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Dear friends
It is with great pleasure that I present to you the book of abstracts of the annual SOSORT 
congress.

I was fortunate enough to contribute to the birth of this beautiful society that I think of 
like a daughter.  She has reached the age of thirteen and celebrates her birthday with the 
official meeting in the enchanting Dubrovnik.

As with every new birth, the first years were accompanied by the legitimate concerns for 
good health, growth and development.

And this development has been there. Years have passed, there was the moment of ma-
turing with her natural and physiological changes ... and I see she has become adult.

Last year I was elected President of Sosort. It was like strangely changing status. After 
contributing to the execution of her first steps, this year I was her official best friend. It 
was an exciting and stimulating year.

Today, I am with her for our last official dance on the promenade. I take with her the last 
steps and then I proudly escort her with a beautiful smile, to the next best friend.

My dear Luke, treat her well. I feel she is ready to take off but she is still young and still 
needs attention from all those who love her.

Hugs, Michele Romano
SOSORT President

WELCOME  
TO DUBROVNIK
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Dear colleagues, members of SOSORT, 
friends and guests,
As local host and organising committee chair, let me bid you welcome to SOSORT’s 13th 
International meeting and the ancient city of Dubrovnik! We are at an end of almost 2 years 
of planning and preparations, overwhelmed by participation of over 250 scoliosis special-
ists from 37 countries from all parts of the world. The pre-course as well as the research 
course, and scientific programme of the meeting itself, offers you the newest information 
and guidelines for conservative treatment of scoliosis. Moreover, the meeting is joined 
by renowned scoliosis experts and prominent members of other societies, who will give 
their perspective on various facets of scoliosis treatment. Apart from the scientific, you 
will have a chance to enjoy an exciting social programme, to share your experiences and 
exchange ideas with colleagues from all over the globe also in a more informal setting. 
We are sure that active participation by all of us will improve our knowledge and continue 
bringing the best possible outcome for our patients with spinal deformities.

Thank you for coming to Dubrovnik, the medieval pearl on the Adriatic coast, and for par-
ticipating in another great SOSORT meeting!

Dr Sunčica Bulat Würsching
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About Dubrovnik

The City
Dubrovnik is a Croatian city on the Adriatic Sea, in the 
region of Dalmatia. It is one of the most popular tourist 
destinations in the Mediterranean, a seaport and the 
centre of Dubrovnik-Neretva County. Its total population 
is approximately 43,000. In 1979, the city of Dubrovnik 
joined the UNESCO list of World Heritage Sites.

According to the legends and chronicles, Dubrovnik, 
the city, and later a small state, was founded by refu-
gees from the Roman town Epidaurum, today’s Cavtat. 
Fleeing from the Slavs and Avars, they discovered a 
deserted cliff, actually a small island, and founded a 
village in the 7th century and named it Laus, which 
in Greek means rock. Until 1808, the official name of 
Dubrovnik was Ragusa. On the other side of the coast, 
at the foothill of the hill called Srđ, there were rich and

dense oak forests. From the Slavic word for oak, du-
brava, the city got its current name, Dubrovnik.

The prosperity of the city of Dubrovnik was historical-
ly based on maritime trade.  The Statute of Dubrovnik, 
promulgated in 1272, contains the oldest regulations 
concerning maritime law in the world.

As the capital of the Republic of Ragusa, the city be-
came highly developed, particularly during the 15th 

and 16th centuries, and was notable for its wealth and 
skilled diplomacy. Dubrovnik was one of the centers 
of the development of the Croatian language and lit-
erature, and home to many notable Croatian poets, 
playwrights, painters, mathematicians, physicists and 
other scholars. The walls of Dubrovnik run almost  
2 kilometres around the city, surrounding many historic 
buildings such as the Arboretum Trsteno, the oldest ar-
boretum in the world, and a pharmacy which has been 
in operation since 1317.

Today, Dubrovnik is a real pearl of the Mediterranean 
and a place that tourists just love! And with good rea-
son, because it is a city with rich history and beauti-
ful beaches on which you can relax before a night of 
excitement.  

