 
trials with scores ranging from 40 to 70 out of 100 were 
classified as medium-quality economic evaluations (see 
Appendix 7). We present the quality scores obtained by 
the CUA and CMA for each item on Fig. 2.

Notably, the previously mentioned inapplicable items 
for all studies included are not presented in the graph, 
thereby reducing the number of items presented to 25 
instead of 28 in the CHEERS checklist.
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Evidence for the cost‑effectiveness of motor rehabilitation 
assisted by digital technology interventions
This section summarizes the cost-effectiveness of reha-
bilitation interventions. In summary, out of the 11 studies 
included, the intervention evaluated in two of them was 
deemed not cost-effective, that evaluated in 2 studies was 
considered to have cost-effectiveness equivalent to stand-
ard care, and that evaluated in seven studies was deemed 
cost-effective.

The health outcomes were similar between the inter-
vention and usual care groups in the 7 CMA studies. 
Additionally, the average QALYs between the interven-
tion group and the control group did not significantly dif-
fer among the 4 CUA studies (see Table 3).

Five studies, including four CMA studies and one CMA 
study [30], prospectively collected the resources con-
sumed per patient and per intervention over the entire 
study period for evaluation. Among these studies, Prvu 
Bettger et  al. [30] concluded that the cost of the inter-
vention was lower than that of its control. Other studies 
reported either cost equivalence between the interven-
tion and its control [1, 31, 36] or a higher cost of the 
intervention compared to the control [9]. The cost evalu-
ation of interventions in six other studies was based on 
models incorporating assumptions about various cost 
components, such as the number of personnel involved 
in rehabilitation, the duration and frequency of rehabili-
tation sessions, and the lifespan of equipment. Among 
these studies, one reported the effectiveness of usual 
care, while four reported the effectiveness of the inter-
vention itself.

The cost outcomes are presented in the table below 
(Table 4):

The general criteria considered for cost analysis are 
presented in the table below. Since the evaluation per-
spective was not provided in all studies, it was not 
included in our cost analysis criteria (Table 5).

To examine the association between the increase in 
intervention cost compared to that of his comparator 
and other explanatory variables, such as the time horizon 
(greater than, equal to, or less than 6 months), the meth-
odological quality of the economic evaluation, the type of 
technology assessed (virtual reality or robotics), and the 
type of economic analysis method conducted (CMA or 
CUA), we conducted a multiple correspondence analysis 
(MCA), the results of which are presented in the figure 
below (Fig. 3):

The results indicate that studies utilizing a CUA to eval-
uate an intervention, prospectively collecting resources 
and assessing them in accordance with healthcare pro-
gram economic evaluation standards, over a 6-month 
or longer time horizon, are more likely to yield similar 
cost outcomes compared to the comparator. Conversely, 

studies with an observation period of less than 6 months 
and not adhering to resource collection and evaluation 
recommendations tend to demonstrate a lower interven-
tion cost than the comparator. The results CMA does not 
show a clear trend regarding the cost-effectiveness of dif-
ferent digital technologies. However, interventions based 
on virtual reality appear more likely to incur higher costs 
compared to conventional care.

The conclusion regarding the cost-effectiveness of 
the intervention compared to its comparator was based 
on estimating the ICER in three out of the four CUA 
patients. Among these, one demonstrated the effective-
ness of the intervention, another concluded the inef-
ficiency of the intervention, while the last indicated 
equivalence between the intervention and its compara-
tor in terms of cost-effectiveness. The fourth CUA [1] 
estimated the average QALYs and costs of the compared 
interventions but did not provide incremental costs, 
QALYs, or the ICER. However, there was equivalence 
between the intervention and its comparator in terms of 
cost-effectiveness. On the other hand, the seven CMAs 
conducted indirect comparisons based on the costs and 
effectiveness of the intervention and its comparator 
without calculating ICERs. Among these studies, one 
reported the cost-effectiveness of usual care, while the 
other six reported the cost-effectiveness of the interven-
tion compared to its comparator.

