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Supplementary Material 
Wearable Devices in Scoliosis Treatment: A Scoping Review of 

Innovations and Challenges 
Samira Fazeli Veisari , Shahrbanoo Bidari , Kourosh Barati, Rasha Atlasi, and Amin Komeili  

 
This supplementary file provides transparent and in-depth details of the search strategy used to 
identify and collate published evidence on wearable devices in scoliosis treatment. It reports, in 
full, the exact queries, databases, date ranges, and controlled vocabulary terms employed during 
the systematic literature search that underpins our review.  
In Table S1, the PRISMA 2020 Checklist is presented, and in Table S2, the list studies and the 
reason for excluding them from the review were provided, following with the bibliography.  
 
 
Search date: 29 March 2025 

 
 

Pubmed: 

( "Wearable Electronic Devices"[Mesh] OR Wearable*[TIAB]   OR (Electronic [TIAB]    AND 

Skin[TIAB]   ) OR "Fitness Trackers"[Mesh] OR  (Fitness[TIAB]    AND Tracker*[TIAB]   ) 

OR  (Activity[TIAB]    AND Tracker*[TIAB]   ) OR   "Hearing Aids"[Mesh] OR  ( Hearing 

[TIAB]   AND Aid[TIAB]   ) OR  ( Hearing [TIAB]   AND Aids[TIAB]   )   OR  "Smart 

Glasses"[Mesh] OR  (Glass*[TIAB]    AND Smart[TIAB]   )  OR  Smartglass*[TIAB]     OR  

(“Head Up” [TIAB]    AND Display*[TIAB]   ) OR     (Head [TIAB]   AND Mounted [TIAB]   

AND Display*[TIAB]   )  OR       (Head [TIAB]   AND Worn [TIAB]   AND Display*[TIAB]   )     

OR   (Google[TIAB]    AND Glass*[TIAB]   ) OR      ( Body-worn[TIAB]    AND device* 

[TIAB]   ) OR  ( Portable [TIAB]   AND smart[TIAB]    AND device*[TIAB]    )  OR   (On-

body[TIAB]    AND device*[TIAB]   )  OR  (Body-mounted[TIAB]    AND device*[TIAB]   )  

OR  (Smart [TIAB]   AND body[TIAB]    AND accessor*[TIAB]   ) OR  (Smart[TIAB]    AND 

clothing[TIAB]  )   
 

OR  

(body-borne[TIAB]   AND computer*[TIAB]  )  

OR     

( head-mounted[TIAB]   AND system[TIAB]  )  
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 OR       

(AR [TIAB]  AND headset[TIAB]  )  

OR    (AR-HUD[TIAB]  )  

OR    (ARHMD[TIAB]  )  

OR    (augmented [TIAB]  AND reality[TIAB]   AND glass*[TIAB]  )  

   OR    (HMD-AR[TIAB]  )  

 OR    (OST-HMD[TIAB]  )  

OR    (see-through[TIAB]   AND HMD[TIAB]  )  

 OR    (head-mounted[TIAB]   AND virtual[TIAB]   AND reality[TIAB]  )  

 OR    “OptiVu” [TIAB]    

OR    (virtual [TIAB]  AND reality[TIAB]  )    

OR (Augmented [TIAB]   AND reality[TIAB]  )  

 OR    (VR [TIAB]  AND (glass* [TIAB]  OR “head set” [TIAB]   OR headset[TIAB]   OR helmet 
[TIAB] OR HMD[TIAB]    ))  

  OR    VR-HMD[TIAB]    

OR    VRHMD[TIAB]    

 OR    (health[TIAB]   AND watch[TIAB]  )  

OR    (smart[TIAB]   AND watch[TIAB]  )  

  

OR  

(Electronic[TIAB]  AND monitoring[TIAB]  )  

OR  

Sensor[TIAB]   

OR   

Sensors[TIAB]   

 OR  

ScoliBrace * [TIAB]   

OR  

SpineCor[TIAB]   
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OR  

(Smart[TIAB]   AND Brace*[TIAB]  )  

OR  

(Smart[TIAB]  AND Implant*[TIAB])  

 OR  

(Posture[TIAB]  AND Monitoring[TIAB]   )  

OR  

(UPRIGHT [TIAB]   AND GO[TIAB]  )  

OR  

(Lumo [TIAB]  AND Lift[TIAB]  )  

OR  

( Posture [TIAB]  AND Tracker*[TIAB]  )  

OR  

 EMS [TIAB]   

OR  

(Electrical [TIAB]  AND Muscle[TIAB]  AND Stimulation[TIAB]  )  

OR   

(Neurotech [TIAB]   AND ActiGait[TIAB]  )   

 OR   

(NeuroMD[TIAB]  AND Corrective [TIAB]  AND Device*[TIAB]  )  

OR  

(Smart [TIAB]   AND Shirt[TIAB]  )  

OR  

 VR-Based [TIAB]   

 OR  

 (VR[TIAB]   AND  Therapy[TIAB]  )  

 OR  

 (Posture[TIAB]  AND Reminder [TIAB]   )  
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OR  

EMG [TIAB]   

OR  

  (Noraxon[TIAB] AND  MyoTrace[TIAB]  )  

OR  

VirtuReal  [TIAB]    

OR  

(Kinect-based[TIAB]  AND Posture[TIAB]  AND Analysis[TIAB]  )  

OR  

(Functional [TIAB]  AND Electrical[TIAB]   AND  Stimulation [TIAB]  )  

OR  

FES[TIAB]   

OR  

(Neurotech [TIAB]  AND Functional [TIAB]   AND Stimulation[TIAB]   ) )  

 

AND 

("Scoliosis"[Mesh] OR  Scolioses[TIAB] 

OR (Spinal[TIAB] AND curvature[TIAB] ) OR ( Lateral [TIAB] AND spinal[TIAB]  AND 

deviation[TIAB])   OR (Vertebral [TIAB] AND curvature[TIAB] AND disorder[TIAB]) OR  

(Spinal[TIAB] AND deformity[TIAB]) OR  (Curved[TIAB] AND spine [TIAB] AND 

condition[TIAB])    ) 

RESULTS: 374 

 

Web of Science: 