Dubrovnik – a destination 
where everybody  
comes back!
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What to see?

City walls
Without a doubt, one of the main attractions of old 
Dubrovnik is the city walls and no visitor should leave 
without arranging a guided walk around the top.  
The walls are up to six metres thick in some places  
and have served to protect Dubrovnik since the  
middle ages.

Stradun (Placa)
The Stradun, or Placa, is Dubrovnik’s main street, 
stretching from the Pile Gate through the old quar-
ter to the Ploce Gate. Visitors to the city can spend 
hours strolling along its limestone pavements, lined 
with shops, restaurants and many of Croatia’s most 
impressive monuments.

Dominican monastery
The fortress-like Dominican monastery in Dubrovnik 
holds a wealth of history as well as rich collection of 
valuable art including paintings by Dubrovnik’s greatest 
painters and artefacts of gold exhibited in the museum.

Old port
Once the main trading and maritime hub, today the 
old port is a picturesque part of Dubrovnik and aquat-
ic gateway for island exploration and coastal excur-
sions. The protective fortresses of St. Luke, St. John 
and Revelin still stand guard as they have done for 
many centuries.

Orlando’s column
Located between the Sponza Palace and the Church 
of St. Blaise, the stone Orlando’s Column stands as a 
symbol of Dubrovnik’s freedom. The raising of the ‘Lib-
ertas’ flag on the column marks the start of the annual 
Dubrovnik Summer Festival.

Rector’s Palace
The Rector’s Palace is one of the most important land-
marks of Dubrovnik and served as head office for the 

Ragusa government as well as housing a dungeon 
and providing residence for the rector. Nowadays, this 
magnificent Croatian mansion displays museum exhib-
its upstairs and hosts classical music concerts in the 
courtyard during Dubrovnik’s Summer Festival.

Sponza Palace
Amongst Dubrovnik’s many attractions, the Sponza Pal-
ace will have particular appeal to visitors interested in 
Croatia’s history. Built in 1520, this Gothic/Renaissance 
palace used to be the customs house and is now the 
state archive containing documents and photos of Du-
brovnik’s turbulent past. Art exhibitions and concerts 
are often held in the palace courtyard.

St. Blaise church
The patron saint of Dubrovnik. This majestic church is 
dedicated to the patron saint of Dubrovnik who was 
said to have protected the city from Venetian attacks 
in 971 AD. Built by the Venetian architect and sculptor 
M. Gropelli at the beginning of the 18th century, it lies 
on the Stradun at the heart of the city.

Dubrovnik cathedral
The original church was built between the 12th and 
14th centuries on the ruins of a 7th century Byzantine 
basilica, financed according to legend by Richard the 
Lionheart who was once shipwrecked in Dubrovnik. 
After the 1667 earthquake, Dubrovnik Cathedral was 
reconstructed in Baroque style and is now a popular 
attraction for the city’s many visitors.

Franciscan Monastery of the Friars Minor
Built in 1317 under the city ramparts, the Franciscan 
Monastery of the Friars Minor provides an enthralling 
glimpse into Dubrovnik’s religion and history. One of 
its attractions, a small apothecary within, claims to be 
the oldest working pharmacy in Europe and features 
a fascinating array of ancient laboratory equipment.
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The Education Committee  
welcomes you to Dubrovnik!
We have planned what promises to be an exciting and informative 
day of education to open this year’s SOSORT meeting. We will be 
learning from the most prominent and accomplished researchers 
in the world of spinal deformities, and will have an opportunity for 
discussion following the presentations.

The Educational Day begins, appropriately, with fundamentals in 
the morning session and moves into more advanced topics in the 
afternoon. Among the important topics covered by this year’s speak-
ers, we will hear about SOSORT’s new guidelines regarding the 
treatment of idiopathic scoliosis and about the bio-psycho-social 
aspects of scoliosis. We will gain a deeper understanding of the 
sagittal plane with its implications for therapy and bracing for both 
adolescents and adults. And we will learn about the finer details 
underlying the breakthrough BrAIST Study and its implications for 
all of us as clinicians.