Three out of the eleven included studies, specifically 
two out of the four CUA studies and one out of the seven 
CMA studies, conducted sensitivity analyses. These anal-
yses did not alter the final conclusions on cost-effective-
ness (Table 6).

Dominance ranking framework
Based on the dominance ranking framework, interven-
tions evaluated in four studies were considered not cost-
effective in motor rehabilitation, while those assessed in 
six studies were deemed cost-effective. It is not possible 
to determine the cost-effectiveness of the intervention 
evaluated in the French study without considering the 
willingness to pay for 1 QALY (Table 7).

We complemented our study by positioning each 
included study on a cost-effectiveness plane based on the 
results obtained in the previous paragraph (see Fig. 4).

The cost-effectiveness outcomes corroborate the previ-
ous conclusions of the cost analysis.

Discussion
The objective of this study was to assess the available evi-
dence on the cost-effectiveness of digital technologies 
for the motor rehabilitation of individuals with neuro-
logical disorders. Our results support that there is sig-
nificant heterogeneity among studies in terms of design, 
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methods, health outcomes, and cost-effectiveness out-
comes. Eleven studies, including four CUA studies [1, 
9, 31, 36] and seven CMA studies [4, 13, 16, 18, 22, 30, 
34], were included in this review. The vast majority of the 
included studies focused on poststroke rehabilitation [1, 
4, 9, 13, 16, 18, 22, 31, 34, 36].

Among the eleven studies examined, seven [4, 13, 16, 
18, 30, 36] demonstrated the cost-effectiveness of the 
intervention compared to conventional care, while two 
[1, 31] showed equivalence in terms of cost-effectiveness 
between the intervention and its comparator. However, 
two others indicated the cost-effectiveness of the com-
parator [9, 22]. It is worth noting that among the seven 
studies favoring the intervention, only one was a CUA, 
with the others being a CMA. Additionally, half of the 
CUAs, representing two studies out of four, showed 
equivalence in terms of cost-effectiveness between the 
intervention and its comparator. Finally, one CUA, 
accounting for 25% of the total CUA, revealed that con-
ventional care was more economically effective than the 
intervention. The cost of the device influences the cost of 
robotic technology, whereas for rehabilitation based on 
virtual reality or video games, the cost of the staff is most 
important.

Six out of seven studies using a CMA concluded that 
the intervention was cost-effective. In contrast, only 
one study out of the four based on a CUA concluded 
that the intervention was cost-effective. As illustrated 
in the graph of the multiple correspondence analysis, it 
appears that the temporal horizon has an impact on the 
effectiveness of motor rehabilitation based on the use of 

digital technologies. Indeed, among the four studies [1, 
9, 18, 31] concluding inefficiency or equivalence of the 
intervention, three [1, 9, 31] adopted a temporal hori-
zon of six months or longer. In contrast, only one study 
[36] adopted a temporal horizon of six months or more 
among the seven studies that reported the cost-effec-
tiveness of the intervention. The nature of the evaluated 
interventions could explain these results. For instance, 
in interventions involving medications, the usual initial 
treatment involves their administration at specific times, 
followed by a monitoring period, leading to decreasing 
costs over a time horizon, thus justifying the use of the 
gamma law in the economic evaluation of health inter-
ventions. For rehabilitation interventions, costs are more 
likely to remain constant over the time horizon, notably 
due to device amortization over a long lifespan (often 5 
years), resulting in a constant average device cost over 
the entire time horizon. While certain costs such as 
personnel, medication, and administrative costs may 
decrease over time, their impact on total average costs 
would still be limited given the high acquisition price 
of certain rehabilitation devices. Finally, in rehabilita-
tion, interventions are more effective when they are early 
and intensive. Thus, an extended time horizon does not 
guarantee better outcomes, either in terms of cost or 
health outcomes, as it could reflect the chronicity of the 
pathology.

