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bibliometric and visualization
study
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Background: In recent years, research on the non-surgical treatment of AlS has
been increasingly conducted. To the best of our knowledge, this field doesn't yet
have a comprehensive and structured pulse combing analysis. In order to
provide inspiration and resources for subsequent researchers, we thus
reviewed the literature studies on the non-surgical treatment of AIS from the
previous thirty years and highlighted the hotspots and frontiers of research in
this field.

Methods: Main using Citespace 6.1 software, the data from the core dataset of
the WOS database pertaining to the non-surgical management of AIS from
1990 to 2022 was gathered, displayed, and analyzed.

Results: 839 papers in all were included in the literature. With 215 papers, the
USA came in first place. Chinese Univ Hong Kong ranked first with 32 papers.
Research hotspots are adolescent idiopathic spondylitis, Schroth-based
physiotherapy-specific exercise efficacy, curve development, Cobb angle,
TLSO brace-based clinical efficacy, quality of life, reliability, health-related
quality of life questionnaires, finite element biomechanical models, follow-up,
and clinical guidelines.

Conclusion: There aren’t many studies that compare the clinical effectiveness of
various non-surgical treatments, and because of variations in inclusion eligibility
standards and outcome measures, these studies cannot be directly compared. In
addition, the inconsistency of existing growth potential and progression risk
assessment systems further affects comparative studies of clinical efficacy; it is
recommended to establish primary assessment indicators centered on patient
treatment outcomes (including appearance, disability, pain, and quality of life),
as well as standardized scoliosis progression risk assessment criteria.

KEYWORDS

adolescent idiopathic scoliosis, bibliometric analysis, brace, physiotherapy scoliosis-
specific exercise, rehabilitation studies published in Psychology/Education/Social,
Sports/Rehabilitation/Sport
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Introduction

Adolescent idiopathic scoliosis (AIS) is a three-dimensional
spinal deformity that develops in teenagers for unexplained
causes, including serial abnormalities in the coronal, sagittal,
and axial positions (1). The main diagnostic criterion is a Cobb
angle of >10° in the coronal plane. It occurs in adolescents
aged 10-17 years, with an overall prevalence of 1%-3% (2).
When the Cobb angle was between 10° and 20°, the proportion
of impacted girls to boys was roughly the same (1.3:1),
increasing to 5.4:1 between 20° and 30° for the Cobb angle and
to 7:1 for angular values above 30° (3, 4). Since adolescents are
at the pinnacle of human development and growth, they are
also the period when scoliosis progresses most rapidly. In
addition to the effects on the spinal structure, there is also
damage to the development and function of the adjacent
organs of the spine, particularly the thorax and lungs.
Treatment options are currently based on the treatment
guidelines of the International Scientific Society on Scoliosis
Orthopaedic and Rehabilitation Treatment (SOSORT) (5).
Bracing is the preferred treatment option for children with
Cobb’s angle of 26°-45°AIS, and surgery is recommended for
patients with Cobb’s angles greater than 40°-45°. However,
some children with AIS and their parents refuse surgery
altogether and insist on wearing a brace. Recently published
meta-analyses have shown that bracing can also stop the
natural history of scoliosis curves from 40° to 60° (6). In recent
years, a growing number of high-quality randomized controlled
trials have demonstrated the positive short-term effects of
Physiotherapeutic Scoliosis-specific Exercises (PSSE) in the
treatment of AIS (7, 8), whereas the effectiveness of the long-
term effects is unclear, and usually, PSSE is used as a support
for the treatment of AIS. Adjunct to therapy. Currently, there
is only one study that lists the top 100 citations for AIS in
tabular form (9). In recent decades, despite the significant
progress in treatment modalities and outcomes, there have been
many debates, and the emergence of new theories and
technologies has brought new opportunities and challenges to
treatment. The use of coronal-deformity angular ratio (C-
DAR), for example, eliminates the need for supine or supine
lateral bending radiographs for determining the flexibility of
scoliosis curves and is instrumental in planning appropriate
treatment (10); FED therapy is statistically more effective than
FITS therapy in improving outcomes for girls aged 11-15 years
with AIS (11); automatic pressure-adjustable orthotics can
improve wear quality and thus provide better biomechanical
correction during the study period (12). Examining the
hotspots and trends in research on non-surgical AIS treatment
is crucial. As a result, this work is the first to map the scientific
knowledge of research on this topic using visual research
techniques by examining its hotspots, frontiers, and
evolutionary trajectories, aiming to give an in-depth overview
of the research status and developments in this subject, serving
as a reference for researchers.
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Methods
Search strategy and data retrieval

The Web of Science database’s core data set search revealed
that the initial research on this topic was first published in 1980,
but the number of articles from 1980 to 1990 was very small.
Only ten articles were retrieved, and the research literature
gradually increased from 1990, so the search time started in
1990. The search time was In the advanced search section, the
search formula “TS = (Idiopathic scoliosis) AND (Youth OR
Teenager OR Teen OR Adolescent) AND (Therapy OR
Ttreatment) NOT (Surgery OR Spinal fusio OR Spondylodesis
OR Tether OR Anterior tethering OR Anterior spinal growth
tethering)” retrieved a total of 862. Inclusion criteria were: (1)
the topic of the study was the non-surgical treatment of AIS; (2)
the publication time of the literature was from 1990 to 01-01 to
2022-12-31; (3) the type of the literature was Article and Review,
and (4) the language of the literature was English. The exclusion
criteria were: (1) the topic of the study was about surgery; (2)
the type of the literature was conference abstracts, news,
proofreading notices, conference papers, and retraction notices;
and (3) the language of the literature was not English. Twenty-
three articles were excluded based on inclusion-exclusion criteria.
The study encompassed 839 articles, and Figure 1 displays the
process flowchart in question.

Literature selection

The literature was read separately by two evaluators. The
article’s title and abstract served as the basis for the first
screening, which was followed by a second screening based on
the criterion for inclusion and exclusion. If there is any dispute,
a third assessor reads it and decides on the final go.

Statistical analysis methods

For the bibliometric analysis in this study, five scientometric
programs—CiteSpace (6.1R6, 2023), VOSviewer (1.6.18, 2022), R-
Studio based R-bibliometrix (4.6.1, 2023), Pajek (5.16, 2022), and
Scimago Graphica (1.0.26, 2022)—as well as Microsoft Excel
were employed. The software programs CiteSpace, created by
Professor Chen C, and VOSviewer, created by Professors Van
Eck and Waltman. With the use of the progressive knowledge
domain visualization technique, patterns and trends in the body
of scientific publication may be identified and visualized by
visualizing the most referenced and important literature, areas of
knowledge domain competence, and the creation of research
themes (13). According to the pertinent information in the
article, the data pertaining to the literature is determined using
the CiteSpace visualization program (14). The counting method
of VOSviewer is full count. In order to perform the function of
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Extract Records from Web of Science Core Collection On December 31, 2022
TS = (Idiopathic scoliosis) AND (Youth OR Teenager OR Teen OR Adolescent) AND (Therapy OR Ttreatment)
NOT (Surgery OR Spinal fusio OR Spondylodesis OR Tether OR Anterior tethering OR Anterior spinal growth tethering)

23 papers excluded, with the criteria:
1. Document Types (Articles or Reviews)
2.Languages (English)
3.Publication Years(1990-2022)
4.0Other types of papers were excluded
(including meeting ab stract, editorial mater al, letter, book
chapter and proceedings paper)

839 records were exported in"plain text" format with
"complete records and reference” for bibliometric analysis

\ 4

Analysis of Countries/Regions,
Institutes,Researchers,Journals

! !

General Information

4

Research Hotspots Research Frontier
Analysis Analysis

Most Prolific
and Collaboration Networks of
Countries/Regions, Institutes,
Researchers and journals

Publication Trends

Keyword Co-occurrence Clustering
Key Documents Co-occurrence Clustering
Thematic Map Research Hotspots

{ :

Keyword Timeline View
Burst Word emergence
Burst Document emergence
Thematic Map Research Trends

FIGURE 1
Workflow diagram.

assessing the present situation and forecasting the future, the
CiteSpace emergent word detection function is utilized to
investigate the keyword surge change rate and produce the table
of keywords with a high rate of mutation (15). Tools like
Citespace and VOSviewer are primarily employed to visualize
and study the knowledge structure and development patterns of
scientific research on a particular topic (16). Additionally, sub-
clusters may be formed from the basic structure of the literature
network by employing cluster analysis to find research sub-
domains or academic hotspots (17). By using overlap analysis
with the software programs R-bibliometrix, VOSviewer, and
CiteSpace, it is possible to identify research frontiers that might
lead to important discoveries in the next years.