S=(  ( Wearable* OR (Electronic AND Skin ) OR (Fitness AND Tracker* ) OR (Activity AND 
Tracker* ) OR ( Hearing AND Aid ) OR ( Hearing AND Aids ) OR (Glass* AND Smart ) OR 
Smartglass* OR ("Head Up" AND Display* ) OR (Head AND Mounted AND Display* ) OR 
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(Head AND Worn AND Display* ) OR (Google AND Glass* ) OR ( Body-worn AND device* ) 
OR ( Portable AND smart AND device* ) OR (On-body AND device* ) OR (Body-mounted 
AND device* ) OR (Smart AND body AND accessor* ) OR (Smart AND clothing ) OR (body-
borne AND computer* ) OR ( head-mounted AND system ) OR (AR AND headset ) OR (AR-
HUD ) OR (ARHMD ) OR (augmented AND reality AND glass* ) OR (HMD-AR ) OR (OST-
HMD ) OR (see-through AND HMD ) OR (head-mounted AND virtual AND reality ) OR 
"OptiVu" OR (virtual AND reality ) OR (Augmented AND reality) OR (VR AND (glass* OR 
"head set" OR headset OR helmet OR HMD )) OR VR-HMD OR VRHMD OR (health AND 
watch ) OR (smart AND watch ) OR (Electronic AND monitoring) OR Sensor OR Sensors OR 
ScoliBrace* OR SpineCor OR (Smart AND Brace* ) OR (Smart AND Implant* ) OR (Posture 
AND Monitoring ) OR (UPRIGHT AND GO ) OR (Lumo AND Lift ) OR ( Posture AND 
Tracker* ) OR EMS OR (Electrical AND Muscle AND Stimulation ) OR (Neurotech AND 
ActiGait ) OR (NeuroMD AND Corrective AND Device* ) OR (Smart AND Shirt ) OR VR-
Based OR (VR AND Therapy ) OR (Posture AND Reminder ) OR EMG OR (Noraxon AND 
MyoTrace ) OR VirtuReal OR (Kinect-based AND Posture AND Analysis ) OR (Functional 
AND Electrical AND Stimulation ) OR FES OR (Neurotech AND Functional AND Stimulation 
))  
 
AND  
 
( Scolioses OR (Spinal AND curvature ) OR ( Lateral AND spinal AND deviation ) OR 
(Vertebral AND curvature AND disorder ) OR (Spinal AND deformity ) OR (Curved AND spine 
AND condition )) )  
 
Results: 1013 
 

 SCOPUS: 

TITLE-ABS-KEY( ( Wearable* OR (Electronic AND Skin ) OR (Fitness AND Tracker* ) OR 

(Activity AND Tracker* ) OR ( Hearing AND Aid ) OR ( Hearing AND Aids ) OR (Glass* 

AND Smart ) OR Smartglass* OR ("Head Up" AND Display* ) OR (Head AND Mounted AND 

Display* ) OR (Head AND Worn AND Display* ) OR (Google AND Glass* ) OR ( Body-worn 

AND device* ) OR ( Portable AND smart AND device* ) OR (On-body AND device* ) OR 

(Body-mounted AND device* ) OR (Smart AND body AND accessor* ) OR (Smart AND 

clothing ) OR (body-borne AND computer* ) OR ( head-mounted AND system ) OR (AR AND 

headset ) OR (AR-HUD ) OR (ARHMD ) OR (augmented AND reality AND glass* ) OR 

(HMD-AR ) OR (OST-HMD ) OR (see-through AND HMD ) OR (head-mounted AND virtual 

AND reality ) OR "OptiVu" OR (virtual AND reality ) OR (Augmented AND reality) OR (VR 

AND (glass* OR "head set" OR headset OR helmet OR HMD )) OR VR-HMD OR VRHMD 
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OR (health AND watch ) OR (smart AND watch ) OR (Electronic AND monitoring) OR Sensor 

OR Sensors  OR ScoliBrace* OR SpineCor OR (Smart AND Brace* ) OR (Smart AND 

Implant* ) OR (Posture AND Monitoring ) OR (UPRIGHT AND GO ) OR (Lumo AND Lift ) 

OR ( Posture AND Tracker* ) OR EMS OR (Electrical AND Muscle AND Stimulation ) OR 

(Neurotech AND ActiGait ) OR (NeuroMD AND Corrective AND Device* ) OR (Smart AND 

Shirt ) OR VR-Based OR (VR AND Therapy ) OR (Posture AND Reminder ) OR EMG OR 

(Noraxon AND MyoTrace ) OR VirtuReal OR (Kinect-based AND Posture AND Analysis ) OR 

(Functional AND Electrical AND Stimulation ) OR FES OR (Neurotech AND Functional AND 

Stimulation ))  

AND  

( Scolioses OR (Spinal AND curvature ) OR ( Lateral AND spinal AND deviation ) OR 

(Vertebral AND curvature AND disorder ) OR (Spinal AND deformity ) OR (Curved AND spine 

AND condition ) ) ) 

Results: 918 

 

 EMBASE: 

( 'wearable computer'/exp OR 'activity tracker'/exp OR 'hearing aid'/exp OR 'smart glasses'/exp 

OR Wearable*:ti,ab,kw   OR (Electronic:ti,ab,kw    AND Skin:ti,ab,kw   )  OR  (Fitness:ti,ab,kw    

AND Tracker*:ti,ab,kw   ) OR  (Activity:ti,ab,kw    AND Tracker*:ti,ab,kw   )   OR  ( 

Hearing:ti,ab,kw   AND Aid:ti,ab,kw   ) OR  ( Hearing:ti,ab,kw   AND Aids:ti,ab,kw   )   OR 

(Glass*:ti,ab,kw    AND Smart:ti,ab,kw   )  OR  Smartglass*:ti,ab,kw     OR  (“Head 

Up”:ti,ab,kw    AND Display*:ti,ab,kw   ) OR     (Head:ti,ab,kw   AND Mounted:ti,ab,kw   AND 

Display*:ti,ab,kw   )  OR       (Head:ti,ab,kw   AND Worn:ti,ab,kw   AND Display*:ti,ab,kw   )     

OR   (Google:ti,ab,kw    AND Glass*:ti,ab,kw   ) OR      ( Body-worn:ti,ab,kw    AND 

device*:ti,ab,kw   ) OR  ( Portable:ti,ab,kw   AND smart:ti,ab,kw    AND device*:ti,ab,kw    )  

OR   (On-body:ti,ab,kw    AND device*:ti,ab,kw   )  OR  (Body-mounted:ti,ab,kw    AND 

device*:ti,ab,kw   )  OR  (Smart:ti,ab,kw   AND body:ti,ab,kw    AND accessor*:ti,ab,kw   ) OR  

(Smart:ti,ab,kw    AND clothing:ti,ab,kw  )   
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OR  

(body-borne:ti,ab,kw   AND computer*:ti,ab,kw  )  

OR     

( head-mounted:ti,ab,kw   AND system:ti,ab,kw  )  

 OR       

(AR:ti,ab,kw  AND headset:ti,ab,kw  )  

OR    (AR-HUD:ti,ab,kw  )  

OR    (ARHMD:ti,ab,kw  )  

OR    (augmented:ti,ab,kw  AND reality:ti,ab,kw   AND glass*:ti,ab,kw  )  

   OR    (HMD-AR:ti,ab,kw  )  

 OR    (OST-HMD:ti,ab,kw  )  

OR    (see-through:ti,ab,kw   AND HMD:ti,ab,kw  )  

  

  

OR    (head-mounted:ti,ab,kw   AND virtual:ti,ab,kw   AND reality:ti,ab,kw  )  

 OR    “OptiVu”:ti,ab,kw    

OR    (virtual:ti,ab,kw  AND reality:ti,ab,kw  )    

OR (Augmented:ti,ab,kw   AND reality:ti,ab,kw  )  

 OR    (VR:ti,ab,kw  AND (glass*:ti,ab,kw  OR “head set”:ti,ab,kw   OR headset:ti,ab,kw   OR 
helmet:ti,ab,kw OR HMD:ti,ab,kw    ))  

  OR    VR-HMD:ti,ab,kw    

OR    VRHMD:ti,ab,kw    

 OR    (health:ti,ab,kw   AND watch:ti,ab,kw  )  