Thank you for joining us for this important day. We are confident 
that the knowledge gained in this session will make us more knowl-
edgeable, informed practitioners better able to serve our patients. 
Hopefully, we can greet you at some of SOSORT's pre-courses in 
the future. 

Hagit Berdishevsky Sanja Schreiber
SOSOSRT Education Committee Chairs
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PROGRAM  
Pre-course part 1

Time Topic Speaker

7:50-8:00 OPENING REMARKS (10 min)

8:00-8:15 Etiopathogenesis of Idiopathic Scoliosis (15 min) Rene Castelein 

8:15-8:30
Idiopathic Scoliosis: Definition, Natural History, Detection and Clinical 
Picture (10 min)

Suncica Bulat Wuersching 

8:30-8:40 Discussion (10 min)

8:40-8:55
3D Nature of Idiopathic Scoliosis: Implications in Non-Surgical Treatment 
(15 min)

Manuel Rigo

8:55-9:05 Non-Idiopathic Scoliosis: Differential Diagnosis and Treatment (10 min) Franz Landauer

9:05-9:20
Early Onset Scoliosis (Presentation, Clinical Features and Treatment 
Indications (15 min)

James Sanders

9:20-9:30 Discussion (10 min)

9:30-9:40

Scoliosis Management Indication (10 min)
When to move from observation to physical therapy and bracing, and when 
to move beyond conservative management based on SRS and SOSORT 
guidelines

Sabrina Donzelli

9:40-9:50
Idiopathic Scoliosis Physiotherapeutic Scoliosis Specific Exercises: 
Indication, Goals and Concepts (10 min) 

Hagit Berdishevsky

9:50-10:00 Physiotherapeutic Scoliosis Specific Exercises: Evidence (10 min) Sanja Schreiber

10:00-10:10 Evidence on Sport Participation (10 min) Alessandra Negrini

10:10-10:20 Discussion (10 min)

10:20-10:40 Coffee Break (20 min)

10:40-10:50
Adult Scoliosis: Presentation, Clinical Features and Treatment  
Indications (10 min)

Fabio Zaina 

10:50-11:00 Idiopathic Scoliosis Bracing: Indication, Goals and Concepts (10 min) Luke Stikeleather

11:00-11:10 Idiopathic Scoliosis Bracing: Evidence (10 min) Angelo Aulisa

11:10-11:20 Surgery and When is it Time for it (10 min) Tomislav Đapić

11:20-11:30 Discussion (10 min)

11:30-11:40
Non-Invasive Methods to Measure Back Asymmetry in Idiopathic  
Scoliosis (10 min)

Patrick Knott

11:40-11:50
Standardization of Digital Photography Technique in Assessment of Body 
Posture Parameters (10 min)

Lukasz Stolinski

1:50-12:00 Discussion (10 min)

12:00-12:10 The Patient’s Perspective (10 min) Joe O’Brien

12:10-12:20
‘Motivational Interviewing’ and How to Help Patient be Compliant with the 
Treatment (10 min)

Elisabeta D’Agata

12:20-12:25 Discussion (5 min)

12:25-12:30 CLOSING REMARKS

12:30-1:30 LUNCH BREAK (60 MIN)

1:30-6:15 LEVEL 2

April 18, 2018 – Dubrovnik, Croatia

Organizer: Suncica Bulat Wuersching 
Chairs: Hagit Berdishevsky and Sanja Schreiber
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PROGRAM  
Pre-course part 2
April 18, 2018 – Dubrovnik Croatia

12:30-1:30 Lunch 

Time Topic Speaker

1:30-1:35 Opening remarks

1:35-1:55 Maturity, Its Relationship to Scoliosis and Its Assessment (20 min) James Sanders

1:55-2:10 BrAIST: Summary and Implications (15 min) Lori Dolan

2:10-2:25 Discussion (15 min)

2:25-2:45 50% In-Brace Correction: Fact or Fiction (20 min) Manuel Rigo 

2:45-2:55 Discussion (10 min)