Citespace visual analysis software parameters and data analysis
were selected as follows to complete the collection of data through
the inclusion and exclusion criteria of the literature records, and
then use Web of Science to export the collected data in “plain
text” format, including “complete records and references,” every
500 records to generate a file, the file is renamed in the form of
“download,” and then loaded into the input folder of the
Citespace program, and finally started the visualization and
analysis. In the parameter settings of CiteSpace visualization
software, firstly, convert the input file to the output file through
the Data tab, and then select the corresponding project and data
file in the project execution operation area. In the time selection
area, the time span is set to 1990-2022, the time scale is set to 1
year, the filtering criterion is set to “Top N,” and the threshold is
set to 50. In the Pruning option area, “Pathfinder” and “Pruning
sliced networks” were selected as the clipping method to simplify
the network structure and highlight important features. For node
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types, select country, journal, author, institution, cited author,
keyword, and cited literature for co-occurrence or cluster
analysis, click the “GO” option after selecting nodes, then draw a
visual map, and finally fine-tuning the color scheme and font
size according to the content of the map, etc. The counting
method of VOSviewer is full count.

Results
Bibliometrics of publication output

Ultimately, 839 pertinent articles were located, and Figure 2A
displays the yearly publishing output in various nations. From
1990 to 2022, the number of research articles on non-surgical
management of AIS typically increased with time, with explosive
growth in 2007 and 2008, when the number of publications was
nearly twice that of 2006, and a trough in 2016, when the
number of publications was only 60%. Overall, the US has the
highest annual publication volume and is the country with the
earliest start and longest duration of research in this field; China
has the second highest annual publication volume, with a late
start but rapid development in this field. Especially in recent
years, it has increased significantly year by year and is already
the country with the highest percentage of annual publications.
With the help of a polynomial fit analysis, the year of publishing
and the total number of articles were shown to be significantly
correlated [the coefficients of determination (R2) for all papers,
articles, reviews, and randomized controlled trials were 0.9283,
0.9152, 0.8032, and 0.7281, respectively]. We predict that in
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FIGURE 2
(A) Bibliometric analysis of the WoS core database output. The number of publications on non-surgical treatment of AIS studies published in different
countries has changed year by year from 1990 to 2022. (B) Trends in publications in the field of non-surgical AIS research and corresponding
polynomial fit curves. (C) Filled plot of the collaborative bibliometric analysis of countries in the field of non-surgical AlIS research, with darker
colors representing more publications and connecting lines representing collaborative relationships. (D) Institutional co-occurrence network
diagram for non-surgical treatment of AIS. The circle in the chart indicates the volume of articles issued, the larger the circle indicates the more
articles issued by the institution, the thickness of the purple outer circle represents the centrality of the institution, and the connecting line
represents the existence of cooperation or co-occurrence.

TABLE 1 Top 10 high-impact countries and institutions for non-surgical AlS research.

Country Number of articles issued (articles) | Centrality Institution Number of articles issued | Centrality
USA 215 0.25 Chinese Univ Hong Kong 32 0.05
Peoples R China 167 0.27 Hong Kong Polytech Univ 31 0.01
Canada 88 0.15 Univ Montreal 26 0.05
Ttaly 47 0.05 Nanjing Univ 26 0
France 45 0.09 Univ Alberta 23 0.02
Turkey 38 0.01 Univ Hong Kong 23 0.01
Poland 36 0.08 Texas Scottish Rite Hosp Children 17 0.05
Japan 33 0 Ecole Polytech 17 0.01
South korea 31 0 Washington Univ 16 0.06
Germany 26 0.1 Poznan Univ Med Sci 16 0.03

2025, there will be around 98 papers published, comprising about
81 articles, 17 reviews, and 5 RCTs, as illustrated in Figure 2B,
based on the polynomial fit analysis. In general, the growth of
the orthopedics and rehabilitation medicine fields has prompted
more study. Despite the annual increase in publications, it is
evident that there are still not enough highly qualified RCT trials.

Countries or regions and cooperation
networks

The generated visualization includes a total of 53 nations or
regions, of which 13 had >20 articles. Information about the top
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10 nations in regard to the number of papers is indicated in
Table 1. It is known from the figure that all three of these
nations have developed strong scientific partnerships with other
nations, see Figure 2C.

Research institutions and cooperation
networks

1,165 institutes in all have published studies in this field,
among which 11 institutions published >15 articles. Information
on the top ten organizations in regard to the quantity of articles
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published is shown in Table 1. With other universities, these
three institutions have developed strong research partnerships,
see Figure 2D.

High-impact authors and collaborative
networks

Of the 3,472 authors included in the visualization atlas, 15 have
published more than 10 articles. Information on the top ten
scholars regarding the number of articles and the top ten
scholars regarding citation frequency is displayed in Table 2.
Figures 3A-C show that there is some collaboration amongst
author teams, with this collaboration being more pronounced
among the high-yielding writers and lacking among authors with
a high centrality in the literature.

Literature research hotspot disciplines

The distribution of research hotspots in the collected
839 documents was analyzed, and the literature was then
categorized into 25 groups. From the data, it can be seen that
the field has been widely researched and developed in the
fields of orthopedics, clinical neurology, and rehabilitation
medicine, Figure 3D.

High-impact publications and citation
patterns

All 839 of the papers found in the search came from 262
publications. The top ten rankings of the number of publications
and the ranking of the H-index are shown in Table 3, Figure 3E.
According to the VOSviewer journal co-citation study, the top
three citation frequencies were Spine (793 times), Journal of
Bone and Joint Surgery-American Volume (587 times), and
European Spine Journal (561 times), see Figure 4A. Journals that
publish in this field of study currently have a significant impact.
The biplot overlay’s colored trails connecting journal groupings
highlight the link between citing and cited journals in terms of
citations, illuminating the citation trajectory and information
flow (18). The colored paths indicate that studies published in

TABLE 2 Top 10 high-impact authors for non-surgical AlS studies.

instiution

Labelle, Hubert Canada Univ Montreal

Qiu, Yong China Gulou Hospital

Aubin, Carl-Eric | Canada Montreal Polytech Univ

Lou, Edmond Canada Glenrose Rehabilitation Hospital
Negrini, Stefano | Italy Scientific Spine Institute
Newton, Peter O | USA San Diego Children’s Hospital
Parent, Stefan Canada Santo Justin Hospital

Zhu, Zezhang China Gulou Hospital

Li, Ming China Changhai Hospital

Zaina, Fabio Ttaly Scientific Spine Institute

Frontiers in Pediatrics
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Neurology/Sports/Ophthalmology journals usually cite studies
published in Psychology/Education/Social, Sports/Rehabilitation/
Sport, Health/Nursing/Medicine, and Molecular/Biology/Genetics.
In each cluster, Figure 5 provides more details on the typical
cited and cited journals. For example, the most representative
journals in the Psychology/Education/Social cluster are the Spine,
Arthroscopy, European Spine Journal, and Spine Journal. The
most representative journals in the Sports/Rehabilitation/Sport
group are the Journal of Bone and Joint Surgery-American
Volume, Journal of Pediatric Orthopaedics, Clinical Orthopaedics
and Related Research, and Journal of Bone and Joint Surgery-
Beitish Volume.

Keyword visualization analysis

Hotspot analysis of keyword co-occurrence
clustering

The summary of research hotspots and the investigation of
research trends depend heavily on keyword analysis (16).
Figures 4C,D, Table 4 show the keywords with the highest co-
occurrence. Research hotspots over the time period are indicated
by terms with high centrality and frequency. According to an
examination of common keywords, the primary topics of this
field’s research were adolescent idiopathic scoliosis, idiopathic
scoliosis, quality of life, reliability, curve progression, children,
girl Cobb angle, Boston brace, natural history, brace, brace
treatment, deformity, spine, Milwaukee brace, follow up, etc.
Figure 5A exhibits the keyword co-occurrence clustering graph in
this domain. A total of 17 groups were constructed using the
typical LLR algorithm, and the keyword clustering analysis
indicated that the more aggregation there was, the more
homogeneous the relationships between studies were (19). The
cluster number and the cluster size are inversely connected, with
cluster number 0 representing the largest cluster and so on. The
keyword clusters from #0 to #16 were Boston brace, thoracic
scoliosis, reliability, health-related quality of life, brace treatment,
conservative treatment, severe scoliosis, melatonin, back pain,
osteopenia, muscular stabilization, proliferation, curve flexibility,
chronic pain, thoracolumbar junction Except for cluster #16, and
all clusters were intertwined and closely related to each other.