OR    (smart:ti,ab,kw   AND watch:ti,ab,kw  )  

  

OR  

(Electronic:ti,ab,kw  AND monitoring:ti,ab,kw)  

OR  
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Sensor:ti,ab,kw   

OR   

Sensors:ti,ab,kw   

OR  

ScoliBrace *:ti,ab,kw   

OR  

SpineCor:ti,ab,kw   

OR  

(Smart:ti,ab,kw   AND Brace*:ti,ab,kw  )  

OR  

(Smart:ti,ab,kw  AND Implant*:ti,ab,kw)  

 OR  

(Posture:ti,ab,kw  AND Monitoring:ti,ab,kw   )  

OR  

(UPRIGHT:ti,ab,kw   AND GO:ti,ab,kw  )  

OR  

(Lumo:ti,ab,kw  AND Lift:ti,ab,kw  )  

OR  

( Posture:ti,ab,kw  AND Tracker*:ti,ab,kw  )  

OR  

 EMS:ti,ab,kw   

OR  

(Electrical:ti,ab,kw  AND Muscle:ti,ab,kw  AND Stimulation:ti,ab,kw  )  

OR   

(Neurotech:ti,ab,kw   AND ActiGait:ti,ab,kw  )   

 OR   

(NeuroMD:ti,ab,kw  AND Corrective:ti,ab,kw  AND Device*:ti,ab,kw  )  

OR  



9 
 

(Smart:ti,ab,kw   AND Shirt:ti,ab,kw  )  

OR  

 VR-Based:ti,ab,kw   

 OR  

 (VR:ti,ab,kw   AND  Therapy:ti,ab,kw  )  

 OR  

 (Posture:ti,ab,kw  AND Reminder:ti,ab,kw   )  

OR  

EMG:ti,ab,kw   

OR  

  (Noraxon:ti,ab,kw AND  MyoTrace:ti,ab,kw  )  

OR  

VirtuReal:ti,ab,kw    

OR  

(Kinect-based:ti,ab,kw  AND Posture:ti,ab,kw  AND Analysis:ti,ab,kw  )  

OR  

(Functional:ti,ab,kw  AND Electrical:ti,ab,kw   AND  Stimulation:ti,ab,kw  )  

OR  

FES:ti,ab,kw   

OR  

(Neurotech:ti,ab,kw  AND Functional:ti,ab,kw   AND Stimulation:ti,ab,kw   ) )  

 

AND 

('scoliosis'/exp  OR  Scolioses:ti,ab,kw 

OR (Spinal:ti,ab,kw AND curvature:ti,ab,kw ) OR ( Lateral:ti,ab,kw AND spinal:ti,ab,kw  AND 

deviation:ti,ab,kw)   OR (Vertebral:ti,ab,kw AND curvature:ti,ab,kw AND disorder:ti,ab,kw) OR  
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(Spinal:ti,ab,kw AND deformity:ti,ab,kw) OR  (Curved:ti,ab,kw AND spine:ti,ab,kw AND 

condition:ti,ab,kw)    ) 

Results: 510  
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Table S1: PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# Checklist item  Location where item is 

reported  
TITLE   
Title  1 Identify the report as a systematic review. This is a scoping review 

paper not systematic 
review. 

ABSTRACT   
Abstract  2 See the PRISMA 2020 for Abstracts checklist. Page 1. 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of existing 

knowledge. 
Page 2, paragraph 3, line 
64- page 2, paragraph 5, 
line 80, Page 2, 
paragraph 6, line 89. 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the 
review addresses. 

page 3, paragraph 2, line 
98. 

METHODS   
Eligibility 
criteria  

5 Specify the inclusion and exclusion criteria for the review and how 
studies were grouped for the syntheses. 

page 3, paragraph 6, line 
124. page 4, paragraph 2, 
line 144. 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists 
and other sources searched or consulted to identify studies. Specify the 
date when each source was last searched or consulted. 

page 3, paragraph 4, line 
111. 

Search 
strategy 

7 Present the full search strategies for all databases, registers and 
websites, including any filters and limits used. 

Supplementary Material 1 
file 

Selection 
process 

8 Specify the methods used to decide whether a study met the inclusion 
criteria of the review, including how many reviewers screened each 
record and each report retrieved, whether they worked independently, 
and if applicable, details of automation tools used in the process. 

page 3, paragraph 7, line 
129. 

Data 
collection 
process  

9 Specify the methods used to collect data from reports, including how 
many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from 
study investigators, and if applicable, details of automation tools used in 
the process. 

page 3, paragraph 7, line 
129. 

Data items  10a List and define all outcomes for which data were sought. Specify 
whether all results that were compatible with each outcome domain in 
each study were sought (e.g. for all measures, time points, analyses), 
and if not, the methods used to decide which results to collect. 

Page 5, paragraph 1, line 
161. 

10b List and define all other variables for which data were sought (e.g. 
participant and intervention characteristics, funding sources). Describe 
any assumptions made about any missing or unclear information. 

Tables 1-4 

Study risk of 
bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, 
including details of the tool(s) used, how many reviewers assessed 
each study and whether they worked independently, and if applicable, 
details of automation tools used in the process. 

Not applicable for Scoping 
review, (mentioned at 
page 3, paragraph 7, line 
129). 

Effect 
measures  

12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean 
difference) used in the synthesis or presentation of results. 

Not applicable for Scoping 
review (As this review is a 
scoping review without 
quantitative synthesis, no 
statistical effect measures 
(e.g., risk ratios or mean 
differences) were 
applied.) 

Synthesis 13a Describe the processes used to decide which studies were eligible for page 3, paragraph 5, line 
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Section and 
Topic  

Item 
# Checklist item  Location where item is 

reported  
methods each synthesis (e.g. tabulating the study intervention characteristics 

and comparing against the planned groups for each synthesis (item 
#5)). 

119- page 4, paragraph 3, 
line 157- page 5, 
paragraph 1, line 161 

13b Describe any methods required to prepare the data for presentation or 
synthesis, such as handling of missing summary statistics, or data 
conversions. 

5, paragraph 1, line 167.  

13c Describe any methods used to tabulate or visually display results of 
individual studies and syntheses. 

page 5, paragraph 1, line 
161-fig 2-fig 3-fig 4 

13d Describe any methods used to synthesize results and provide a 
rationale for the choice(s). If meta-analysis was performed, describe the 
model(s), method(s) to identify the presence and extent of statistical 
heterogeneity, and software package(s) used. 

Page 3, paragraph 3, line 
106. (meta-analysis was 
not performed) 

13e Describe any methods used to explore possible causes of 
heterogeneity among study results (e.g. subgroup analysis, meta-
regression). 

Not applicable (As this 
study is a scoping review 
with no quantitative 
synthesis or pooled 
statistical analysis, no 
subgroup analysis or 
meta-regression was 
conducted to explore 
heterogeneity.) 

13f Describe any sensitivity analyses conducted to assess robustness of 
the synthesized results. 

Not applicable (As this 
study is a scoping review 
with qualitative thematic 
synthesis and no 
quantitative pooling of 
data, sensitivity analyses 
were not conducted.) 

Reporting 
bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results 
in a synthesis (arising from reporting biases). 