Two studies [18, 36] adopted a societal perspective,one 
concluded the cost-effectiveness [36] of the intervention, 
while the other reached the opposite conclusion [18]. 
Fivestudies [1, 9, 13, 30, 31] have adopted a health system 

Table 2  Results of the foundational choices of economic evaluation

CMA Cost-minimization analysis, CUA​ Cost utility analysis, EQ-5D EuroQol-5 Dimensions, HUI Health Utilities Index

Author Type of economic 
evaluation

Time horizon Perspective Type of cost Main outcome 
measure

Discounting 

Wagner et al., 2011 CUA based on HUI 36 Weeks Societal ICER YES

Hesse et al., 2014 CMA 3 months Unspecified Cost saving NO

Stefano et al., 2014  CMA 3 months Italian National Health 
system

Cost saving NO

Lloréns et al., 2016 CMA 12 weeks Unspecified Cost saving NO

Bustamante Valles 
et al., 2016 

CMA 8 weeks Unspecified Cost saving NO

Housley et al., 2016  CMA 3 months VA health system Cost saving NO

Adie et al., 2017  CUA based on EQ-5D 6 months Heath and social service QALY and healthcare 
costs

NO

Islam and Brunner, 
2019 

CMA 4 weeks Societal perspective Cost saving NO

Prvu Bettger et al., 
2020

CMA 12 Weeks Health care system Cost saving NO

Rémy-Néris et al., 2021 CUA based on EQ-5D 12 months Health care system ICER NO

Fernandez-Garcia 
et al., 2021 

CUA based on EQ-5D 6 months UK-NHS ICER YES
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Fig. 2  Quality assessment of the included studies
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perspective. We did not find any indication regarding the 
perspective of economic evaluation in the other studies.

Ten [1, 4, 9, 13, 16, 18, 22, 31, 36] out of eleven stud-
ies focused on stroke. Two studies [4, 22] included only 
patients in the chronic phase of stroke, and both reported 
the cost-effectiveness of the intervention for patients 
with motor disabilities. Eight studies thus included stroke 
patients in the acute and/or subacute phase, as well as in 
the chronic phase [1, 9, 13, 16, 18, 31, 34, 36]. Four stud-
ies [13, 16, 34, 36] concluded that the intervention was 
cost-effective for individuals with motor disabilities. 
Due to the heterogeneity among the included popula-
tions associated with a variety of interventions, study 
perspectives, and temporal horizons, among other fac-
tors, these results do not allow us to conclude whether 
there is an association between the disease phase and 
cost-effectiveness.

Using the CHEERS checklist to assess the quality of the 
trials included in this systematic review, we found that 
seven studies [4, 13, 16, 18, 22, 30, 34] were of moderate 
quality, while four [1, 9, 31, 36] were of high quality. The 
quality scores of economic studies vary according to the 
analysis method used. Studies applying CUA obtained 
the highest scores, ranging from 80 to 100%, accord-
ing to the CHEERS checklist. In contrast, studies based 
on a CMA present more modest quality scores, ranging 
between 52 and 73%. These results reflect the recom-
mendations of the French National Authority for Health 
(HAS) [12] in favor of CUA or CEA in the economic 

evaluation of health strategies. When these methods are 
rigorously applied, they generate an ICER on which deci-
sion-makers can rely to adopt care programs and allocate 
health resources.

Similarly, in our review, the reviews by Lo [24] and 
Kairy [20] also revealed that the majority of the included 
studies reported the cost-effectiveness of the interven-
tion. Our review has a sample size of 1825, whereas 
Lo’s has a sample size of 213. Although our study incor-
porates diverse populations and various rehabilitation 
technologies, the sample size ensures sufficiently robust 
conclusions.

Regarding the assessment of the quality of the included 
studies, our findings are similar to those found in the 
review by Lo et  al. Indeed, 20% of their included stud-
ies were of high quality, compared to 36.36% in our 
review. The differences found could be explained by the 
fact that we included more recent studies, with 91% of 
the included studies being conducted in the last dec-
ade. Additionally, unlike other studies, we included only 
RCTs. Finally, we included more CUAs in our review.

This review has several strengths. First, it provides 
the most recent data on the cost-effectiveness of reha-
bilitation interventions using digital technologies. 
Indeed, ten out of eleven included studies were pub-
lished in the last ten years, with four of them published 
in the last four years. These studies are thus based on 
updated methodological guidelines for economic eval-
uations [5, 8, 12, 14, 17, 25].