Frequency of citations

27 Negrini S 54 Ttaly
24 Weinstein SL 49 USA
16 Kuru T 22 Turkey
14 Berdishevsky H 20 USA
14 Thompson RM 17 USA
14 Dunn J 17 USA
13 Negrini S 17 Ttaly
13 Nachemson AL 15 Sweden
12 Schreiber S 15 Canada
12 Park JH 15 Korea
05 frontiersin.org
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(A) Author co-occurrence network diagram for non-surgical treatment of AlS. The circles in the chart indicate the volume of posts, the larger the circle
the more the author posts, the thickness of the purple outer circle represents the author's centrality, and the connecting line represents the existence
of cooperation or co-occurrence. (B) Plot of high-yield authors of non-surgical treatment of AIS over time. The top twenty most prolific researchers in
the field and their publications. The larger the node, the more literature is published. The darker the color, the more citations. The color represents the
number of publications, and the color represents the number of citations per year. (C) The three-field plot showing the knowledge flow for non-
surgical treatment of AIS. (D) Distribution of hot research disciplines in the literature of non-surgical treatment of AlS. (E) H-index of high-impact
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2
Impact Measure: H

Keyword co-occurrence and cluster analysis yielded adolescent
idiopathic ~ spondylitis, quality of life, reliability,
development, girls, Cobb angle, Boston brace, and brace

curve

treatment as current research hotspots in the field.

Analysis of research trends in keyword
timeline views

A timeline representation of the literature that the WOS
database has filtered allows users to see the temporal dynamics
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of the clustered keywords, Figures 5B,C. A strong clustering
structure is shown by the clustering Modularity (Q value) =
0.65 > 0.5; a persuasive clustering structure is also indicated by
the average cluster Silhouette (S value) = 0.8707 > 0.5 (20). From
1990 to 1995, the keywords nonoperative treatment, fusion,
term follow up, idiopathic scoliosis, back pain, and pulmonary
function received extensive attention; from 1995 to 2000,
milwaukee brace, girl, follow wup, boston brace, curve
progression, adolescent idiopathic scoliosis, brace treatment,
natural history, spine, quality of life lumbar spine, rib cage,

cotrel dubousset instrumentation, growth, and adolescent
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TABLE 3 Status of high-impact journals for non-surgical AlS research, 1990-2022.

Journal name Total number of Total number of Average number of IF JCR H-index
articles applications citations (2022) | (2022)

Spine 122 816 6.69 3.241 Q1 45

European Spine Journal 77 305 3.96 2.721 Q2 24

Journal of Bone and Joint Surgery- 16 236 14.75 6.558 Q1 13

American Volume

Journal of Pediatric Orthopaedics 25 124 4.96 2.537 Q2 16

Prosthetics and Orthotice International 10 88 8.8 1.672 Q3 8

Medical & Biological Engineering & 10 66 6.6 3.079 Q2 8

Computing

Disability and Rehabilitation 9 51 5.67 2.439 Q1 5

Clinical Orthopaedics and Related 10 49 4.9 4.755 Q1 8

Research

Plos One 11 45 4.09 3.752 Q2 8

Spine Journal 20 42 2.1 4.297 Q1 11
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FIGURE 4

(A) Cluster visualization of journal co-citation analysis generated based on VOSviewer software. Each node represents a journal, and the size of each
circle is determined by the journal's co-citation. (B) Biplot overlay of cited and cited journals in the field of non-surgical AIS research. Cited journals are
on the left, cited journals are on the right, and the line represents the citation status. (C) Keyword co-occurrence map for non-surgical treatment of
AIS. The circles in the figure represent keywords, and the larger the circle indicates the higher the frequency of the keyword. The dark to light colors
represent the years from far to near, the connecting lines represent the links between the keywords, and the thickness of the purple outer circle
represents the centrality of the keywords. (D) VOSviewer-based clustering view of non-surgical treatment AIS keywords.

keywords get attention; from 2000 to 2005 management, system,
Cobb angle,
children,

conservative treatment, curve, and selection keywords get

Instrumentation, spinal deformity, fixation,

classification, radiograph, reliability, progression,
attention; 2005-2010 deformity, exercise, efficiency, validation,
validity, peak height velocity, prevalence, and questionnaire
get 2010-2015

interobserver reliability, health-related quality of life, spinal

keywords attention; criteria, construct,

curvature, randomized controlled trial, risk, association,
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mesenchymal stem cell, school screening program, predictor,
gene become new terms; 2015-2020 providence brace, succe,
impact, brace questionnaire, magnetic resonance imaging,
coronal balance, and expression become new terms; 2020-2022
schroth exercise, skeletally immature patient, 3D printing, mri
migratio, postural balance, chondrocyte become new terms. The
field is predicted to continue to delve into research around the
Schroth exercise, Providence brace, skeletally immature patients,

brace questionnaires, and magnetic resonance imaging.
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FIGURE 5

(A) Keyword co-occurrence clustering map for non-surgical treatment of AIS. The dark to light colors represent the years from far to near, and the
connecting lines represent the links between keywords. (B) Keyword timeline view of non-surgical treatment of AlS. The circles in the figure represent
keywords, and the larger the circle indicates the higher the frequency of keywords. The dark to light colors represent the years from far to near, the
connecting lines represent the links between the keywords, and the thickness of the purple outer circle represents the centrality of the keywords. (C)
VOSviewer-based keyword time view of non-surgical treatment AlS. (D) Keyword emergence map for non-surgical treatment of AlS. The figure of “=="
is a 1-year keyword mark, and "==" is the emergence of the year of the word.
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Top 20 Keywords with the Strongest Citation Bursts
Keywords Year Strength Begin End 1990 - 2022
idiopathic scoliosis 1991 4.57 1991 1999
natural history 1995 4.34 1995 2007
boston brace 1996 6.34 1996 2008
‘milwaukee brace 1996 4.94 1996 2005

cotrel dubousset instrumentation 1997 5.29 1997 2003

fusion level 1998 4.32 1998 2003

research society 2004 6.42 2004 2008 en—

validity 2007 6.43 2016 2022 —
cobb angle 2002 9.2 2017 2022

curve progression 1996 7.6 2017 2022

reliability 2004 5.72 2017 2019 m—
adolescent 1997 5.17 2017 2022

adolescent idiopathic scoliosis 1997 25.98 2018 2022

quality of life 1999 18.58 2018 2022

deformity 2005 6.67 2018 2022 ——
conservative treatment 2003 4.9 2018 2022

health 1999 4.48 2018 2022

‘health-related quality of life 2014 4.33 2019 2022 —
succe 2019 4.16 2019 2022 —
exercise 2006 4.27 2020 2022

Analysis of research trends in emergent
word emergence

The emerging words are words that are often used throughout
time, showing hotspots and patterns, as seen in Figure 5D. The
strongest mutation is “adolescent idiopathic scoliosis” (25.98),
followed by “quality of life” (18.58), and in third place is “Cobb
angle” (9.2). The keywords with the highest level of mutation
during the previous three years include “health-related quality of
life” (2019-2022), “succe” (2019-2022), and “exercise” (2020-
2022). With the help of Burst emergence analysis and the
dynamic temporal evolution of keywords, we may gain a
comprehensive understanding of current and upcoming research
trends in the field, where the emergent words are validity, Cobb
angle, curve progression, deformity, conservative treatment,
health, health-related quality of life, succe, and exercise have
persisted to date and are likely to remain research hotspots.
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Visual analysis of key documents

Analysis of research hotspots in key
literature

In this field, 839 documents were found, having a total citation
frequency of 5,837, and the top 10 rankings of highly cited and
highly centralized literature are shown in Figure 6A and
Tables 5, 6. In order to identify the research hotspots and
evolutionary trajectories in the field of non-surgical treatment of
AIS, it is necessary to analyze the literature with the highest
citation frequency and co-cite important nodes. They can be
divided into three groups depending on the type of study:
clinical pilot studies, clinical observational studies, and reviews.
Citation frequency 2nd, 3rd, and 9th are clinical experimental
studies, centrality 1st, 2nd, 4th, 5th, 6th, 9th, 10th and citation
frequency 5th and 8th are clinical observational studies, and
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TABLE 4 Non-surgical treatment of AIS high-frequency keywords and
centrality TOP10.