Not applicable (As this is 
a scoping review without 
quantitative synthesis or 
meta-analysis, no 
methods were applied to 
assess risk of bias due to 
missing results or 
reporting bias.) 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the 
body of evidence for an outcome. 

Not applicable. (This 
review is a scoping review 
and did not assess the 
certainty or confidence in 
the body of evidence for 
specific outcomes.) 

RESULTS   
Study 
selection  

16a Describe the results of the search and selection process, from the 
number of records identified in the search to the number of studies 
included in the review, ideally using a flow diagram. 

page 4, paragraph 2, line 
144- Figure 1. 

16b Cite studies that might appear to meet the inclusion criteria, but which 
were excluded, and explain why they were excluded. 

page 4, paragraph 2, line 
151 (Table S1 in the 
Supplementary Material  
includes a list of studies 
that initially appeared to 
meet inclusion criteria but 
were excluded during full-
text screening, with 
reasons for exclusion 
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Section and 
Topic  

Item 
# Checklist item  Location where item is 

reported  
provided.) 

Study 
characteristics  

17 Cite each included study and present its characteristics. Each included study is 
cited, and its 
characteristics are 
presented in detail 
throughout Tables 1–4 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. Page 3, paragraph 7, line 
129. (This review is a 
scoping review and did 
not include formal risk of 
bias assessments for 
each study, as the aim 
was to provide an 
overview of the literature 
rather than evaluate study 
quality or synthesize 
effect sizes.) 

Results of 
individual 
studies  

19 For all outcomes, present, for each study: (a) summary statistics for 
each group (where appropriate) and (b) an effect estimate and its 
precision (e.g. confidence/credible interval), ideally using structured 
tables or plots. 

Not applicable. (As this 
review is a scoping review 
without quantitative 
comparison between 
intervention groups, no 
summary statistics, effect 
estimates, or confidence 
intervals were presented.) 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of 
bias among contributing studies. 

The characteristics of 
studies included in each 
conceptual grouping were 
summarized narratively 
and tabulated in Tables 
1–4. However, risk of bias 
was not assessed, as this 
is a scoping review and 
the primary objective of 
this study was to map the 
breadth of existing 
evidence, not to evaluate 
methodological quality or 
synthesize effect 
estimates. 

20b Present results of all statistical syntheses conducted. If meta-analysis 
was done, present for each the summary estimate and its precision 
(e.g. confidence/credible interval) and measures of statistical 
heterogeneity. If comparing groups, describe the direction of the effect. 

Not applicable. (As this 
study is a scoping review 
and did not include any 
statistical synthesis or 
meta-analysis, no effect 
estimates, confidence 
intervals, or heterogeneity 
measures were reported.) 

20c Present results of all investigations of possible causes of heterogeneity 
among study results. 

Not applicable. (As this 
study is a scoping review 
without statistical 
synthesis, no 
investigations of 
heterogeneity (e.g., 
subgroup analysis or 
meta-regression) were 
conducted.) 
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Section and 
Topic  

Item 
# Checklist item  Location where item is 

reported  
20d Present results of all sensitivity analyses conducted to assess the 

robustness of the synthesized results. 
Not applicable. (This 
study is a scoping review 
without quantitative 
synthesis; therefore, 
sensitivity analyses were 
not conducted.) 

Reporting 
biases 

21 Present assessments of risk of bias due to missing results (arising from 
reporting biases) for each synthesis assessed. 

Page 3, paragraph 7, line 
129. (As this study is a 
scoping review without 
statistical synthesis or 
effect size estimation, risk 
of bias due to missing 
results (e.g., publication 
bias) was not assessed.) 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of 
evidence for each outcome assessed. 

Not applicable. (As this 
study is a scoping review, 
it did not assess the 
certainty or confidence in 
the body of evidence for 
individual outcomes.) 

DISCUSSION   
Discussion  23a Provide a general interpretation of the results in the context of other 

evidence. 
Page 21, paragraph 1, 
line 387- Page 21, 
paragraph 2, line 395- 
Page 21, paragraph 3, 
line 402- Page 21, 
paragraph 4, line 416. 

23b Discuss any limitations of the evidence included in the review. Page 22, paragraph 2, 
line 440- Page 22, 
paragraph 3, line 450- 
Page 22, paragraph 4, 
line 456- Page 22, 
paragraph 5, line 465. 

23c Discuss any limitations of the review processes used. page 3, paragraph 7, line 
129- Page 22, paragraph 
5, line 469. 

23d Discuss implications of the results for practice, policy, and future 
research. 

Page 23, paragraph 2, 
line 491. 

OTHER INFORMATION  
Registration 
and protocol 

24a Provide registration information for the review, including register name 
and registration number, or state that the review was not registered. 

This scoping review was 
not registered in any 
protocol registry. 

24b Indicate where the review protocol can be accessed, or state that a 
protocol was not prepared. 

No protocol was prepared 
for this scoping review. 

24c Describe and explain any amendments to information provided at 
registration or in the protocol. 

Not applicable. (This 
review was not registered, 
and no protocol was 
prepared; therefore, no 
amendments were made.) 

Support 25 Describe sources of financial or non-financial support for the review, 
and the role of the funders or sponsors in the review. 

Page 23, paragraph 4, 
line 519 (This project was 
supported by the Natural 
Sciences and Engineering 
Research Council of 
Canada (NSERC) 
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Section and 
Topic  

Item 
# Checklist item  Location where item is 

reported  
Discovery Grant [grant 
number 401610] and the 
Alberta Innovates 
Postdoctoral Fellowship 
program. The funders had 
no role in the design, 
analysis, interpretation, or 
writing of the review.) 

Competing 
interests 

26 Declare any competing interests of review authors. Page 24, paragraph 5, 
line 540. 

Availability of 
data, code 
and other 
materials 

27 Report which of the following are publicly available and where they can 
be found: template data collection forms; data extracted from included 
studies; data used for all analyses; analytic code; any other materials 
used in the review. 

The materials used in this 
review, including data 
extraction forms and 
synthesized datasets, are 
not publicly available. 

 
From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view 
a copy of this license, visit https://creativecommons.org/licenses/by/4.0/  
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Table S2: Studies Excluded After Full-Text Screening with Justifications 

Citation Study Title Reason for 
Exclusion 

Hannink (2020) 
[1] 

The validity of the kinect sensor for the measurement of sagittal 
spine curvature against the gold standard lateral spinal radiograph 

Related to 
wearable 
devices in 
diagnosis of 
scoliosis 

Hannink et al. 
(2020) [2] 

Measurement of sagittal spine curvature: comparing the Kinect 
depth camera to the flexicurve and digital inclinometers in a clinical 
population 

Kokabu (2021) 
[3] 

An algorithm for using deep learning convolutional neural 
networks with three dimensional depth sensor imaging in scoliosis 
detection 

Kurzeja (2021) 
[4] 

Selected aspects of using surface topography and scoliometer in 
screening for scoliotic postural asymmetry in girls 

Li (2021) [5] Design, reliability, and validity of a portable electronic device based 
on ergonomics for early screening of adolescent scoliosis 

Shchurova et al. 
(2021) [6] 