Table 3  Health outcomes (QALYs) of CUA included

Author Time horizon for 
calculating the average 
cost

QALY-mean (CI) Mean difference p value Conclusion

Wagner et al., 2011 36 weeks Robot* (n=49): QALY= 0.37 
(0.03)
Intensive comparison 
therapy (n=50): QALY= 0.36 
(0.03)
Usual care: (n=28): QALY= 
0.30 (0.05)

0.05 ±0.07 - No difference in mean 
quality-adjusted life years 
between the two groups

Adie et al., 2017 6 months WiiTM (n=85): 
QALY=0.26±0.08
Arm exercises(n=89): 
QALY=0.26±0.08

There was no differ‑
ence in mean QALY 
between the two 
groups

0.86 No difference in mean 
quality-adjusted life years 
between the two groups

Rémy-Néris et al., 2021 12 months Control (n=108): 
QALY=0.47±0.26
Exo group* (n=107): 
0.48±0.25

There was no differ‑
ence in mean QALY 
between the two 
groups-

P=0.87 No difference in mean 
quality-adjusted life years 
between the two groups

Fernandez-Garcia et al., 
2021

12 months (after extrapo-
lation)

RAT* (n=257): QALY= 
0.21±0.12
EULT (n=259): QALY= 
0.23±0.10
Usual care: (n=259): QALY= 
0.21±0.11±

0.00 (−0.20 to 0.20) 0.995 No difference in mean 
quality-adjusted life years 
between the RAT group 
and control group
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We opted for a systematic review due to its ability to 
comprehensively and rigorously synthesize the cost-
effectiveness evidence of digital technologies in motor 
rehabilitation. This methodology offers several advan-
tages over other methods. It produces results that are 
more representative of the target population than those 
obtained from a single clinical trial or theoretical model, 

which are limited to a specific context. By integrating 
multiple studies, it enhances the reliability of conclu-
sions and allows for better reproducibility of the analy-
sis. The use of the latest version of the CHEERS checklist 
enabled a standardized and rigorous evaluation of the 
methodological quality of the included studies. The sys-
tematic process of searching, selecting, and analyzing 

Table 4  Cost outcomes of included studies

* Indicates the intervention assessed in the study

 The cost of intervention is greater than that of usual care

 The cost of intervention is lower than that of usual care

 Intervention and usual care costs are both comparable
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studies based on the PRISMA guidelines ensures a robust 
methodological approach. By synthesizing multiple data 
sources, this method allows for more nuanced and rel-
evant conclusions to guide decision-making regarding 
the adoption of digital technologies in motor rehabili-
tation. It thus provides a solid basis for evaluating the 

cost-effectiveness of motor rehabilitation interventions 
assisted by digital technologies.

The results of this systematic review highlight sev-
eral potential benefits of using digital technologies for 
motor rehabilitation. Firstly, these interventions seem 
to enable more effective rehabilitation through the 

Table 5  Conclusions of the cost outcomes of the included studies

HT≥6: When the temporal horizon of a study exceeds 6 months, the answer is YES; otherwise, it is NO

Author Rehabilitation technology (model) HT≥6 mois Identification, measurement, and 
valuation of resources in both arms

Conclusion 

Wagner et al., 2011  Robot YES YES Lower cost

Hesse et al.,2014 Robot (Bi-Manu Track) NO NO Lower cost

Stefano et al., 2014  Robot (NeReBot) NO NO Lower cost

Lloréns et al., 2016  Virtual reality NO NO Higher cost

Bustamante Valles et al., 2016 Robot (Ness for upper extremity, 
the Motomed Viva 2 for upper extremi‑
ties)

NO NO Lower cost

Housley et al., 2016  Robot NO NO Lower cost

Adie et al., 2017  WiiTM sport YES YES Equivalent

Islam and Brunner, 2019 Virtual reality (Bi-Manu-Trainer (Reha-
Stim Medtech Ltd., Switzerland))