3:55-3:15
Evaluation of Sagittal Plane (20 min)
Global Alignment and Proportion (GAP) Score

Ahmet Alanay

3:15-3:25 Discussion (10 min)

3:25-3:55 Coffee Break (20 min)

3:55-4:15
Sagittal Balance and Pelvis Control in Adolescent Idiopathic Scoliosis 
Bracing (20 min)

Stefano Negrini 

4:15-4:30
Sagittal Plane Considerations in the Management of Adolescent Idiopathic 
Scoliosis and Adult Spinal Deformity in Relation to Physical Therapy 
(15 min)

Larry Cohen 

4:30-4:45 Discussion (15 min)

4:45-5:05
Physiotherapeutic Scoliosis Specific Exercises: Investigation of the Method 
(20 min)

Michele Romano

5:05-5:15 Discussion (10 min)

5:15-5:30 Adult Spinal Deformity: Non-Operative Treatment New Perspectives (15 min) Jean Claude de Mauroy 

5:30-5:40 Discussion (10 min)

5:40-5:55
Assessing Health Related Quality of Life in Patients with Adolescent 
Idiopathic Scoliosis receiving conservative treatment (15 min)

Eric Parent

5:55-6:15
Evaluation of Motor Skills and Patterns of Movements in Relation to the 
Physiotherapeutic Scoliosis Specific Exercises (15 min)

Dariusz Czaprowski, 
Lukasz Stolinski

6:15-6:25 Discussion (10 min)

6:25-6:30 CLOSING REMARKS

7:30 WELCOME PARTY WITH DINNER FOR MEETING PARTICIPANTS

Organizer: Suncica Bulat Wuersching 
Chairs: Hagit Berdishevsky and Sanja Schreiber
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Pre-conference  
Research course
Wednesday April 18
How to conduct systematic reviews:
Preparing to contribute to future SOSORT guidelines updates  
and to inform your practice.
Participants should bring a laptop to work during the interactive portion of the presentations  
and answer online quiz questions requiring audience participation. 

Time Topic Description

08:00-08:05  
Eric Parent

OPENING REMARKS

 As SOSORT moves towards a standardized process to update 
the societies care guidelines, this pre-course aims to build 
capacity for SOSORT members to engage in the systematic 
review process which will support guidelines development 
going forward. 

8:05-8:25  
Stefano Negrini

Introduction to Cochrane and the 
Cochrane Rehabilitation

This presentation will introduce to the world of Cochrane, 
present Cochrane reviews published to date with relevance 
to Scoliosis care, define why Cochrane reviews are the actual 
gold standard and their strenghts (and limits) and argue 
how Cochrane methodology can come to support SOSORT 
guidelines development in the future.

8:25-9:00  
Eric Parent 

Efficient searching of the literature 

With emphasis on searching for evidence on the effect of 
treatment, participants will learn to conduct searches of the 
literature using Boolean operators, free-text and keywords 
using the PICOS framework to plan searches. 

9:00-9:45  
Josette Bettany-Saltikov

An Introduction to Writing a 
Systematic Review: 
A step by step Practical workshop

This will cover selection and formulation of a research 
question, differences between different types of reviews, 
structuring the introduction /background, outlining review 
selection criteria, describing the article selection process, data 
extraction and analysis, structuring the result presentation and 
conclusions.

9:45-10:30  
Eric Parent

Critical Appraisal

We will consider all the information useful to appraise and 
review an intervention research study including: examining 
recruitment strategies, evaluations and treatment descriptions; 
how to select statistical tests; and how to interpret statistical 
and clinical significance of the results; and how to determine if 
results are generalizable to your setting.

Break 10:30-10:45

10:45-11:30 
Josette Bettany-Saltikov

How to write for publication

In this interactive session, participants will be introduced to 
brainstorming strategies to identify a topic and target journal, 
as well as to a workflow strategy to prepare an article for 
publication. Reporting standards for common types of papers 
will be introduced. Structuring the paper into different sections 
will be presented. Developing a writing plan and schedule will 
also be discussed. 