Analysis of the degree of involvement of the lower limb muscles in 
the pathological process in adolescents with idiopathic scoliosis 

Tajdari et al. 
(2021) [7] 

Artificial intelligence data-driven 3D model for AIS 

Tang et al. (2021) 
[8] 

Upper Body Posture Recognition Using Inertial Sensors and 
Recurrent Neural Networks 

Xu et al. (2021) 
[9] 

Machine-learning-based children's pathological gait classification 
with low-cost gait-recognition system 

Hong (2022) [10] Measurement of covered curvature based on a tape of integrated 
accelerometers 

Huang (2022) 
[11] 

Anatomical prior based vertebra modelling for reappearance of 
human spines 

Sabri (2022) [12] Integrated Evolving Spiking Neural Network and Feature 
Extraction Methods for Scoliosis Classification 

Sabri (2022) [13] The hybrid feature extraction method for classification of 
adolescence idiopathic scoliosis using Evolving Spiking Neural 
Network 

Sikidar (2022) 
[14] 

Classification of mild and severe adolescent idiopathic scoliosis 
(AIS) from healthy subjects via a supervised learning model based 
on electromyogram and ground reaction force data during gait 

Shepel and 
Horoshko (2022) 
[15] 

EFFECTIVENESS OF THE APPLICATION OF KINESIOTAPING IN 
THE RECOVERY TREATMENT OF IDIOPATHIC SCOLIOSIS, 
DEGREE 1-2 

Simoneau et al. 
(2022) [16] 

Adolescents with idiopathic scoliosis show decreased intermuscular 
coherence in lumbar paraspinal muscles: A new pathophysiological 
perspective 

Villi (2022) [17] Spine pathologies detections: users' requirements, technological 
development and first results 
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Fan (2023) [18] Electromyographic Discrepancy in Paravertebral Muscle Activity 
Predicts Early Curve Progression of Untreated Adolescent 
Idiopathic Scoliosis 

Tileston et al. 
(2023) [19] 

P96. Postoperative mobility following posterior spinal fusion for 
adolescent idiopathic scoliosis 

Vutan et al. 
(2023) [20] 

The Use of Accelerometers to Track Changes in Cobb Angles During 
Scoliosis Rehabilitation Exercises 

Ishikawa (2023) 
[21] 

Prediction of Cobb Angle Using Deep Learning Algorithm with 
Three-Dimensional Depth Sensor Considering the Influence of 
Garment in Idiopathic Scoliosis 

Constantinescu 
et al. (2024) [22] 

Scoliotic postural alignment in prepubertal children: somatoscopic 
analysis of anatomical landmarks and development of a working 
model to limit spinal changes 

Goto et al. (2024) 
[23] 

Clinical Significance of Pose Estimation Methods Compared with 
Radiographic Parameters in Adolescent Patients with Idiopathic 
Scoliosis 

Fan (2024) [24] An All-in-One Array of Pressure Sensors and sEMG Electrodes for 
Scoliosis Monitoring 

Shangyu (2024) 
[25] 

Combining artifícial intelligence fór diagnosing adolescent 
idiopathic scoliosis 

Keil et al. (2024) 
[26] 

Improving Therapy for Children with Scoliosis through Reducing 
Ionizing Radiation by Using Alternative Imaging Methods-A Study 
Protocol 

Kim et al. (2024) 
[27] 

Explainable Deep-Learning-Based Gait Analysis of Hip-Knee 
Cyclogram for the Prediction of Adolescent Idiopathic Scoliosis 
Progression 

Mohamed et al. 
(2024) [28] 

Effect of adding Schroth physiotherapeutic scoliosis specific 
exercises to standard care in adolescents with idiopathic scoliosis on 
posture assessed using surface topography: A secondary analysis of 
a Randomized Controlled Trial (RCT) 

Vongsirinavarat 
et al. (2024) [29] 

Electromyography of paraspinal muscles during self-corrective 
positions in adolescent idiopathic scoliosis 

Wang et al. 
(2024) [30] 

Advanced Camera-Based Scoliosis Screening via Deep Learning 
Detection and Fusion of Trunk, Limb, and Skeleton Features 

Yang et al. (2025) 
[31] 

An automated adolescent idiopathic scoliosis assessment and 
monitoring model based on back surface 

Mohamed (2025) 
[32] 

Three-dimensional markerless surface topography approach with 
convolutional neural networks for adolescent idiopathic scoliosis 
screening 

Rauber et al. 
(2024) [33] 

Predicted vs. measured paraspinal muscle activity in adolescent 
idiopathic scoliosis patients: EMG validation of optimization-based 
musculoskeletal simulations 

 

Ahmed (2020) 
[34] 

An Exoskeleton Based Robotic Device for Providing Rehabilitative 
Therapies to Human Forearm and Wrist Joints (UWM-FWRR) Related to 

wearable 
devices in 
scoliosis surgery 

Barsotti (2020) 
[35] 

Diagnostic accuracy of perioperative electromyography in the 
positioning of pedicle screws in adolescent idiopathic scoliosis 
treatment: a cross-sectional diagnostic study 
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Carl (2020) [36] Spine Surgery Supported by Augmented Reality 
McClendon et al. 
(2020) [37] 

Use of Pheno Room, Augmented Reality, and 3-Rod Technique for 
3-Dimensional Correction of Adolescent Idiopathic Scoliosis 

Salci et al. (2020) 
[38] 

Electromyographic Evaluation of Early Stage Results of Exoscopic 
Microdecompressive Spinal Surgery in Dogs 

Zhao et al. (2020) 
[39] 

Spine morphology measuring instrument based on three-
dimensional projection position of the spinous process on body 
surface: Preliminary application in scoliosis 

Corci (2020) [40] Novel patient-specific 3D-virtual reality visualisation software 
(SpectoVR) for the planning of spine surgery: a case series of eight 
patients 

Edstrom (2020) 
[41] 

A Novel Augmented-Reality-Based Surgical Navigation System for 
Spine Surgery in a Hybrid Operating Room: Design, Workflow, and 
Clinical Applications 

Edstrom (2020) 
[42] 

Augmented Reality Surgical Navigation in Spine Surgery to 
Minimize Staff Radiation Exposure 

Edstrom (2020) 
[43] 

Does Augmented Reality Navigation Increase Pedicle Screw Density 
Compared to Free-Hand Technique in Deformity Surgery? Single 
Surgeon Case Series of 44 Patients 

Elmi-Terander 
(2020) [44] 

Augmented reality navigation with intraoperative 3D imaging vs 
fluoroscopy-assisted free-hand surgery for spine fixation surgery: a 
matched-control study comparing accuracy 

Feng (2020) [45] Protocol selecting and technical dilemmas of intraoperative 
neurophysiological monitoring during corrective procedures for 
pediatric scoliosis 

Halsey (2020) 
[46] 

Neurophysiological monitoring of spinal cord function during 
spinal deformity surgery: 2020 SRS neuromonitoring information 
statement 

Inoue (2020) [47] Objective evaluation of postoperative changes in real-life activity 
levels in the postoperative course of lumbar spinal surgery using 
wearable trackers 

Lohre (2020) [48] Virtual reality in spinal endoscopy: a paradigm shift in education to 
support spine surgeons 

