
Overground Robotic Exoskeleton Training for 
Patients With Stroke on Walking-Related 

Outcomes: A Systematic Review and Meta- 
analysis of Randomized Controlled Trials 

Leow X., et al. Archives of Physical Medicine 
and Rehabilitation. 2023 Online 

Presenter: 林宜仙 物理治療師 

Date: 2023.07.05 

1 



Outline 

2 

1. 簡介機器人類型 

2. Background 

3. PICO 

4. Critical appraisal 

5. CASP 系統性文獻回顧檢核表 

 



機器人的應用四個層面 
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• 協助工作者的工作

能力，如修車或搬

運重物 

• 提供一般人外在支

持，強化日常生活

功能與能力 

 

• 可以分為輔助與

復健階段 

• 主要用以增進表現

提升作戰能力 

軍事

用途 

醫療

用途 

工業

用途 

日常

用途 



Robotic system types for lower-limb 
rehabilitation 
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Díaz I. et al. Journal of Robotics, 2011 



Treadmill gait trainer 
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Lokomat LokoHelp ReoAmbulator 

POGO and PAM ALEX 

Díaz I. et al. Journal of Robotics, 2011 



Foot-Plate-Based Gait Trainers 
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Gangtrainer GT I 

GaitMaster5 

上銀互動式下肢復健訓練機 



Overground Gait Trainers 
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KineAssist ReWalk Hybrid Assistive Limb FREE Walk自立行 

Keeogo 啟而走 



 Stationary Gait Trainers 
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MotionMaker 

High Performance Ankle 
Rehabilitation Robot 



Background 

• Stroke remains the leading cause of long-term disability. 
Lancet Neurol, 2019,18, 439-458 

• Stroke survivors have a decreased probability of returning to 
work because of walking dysfunction. 

                                                                                Neurology, 2013,80, S5-12 

• The use of robotic exoskeletons (REs) in gait training for 
patients with stroke is emerging.  

 locomotion assistance 

motion or signals from its sensors and microcomputers 
                                                                          Eur J Phys Rehabil Med, 2019, 55, 710-721 
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Background 
• Overground robotic exoskeleton systems 
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Background 

• Overground robotic exoskeleton systems 
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Gait Enhancing and Motivating System Alter G-Bionic-Leg 

Powered-Assisted 
Ankle Robot 



12 

Background 



臨床問題 下肢外骨骼機器人是否可改善中風病人的功能性行走能力? 

問題/研究族群 
Problem/Patient 

Adults aged 18 years and above with three  
phases of stroke : acute stroke (< 24 hours), subacute 
stroke (1 day to 5 days) and chronic (weeks) 

給予的措施 
Intervention 

Overground robotic exoskeleton training 

對照組 
Comparison 

placebo, no intervention, or any conventional training 

結果 
Outcome 

•Walking speed (metres per second) 
•Walking endurance (metres walked in 6 minutes) 
•Walking ability : Functional Ambulation Category 
(FAC) 
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CRITICAL APPRAISAL 
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◦Methods 

◦Results  

◦Discussion 



Methods 

15 

• Related terms and synonyms were identified based on 
the 3 key concepts: “stroke,” “robotic exoskeleton,” and 
“overground gait training.”  

• Publication date:  inception to December 27, 2021 

•  PubMed, EMBASE, CINAHL, CKNI, ProQuest, PEDro, 
CENTRAL, Scopus and Web of Science 

• No restrictions to the publication year were set, and all 
studies of any language were considered until data 
extraction to reduce publication bias. 



Methods 
Inclusion criteria 

Adults aged 18 years and above with three phases of stroke 

according to the computed tomography manifestation of stroke: 

acute stroke (< 24 hours), subacute stroke (1 day to 5 days) and 

chronic (weeks) 

Exclusion criteria 

Participants with comorbidities, such as severe cognitive 
impairment, heart failure, and exercise contraindications 
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Results 
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18 

days 
Acute: <24h 

Subacute: 1-5days 
Chronic: wks 

years 



• 20 RCTs / 9 countries/ 785 patients with stroke  

• 2-arm : 17/ 3-arm : 2 /crossover study : 1  

• sample size : 18~130 

• mean age : 50.13~ 76.8 years old 
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Intervention: 10 days~ 10 weeks 

