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1. Stroke commonly leads to persistent upper limb dysfunction.
_ —  Stroke: 80% experience upper limb impairment; 65% persist after 6 months.
. . epas ® Restore functional capacity and ADL independence.
Upper limb robotic rehabilitation By pac, B
foIIowing stroke: a systematic review 2. Robotic rehabilitation aims to increase therapy intensity.
and meta-analysis investigating efficacy ~  Roboticrehabilitation provides
and the influence of device features ‘ intensive, repetitive, task-specific training. ‘
d t 3. Evidence on its efficacy remains mixed.
and program parameters — Past reviews: Unclear at activity level.
Kate Boardsworth', Usman Rashid?, Sharon Olsen', Edgar Rodriguez-Ramirez®, Will Browne?,
Gemma Alder' and Nada Signal'™ ‘ Improvements at body-function level | | Dose-match: Robotic = Conventional
4. Understanding device and program variables is essential.
4
Background: Clinical Challenges Research Purpose
1. Devices vary widely: 5 To evaluate:
—  Exoskeleton vs. End-effector )
— Distal vs. Proximal focus
sl . o ‘9. / [ The efficacy of robotic rehabilitation versus dose-matched conventional
2. Program parameters differ _ . : rehabilitation on upper limb activity outcomes.
— Dose, Duration, and Assistance type Cl'mc'an,s face difficulty Se'?‘“"g
appropriate robots for patients.
3. Limited guidance for clinicians on device selection. g;l'::n:l;luence of device and program features on rehabilitation
4. Evidence on effective robotic features is lacking.
6



2025/11/12

Search Strategy

1. Systematic review and meta-analysis following PRISMA guidelines.

2. Databases: Web of Science, OVID, CINAHL, Medline, Scopus, and
PubMed Central

3. Final search: March 31, 2023.

Inclusion: RCTs, dose-matched comparisons.
Registered: PROSPERO CRD42022285794.

Table2 Eligivility criteria

Inclusion

Exclusion

Participants | >18y/o | Adults over the age of 18 who had suffered a stroke result-
ing inloss of upper imb function
Experimentalintervention  Robotic exoskeleton or end-
the upper limb, for one or m
Robotic and conventional rehabiltation were dose-matched
in terms of total training time

Comparison intervention ~ Cor

ctor rehabilitation targeting

entional occupational therapy or physiotherapy
terventions to rehabilitate upper limb, such as task-specific
training, strength training, repetitive practice, constraint-
induced movement therapy (CIMT)

Outcomes Evaluation of activity'level outcomes including (2) upper
limb capacity o (o) ADL as classified by the International
Classification of Functioning Disability and Health model
(ch)

Study design Randomised control trials (RCTS) with a parallel-group trial
design

vere was more than one experimental group,

that the study followed a paralle-group design

and fitother crtera, data from both experimental groups
sed

Publication Ful-text peer-reviewed journal articles published in English

Adults who have suffered a cerebellar or brainstem stroke

Robotic rehabilitation combined with another exploratory
intervention such as transcranial direct current stimulation
(tDCS) or brain-computer interfaces (BC)

Comparison interventions that also use robotics unless

the robotic component was very brief (< 10 min)
Comparison treatment combined with another exploratory
intervention such as tDCS or BCI

Randomised crossover trals or other study designs

Conference abstracts

Data Extraction
1. Extracted data: participants, device type, parameters, outcomes.

2. Categorized outcomes:

—  Upper limb capacity: the Action Research Arm Test (ARAT), Wolf Motor
Function Test (WMFT), and Box and Blocks Test (BBT), etc.

— ADL: Functional Independence Measure (FIM) , the Barthel Index (BI),
etc

3. Risk of bias assessed using Cochrane RoB 2 tool.

Type ‘ it Exoskeleton
End-effort

DOF

Joint ; : Proximal, Distal
Whole arm
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* Most studies: some
concern or high risk.

* Overall evidence: low to
moderate certainty.

* 54 RCTs, N=2744
participants.
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+ Degrees of .
Freedom (DOF):
Most devices have

Participant age: ||+
Both robotic (RT)
and control (CT)

Time since stroke:
Majority of
participants within

+ Total training amount: Most
interventions provided 1019
hours of total training. (1 hr/3

Device features Type: >60% en:
Device Type Exoskeleton End-effector sffector devices
Joints mobilised oistal proxmal Whleaim
Assistance  Partial Both Full Joints mobilized:
Gravity | AgaaR g Both o Distal joints
Portability  Portable stationary dominate (>40%)
Laterality  biateral oty ol
Gamification Gamification
« Laterality:

Feedback Feedback WSS | nilateral training

Programme features favored (~70%)
Setting Home. Outpatient Inpatient
Delivery mode G solo ——
Number of devices Multipid Sige ¢ Outpatient
Real world (object) interaction Objectinteraction No objectnteraction « Solo
Bimanual training  Bimanualtraining, Nobimanual traiing.
Supervision amount seifaining Supervised
Supervisor qualification Assistant Professional
% w 0% % o0 100

Fig.5 C e pants under successive category leves (s e

intervention

3-4 DOF groups mainly aged 0-99 weeks post- times, 3 times/week, 6
55-69 years. stroke. (<2 years) weeks)
Device features
Degrees of Freedom (DOF) |1 2 S s 7 @
Technology advancement | | (2065200 20103014 o msan 2020200
Programme features 2002.2004
Participant age (RT) | <49y 5054y 5559 o eoesy 65-69y. 7074y v+
Participant age (CT) <49y 50554y 5559y I s
Time since stroke (RT) 099w 100-199w 200wt
Time since stroke (CT) 099w 100199 200ws
Total training amount|  09hrs 10-19hrs 20-29hrs. O ohs
o% 20% 0% 60% 80% 100%

Fig. 6 Cumulate percentage of participants under successive category levels (continuous variables) RT experimental intervention CT control
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Quantitative Results
Effect on Upper Limb Capacity

Quantitative Results
Effect on ADL Performance

A) Post intervention

0.14[0.02, 0.26])
— Small but significant.