Keywords Frequency Keywords Centrality
Adolescent idiopathic 495 Bone mineral 0.13
scoliosis density

Idiopathic scoliosis 120 Children 0.08
Quality of life 108 Classification 0.08
Reliability 83 Girl 0.07
Curve progression 75 Follow up 0.07
Children 69 Prevalence 0.07
Girl 62 Prediction 0.07
Cobb angle 59 Cobb angle 0.06
Boston brace 57 Boston brace 0.06
Natural history 56 Milwaukee brace 0.06

centrality 3rd, 7th, 8th and citation frequency 1st, 4th, 6th, 7th,
10th are review studies. The highly cited literature in clinical
pilot studies mainly involved clinical efficacy studies with Boston
(TLSO) brace as the main study (citation frequency 2nd studies)
and physical therapy-specific exercise efficacy studies with
Schroth as the main study (citation frequency 3rd and 9th

studies). The highly cited literature in clinical observational

10.3389/fped.2023.1308889

studies is mainly about the positive effects of brace therapy
(citation frequency 5th and 8th studies) and the questionnaire
reliability and validity of HRQOL, mainly SRS-22, SRS-7,
BSSQbrace and SAQ scales (centrality 1st, 2nd, 4th, 5th, 6th, and
10th studies). The highly cited literature in the review category
was mainly research guidelines published by SOSORT (citation
frequency 1st and 7th studies), clinical practice (centrality 7th
study), Meta-analysis (citation frequency 10th study), and finite
element analysis (centrality 8th study). For the assessment of
treatment outcomes, most of the questionnaire scores of Cobb
angle, angle of trunk rotation (ATR), and HRQOL were mainly
used as tests. Changes in questionnaire score values for Cobb’s
angle, ART, and HRQOL were compared through a certain
period of follow-up to illustrate the therapeutic effects of bracing
and exercise interventions for AIS. By using bracing and exercise
therapy for AIS patients with different curve amplitudes and
the of every
demonstrated that the use of bracing and exercise therapy had an

skeletal ~maturity, findings clinical ~study
interrupting or slowing effect on the progression of AIS, and the
questionnaire score values for Cobb angle, ART, and HRQOL
were significantly different from those of the observation-only

control group. There are few comparative studies on the clinical
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FIGURE 6

(A) Co-cited literature network for non-surgical treatment of AIS. The circles in the figure represent cited literature (showing the first author’'s name),
and the larger the circle, the more citations the literature has received. The thicker the circle is, the more citations the literature has received. The line
represents co-citations among the literature, and the thickness of the purple outer circle represents the centrality of the literature. (B) Clustering of co-
cited literature for non-surgical treatment of AIS. The dark to light colors represent the years from far to near, and the connecting lines represent the
links between keywords. (C) Emergence of key literature on non-surgical treatment of AIS. Note: The “==" in the figure are the years in which the
unexpected citations appeared, and the "==" in the figure are the nodes in which the number of citations for the unexpected citations suddenly
rose, arranged in chronological order from top to bottom. (D) Thematic map of non-surgical treatment AlIS.
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TABLE 5 Top 10 ranking of cited literature centrality for non-surgical treatment AIS.

Author Centrality | Year Title Periodicals
Danielsson AJ 0.16 2001 | Health-related quality of life in patients with adolescent idiopathic scoliosis: a matched follow-up at least 20 | Eur Spine J
(21) years after treatment with brace or surgery
Bago J (22) 0.14 2004 | The Spanish version of the SRS-22 patient questionnaire for idiopathic scoliosis: transcultural adaptation and | Spine
reliability analysis
Altaf F (23) 0.14 2013 | Adolescent idiopathic scoliosis Bmj-Brit Med |
Caronni A (24) 0.13 2014 | Improving the measurement of health-related quality of life in adolescent with idiopathic scoliosis: the SRS-7, a | Res Dev Disabil
Rasch-developed short form of the SRS-22 questionnaire
Verma K (25) 0.12 2010 | Demographic factors affect Scoliosis Research Society-22 performance in healthy adolescents: a comparative | Spine
baseline for adolescents with idiopathic scoliosis
Botens-Helmus C 0.12 2006 | The reliability of the Bad Sobernheim Stress Questionnaire (BSSQbrace) in adolescents with scoliosis during | Scoliosis Spinal
(26) brace treatment Dis
Hresko MT (27) 0.09 2013 | Clinical practice. Idiopathic scoliosis in adolescents New Engl ] Med
Clin ] (28) 0.09 2010 | Correlation between immediate in-brace correction and biomechanical effectiveness of brace treatment in Spine
adolescent idiopathic scoliosis
Bunge EM (29) 0.09 2007 | Health-related quality of life in patients with adolescent idiopathic scoliosis after treatment: short-term effects | Eur Spine ]
after brace or surgical treatment
Carreon LY (30) 0.09 2011 | Spinal appearance questionnaire: factor analysis, scoring, reliability, and validity testing Spine

TABLE 6 Top 10 ranked frequency of cited literature for non-surgical treatment AIS.

Author

Frequency of
citations

Periodicals

Negrini S (5) 54 2018 | 2016 SOSORT guidelines: orthopaedic and rehabilitation treatment of idiopathic scoliosis during | Scoliosis Spinal
growth Dis

Weinstein SL 49 2013 | Effects of bracing in adolescents with idiopathic scoliosis New Engl ] Med

(31)

Kuru T (7) 22 2016 | The efficacy of three-dimensional Schroth exercises in adolescent idiopathic scoliosis: a randomised | Clin Rehabil
controlled clinical trial

Berdishevsky H 20 2016 | Physiotherapy scoliosis-specific exercises—a comprehensive review of seven major schools Scoliosis Spinal

(32) Dis

Thompson RM 17 2017 | Brace Success Is Related to Curve Type in Patients with Adolescent Idiopathic Scoliosis ] Bone Joint Surg

(33) Am

Dunn J (34) 17 2018 | Screening for Adolescent Idiopathic Scoliosis: Evidence Report and Systematic Review for the US | Jama-] Am Med
Preventive Services Task Force Assoc

Negrini S (35) 17 2012 | 2011 SOSORT guidelines: Orthopaedic and Rehabilitation treatment of idiopathic scoliosis during | Scoliosis Spinal
growth Dis

Nachemson AL 15 1995 | Effectiveness of treatment with a brace in girls who have adolescent idiopathic scoliosis. A ] Bone Joint Surg

(36) prospective, controlled study based on data from the Brace Study of the Scoliosis Research Society | Am

Schreiber S (37) 15 2016 | Schroth Physiotherapeutic Scoliosis-Specific Exercises Added to the Standard of Care Lead to Better | Plos One
Cobb Angle Outcomes in Adolescents with Idiopathic Scoliosis—an Assessor and Statistician
Blinded Randomized Controlled Trial

Park JH (38) 15 2018 | Effects of the Schroth exercise on idiopathic scoliosis: a meta-analysis Eur ] Phys Rehab

Med

efficacy of bracing and exercise therapy on AIS. The choice
of treatment according to the patient’s curve amplitude,
skeletal maturity, and curve type, including different types of
bracing, different exercise therapies, or reasonable use in
conjunction with each other, should be complementary and
mutually reinforcing treatments.

Of note is a large multicenter randomized controlled trial
(BrAIST) in cited frequency study 2th, which demonstrated that
brace treatment was successful in stopping Cobb’s angle from
increasing to the surgical threshold (usually defined as >50°).
This study has high confidence that bracing is the only strategy
proven to be effective for the non-surgical treatment of AIS. In
addition, in the cited frequency 5th study, the investigators
compared for the first time different curve patterns between the
thoracic and main lumbar Boston

main spine for the
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thoracolumbosacral brace (TLSO) brace for AIS to investigate the
efficacy of different curve patterns for the brace for AIS. Prior to
the publication of this study, curve amplitude and skeletal
maturity were considered to be key factors in determining the
efficacy of the brace in treating AIS. However, as the study
continued, it was found that even with strict adherence to the
bracing protocol, between 10% and 24% of the curves still
developed (39), and in patients with untreated scoliosis, the
shape of the curve was linked to the risk of progression (40, 41).
Therefore, this study confirms that TLSO treatment of AIS in the
lumbar curve interrupts or slows the progression of scoliosis
better than in the thoracic curve. Furthermore, the positive effect
of Schroth physiotherapy scoliosis-specific exercise (PSSE) on
slowing or interrupting the progression of AIS has been
supported by randomized controlled trials (cited frequency 3rd,
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9th studies), and several studies have selected different types of
exercise protocols for Schroth. The Schroth best practice program
is the most effective therapy for treating PSSE, according to
in the Cited
Frequency 10th study, which compared multiple Schroth exercise

Borysov and Mogiliantseva (42). However,
protocol types and exercise duration as a treatment modality for
patients with Cobb’s angle 10°-88° AIS, it was shown that
exercise duration is a more important factor, no matter how
fancy and well-designed the PSSE program. Patients should
exercise for at least one month to have satisfactory clinical
outcomes. Also, the Schroth exercise was more beneficial for AIS
patients with Cobb angles of 10°-30° compared to AIS patients
with Cobb angles greater than 30°.