Frequency : 2~5 times/week 

Time: 20~120min./session 



Results_ Walking ability 

• 11 trials 

• 371 participants 

• favoring the overground RE training 

 postintervention (Z=2.02, P=0.04)  

 small effect size (d=0.21)  
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Results_ Walking ability 

Asian>non-Asian 

chronic>acute>
subacute 

combined>only 

ID>D 

≦30min > >30min 

<4/wk  > ≧4/wk 

≧6wks > <6wks 

No significant 



Results_ Walking ability_Follow-up 

• 4 trials 

• 134 participants 

• favoring the overground RE training 

 Follow-up (Z=2.12, P=.03)  

 Small~medium effect size (d=0.37)  
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Results_ Walking speed 

• 15 trials 

• 469 participants 

• favoring the overground RE training 

 postintervention (Z=2.01, P=.04)  

 small effect size (d=0.23)  
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Results_ Walking endurance 

• 13 trials 

• 506 participants 

• No significant difference 

 postintervention (Z=0.44, P=.66)  

 effect size (d=0.04)  
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Discussion_ Walking ability 

• This work is the first study to review and ascertain the 
level of evidence in determining the effectiveness of 
solely overground RE training or overground RE 
training with conventional rehabilitation in improving 
walking-related outcomes.  

• Minimal clinically important difference of FAC: 0.5                               

                                                                                                     Spine J 2007;7:541–6. 

• Mehrholz et al., 2000 

no significant effect of overground RE training 

 included more RCTs → positive effect 

                                                       Cochrane Database Syst Rev 2020;2020(10) 
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Discussion_ Walking ability 

• Nolan et al., 2021 

 results similar to our study 

FAC scale : closer to 4     

                                         Front Neurorobot 2021;15:689363.  

• An FAC score of ≥4 after a gait rehabilitation program 
predicts community ambulation at the 6th month. 

                                                Arch Phys Med Rehabil 2007; 88:1314–9. 
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Discussion_ Walking speed 

• Similarly, previous studies reported improvements in 
walking speed after overground RE training.           

  Front Neurol 2020;10:1344 ; Zh Nevrol Psikhiatr Im Korsakova 2020;120:73–80 

• That promotes human–robot interactions with kinematic 
and kinetic feedback to induce correct relearning motor 
processes.                                         Front Neurorobot 2018;12:10. 
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Discussion_ Walking endurance 

• Similarly, the insignificant effect of overground RE 
training on walking endurance.           

                                  Cochrane Database Syst Rev 2020;2020(10):CD006185. 

• The participants included patients in different phases of 
stroke.  

• Different phases of stroke may relate to different 
conditions of sensorimotor, visual, balance, pain, mood, 
and cognitive impairments. 

• Personal factors such as age and prestroke activity may 
affect walking endurance among patients with stroke. 

                               Stroke 2022;53:3494–505; Disabil Rehabil 2020;42:763–9. 
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Discussion 
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• Limitation 

1. Small sample sizes were detected in more than half of the RCTs 

2. The number of sessions, length of training sessions, frequency and duration of training, 
and follow-up assessment periods varied across RCTs. 

3. Five trials had a high attrition rate (>20%).  

4. Various overground RE systems based around exogenous sensing may not provide 
the same motor learning stimulation.  

5. The overall evidence was very low. 

6. None of studies reported users’ perceptions of the devices. 

•  Strengths 
1. This review followed the PRISMA checklist strictly.  

2. A comprehensive 3-step search strategy, with no language restriction, was performed 
on 9 databases, 5 trial registries, gray literature, and reference lists to reduce 
publication bias.  

3. This review included RCTs from Asian (n=11) and non-Asian countries (n=9).  

4. Publication bias was not detected among our included trials.  

5. No statistical heterogeneity was attained. 

6. Subgroup analyses were performed to identify the preferred design of overground RE .  

7. Both immediate and long-term effects were investigated to increase the overall 
effectiveness of the research effort. 



CASP系統性文獻回顧檢核表 
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(A)研究結果可信嗎? 

(B)研究結果為何? 

(C)研究結果對於當地病人有幫助嗎? 



(A)研究結果可信嗎? 