2. Follow-up:
— Effect not maintained (SMD
0.05[-0.13, 0.24]

Suggests short-term improvement
without sustained benefit.

8) Follow up

1. Post-intervention: R .
— Robotic > conventional (SMD ¥

1. Post-intervention:
— No significant difference (SMD
0.04 [-0.05, 0.13]).

2. Follow-up:
— No difference (SMD 0.00
[-0.13, 0.13]).

* No significant.
* Gains in capacity did not translate
into ADL improvements.

A) Postintervention

BlEoliowup
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Subgroup Analysis

Table:s Subgroup analysis esuls forciscrete variables

* Distal > Proximal > Whole-arm.

* SMD 0.30 (distal) vs 0.15 (proximal) S

Numberof

forobotis versus conventionl diferences (rend
rved)

__vs-0.03 (whole-arm).
[ Distal focus yields better

Device eaures

020000710041 =018

improvement. 2
P % pmoom
+ Partial > Both > Full. T 2 v
* SMD 0.37 (partial), 0.05 (both), 0.52
(full, ns). Gy - —
. »
(L Active participation key.
orabiy = peom
I 0281001 t0055]
* Unilateral > Bilateral. Loty 3 017101510048 Yy
3 —022 (0690028
¢ SMDO0.18vs0.17 (ns). 3 018[0.0510031]
(&3 No major advantage for bilateral . o o
use. Fecdback ;A ol-002t0 peo
Nofesdick 8 0361002100701

* Fewer DOF -> better outcomes (p=0.012).
(] Simpler design improves effectiveness.

Table 6 Subgroup analysis results for continuous variables

Subgroup Analysis — Degrees of Freedom

Subgroup category Test
Device features
Degrees of freedom (DOF) 0012 ~006,95% CI[-0.11, - 001]
Technology advancement 05902 0.007,95% CI [~ 002, 003]
Programme features
Participant age 02744 ~001,95% CI - 003,0009]
Time since stroke 06719 CI[-034,022]
Total training amount 0751 , 95% CI [~ 001,0007]
for
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Discussion — Main Findings

1. Scope: 54 RCTs, 2,744 participants — first review defining both device
and programme features in robotic rehabilitation.
2. Upper limb capacity:
— Statistically significant but small benefit (SMD = 0.14 [0.02-0.26]).
— Not maintained at follow-up (SMD = 0.05 [-0.13-0.24]).
— Equivalent to = +13 FIM motor or +8 ARAT — not clinically meaningful.
3. ADL outcomes:
— No significant difference post-intervention or at follow-up.
4. Overall: Robotic rehab provides a minor, short-term capacity gain,
without translation to daily-life function.

(&d Limited clinical significance

Discussion — Tailoring Rehabilitation

1. Targeted delivery improves efficacy — robotic rehab is more effective
when focused on specific upper limb movements.
2. Joint specificity:
— Distal-focused devices more effective than proximal or whole-arm.
3. Degrees of freedom (DOF):
— Fewer DOF associated with greater improvement.
4. Device number:
— Single-device interventions yield benefits; multiple-device do not.
5. Key principle: Training specificity—target limited, meaningful
movement patterns.

*Design implication: Devices and programs should
support clinician-tailored, distal-focused, and
specific-movement training.@"
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Discussion — ADL Improvements

1. Main finding: Gains in upper limb capacity did not translate into better
ADL performance. Current robotic gains # improved ADL
2. Potential device factors:

— Features like portability, bimanual training, and object interaction were not
statistically significant, though trends favored portable (SMD = 0.28) and object-
interactive (SMD = 0.21) devices.

3. Task specificity:

— Most devices trained simple movements (reaching, grasping), rarely complex
ADLs (e.g., dressing, grooming).

4. Conventional therapy integrates compensatory strategies, while
robotic rehab focuses mainly on motor retraining.

‘ Consider portability, real-world interaction. 5] Design robots for daily tasks.

Conclusion

I

Overall efficacy:
— Robotic rehabilitation provides small, short-term improvements in upper limb
capacity.
— No significant gains in ADL.
. Consistency with prior studies:
— Confirms prior findings that the clinical impact remains uncertain.
. Key determinants of efficacy:

N

w

— Level of assistance (partial > full).

— Joints mobilized (distal > proximal/whole-arm).

— Degrees of freedom (fewer better). 2

— Number of devices (single > multiple).
4, Clinical & design implications

1. Tailor robotic interventions
to specific impairments.

. Implement devices in daily
task contexts for better
functional relevance.
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Thank you!!!
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