Peh et al. (2020) 
[49] 

Accuracy of augmented reality surgical navigation for minimally 
invasive pedicle screw insertion in the thoracic and lumbar spine 
with a new tracking device 

Ali et al. (2021) 
[50] 

Emerging Super-specialty of Neurology : Intraoperative 
Neurophysiological Monitoring (IONM) and Experience in Various 
Neurosurgeries at a Tertiary Care Hospital in Doha, Qatar 

Kovalev et al. 
(2021) [51] 

Smartphone-assisted augmented reality technology for preoperative 
planning in spine surgery 

Madrid et al. 
(2021) [52] 

Change in triggered EMG thresholds for thoracic pedicle screws 
caused by pneumothorax during surgery for adolescent idiopathic 
scoliosis. Report of two cases 

Shao et al. (2021) 
[53] 

Efficacy and safety for combination of t-EMG with O-arm assisted 
pedicle screw placement in neurofibromatosis type I scoliosis 
surgery 
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Siemionow et al. 
(2021) [54] 

Autonomous lumbar spine pedicle screw planning using machine 
learning: A validation study 

Yahanda et al. 
(2021) [55] 

First in-human report of the clinical accuracy of thoracolumbar 
percutaneous pedicle screw placement using augmented reality 
guidance 

Polyzoidis et al. 
(2021) [56] 

3D printing in adult and pediatric neurosurgery: The present and 
the future 

Takahashi et al. 
(2021) [57] 

Validity of the Alarm Point in Intraoperative Neurophysiological 
Monitoring of the Spinal Cord by the Monitoring Working Group of 
the Japanese Society for Spine Surgery and Related Research A 
Prospective Multicenter Cohort Study of 1934 Cases 

Sayari et al. 
(2021) [58] 

Success of Surgical Simulation in Orthopedic Training and 
Applications in Spine Surgery 

Aoyama et al. 
(2022) [59] 

Augmented Reality Device for Preoperative Marking of Spine 
Surgery Can Improve the Accuracy of Level Identification 

Mohar (2022) 
[60] 

Fatal Fulminant Fat Embolism Syndrome in Adult Spine Deformity 
Surgery: A Case Report 

Butler et al. 
(2022) [61] 

216. The arrival of augmented reality in MIS: initial results of use for 
percutaneous pedicle screw instrumentation 

McMahon et al. 
(2022) [62] 

Does the presence of programmable implanted devices in patients 
with early onset scoliosis alter typical operative and postoperative 
practices? A survey of spine surgeons 
 
Does the presence of programmable implanted devices in patients 
with early onset scoliosis alter typical operative and postoperative 
practices? A survey of spine surgeons 

Marx et al. (2022) 
[63] 

Results of a biomechanical pilot study to determine the ROM before 
and after dorsal correction spondylodesis by means of real-time 
three-dimensional representation using strain gauges 

Hofler et al. 
(2022) [64] 

Surgery for Adult Deformity Correction 

Claeson et al. 
(2022) [65] 

Power-assisted Pedicle Screw Technique Protects Against Risk of 
Surgeon Overuse Injury A Comparative Electromyography Study of 
the Neck and Upper Extremity Muscle Groups in a Simulated 
Surgical Environment 

Courvoisier et al. 
(2022) [66] 

Virtual Scoliosis Surgery Using a 3D-Printed Model Based on 
Biplanar Radiographs 

Gadella et al. 
(2022) [67] 

TH-278. Surface versus needle electrodes for recording motor 
evoked potentials in scoliosis surgery. The NERFACE pilot study 

Ishii et al. (2022) 
[68] 

Navigation-Guided Spinal Fusion: MIS Fusion and Reconstruction 
in Complex Spine Disease and Deformity 

Jahangiri et al. 
(2022) [69] 

Scoliosis Corrective Surgery With Continuous Intraoperative 
Neurophysiological Monitoring (IONM) 

Kondylakis et al. 
(2022) [70] 

A Digital Health Intervention for Stress and Anxiety Relief in 
Perioperative Care: Protocol for a Feasibility Randomized 
Controlled Trial 
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Zarchi et al. 
(2022) [71] 

A practical method for real-time detection of pedicle wall breaching 
during funneling 

Liu et al. (2022) 
[72] 

Clinical accuracy and initial experience with augmented reality-
assisted pedicle screw placement: the first 205 screws 

Mozaffari et al. 
(2022) [73] 

Practical Use of Augmented Reality Modeling to Guide Revision 
Spine Surgery: An Illustrative Case of Hardware Failure and 
Overriding Spondyloptosis 

Sommer et al. 
(2022) [74] 

Feasibility of smart glasses in supporting spinal surgical procedures 
in low- and middle-income countries: experiences from East Africa 

Sumdani et al. 
(2022) [75] 

Utility of Augmented Reality and Virtual Reality in Spine Surgery: 
A Systematic Review of the Literature 

Atai et al. (2023) 
[76] 

173. Can augmented reality data visualization support more 
effective intraoperative rod optimization? An in-vitro biomechanical 
study 

Butler et al. 
(2023) [77] 

Augmented reality in minimally invasive spine surgery: early 
efficiency and complications of percutaneous pedicle screw 
instrumentation 

Ma et al. (2023) 
[78] 

Personalized Modeling and Analysis of Mild Adolescent Idiopathic 
Scoliosis Based on OpenSim 

Shetty and Raja 
(2023) [79] 

Current trends and advancements in spine surgery 

Cardozo et al. 
(2023) [80] 

A360: Augmented reality-assisted percutaneous pedicle screw 
insertion in the cervical vertebrae: A cadaveric proof-of concept 
study 

Sun et al. (2023) 
[81] 

The application value of 3D finite element analysis technology and 
3D printing biological model technology in the precise surgery of 
degenerative lumbar scoliosis 

Tillman et al. 
(2023) [82] 

An in vivo analysis of implanted programmable device interference 
during magnetically controlled growing rod lengthenings: a story of 
129 lengthenings 

Daroszewski et 
al. (2023) [83] 

Comparison of Motor Evoked Potentials Neuromonitoring 
Following Pre- and Postoperative Transcranial Magnetic 
Stimulation and Intraoperative Electrical Stimulation in Patients 
Undergoing Surgical Correction of Idiopathic Scoliosis 

Garg et al. (2023) 
[84] 

Improvisation in Spinal Surgery Using AR (Augmented Reality), 
MR (Mixed Reality), and VR (Virtual Reality) † 

Pahwa et al. 
(2023) [85] 

 Assessing the Accuracy of Spinal Instrumentation Using 
Augmented Reality (AR): A Systematic Review of the Literature and 
Meta-Analysis 

Yahara et al. 
(2023) [86] 

Asymmetric Load Transmission Induces Facet Joint Subchondral 
Sclerosis and Hypertrophy in Patients with Idiopathic Adolescent 
Scoliosis: Evaluation Using Finite Element Model and Surgical 
Specimen 

Sakai et al. (2023) 
[87] 

Adolescent Idiopathic Scoliotic Deformity Correction Surgery 
Assisted by Smart Glasses Can Enhance Correction Outcomes and 
Accuracy and Also Improve Surgeon Fatigue 
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Alvi et al. (2024) 
[88] 

