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1. Detailed search strategy

The systematic review is reported in accordance with Preferred Reporting Items for Systematic Reviews
and Meta Analyses (PRISMA) guidelines [1]. The search strategies of the three selected databases are

detailed in this section.

1.1. PubMed

1.1.1.  Search equation

In PubMed, the following search equation was used:

((((exoskeleton OR exoskeleton robot OR powered exoskeleton OR powered lower limb exoskeleton OR
wearable exoskeleton OR lower limb exoskeleton OR lower limb prostheses OR lower limb prosthesis
OR transfemoral amputee OR powered prosthesis OR above-knee amputation OR powered lower limb
prosthesis control OR powered above-knee prosthesis OR transtibial amputation OR prosthesis use OR
powered prosthesis leg OR amputees OR orthotics OR orthoses OR orthoses OR orthotics)) AND (intent
recognition OR locomotion mode classification OR terrain recognition system OR user intent recogni-
tion OR locomotion mode recognition OR pattern recognition OR user-independent intent recognition
OR terrain recognition OR terrain-adaptive system OR adaptive pattern classifier OR human motion
intent)))

1.1.2. Additional filters

The following articles types were selected:

Case reports, classical article, clinical study, clinical trial, comparative study, controlled clinical trial,
evaluation studies, journal article, letter, multicenter study, pragmatic clinical trial, randomized con-
trolled trial, patents and conference papers.

Only studies on humans were included.

1.2. Web of Science

1.2.1. Search equation

In Web of Science, the following search equation was used:

(TS = ((Exoskeleton OR Exoskeleton robot OR Powered exoskeleton OR Powered lower limb exoskele-
ton OR wearable exoskeleton OR lower limb exoskeleton OR Lower limb prostheses OR lower limb
prosthesis OR Transfemoral amputee OR powered prosthesis OR Above-knee amputation OR Powered
Lower Limb Prosthesis Control OR powered above-knee prosthesis OR transtibial amputation OR pros-
thesis use OR powered prosthesis leg OR amputees OR Orthotics OR orthoses OR orthosis OR orthotics)
AND (Intent Recognition OR Locomotion Mode Classification OR Terrain recognition system OR user
intent recognition OR Locomotion mode recognition OR Pattern Recognition OR User-Independent In-
tent Recognition OR terrain recognition OR terrain-adaptive system OR adaptive pattern classifier OR
human motion intent))) AND LANGUAGE: (English) AND DOCUMENT TYPES: (Article OR Data Pa-
per OR Letter OR Proceedings Paper)
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1. Quality assessment of the studies

1.1. Criteria used for scoring the studies

Based on the QualSyst Tool [2], the following twelve criteria were used to assess the quality of the stud-
ies:

e  C(riteria 1: Question/Objective sufficiently described?

e  C(riteria 2: Study design evident and appropriate?

e  (Criteria 3: Subject characteristics sufficiently described and representative?

e  (riteria 4: Experimental protocol sufficiently described?

e  C(riteria 5: Critical Timing Provided?

e  C(riteria 6: Filtering method sufficiently described?

e  C(riteria 7: Window length clearly mentioned?

e  (riteria 8: Input features clearly mentioned?

e  (Criteria 9: Machine Learning algorithm clearly mentioned?

e  C(riteria 10: Evaluation method of the machine learning algorithm clearly mentioned?

e  C(riteria 11: Results reported with enough detail?

e  C(riteria 12: Conclusions supported by the results?

Each criterion was evaluated with a score between 0 and 2: 2 indicates “yes”, 1 indicates “partial” and

0 indicates “no”. Additionally, prior to assessing the quality of the studies, the following guidelines

were created to ensure consistency in ratings.
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Criterion

C1: Question
Objective

C2: Study design

C3: Subjects
characteristics

C4: Experimental
protocol

C5: Critical Tim-

ing

“YES” =2
The question and the objective of the study are clearly
mentioned.
The study design is appropriated to the question/objec-
tive
The following parameters are given:
e Healthy volunteers: number of volunteers, gen-
der, mean and SD for the age, height and weight.
e Otherwise: number of volunteers, gender, inclu-
sion/exclusion criteria, mean and SD for the age,

height and weight.