Among the questionnaire studies of HRQOL, five papers
selected the Scoliosis Research Society 22-item questionnaire
SRS-22 (centrality 2nd, 4th, and 5th studies), the Bad
Sobernheim Stress Questionnaire (BSSQbrace) (centrality 6th
study), and the Spinal Appearance Questionnaire. The SRS-22
patient questionnaire has been shown to be an effective tool for
the clinical assessment of patients with AIS, especially for
patients who may undergo surgical interventions (43), and the
widespread use of the SRS-22 in non-English-speaking countries
requires its cross-cultural adaptation. The 2nd study of centrality
translated and culturally adapted the SRS-22 questionnaire into
Spanish, and testing demonstrated adequate internal consistency
and excellent reproducibility of the Spanish version of the SRS-
22 patient questionnaire. The SRS-22 questionnaire has been
widely used to assess patients with scoliosis, but no studies have
assessed how demographic differences in normal, unaffected
adolescents affect SRS-22 scores to determine a comparative
baseline for AIS. The Centrality 5th study derived baseline values
for each item of the SRS-22 by assessing 450 normal adolescents.
The Centrality 4th study concluded by Rasch analysis that the
SRS-22 did not meet the basic measurement requirements and
that the SRS-22 was affected by a severe ceiling effect when used
for the first assessment of the AIS. Therefore, the SRS-7
questionnaire was modified and optimized on the basis of the
SRS-22, with the advantage that it is an interval scale. BSSQbrace
is a new tool to assess the stress experienced by scoliosis patients
while wearing a brace, and the reliability of the BSSQbrace
questionnaire was tested and validated in the centrality 6th. The
Centrality 10th study described the factor analysis and scoring of
the SAQ and assessed its psychometric properties.

Analysis of research hotspots for co-
occurrence clustering of key literature

On the basis of co-cited literature, cluster analysis can identify
subfields that stand in for important areas of research (44). The
average cluster Silhouette (S value) =0.8733 > 0.5, suggesting a
compelling cluster, while the clustering Modularity (Q value) =
0.94> 0.5, showing a strong cluster structure (20). A total of 16
groups were constructed using the typical LLR algorithm, and
indicated that the more

the keyword clustering analysis

aggregation there was, the more homogeneous the relationships
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between studies were (19). The cluster number and the cluster
size are inversely connected, with cluster number 0 representing
the largest cluster and so on, Figure 6B. observer variation,
scoliosis research society criteria, data logging, clinical study,
symmetry, chronic pain, school screening program, finite element
model, radiological, examination, dysfunction, bracing,
osteoclasts, wear schedule, g(i) protein, sex, Cobb angle. The
field’s research hotspots in terms of clustering order were
exercise therapy, meta-analysis, PSSE and biomechanical models,
psychometrics, major curves, interobserver differences, and
Scoliosis Research Association standards; the field’s research
trends in terms of lighter colored clusters were quality of life,
exercise therapy, meta-analysis, PSSE, biomechanical models,
Cobb’s

gender, etc.

angle, clinical studies, psychometrics, wear time,

Analysis of research trends emerging from
key literature

Burst citations are important works of literature that have been
repeatedly mentioned over time, highlighting hotspots and trends,
Figure 6C. The Web of Science database evaluated the 25 burst
citations with the most co-cited literature, the one with the
highest burst intensity was the new SOSORT 2016 guideline
published by Negrini S in 2018, which focuses on idiopathic
scoliosis background, descriptions of conservative treatments for
different populations and flow charts for clinical practice, as well
as a literature review and recommendations on assessment,
bracing, PSSE and other conservative treatments (29.16); followed
by Weinstein SL’s 2013 randomized controlled trial and
intention-to-treat trial study finding that Boston-type TLSO
significantly reduced the high-risk curve progression in patients
with AIS to surgical threshold, with hours of brace wear being
significantly and positively associated with treatment success
(26.12); in third place, Kuru T’s randomized controlled trial
study in 2016 found that the 3D Schroth exercise program was
superior to the home exercise group and control group in the
outpatient treatment group with physiotherapist supervision,
particularly in terms of scoliosis angle, rotation angle, lumbar
asymmetry (lumbar-elbow distance) and maximum hump height.
In addition, a progression of scoliosis was observed in the
control group that did not receive any treatment (10.64).
According to the order in which the literature emerged, it can be
broadly split into four categories: the first part focuses on studies
exploring the clinical efficacy of Milwaukee braces for the
treatment of AIS (1994-2002) (45-47); the second part focuses
on popular theoretical studies on the pathogenesis of AIS (48)
of the
biomechanical three-dimensional effectiveness of various brace
designs for the treatment of AIS (2003-2012) (49, 50); the third
part of the guidelines in this field mainly describes the

and a comparison using finite element models

background, epidemiology, clinical practice process, assessment,
bracing, literature review of conservative therapies such as PSSE,
and recommendations (5, 35, 51) and investigate the effect of
patient compliance on the clinical efficacy and HRQOL of AIS
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treated with braces (2013-2017) (39, 52); the fourth section is
focuses on clinical efficacy studies of Schroth-based PSSE for AIS
(7, 32, 37) and exploring the importance of early screening for
AIS and how to efficiently detect and monitor scoliosis
development during growth (2018-present) (34, 53), of which the
third and fourth parts of the literature burst intensity has
continued to date, and on the basis of a careful reading of the
high burst citations, future research trends can be foreseen as
standardization of research methods to standardize the effects of
conservative treatment, the impact of patient compliance on
clinical outcomes, clinical efficacy studies of PSSE, comparative
efficacy studies of different Schroth types, the importance of
early screening, effective modalities of early screening, the study
on the success of different braces and the type of scoliosis curve,
optimal use of PSSE with different braces, optimal Cobb angle
for various PSSE.

Research hotspots and trend analysis of
thematic maps

The thematic maps generated based on the R-Bibliometrix
package are displayed as a two-dimensional matrix. Thus, the
first quadrant refers to motor topics, which are both crucial and
quite well established; the second refers to niche topics, which
are developed but not crucial for the domain at hand; the third
refers to marginal topics, which have not been adequately
established and may have just emerged and may be about to fade
away; and the fourth refers to basic topics, which are crucial for
the domain yet not well established, Figure 6D. Depending on
which quadrant the critical bubbles are in, it can be hypothesized
that fusion, orthopedic treatment, reliability, quality of life,
questionnaires, effectiveness, and CAD/CAM are the hot spots
for research in this area, while the themes of bone mineral
density, women, osteoporosis, expression, differentiation, and
signaling dysfunction may develop or vanish in the future, while
in children, progression of curves, braces, girls, natural history,
Boston brace, and Milwaukee brace thematic directions will
require more in-depth study in the future.

Discussion

Bibliometric characteristics of non-surgical
treatment of AIS

Bibliometrics is a scientific method first used by Alan Pritchard
in 1969 (54). It helps to track data relevance and predict future
boundaries. Bibliometric analysis and its visualization can
effectively support the integration of information and enable
researchers to understand the scope of relevant studies. In this
study, of
publications on non-surgical AIS research from 1990 to 2022 was

a thorough bibliometric analysis international
carried out. A total of 839 papers with 5,837 citations were
published worldwide in the last 30 years, maintaining an overall

trend of gradual increase. These results demonstrate the
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continued interest of researchers in the field. The two leading
nations in terms of the quantity and centrality of publications on
the topic are America and China, indicating that they have the
greatest impact on the field. The institution with the highest
number of publications is Chinese Univ Hong Kong (32),
followed by Hong Kong Polytechn Univ (31). The most
published scholar was Labelle, Hubert, University of Montreal,
Canada (27 articles), followed by Qiu, Yong, Gulou Hospital,
Nanjing University, China (24 articles). According to yearly
publishing volume and trends, the US and China will keep
holding the top two spots. The journal with the highest number
of publications, H-index, and citations is SPINE (122 articles, 45
points, 793 citations). Data on key authors can help investigators
find potential collaborators. The team represented by Labelle H,
Clin J, and Phan, P, scholars from the University of Montreal,
Canada, whose research areas are finite element biomechanical
analysis studies of TLSO brace for AIS and studies related to the
evaluation of computer-aided tools to improve brace design; the
team centered on Qiu Y, Xu, L, and Cheng JC from Gulou
Hospital, Nanjing University, China, whose research areas are
susceptibility polymorphisms on the severity of the curve and the
effectiveness of bracing in AIS patients, and the comparative
study of gender differences in curve patterns, radiological
characteristics, and susceptibility genes in patients with AIS; the
team centered on Negrini S, Donzelli, S and Zaina, F from the
Italian Scientific Spine Institute, whose areas of research were the
study of the effectiveness study of the Scientific Exercise
Approach to Scoliosis (SEAS) in patients with AIS at high risk of
progression and the Rasch consistency study of HRQOL-related
questionnaires. The team centered on Lou E, Hill DL, and Raso,
James V, University of Alberta, Canada, whose members are
working on the impact of patient compliance and quality of
brace treatment on AIS outcomes based on a TLSO brace
equipped with a wireless data collection system.