1. 此篇系統性文獻回顧是否問了一個清楚、明確的問題? 

是 V 

不明確 

否 
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問題/研究族群 
Problem/Patient 

Adults aged 18 years and above with three phases of stroke : acute 
stroke (< 24 hours), subacute stroke (1 day to 5 days) and chronic (weeks) 

給予的措施 
Intervention 

Overground robotic exoskeleton training 

對照組 
Comparison 

placebo, no intervention, or any conventional training 

結果 
Outcome 

•Walking speed (metres per second) 
•Walking endurance (metres walked in 6 minutes) 
•Walking ability : Functional Ambulation Category (FAC) 

Population studied 

Intervention given 

Comparator chosen 

Outcomes measured 



   2. 作者是否尋找適當研究型態的文獻? 

是 V 

不明確 

否 
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(A)研究結果可信嗎? 

評讀的面向 

有提及系統性文獻回顧的問題  

有適當的研究設計 (RCT) 



   3. 你認為所有重要且相關的研究都被納入? 
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(A)研究結果可信嗎? 

評讀的面向 

使用資料庫 (PubMed, EMBASE, CINAHL, CKNI, ProQuest, 
PEDro, CENTRAL, Scopus and Web of Science 

是否從參考資料清單中再進行搜尋 

與專家進行個別聯繫 

除了已發表的研究文獻，也搜尋未發表的研究文獻 

搜尋非英文的研究文獻 

出版日期無受限(inception to 12, 27, 2021) 

是 V 

不明確 

否 



   4.系統性文獻回顧的作者是否評估所納入研究文獻的品質? 

36 

(A)研究結果可信嗎? 

評讀的面向 

使用GRADE評讀systematic reviews 

當2位獨立評讀人員文獻出現分歧，
會再由第3人評估 

是 V 

不明確 

否 



5.如果作者將研究結果進行合併，這樣的合併是否合理? 
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(A)研究結果可信嗎? 

是 V 

不明確 

否 

Walking 
endurance 

Walking 
speed 

Walking 
ability 



(B)研究結果為何? 

   6. 這篇系統性文獻回顧的整體結果為何？ 
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其結果顯示: 在地面外骨骼機器人訓練後介入組相較於控制組的功能性
行走能力有顯著提升 

(1) Walking ability : functional ambulation category 



(B)研究結果為何? 

6. 這篇系統性文獻回顧的整體結果為何？ 
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其結果顯示: 在地面外骨骼機器人訓練後介入組相較於控制組的行走速
度有顯著提升 

(2)Walking speed : meters/second 



(B)研究結果為何? 

6. 這篇系統性文獻回顧的整體結果為何？ 
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其結果顯示: 在地面外骨骼機器人訓練後介入組相較於控制組的行走耐
力速度無顯著提升 

(3)Walking endurance : meters walked with 6 min 



   7. 結果精準嗎？ 
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(B)研究結果為何? 

(1) Walking ability : functional ambulation category 



   7. 結果精準嗎？ 
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(B)研究結果為何? 

(2)Walking speed : meters/second 



   7. 結果精準嗎？ 
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(B)研究結果為何? 

(3)Walking endurance : meters walked with 6 min 



 (C)研究結果對於當地病人有幫助嗎? 

   8. 此研究結果是否可應用到當地的族群？ 
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是 

不明確 V 

否 

評讀的面向 

病人與本地族群亞洲與非亞洲文獻與人次無統計學上差異 

使用器材部分是相同 

訓練模式, 時間, 頻率不一定 



 (C)研究結果對於當地病人有幫助嗎? 

   9. 是否所有重要的臨床結果都有被考量到？ 
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是 

不明確 V 

否 

評讀的面向 

Walking ability  

Walking speed  

Walking endurance  

balance 

Quality of live 

ADL function 



 (C)研究結果對於當地病人有幫助嗎? 

   10.付出的傷害和花費換得介入措施所產生的益處是否值得？ 
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是 

不明確 V 

否 

評讀的面向 

高費用 

傷害 

時間成本、便利性 



下肢外骨骼機器人是否可改善中風病人的 
功能性行走能力? 

同意: 13位 
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不同意: 0位 

需要更多文獻支持: 16位 

 



感謝聆聽，請多指教! 
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