NO YES Higher cost

Prvu Bettger et al., 2020 Virtual reality YES YES Lower cost

Rémy-Néris et al., 2021 Robot (Armeo Spring® HOCOMA) YES YES Equivalent

Fernandez-Garcia et al., 2021 Robot (MIT-Manus robotic) YES YES Higher cost

Fig. 3  Multiple correspondence analysis of determinants of cost outcomes. HT6_YES: when the time horizon is equal to or greater than 6 
months. HT6-NO: when the time horizon is lower than 6 months. CMA: Cost Minimization Analysis . CUA: Cost Utility Analysis. Higher cost: The 
cost of intervention higher than that of usual care. Lower cost: The cost of intervention is lower than that of usual care. Equivalent: The cost 
of intervention is the same as the comparator’s. Idemesvalo_YES: Applies to studies that prospectively collect resources used in each group 
over the entire time horizon, following economic analysis guidelines. 1, 2, 3..., 11: Represents the number of studies
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possibility of repetitive, intensive exercises tailored to 
the specific needs of patients. Secondly, by improving 
functional and motor abilities, they could have a posi-
tive impact on patients’ health-related quality of life. 
Thirdly, several studies included in the review con-
cluded that these interventions were cost-effective 
compared to conventional approaches, thereby allow-
ing for cost savings.

However, these technologies should not replace but 
rather complement conventional rehabilitation methods 
to address current sector challenges such as staff short-
ages and limited access. Their integration would allow 
for an increase in the number of rehabilitation sessions 
accessible to patients, offering the possibility of per-
forming certain exercises at home or in other locations 
besides specialized centers. This would free up space in 
the centers for patients with greater needs for supervi-
sion and support. Ultimately, this could prevent interrup-
tions or lack of care for some patients, thereby improving 
the overall provision and accessibility of rehabilitation 
services.

The sample size of our review is one of its strengths, 
particularly in the context of RCTs. This ensures ade-
quate statistical power and robust estimates.

This systematic review, although rigorous in its meth-
odology, presents certain limitations that should be con-
sidered when interpreting the results. One of the main 
limitations of this systematic review is its restriction 
to randomized clinical trials. Although this approach 
ensures high methodological rigor, it considerably 
reduced the number of eligible studies. Indeed, other 
potentially relevant economic studies based on models 
such as Markov models were excluded. As a result, the 
vast majority of the included studies (10/11) focused on 
strokes, limiting the generalization of the results to other 
neurological conditions.

Another major limitation is that this review did not 
consider gray literature, focusing only on published stud-
ies. However, the inclusion of unpublished gray literature 
could have provided additional interesting data.

Finally, an important limitation is the absence of sub-
group analyses. This is explained by the significant het-
erogeneity observed between the included studies, 
particularly in terms of the studied populations, the 
types of interventions compared, the economic evalua-
tion methods used (CMA and CUA), and the structural 
choices of the economic evaluation (time horizon, per-
spective, discount rate, sensitivity analyses).

To address these limitations, future research should 
consider including other types of economic studies in 
addition to randomized trials, such as analytical deci-
sion models that can capture long-term outcomes. The 

inclusion of unpublished gray literature would provide a 
more comprehensive view of the existing evidence. We 
also recommend conducting a meta-analysis as done in 
a recent study [33], if the studies allow it, when model-
based studies are included to provide an overall estimate 
that will more easily answer the question of the cost-
effectiveness of these interventions.

Finally, it will be relevant to assess the budgetary 
impact of integrating these technologies into health 
systems.

Conclusion
This systematic review provided the latest data on the 
cost-effectiveness of digital rehabilitation interventions 
for neurological disorders. Out of the 11 studies included, 
7 concluded the cost-effectiveness of these interventions 
for the target population. Associations were observed 
between the economic evaluation method used (cost-
utility analysis vs. cost-minimization) and cost-effec-
tiveness outcomes, as well as between time horizon and 
cost-effectiveness.