Diversity of options and controversial
efficacy of non-surgical treatment of AIS

Currently, there are two main methods of non-surgical
treatment for AIS, namely, bracing and physiotherapy scoliosis-
specific SOSORT
treatment schedule that selects both modalities based on Cobb
angle and skeletal maturity, as shown in Table 7. A total of 14
the
characteristics of various braces for AIS, including origin,

exercises. recommends a non-surgical

common braces were summarized according to
fabrication method, wearing time, curve type, mechanism of
action, opening direction, symmetry, stiffness, and optimal
angle, Lyon, ART (55), Boston, Rigo-Chéneau, Gensingen Brace,
Milwaukee, Charleston, Providence, Wilmington, SpineCor (56),
OMC (Osaka Medical College) (57), Sforzesco (58), PASB
(Progressive Action Short Brace) (59), Pressure-adjustable (12),
as shown in Table 8. Eight main modalities were summarized
based on the main subtypes of physiotherapeutic scoliosis-
motor intervention characteristics,

specific  exercises,

classification systems, breathing techniques, and recommended
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TABLE 7 Recommended plan for non-surgical treatment of AlS.

Adolescent

10.3389/fped.2023.1308889

Moderate

Risser 0 Obs6 Obs3 Obs3 SSB HTRB FTRB TTRB Su
Risser 1 Obs6 Obs3 Obs3 SSB PSSE FTRB FTRB Su
Risser 2 Obs8 Obs6 Obs6 SSB PSSE FTRB FIRB Su
Risser 3 Obs12 Obs6 Obs6 SSB PSSE FTRB FTRB Su
Risser 4 NO Obsl12 Obs12 SIR PSSE FTRB FTRB Su
Risser 4-5 NO Obs12 Obs12 SIR PSSE FIRB FIRB Su

Cobb degrees (Very Low: Cobb angle <10° +hump; Low: 10-20; Moderate:

Obs 12/8/6/3, Observation every 12/8/6/3 months; SSB,

21-35; Moderate to severe: 36-40; Severe: 41-50).
Scoliosis soft braces; PSSE, Physiotherapeutic scoliosis-specific exercises;

HTRB, Halftime rigid brace; NTRB,

Night-time Rigid Bracing (8-12 h); SIR, Inpatient rehabilitation; FTRB, Full-time Rigid bracing (20-24 h) or cast; Su, Surgery.

brace use, Lyon (60), Schroth (61), Scientific Exercise Approach to
Scoliosis (SEAS) (62), Barcelona Scoliosis Physical Therapy School
(63), Dobomed (64), Side-Shift (65), Functional Individual
Therapy of Scoliosis (66), FED-Method (67), as shown in
Table 9. However, based on characteristics such as the volume
of publications in this field of research, some trends can already
be seen: In an effort to replace the most invasive braces,
innovative alternative concepts have been created, with TLSO
replacing Milwaukee a few years ago (68). Recently, casting has
also been replaced by Sforzesco and ART braces (55). Not all of
these new concepts have proven their efficacy. Efforts to
gradually improve and develop some of the more established
concepts continue, such as the Cheneau, Boston, or Lyon braces.
However, there are also recently developed concepts, such as the
OMC (57), Sforzesco (58), PASB (59), Pressure-adjustable (12),
ART (55), and SpineCor (56) braces.

Bracing treatment affects sagittal spine pelvic parameters in
adolescent AIS patients, particularly in thoracic kyphosis and
lumbar lordosis (69, 70). A recent comparative study noted
approximately equal rates of surgery and success between
SpineCor and TLSO, with the main difference being the presence
of significant advantages in health-related quality of life for the
SpineCor brace, primarily in pain, self-image and functional
activity of the SRS-22 questionnaire (56). A
prospective randomized controlled trial with standardized follow-

subgroups

up according to the SRS noted a significantly higher rate of curve
progression with the SpineCor brace compared to the rigid brace.
Switching to a rigid brace controlled further curve progression in
most patients who had previously failed with a SpineCor brace
(71). The effectiveness of the SpineCor brace has not been
confirmed in the literature. A systematic review found a final
acceptance rate of 18% with TLSO braces, 31% with Charleston
braces, and 23% with Milwaukee braces (72). Another systematic
review found final acceptance rates of 12%-17% for Boston
braces, 27%-41% for various braces (Boston-Charleston-TLSO),
17%-25% for nocturnal braces (Providence or Charleston
braces); and 25%-33% for TLSO or Rosenberger braces;
Wilmington brace 19%-30% (73). Nocturnal bracing is most
effective for single lumbar/thoracolumbar curves of less than 35
degrees (74). Regardless of starting curve size and skeletal
maturity, the Boston brace was found to be more effective than
the Milwaukee brace by Montgomery’s research (75). However,
the Climent JM study concluded that Milwaukee brace-treated
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TLSO braces,
Charleston braces in overall Quality of Life Profile for Spine

patients outperformed Boston braces, and
Deformities (QLPSD) scores, back flexibility, and psychosocial
functioning (76). The Babaee T study found comparable
differences between Milwaukee braces and thoracolumbosacral
orthoses in negatively affecting the quality of life in adolescents
(77). A curvilinear regression occurs with the wearing of a
thoracolumbosacral orthosis and correlates with patient-reported
good outcome scores (78). The traditional Lyon brace and the
recently developed Sforzesco brace were contrasted in the Negrini
study (58). The Sforzesco brace had better radiographic, sagittal,
aesthetic, and patient recovery results than the Lyon brace. In a
prospective case study, De Mauroy discovered that the ART
brace produced better imaging findings than the Lyon brace, and
this pattern continued after 6 months and 1 year (79). Although
the ART brace demonstrated greater in-branch correction of the
lumbar curve, Zaina’s comparison of the short-term imaging
outcomes of two superrigid braces (the Sforzesco brace and ART
brace) revealed equal results (55). A two-center randomized
controlled trial noted that the Pressure-adjustable brace provided
better biomechanical correction over the study period by
improving the quality of wear compared to the conventional
brace (12). The Aulisa AG study showed that PASB-based
treatment was associated with a better quality of life compared to
(59). PASB
thoracolumbar curves due to its specific biomechanical effect on

Lyon braces is very effective in correcting
vertebral body modeling (80).

However, none of these studies are directly comparable cross-
sectionally due to differences in inclusion-exclusion criteria and
primary endpoints used to define outcomes. It is currently
unable to definitively say which brace is superior to the other,
and the Scoliosis Research Society (SRS) and SOSORT are
actively working to standardize AIS brace studies to address the
existing controversy over the efficacy of different types of braces.
Therefore, it is recommended that “patient-centered outcomes
(including appearance, disability, pain, and quality of life)” be
used as the primary indicator for assessing effectiveness and that
uniform criteria be established for studies related to the non-
surgical treatment of patients with AIS. Aiming to ensure
comparability of clinical efficacy studies of different non-surgical
treatments for AIS, to resolve the controversial issue of clinical
efficacy of the support, and to create good conditions for later

analysis of secondary reviews based on the literature base.
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TABLE 9 Main characteristics of the eight main physiotherapeutic scoliosis-specific exercises.

System Name

Main fractions

Description of the exercise

Classification

10.3389/fped.2023.1308889

Breathing

Brace used

intervention

system

technique

3D ARTbrace

Physical Therapy
School(BSPTS)
(Spain) (63)

high cervical spondylosis, inverted
back and flat back.
2. structural scoliosis in the main

postural alignment and the application
of high intensity forces generated in the
body, including isometric tension,

Schroth’s Body
Blocks and Manuel
Rigo’s radiological

Lyon (France) (60) | 1. Chaotic Physical therapy includes 3D activities | Ponseti RAB
2. linear of the spine, iliopsoas angle activities | Lenke
(lumbar scoliosis), patient education
and activities of daily living, including
sitting posture correction.
Schroth (Germany) | 1. Thoracic scoliosis The principles followed are auto- Katharina RAB 3D Chéneau
(61) a. Thoracic spine only. extension (detorsion), deflection, Schroth’s Body brace
b. Thorax opposite the lumbar rotation, rotary breathing and Blocks
region. stabilization. Mirror monitoring allows
c. Lumbar and hip protrusion to the | the patient to synchronize corrected
other side. motion and postural perception with
2. Lumbar scoliosis immediate visual feedback.
a. Lumbar only with hip protrusion
to the other side.
b. Thoracic and hip protrusion to
the other side.
¢. Lumbar and thoracic curve with
hip in the middle.
3. Sagittal plane deformity including
increased or decreased thoracic
lordosis and increased lumbar
lordosis or loss of anterior lordosis.
Scientific Exercise 1. Single curve SEAS exercises are based on auto- Ponseti RAB 3D Sibilla brace
Approach to 2. Hyperbola correction and stabilization. The two (Cobb <30°)
Scoliosis (SEAS) 3. These curve patterns are described | main goals of the exercises are: to Sforzesco brace
(Ttaly) (62) according to the location of the top | improve the main spinal function, i.e. (Cobb 30°-50°)
of the curve—cervicothoracic, spinal stability. Improvement of
thoracic (top above T12-L1), eventual impairments that may be
thoracolumbar (top at T12-L1) and | emphasized by the initial assessment
lumbar (top below T12-L1), and
combined double origin.
Barcelona Scoliosis | 1. sagittal plane deformities, such as | The correction principles follow overall | Katharina RAB 3D Rigo