The following parameters are given:
e Studied locomotion tasks
e Walking speed
e Transitioning leg (if applicable)

e Number of trials / locomotion task

The critical timings for each transition are given (if ap-

plicable).

i
P

P
“Partial” =1

The question and the objective of the study

seems not clear

The following parameters are given:

e Healthy volunteers: number of vol-
unteers, gender, mean without SD
for the age, height and weight.

e Otherwise (2 options):

o number of volunteers, gen-
der, inclusion/exclusion cri-
teria and mean without SD
for the age, height, weight

o number of volunteers, gen-
der, mean and SD for the
age, height and weight. In-
clusion/exclusion criteria are
not given.

The following parameters are given:

e Studied locomotion tasks
One of the following parameters are given:

e Walking speed

e Transitioning leg (if applicable)

e  Number of trials / locomotion task
The critical timings are given but precisely
for each transition (e.g. critical timing oc-
curred at foot contact on the new locomotion
mode or at foot off of the previous locomo-

tion mode) (if applicable)

“No” =0

The question and the objective of the study
are not provided.

The study design is not appropriated to the
question/objective.

Data are missing compared to “Partial”.

More parameters are missing compared to

partial.

The critical timings are not provided, even

though the transitions are studied.
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Criterion
Ce: Filter

C7: Analysis

windows

C8: Features

C9: Algorithms

C10: Evaluation

“YES” =2
The filters implemented for each signal are given with
the corresponding parameters (e.g. Low-pass 4t order

Butterworth filter with a 10 Hz cutoff frequency).

For each analysis window, the following information are
provided:

e Beginning and end of each window

e Beginning or end of each window and window
length.

e If multiple windows or sliding windows are
used, the overlap or the window increment is
provided

The feature set is clearly defined. The equations of each

feature are provided or given with references.

The tested algorithms are clearly mentioned, the param-
eters of each algorithm are provided.

The evaluation process of each algorithm is provided
(e.g. K-fold cross validation with K =4)

#
by
F

“Partial” =1
The filters implemented for at least one signal
are given with the corresponding parame-
ters.
Or the filters implemented for all signals are
given without the corresponding parameters
(e.g. cutoff frequency)
One information is not provided (window
length or window increment or overlap or
beginning or end of each analysis window).
For instance, the beginning of the window is
provided but the end or window length are

not provided.

The feature set is clearly defined but features
equations are not given (no references). Or
the equations are given but a feature reduc-
tion technique is used but the final feature set
is not explicitly provided (for instance PCA
to reduce the size of the feature set, but the
final number of features is not given).

The tested algorithms are mentioned.

The evaluation process is given but the pa-
rameters are not given (e.g. K not provided
for K-fold cross validation). As a result, the
data split between train/dev/test sets is un-

clear.

IINOII = 0

The filters of the signals are not provided.

No information concerning analysis window

are given.

The extracted features are not mentioned.
Note that if the raw data of the sensors were
fed into the Machine Algorithm, the criterion
was rated 2 out of 2.

The tested algorithms are not mentioned.

The evaluation process is not given.
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C11: Results

C12: Conclusion

The results for each algorithm are given (mean and The results for each algorithm are given with-

standard deviation).

The conclusion is supported by the results

out the standard deviation.

The mean and the standard deviation are not
given.

Or the mean and the standard deviation are
given but the results are not provided for one
of the tested algorithms.

The conclusion is not supported by the re-

sults.

Note that if the results were rated 0 out of 2,
the conclusion can still be supported by the
results. For instance, the accuracy of the
tested algorithms was estimated from
graphics readings and the conclusion is sup-
ported by those estimations (higher/lower

performances).
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1.2. Detailed quality scores of the included studies

Article

Ai et al. 2017 [3]

Beil et al. 2018 [4]
Chen et al. 2013 [5]
Chen et al. 2014 [6]
Chen et al. 2015 [7]
Du et al. 2012 [8]

Du et al. 2013 [9]
Feng et al. 2019 [10]
Godiyal et al. 2018
(11]

Gong et al. 2018 [12]
Gong et al. 2020 [13]
Hernandez et al. 2012
(14]

Hernandez et al. 2013
[15]