Accuracy of Intraoperative Neuromonitoring in the Diagnosis of 
Intraoperative Neurological Decline in the Setting of Spinal Surgery-
A Systematic Review and Meta-Analysis 

Bcharah et al. 
(2024) [89] 

Innovations in Spine Surgery: A Narrative Review of Current 
Integrative Technologies 

Bhimreddy et al. 
(2024) [90] 

Computational Modeling, Augmented Reality, and Artificial 
Intelligence in Spine Surgery 

Daroszewski et 
al. (2024) [91] 

“Real-Time Neuromonitoring” Increases the Safety and Non-
Invasiveness and Shortens the Duration of Idiopathic Scoliosis 
Surgery 

De Jesus 
Encarnacion 
Ramirez et al. 
(2024) [92] 

Integrating Augmented Reality in Spine Surgery: Redefining 
Precision with New Technologies 

Dietz et al. (2024) 
[93] 

Scoping review of robotics technology in spinal surgery with 
highlights of the Annual Seattle Science Foundation Course 

Giraldo et al. 
(2024) [94] 

Advances in neurosurgical education: literature review of mixed-
reality simulation models and novel mixed-reality spine prototype 

Hiranaka et al. 
(2024) [95] 

The Utility and Feasibility of Smart Glasses in Spine Surgery: 
Minimizing Radiation Exposure During Percutaneous Pedicle Screw 
Insertion 

Kanno et al. 
(2024) [96] 

A Novel Intraoperative CT Navigation System for Spinal Fusion 
Surgery in Lumbar Degenerative Disease: Accuracy and Safety of 
Pedicle Screw Placement 

Nguyen et al. 
(2024) [97] 

THE ACCURACY OF PULSE-TRAIN STIMULATION FOR 
IMPLANTATION OF PEDICLE SCREWS IN ADOLESCENT 
SCOLIOSIS 

Ohashi et al. 
(2024) [98] 

Mixed Reality-Based Navigation for Pedicle Screw Placement: A 
Preliminary Study Using a 3D-Printed Spine Model 

Saghbiny et al. 
(2024) [99] 

Breach Detection in Spine Surgery Based on Cutting Torque 

Turlip et al. 
(2024) [100] 

Redefining precision: the current and future roles of artificial 
intelligence in spine surgery 

Winkler et al. 
(2024) [101] 

Mixed reality for spine surgery: a step into the future with a human 
cadaveric accuracy study 

Leblanc et al. 
(2024) [102] 

Automatic Spinal Canal Breach Detection During Pedicle Screw 
Placement 

Tanaka et al. 
(2024) [103] 

Low Radiation Protocol for Intraoperative Robotic C-Arm Can 
Enhance Adolescent Idiopathic Scoliosis Deformity Correction 
Accuracy and Safety 

Lewis et al. 
(2024) [104] 

Is a 50% loss in IONM signal the appropriate cut-off in spinal 
deformity surgery? 

Misterska et al. 
(2024) [105] 

Assessing the Efficacy of Cognitive-Behavioral Therapy on Body 
Image in Adolescent Scoliosis Patients Using Virtual Reality 

Youssef et al. 
(2024) [106] 

Accuracy of augmented reality-assisted pedicle screw placement: a 
systematic review 
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Azad et al. (2025) 
[107] 

Augmented Reality Versus Freehand Spinopelvic Fixation in Spinal 
Deformity: A Case-Control Study 

Dada et al. (2025) 
[108] 

Evolution of the Minimally Invasive Surgery Transforaminal 
Lumbar Interbody Fusion: Where Are We Now? 

Giraldo et al. 
(2025) [109] 

Advances in neurosurgical education: literature review of mixed-
reality simulation models and novel mixed-reality spine prototype 

Ikwuegbuenyi et 
al. (2025) [110] 

Strategies for Optimizing Clinical Outcomes in Minimally Invasive 
Spine Surgery 

Kim et al. (2020) 
[111] 

Flat-Feet Prediction Based on a Designed Wearable Sensing Shoe 
and a PCA-Based Deep Neural Network Model 

Not related to 
scoliosis 

Oppelt et al. 
(2020) [112] 

Movement Analysis in Orthopedics and Trauma Surgery - 
Measurement Systems and Clinical Applications 

Slater et al. 
(2020) [113] 

Evaluation of Digital Technologies Tailored to Support Young 
People’s Self-Management of Musculoskeletal Pain: Mixed Methods 
Study 

Taslimipour et 
al. (2020) [114] 

Effects of a Virtual Reality Dance Training Program on Kyphosis 
Angle and Respiratory Parameters in Young Women With Postural 
Hyperkyphosis: A Randomized Controlled Clinical Trial 

Zaltieri et al. 
(2020) [115] 

A Wearable Device Based on a Fiber Bragg Grating Sensor for Low 
Back Movements Monitoring 

Ali et al. (2021) 
[116] 

Spinal Deformities and Advancement in Corrective Orthoses 

Javaid and 
Haleem (2020) 
[117] 

Significant advancements of 4D printing in the field of orthopaedics 

Jung et al. (2021) 
[118] 

Effectiveness of Combined Stretching and Strengthening Exercise 
Using Rehabilitation Exercise System with a Linear Actuator and 
MR Damper on Static and Dynamic Sitting Postural Balance: A 
Feasibility Study 

Yan et al. (2021) 
[119] 

A ToF-based system for recording human sagittal back shape 

Willwacher et al. 
(2021) [120] 

Dorsal muscle fatigue increases thoracic spine curvature in all-out 
recreational ergometer rowing 

Shi et al. (2021) 
[121] 

Textile-Based Capacitive Pressure Distribution Measurement 
System for Human Sitting Posture Monitoring 

Asadullah et al. 
(2021) [122] 

Design of a fluid-driven 3D printed spinal posture corrector 

Odeh et al. (2021) 
[123] 

In-vitro 3D Analysis of Sacroiliac Joint Kinematics: Primary and 
Coupled Motions 

Adibatti et al. 
(2022) [124] 

Survey of Advances in Cobb Angle Measurement for Automatic 
Spine Detection in X-Ray 

Willemsen et al. 
(2022) [125] 

Vital Role of In-House 3D Lab to Create Unprecedented Solutions 
for Challenges in Spinal Surgery, Practical Guidelines and Clinical 
Case Series 

Wu et al. (2022) 
[126] 

Spinal Posture Recognition Device Using Cloud Storage and BP 
Neural Network Approach Based on Surface Electromyographic 
Signal 
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Asadullah et al. 
(2022) [127] 

Development of an Automatic Air-Driven 3D-Printed Spinal Posture 
Corrector 

Aydın et al. 
(2022) [128] 

The Influence of Harmonics Filtering for Weak EMG Analysis 

Fan et al. (2022) 
[129] 

A deep learning based 2-dimensional hip pressure signals analysis 
method for sitting posture recognition 

Hannink et al. 
(2022) [130] 

Validity of sagittal thoracolumbar curvature measurement using a 
non-radiographic surface topography method 

Lee et al. (2022) 
[131] 

A Spine Assistive Robot With a Routed Twisted String Actuator and 
a Flat-Back Alleviation Mechanism for Lumbar-Degenerative Flat 
Back 