These findings suggest that integrating rehabilitation 
technologies should complement rather than replace 
conventional approaches to more effectively achieve 
medical and economic goals. Adoption could allevi-
ate healthcare professionals’ and patients’ workload by 
reducing physical efforts and travel through tele-rehabil-
itation. Further studies, including decision modeling, are 
needed to better understand the long-term outcomes of 
these interventions. Evaluating their financial impact on 
healthcare systems would also be relevant for facilitating 
their integration.

Dictionary of economic terms
Cost minimization analysis (CMA)
CMA is an economic evaluation method used to com-
pare different treatment or management options, focus-
ing solely on their respective costs. In the context of this 
review, the studies using this approach compared the 
cost of implementing the digital technology-based inter-
vention to the cost of implementing conventional motor 
rehabilitation care (traditional physiotherapy).

Cost‑utility analysis (CUA)
CUA is an economic evaluation method used to com-
pare different interventions by considering both their 
respective costs and their health benefits, expressed in 
terms of QALYs. In the context of this review, the stud-
ies using this approach compared the cost of implement-
ing the digital technology-based intervention to the cost 
of implementing conventional motor rehabilitation care. 
The results of these studies are therefore presented as the 
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relative costs to obtain an additional QALY unit with the 
intervention compared to conventional care.

Discount rate
In economic evaluations, a discount rate is applied to 
bring future estimated costs and benefits to their pre-
sent value. This is typically done when the time hori-
zon is beyond one year. This practice is based on the 

principle that an amount available immediately is more 
valuable than the same amount received in the future, 
due to present-time preference and the opportunity cost 
of money.

Incremental Cost‑Effectiveness Ratio (ICER)
The ICER is an indicator that reflects the additional cost 
to be incurred to obtain an additional unit of health 

Table 7  Dominance ranking matrix of the included studies

+ = higher cost/better health outcome; 0 = equal cost/equal health outcome; – = lower cost/poorer health outcome

Cost Health 
benefit

Implication for decision makers Total numberN° of study

+ - Reject intervention None
0 _ Reject intervention None
+ 0 Reject intervention 2 (4), (11)

- - No obvious decision: judgment required on whether intervention is preferable considering cost-
effectiveness measures and priorities/willingness to pay

None

0 0 No obvious decision: judgment required on whether intervention is preferable considering cost-
effectiveness measures and priorities/willingness to pay

2 (7), (10)

+ + No obvious decision: judgment required on whether intervention is preferable considering cost-
effectiveness measures and priorities/willingness to pay

None

- 0 Favor intervention: accept intervention 7 (1), (2), (3), (5), (6), (8), (9)

0 + Favor intervention: accept intervention None
- + Favor intervention: accept intervention None

Fig. 4  Cost-effectiveness plane of included studies. A Two studies are located in this area: Fernandez-Garcia et al. and Lloréns et al. B Seven studies 
are located in this area: Wagner et al., Hesse et al., Stefano et al., Bustamante Valles et al., Housley et al., Adie et al., and Islam and Brunner. C Two 
studies are located in this area: Rémy-Néris et al. and Prvu Bettger et al.
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outcome with the new intervention compared to the old 
one. It helps decision-makers assess whether the addi-
tional benefits of the new intervention are worth the 
additional costs compared to the existing care or stand-
ard practices.

Perspective
The perspective refers to the viewpoint adopted for the 
evaluation of costs. The healthcare system perspective 
considers all costs related to healthcare (for the patient, 
health insurance, mutual insurance companies, etc.), 
except for costs related to patients’ loss of productivity. 
The societal perspective, on the other hand, differs from 
the healthcare system perspective by incorporating the 
costs of lost productivity, which are not considered in the 
healthcare system perspective.

QALY
Quality-adjusted life years are calculated from generic 
measures of health-related quality of life, such as the 
EQ-5D, SF-36, or HUI. The scores obtained from these 
questionnaires are converted into utility scores, which 
are then multiplied by the duration during which a par-
ticipant lived with that utility.

Sensitivity analysis
Allows assessing the robustness of the cost-effectiveness 
analysis results in the face of uncertainties surrounding 
the estimation of costs and health outcomes.

Time horizon
Refers to the duration over which costs and outcomes of 
an intervention are assessed
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