11:30-12:15  
Patrick Knott

BASIC statistics
The focus will be on how to choose tests and on interpreting 
tests for differences between groups in response to treatment 
and for the study of associations between variables.

12:15-12:30  
Sabrina Donzelli

Interpreting results from Systematic 
Reviews and Meta-analyses

The focus will be on how to draw conclusions from systematic 
reviews and meta-analyses including interpreting forest plots, 
judging homogeneity and formulating evidence synthesis 
statements. 
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Pre-conference  
Research course

PROGRAM  
SOSORT 2018 

MEETING
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I would like to acknowledge and thank  
the members of the 2018 Scientific Committee.  

SOSORT was founded by a multinational, multidisciplinary group of clinicians devoted to the 
conservative treatment of patients with spinal deformity. The composition of the Scientific 
Committee reflects this diversity and commitment.  

It has been my pleasure to work with and learn from each member as we reviewed and 
discussed the abstracts submitted for this year’s program.  

Chair, Lori Dolan, USA

2018 SOSORT 
Scientific Committee

Elisabetta d’Agata,  
Spain

Angelo Gabriel Aulisa,  
Italy 
(SOSORT Award Committee member)

Josette Bettany-Saltikov,  
UK

Nachiappan Chockalingam,  
UK

Jean Claude de Mauroy,  
France  
(SOSORT Award Committee member)

Sabrina Donzelli,  
Italy

Theodoros Grivas,  
Greece

Nikos Karavidas,  
Greece 

Patrick Knott,  
USA  
(SOSORT Award Committee member)

Tomasz Kotwicki,  
Poland  
(SOSORT Award Committee member)

Jeb McAviney,  
Australia  
(SOSORT Award Committee member)

Stefano Negrini,  
Italy

Joseph O’Brien,  
USA

Eric Parent,  
Canada

Michele Romano,  
Italy  
(SOSORT President)

Judith Sanchez Raya,  
Spain

Sanja Schreiber,  
Canada

Fabio Zaina,  
Italy
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SOSORT  
Communication  
Committee

Mentor:  
Jean Claude de Mauroy  
(France)

Chair:  
Andrea Lebel  
(Canada)

Co-chair:  
Mariette Kosse

Facebook:  
Andrea Lebel, Chris Diers

Twitter:  
Andrea Lebel, Jason Black

International Relations:  
Pamela Espinoza

Linkedin:  
Larry Cohen

Research Gate:  
Patrick Knott

Translation: 
Nikos Karavidas (Greek) 
Pamela Espinoza (Spanish) 
Patricia Mentges (Portuguese) 
Pavel Cerny (Czech) 
Jean Claude de Mauroy (French) 
Michele Romano (Italian) 
Wojciech Glinkowski (Polish)
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Thursday, April 19
Session 1. Bracing for Adolescent Idiopathic Scoliosis

8:00-9:41 Moderators: Luke Stikeleather, Grant Wood, Franz Landauer, Manuel Rigo

8:00-8:05 Introductions

8:05-8:11 Paper #1. Objective measurements of the pressures applied to the scoliotic body 
due to increasing strap tension in Rigo-Cheneau braces and how this affects the 
scoliosis correction.
Dimitris Papadopoulos, Spyros Velanas

8:11-8:17 Paper #2. Structural correction is possible with Chêneau style 3D braces.
Nico Tournavitis

8:17-8:23 Paper #3. Comparison between materials in classic brace production and 3D 
printing and influence on in-brace comfort.
Andreas Wuersching, Sunčica Bulat Wuersching

8:23-8:29 Discussion

8:29-8:35 Paper #4. Rigo System Cheneau Brace in Adolescent Idiopathic Scoliosis: Lower 
Risk of Curve Progression Compared to Boston-Style Orthosis Through Higher In-
Brace Correction.
Hiroko Matsumoto, Shay Warren, Michael Vitale, John Tunney, Nicole Bainton, 
Joshua Hyman, David Roye, Benjamin Roye