Ekambaram, D. 
and V. 
Ponnusamy 
(2023) [132] 

AI-assisted Physical Therapy for Post-injury Rehabilitation: Current 
State of the Art 

Kurland et al. 
(2023) [133] 

A bibliometric analysis of patient-reported outcome measures in 
adult spinal deformity, and the future of patient-centric outcome 
assessments in the era of predictive analytics 

Yan and  Wang 
(2023) [134] 

iGuard: An Intelligent Sitting Posture Monitoring System with 
Pressure Sensors 

Casey et al. 
(2024) [135] 

Standing Balance Conditions and Digital Sway Measures for Clinical 
Trials of Friedreich's Ataxia 

Ding et al. (2024) 
[136] 

Reconstruction of a Human Spine Curve in the Sagittal Plane From 
the Measured Contour of the Human Back 

Ding et al. (2024) 
[137] 

Subject-Specific Parametric Identification of a Spine-Equivalent 
Beam Model for Lumbar Force Prediction in Sagittal Plane 

García-Luna et 
al. (2024) [138] 

Concurrent Validity of the Ergotex Device for Measuring Low Back 
Posture 

Gupta et al. 
(2024) [139] 

Intraoperative neuromonitoring predicts postoperative deficits in 
severe pediatric spinal deformity patients 

Hou et al. (2024) 
[140] 

Research status and development trend of smart sitting posture 
correction garment  

Kim et al. (2024) 
[141] 

Comparison of Neck Pain and Posture with Spine Angle Tracking 
System between Static and Dynamic Computer Monitor Use 

Kovalenko et al. 
(2024) [142] 

Methodology of Botulinum Therapy in the Treatment of Dystonic 
Scoliosis in Generalized Dystonia (clinical case) 

Leoncini et al. 
(2024) [143] 

24-h continuous non-invasive multiparameter home monitoring of 
vitals in patients with Rett syndrome by an innovative wearable 
technology: evidence of an overlooked chronic fatigue status 

Shaheen et al. 
(2024) [144] 

IoT-Based Solution for Detecting and Monitoring Upper Crossed 
Syndrome 

Shigematsu et al. 
(2024) [145] 

Current trends in intraoperative neurophysiological monitoring 
among Asia-Pacific countries: an Asia-Pacific Spine Society survey 

Vos et al. (2024) 
[146] 

Evaluation of 100 Dutch cases with 16p11.2 deletion and duplication 
syndromes; from clinical manifestations towards personalized 
treatment options 
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Yang et al. (2024) 
[147] 

A New Method for Predicting the Porosity of an Interbody Fusion 
Cage by the Equivalent Material Method 

Girdler et al. 
(2020) [148] 

Emerging Techniques in Diagnostic Imaging for Idiopathic Scoliosis 
in Children and Adolescents: A Review of the Literature 

Review Papers 

Ali et al. (2020) 
[149] 

Spinal Deformities and Advancement in Corrective Orthoses 

Huang et al. 
(2020) [150] 

Augmented reality navigation in spine surgery 

Applebaum et al. 
(2020) [151] 

Evaluating the role of surface topography in the surveillance of 
scoliosis 

Moreira et al. 
(2020) [152] 

Mobile Applications for Assessing Human Posture: A Systematic 
Literature Review 

Oppelt et al. 
(2020) [153] 

Movement Analysis in Orthopedics and Trauma Surgery - 
Measurement Systems and Clinical Applications 

Girdler et al. 
(2020) [148] 

Emerging Techniques in Diagnostic Imaging for Idiopathic Scoliosis 
in Children and Adolescents: A Review of the Literature 

Yan and Vassar 
(2021) [154] 

Neuromuscular electrical stimulation for motor recovery in 
pediatric neurological conditions: a scoping review 

Kamalapathy et 
al. (2022) [155] 

Artificial Intelligence in Adult Spinal Deformity 

Li et al. (2022) 
[156] 

Which interventions may improve bracing compliance in adolescent 
idiopathic scoliosis? A systematic review and meta-analysis 

Ameta et al. 
(2022) [157] 

Critical appraisal and systematic review of 3D & 4D printing in 
sustainable and environment-friendly smart manufacturing 
technologies 

Syamlan et al. 
(2022) [158] 

Haptic/virtual reality orthopedic surgical simulators: a literature 
review 

Karandikar et al. 
(2022) [159] 

Machine Learning Applications of Surgical Imaging for the 
Diagnosis and Treatment of Spine Disorders: Current State of the 
Art 

Ng et al. (2022) 
[160] 

Is spinal neuromuscular function asymmetrical in adolescents with 
idiopathic scoliosis compared to those without scoliosis?: A 
narrative review of surface EMG studies 

Grivas et al. 
(2022) [161] 

Nonoperative management of adolescent idiopathic scoliosis (AIS) 
using braces 

Webster (2022) 
[162] 

25 years of commercializing nanomedicine: from tissue engineering 
to fighting COVID 

Bottino et al. 
(2023) [163] 

Distributed ICT solutions for scoliosis management 

Cerillo et al. 
(2023) [164] 

Spine Bracing: When to Utilize-A Narrative Review 

Cordani et al. 
(2023) [165] 

Influence of Specific Interventions on Bracing Compliance in 
Adolescents with Idiopathic Scoliosis-A Systematic Review of 
Papers Including Sensors' Monitoring 

Kurland et al. 
(2023) [166] 

P464: Smartphones, wearables, and digital biomarkers: The 
evolution of spine care outcomes research 
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Khan et al. (2024) 
[167] 

Electrical Stimulation Methods for Scoliosis in Children: a Literature 
Review 

Paramento et al. 
(2024) [168] 

Neurophysiological, balance and motion evidence in adolescent 
idiopathic scoliosis: A systematic review 

Kim, H., et al. 
(2024) [169] 

Current issues in the treatment of adolescent idiopathic scoliosis: a 
comprehensive narrative review 

Cheng et al. 
(2024) [170] 

Non-invasive Scoliosis Assessment in Adolescents 

Agravante et al. 
(2024) [171] 

Emerging Technologies of Sensor-Based Assistive Devices for Spinal 
Position Monitoring: A Review 

Alvi et al. (2024) 
[172] 

Accuracy of Intraoperative Neuromonitoring in the Diagnosis of 
Intraoperative Neurological Decline in the Setting of Spinal 
Surgery—A Systematic Review and Meta-Analysis 

Lee et al. (2024) 
[173] 

Artificial Intelligence in Spinal Imaging and Patient Care: A Review 
of Recent Advances 

Karimi and 
Kavyani (2024) 
[174] 

Evaluation of the effectiveness of soft braces on idiopathic scoliosis: 
A review of literature 

Förstl et al. 
(2024) [175] 

Technologies for Evaluation of Pelvic Floor Functionality: A 
Systematic Review 

Ratnaparkhi and 
Beckett (2024) 
[176] 

Digital Phenotyping, Wearables, and Outcomes 

Luo et al. (2024) 
[177] 

The Biomechanics of Spinal Orthoses for Adolescent Idiopathic 
Scoliosis: A Systematic Review of the Controlling Forces 

Kaelin (2020) 
[178] 

Adolescent idiopathic scoliosis: indications for bracing and 
conservative treatments 

Other reasons 
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