Chéneau brace
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thoracic region, which can be dilation and specific breathing. classification
subdivided into: three-curve
scoliosis pattern (3C), four-curve
scoliosis pattern (4C), and non-3-
non-4 scoliosis pattern (N3N4).
3. group 1-2 is defined as lumbar or
thoracolumbar curves with a
straight thoracic spine.
Dobomed (Poland) | No traditional classification system, The DoboMed method focuses on Dobomed Specific Rotational 3D Cheneau
(64) individualized treatment plan according | deepening the thoracic kyphosis, angular breathing in a | brace
to the patient’s condition. performed in a closed kinetic chain and “phased-lock”
developed on the symmetrically respiration technique
positioned pelvic and scapular girdle,
followed by active stabilization of the
corrected position and endured as a
postural habit.
Side-Shift (United | Type I is any curve pattern that can be | The technique of the lateral shift King RAB Milwaukee
Kingdom) (65) corrected by moving the trunk beyond | approach is based on intensive trunk
the coronal midline to the opposite side | flexion training. This is an active form
of the scoliosis curve (a very flexible of auto-correction in which the patient
curve). 2. Type II is any curve pattern | is taught to move the trunk laterally
that can be corrected to the coronal towards the pelvis in the opposite
midline. 3. III is any curve pattern that | direction to the convexity of the
cannot be corrected to the midline. principal curvature
Functional No traditional classification system, The FITS approach represents a NOTCS 3D corrective breathing | 3D Cheneau
Individual Therapy | individualized treatment plan according | functionally independent treatment for into the concavities brace
of Scoliosis(FITS) to the patient’s condition. scoliosis. It mainly includes the
(Poland) (66) detection and elimination of myofascial
(Continued)
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TABLE 9 Continued

Description of the exercise | Classification

10.3389/fped.2023.1308889

Breathing Brace used

intervention

system technique

restrictions and the construction of a

new series of corrective postural

patterns in daily activities

FED-Method There is no traditional classification The FED method is described as three- | NOTCS RAB FED device
(Fixation, system, and the focus is on young dimensional stabilization of the spine (passive-
Elongation, patients whose motor sensory skills with simultaneous extension and de- assisting/active-
Derotation) (Spain) | have not yet fully developed and on rotation. It is performed using a assisting)

(67) patients with high curvature resulting in

motor sensory impairment.

complex mechanical treatment device
that allows corrective forces to act at the

level of the scoliosis curve

Classification system: physical therapy with braces classification system.
NOTCS, No traditional classification system; RAB, Rotational angular breathing.

Major factors affecting the efficacy of
non-surgical treatment of AIS

At the time of brace initiation, the magnitude of the curve and
skeletal maturity play a considerable role in predicting the success
of the brace. However, as research continued, it was found that
even with strict adherence to the bracing protocol, between 10%
and 24% of the curves still developed (39). The risk of curve
development is even greater in some patients, so the effectiveness
of bracing is influenced by a variety of factors. Among the main
factors are immediate correction rate, coronal deformity angular
ratio, patient compliance, quality of brace treatment, initial Cobb
angle, type of scoliosis, skeletal maturity, and body mass index.
The factors that have a greater impact on the non-surgical
treatment of AIS are the quality of brace treatment (the amount
of pressure exerted by the brace) and patient compliance (the
duration of brace wear).

Without controlled pressure and wear time, no meaningful
conclusions about the effectiveness of the support can be drawn.
Several techniques have been applied to address these issues. For
example, temperature sensors (81), pressure switches (82), and
force sensors (83) have been used to monitor brace pressure and/
or wear time. Methods such as these have shown that the actual
brace wear time is often lower than the wear time reported by
the patients themselves (84). Studies with BrAIST Level I
evidence suggest that brace therapy has a dose-effect relationship,
i.e., as brace wear time increases, the treatment effect increases.
The treatment success rate in the brace group was 90%-93%,
with a mean brace duration of 12.9 h/d. The treatment success
rate was 41% when the wearing time of the brace was 0-6 h per
day, which was lower than the treatment success rate of the
observation group (48%) (31). In addition, another prospective
study also found a 100% success rate for patients wearing the
brace for at least 14 h per day and a 66.7% success rate for
patients wearing the brace for 2 to 10h per day (85).
Worryingly, it has been shown that brace pressure varies
considerably with patient activity and posture (86). Even with
increased wear time, brace pressure decreases over time (87). The
pressure of the brace decreases over time, even with increased
wear time (78). Therefore, even honest and compliant patients
may not receive optimal results from brace therapy. The
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immediate rate of correction (IBC) is the most important
predictor of brace efficacy, and the Xu study concluded that
brace treatment is likely to fail when the IBC is below 10% (88).
In contrast, a systematic review by Van de Bogaart concluded
that IBC was the strongest predictor of brace success (89). The
disparity between the findings of the research mentioned above
may be explained by the use of various methodological standards
to gauge the strength of the evidence. Coronal deformity angular
ratio (C-DAR) is obtained by dividing the largest Cobb angle by
the number of vertebrae involved in the same curve in the
frontal plane. Lang et al. (10) used C-DAR for the first time to
assess the effectiveness of wearing a 6-week short-term
Gensingen brace in treating patients with AIS and found that
with an initial C-DAR value of <5 and an IBC rate of >50%, the
brace therapy may be successful. However, if the value is >6 and
the IBC rate is <50%, the effectiveness of the brace will be
reduced. Babaee T et al. (90) used C-DAR to assess the outcome
of patients with AIS who wore a 2-year long-term Milwaukee
brace and found that 63.9%, 29.2%, and 16.9% of patients had an
IBC >50% at C-DAR <5, 5-6, and >6, respectively, and that the
success rate of the brace was 89.2% for patients with an IBC >
50%. That is, C-DAR can be used as a predictor of short- and
long-term outcomes of AIS brace therapy. Although the initial
Cobb angle and growth stage play a major role in the
advancement of scoliosis in the natural disease history, it'’s not
apparent if the initial Cobb angle is associated with the success
of brace treatment. One of the three main risk factors for brace
treatment failure, according to some academics, is an initial Cobb
angle greater than 30° (91). The initial Cobb angle, however, has
been linked to treatment success rather than failure, according to
a systematic study (89). A systematic review has shown that the
type of scoliosis can be a predictor of the success of brace
therapy (88). The Thompson study showed that a higher
proportion of patients with primary thoracic curvature
progressed to a Cobb angle of >50° with similar initial Cobb
angles and daily brace wear times (92). In contrast, some studies
have also not identified the type of scoliosis as a significant
factor affecting prognosis (93). The most commonly used skeletal
maturity parameter is the Risser rating, and studies have found
lower Risser scores in patients who failed brace therapy (88). The

Karol study’s findings revealed that patients with a Cobb angle
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>30° had a 63.0% and 32.4% risk of surgery for Risser grade 0 and
open and closed acetabular “Y” cartilage, respectively (94). The
Hawary study identified low skeletal maturity as a risk factor for
failure of brace treatment (91). Body mass index (BMI) is an
important indicator to evaluate the nutritional status of the body.
A review of studies suggests that there is limited evidence
supporting the association of low BMI with orthotic failure,
while the evidence supporting the association of high BMI with
orthotic failure is controversial (89). The Karol study found that
low-weight patients wore the brace for the longest time per day
(up to 15.7h/d) and had better compliance, but they had the
highest risk of surgery (60% surgery rate); overweight and obese
patients wore the brace for less time per day (11.7 h/d and 9.0 h/
d, respectively), while their surgery rates were 28.6% and 55.6%,
respectively (95). The efficacy of bracing in the treatment of AIS
is definite and has been widely used in the clinic, but the
limitations of bracing treatment need to be recognized. Clinical
treatment should focus on improving patient compliance,
reducing complications, and providing psychological support
to patients.