Huang et al. 2009 [16]
Huang et al. 2010 [17]
Huang et al. 2011 [18]
Kim et al. 2017 [19]
Liu et al. 2016 [20]
Liu et al. 2017 [21]
Liu et al. 2017 [22]
Long et al. 2016 [23]
Mai et al. 2011 [24]
Mai et al. 2018a [25]
Mai et al. 2018b [26]
Miller et al. 2013 [27]
Moon et al. 2019 [28]
Pew et al. 2017 [29]
Shell et al. 2018 [30]
Simon et al. 2017 [31]
Spanias et al. 2014
(32]

Spanias et al. 2015
[33]

Spanias et al. 2016a
[34]

Spanias et al. 2016b
(35]
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90,9%
72,7%
79,2%
77,3%
75,0%
45,8%
77,3%
86,4%

86,4%
86,4%
37,5%

54,2%

81,8%
79,2%
83,3%
63,6%
70,8%
66,7%
63,6%
83,3%
50,0%
45,8%
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33,3%
66,7%
70,8%
66,7%
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54,2%
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Article

Spanias et al. 2017
(36]

Spanias et al. 2018
(37]

Stolyarov et al. 2017
(38]

Su et al. 2019 [39]
Tkach et al. 2013 [40]
Wang et al. 2013 [41]
Wang et al. 2018 [42]
Woodward et al. 2016
[43]

Xu et al. 2018 [44]
Young et al. 2013a
[45]

Young et al. 2013b
[46]

Young et al. 2013c [47]
Young et al. 2014a
(48]

Young et al. 2014b
[49]

Young et al. 2016 [50]
Zhang et al. 2011 [51]
Zhang et al. 2013 [52]
Zhang et al. 2019 [53]
Zhang et al. 2019 [54]
Zhang et al. 2012 [55]
Zheng et al. 2013 [56]
Zheng et al. 2014 [57]
Zheng et al. 2016 [58]
Zheng et al. 2019 [59]
Zhou et al. 2019 [60]
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1. EMG used in the studies

The EMG recorded in each study are reported in the following table. NP = Not Provided (EMG were used but the locations were not provided). The cell is 1 if

the channel is used or empty otherwise.

Ai et al. 2017 [3] NP
Beil et al. 2018 [4]

Chen et al. 2013 [5]
Chen et al. 2014 [6]
Chen et al. 2015 [7]

Du et al. 2012 [8] 1 1 1 1 1 1 1 1 1

Du et al. 2013 [9] 1 1 1 1 1 1 1

Feng et al. 2019 [10]

Godiyal et al. 2018 [11] 1 1 1 1 1 1 1

Gong et al. 2018 [12]
Gong et al. 2020 [13]
Hernandez et al. 2012 [14] 1 1 1 1 1
Hernandez et al. 2013 [15] 1 1 1 1 1 1 1




Huang et al. 2009 [16]

Huang et al. 2010 [17]

Huang et al. 2011 [18]

Kim et al. 2017 [19]

Liu et al. 2016 [20]

Liu et al. 2017 [21]

1 1
1 1
1 1
1

1 1

Liu et al. 2017 [22]

Long et al. 2016 [23]

Mai et al. 2011 [24]

Mai et al. 2018a [25]

Mai et al. 2018b [26]

Miller et al. 2013 [27]

Moon et al. 2019 [28]

Pew et al. 2017 [29]

Shell et al. 2018 [30]

Simon et al. 2017 [31]

Spanias et al. 2014 [32]

Spanias et al. 2015 [33]




Spanias et al. 2016a [34]

Spanias et al. 2016b [35]

Spanias et al. 2017 [36]

Spanias et al. 2018 [37]

Stolyarov et al. 2017 [38]

Su et al. 2019 [39]

Tkach et al. 2013 [40]

Wang et al. 2013 [41]

Wang et al. 2018 [42]

Woodward et al. 2016 [43]

Xu et al. 2018 [44]

Young et al. 2013a [45]

Young et al. 2013b [46]

Young et al. 2013c [47] 1
Young et al. 2014a [48]

Young et al. 2014b [49] 1
Young et al. 2016 [50]

Zhang et al. 2011 [51] NP




Zhang et al. 2013 [52] 1 1 1
Zhang et al. 2019 [53]

Zhang et al. 2019 [54]

Zhang et al. 2012 [55] 1 1 1
Zheng et al. 2013 [56] NP

Zheng et al. 2014 [57] NP

Zheng et al. 2016 [58]

Zheng et al. 2019 [59]

Zhou et al. 2019 [60]
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