Diversity of AIS progress risk assessment
methods

With strict nonoperative treatment, some patients still end
up having to undergo surgery for scoliosis progression, partly
due to inaccurate assessment of the risk of progression in AIS
patients during the development of nonoperative treatment plans
(96). Therefore, the prognosis of AIS patients should be
improved by developing different treatment strategies based on
an accurate assessment of the risk of scoliosis progression in
clinical care. There are numerous methods for assessing growth
potential, each with its own strengths and weaknesses. In
children who have been diagnosed, assessment of growth
potential is essential to determine the stage and approach to
treatment. The assessment of growth potential and risk of
scoliosis progression in AIS patients reported in the literature is
multidimensional and includes mainly skeletal system assessment
and anthropometric assessment.

Skeletal system assessment indexes are clinically important in
predicting growth potential and scoliosis progression in AIS
patients. The commonly used skeletal system assessment indexes
in clinical practice include Y-triangle cartilage, Risser’s sign,
Tanner-Whitehouse III scoring system, digital skeletal age (DSA)
scoring system, distal radius and ulnar (DRU) scoring system,
The degree of ossification of the Y-triangle cartilage is an
important parameter for early prediction of the risk of scoliosis
progression in AIS patients. The ossification of the Y-triangle
cartilage mostly begins at Risser’s sign level 0 and is, therefore,
more closely related to the peak height velocity (PHV). It was
found that the Y-triangle cartilage was open or incompletely
closed in most patients with AIS at the time of PHYV, suggesting
that open Y-triangle cartilage predicts that the patient is still
located before PHV and has a higher risk of scoliosis progression
(97). The Risser’s sign assesses the degree of ossification of the
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iliac crest epiphysis and is the most commonly used indicator of
bony maturity in the assessment of the risk of scoliosis
progression in AIS patients. The lower the Risser’s sign, the
higher the growth potential and the higher the risk of scoliosis
Nault proposed
classification, dividing Risser’s sign grade 0 into two groups

progression. a modified Risser’s sign
according to the closure of Y cartilage or not, and found a good
correlation between Risser’s sign grade 0 with Y triangle cartilage
closure and Risser’s sign grade 1 and DSA score 400-425 (98).
This stage is when the iliac crest is just starting to ossify and is,
therefore, closely related to the period of rapid scoliosis
progression. However, it has been reported in the literature that
approximately 40% of patients with AIS have varying degrees of
abnormal iliac crest ossification, which, together with the lack of
a uniform international standard for grading abnormal
ossification, seriously affects the determination of Risser’s sign
grade. More importantly, there are currently two scoring
standards for Risser’s sign in this field, American and European,
both of which use a 6-point scale and thus are highly confusing
in the literature. Among the assessment indexes of the skeletal
system, except for the Y-triangle cartilage and Risser’s sign, which
are simple and convenient to apply, all other assessment indexes
are more complex and difficult to master in a short time. For a
brief introduction to other assessment metrics, the Tanner-
Whitehouse III scoring system was proposed by Tanner and
Whitehouse in 1976, and its scoring criteria are based on the
different morphologies of the ulnar, radial, metacarpal, and
terminal phalangeal epiphyses (99). In 2007, Sanders found that
the ulnar and radial bone age scores in the Tanner-Whitehouse
II scoring system had the lowest correlation with growth
potential, so the bone age scores of the ulna and radius in this
scoring system were removed. Removed and only metaphyseal
and phalangeal morphologic scores were calculated and redefined
as the DSA scoring system (100). More recently, Verma further
refined the DSA grading into 8 levels and defined it as the SSMS
(simplified skeletal maturity scoring) scoring system (101). Hung
proposed the thumb ossification composite index (TOCI) in 2017
based on the DSA scoring, which is simpler and faster and can
greatly improve clinical efficiency (102). Among them, the TOCI5
level suggests that most adolescents are at the peak of height
growth rate (70.1%-71.8%) (103). In contrast to the DSA score,
Luk redefined and reclassified the morphology of the distal radial
and ulnar epiphyses in 2014 and developed a new DRU scoring
system (104). They found that the growth spurt in patients with
AIS occurred at distal radial epiphysis score R7 and distal ulnar
epiphysis score U5 and stopped at R10 and U9, respectively. The
Greulich-Pyle mapping method is a standardized mapping of
bone age based primarily on the appearance and disappearance
of wrist ossification centers with age and the appearance and
disappearance of the diaphysis (100). The Sauvegrain bone age
score is based on morphological changes in the epiphysis of the
elbow at four sites: the epicondyle, the humeral glide, the ulnar
eminence, and the proximal radius on frontal and lateral
radiographs of the elbow (105). The Olecranon method is a
morphologic grading method based on the degree of ossification
of the ulnar eminence epiphysis (106).
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Anthropometric indicators commonly used to assess the risk of
scoliosis progression in AIS patients include age at live birth, age at
menarche, longitudinal growth rate, response to initial brace
treatment, and secondary sex characteristics. Anthropometric
indicators are easy to obtain, easy to visualize, and do not
require additional radiation exposure, making them indispensable
for assessing the risk of scoliosis progression in AIS patients. The
most commonly used and simplest indicator for assessing the
risk of scoliosis progression in AIS patients is the age at which
Abbassi concluded that the onset of rapid height growth occurs
at the age of 9 and 11 years for females and males, respectively,
and that PHV occurs around 11.5 and 13.5 years for females and
males, respectively. Solid footage between 11 and 13 vyears
predicts a high risk for the development of PHV and the
progression of scoliosis (107). Mao found that a significantly
higher proportion of AIS patients had menarche later than 14
years of age, that menarche occurred on average 7 months (6
months to 2 years) after PHV, and that the onset of menarche
represents a deceleration of longitudinal height growth (108).
The risk of scoliosis progression was highest in AIS patients
between 2 years before and at menarche. The longitudinal
growth rate is divided into the longitudinal growth rate of height
and the longitudinal growth rate of sitting height. The average
PHV reported in the literature is about 8-9 cm/year, and the
duration of PHV is about 3-4 years, so AIS patients about 2
years before PHV and 1.5 years after PHV have a higher risk of
scoliosis progression (109). Secondary sexual characteristics are
most commonly used as a visual indicator to assess the
developmental maturity of AIS patients in clinical practice and
are most commonly graded by the Tanner sign. When PHV
occurs, male patients have a Tanner sign of approximately grade
3-5, whereas female patients tend to have a Tanner grading of
grade 2-3 (99). In summary, the risk of scoliosis progression in
AIS patients is closely related to their growth potential, and it is
that
dimensions with higher predictive sensitivity in the assessment.

important to develop new models include multiple

Limitations of the study

Only the English language literature study from the WOS
database’s core dataset was used in this investigation. As a result,
it might have overlooked excellent literature on this topic in
other databases or other languages. In the process of developing
visualization atlases, there is currently no standard setup
thresholds, cropping
approaches, which could result in bias.

procedure for time splitting, and

Conclusion

This study offers fresh views for a rapid understanding of the
area of non-surgical treatment of AIS by providing the first
bibliometric and visual analysis of non-surgical treatment of AIS
research during the previous 20 years from several viewpoints.
Keywords of research Hotspots were adolescent idiopathic
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spondylitis, Schroth-based physiotherapy-specific exercise efficacy,
curve development, Cobb angle, TLSO brace-based clinical
efficacy, quality of life, reliability, questionnaires for HRQOL,
finite element biomechanical models, follow-up and clinical
guidelines. Keywords of research trends were Schroth exercise,
PSSE comparative clinical efficacy studies, standardization of
research methods for conservative treatment outcomes,
psychometrics, the impact of patient compliance on clinical
outcomes, the importance of early screening, wear time, gender,
biomechanical modeling, and meta-analysis. Currently, there are
fewer studies comparing the clinical efficacy of different non-
surgical therapies, and the vast majority of them are not directly
comparable due to differences in eligibility criteria and primary
endpoints used to define outcomes, and it is recommended that
“patient-centered outcomes (including appearance, disability,
pain, and quality of life)” be used as the primary indicator to
assess effectiveness, and that uniform criteria be established for
studies related to the non-surgical treatment of AIS. Early
intervention at the peak of growth is important for the
prevention and treatment of AIS, but the inconsistency of
existing growth potential and progression risk assessment systems
may also affect comparative studies of clinical outcomes and
even miss the optimal stage of intervention as a result. Therefore,
it is necessary to standardize the criteria for assessing the risk of
scoliosis progression. The efficacy of non-surgical treatment of
AIS is influenced by multiple factors, so the clinical efficacy of
different treatments cannot be generalized, and the causes should

be analyzed from multiple perspectives.
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