8:35-8:41 Paper #5. Adolescent Idiopathic Scoliosis (AIS) treatment with the Dynamic 
Derotation Brace (DDB): An analysis using patients at high risk of progression.
Nikos Karvidas

8:41-8:47 Paper #6. Results of 390 Juvenile and Adolescent Idiopathic Scoliosis in Accordance 
with SRS Criteria Treated by the New Lyon Artbrace and Reviewed at 6 Months.
Jean Claude de Mauroy, Fabio Gagliano, Frédéric Barral, Sophie Pourret

8:47-8:53 Discussion

8:53-8:59 Paper #7. Correlation between final result and first x-ray without brace 6 months 
after fitting Artbrace: case series of the 33 first consecutive patients.
Jean Claude de Mauroy, Fabio Gagliano, Frédéric Barral, Sophie Pourret

8:59-9:05 Paper #8. Outcomes of brace treatment for adolescent idiopathic scoliosis 
-importance of early detection and early treatment.
Toru Maruyama, Yusuke Nakso, Yosuke Kobayashi

9:05-9:11 Paper #9. In-brace spinopelvic parameters are associated with curve progression at 
2 years in patients with adolescent idiopathic scoliosis undergoing brace treatment.
Hiroko Matsumoto, Shay Warren, John Tunney, Nicole Bainton, Joshua Hyman, 
David Roye, Benjamin Roye, Michael Vitale

9:11-9:17 Discussion
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9:17-9:23 Paper #10. Outcome of Cheneau brace treatment for idiopathic scoliosis: full time 
wear in patients with higher progression risk versus part time wear in patients with 
lower progression risk.
Krysztof Korbel, Mateusz Kozinoga, Lukasz Stolinski, Piotr jansz, Katarzyna 
Politarczyk, Tomasz Kotwicki

9:23-9:29 Paper #11. Development and validation: prognostic model for curve progression in 
braced and untreated AIS patients.
Lori A. Dolan, Stuart L. Weinstein and the BrAIST Study Group

9:29-9:35 Paper #12. Wide Variability in Non-Operative management of Adolescent Idiopathic 
Scoliosis among providers in the Northeast United States: Towards a Best Practice 
Guideline.
Hiroko Matsumoto, Michael Vitale, Hagit Berdishevsky, Prachi Bakarania, Kelly 
Grimes, Thejas Hiremath, Benjamin Roye

9:35-9:41 Discussion

9:41-10:12 Invited Lecture: “Mechanisms of Scoliosis Progression”
James O. Sanders

10:12-10:45 Break and Posters

Session 2. Physiotherapeutic Scoliosis-Specific Exercises

10:45-11:25 Moderators: Cindy Marti, Rebecca Harding

10:45-10:51 Paper #13. Utilization of Radiation-Free Assessment System in Scoliosis Curvature 
Monitoring for Adolescence Idiopathic Scoliosis Subjects doing Physiotherapy 
Scoliosis Specific Exercise – Impact on Home Exercise Compliance.
Eric Hiu Kwong Yeung, Rong He, Yunli Fan, Ruiwen Zhang, Xuiqiang Zhao, 
Guangshuo Li, Ruiqi Jia, Zhuoman Xu, Jianbin Wu, Yong Ping Zheng, Michael KT To, 
Kenneth MC Cheung

10:51-10:57 Paper #14. Reduction of Scoliosis Curvature after an Intensive Physiotherapy 
Scoliosis Specific Exercise Program – Impact on Deformity and Home Exercise 
Compliance.
Eric Hiu Kwong Yeung, Rong He, Yunli Fan, Ruiwen Zhang, Xuiqiang Zhao, 
Guangshuo Li, Ruiqi Jia, Zhuoman Xu, Jianbin Wu, Yong Ping Zheng, Michael KT To, 
Kenneth MC Cheung

10:57-11:03 Paper # 15. The compliance of patients with scoliosis completing a specific home 
exercise programme after an intensive specialised physiotherapy course: Stage 1 of 
3.
Georgina Frere, D A Jason Black, David Glynn, Erika Maude

11:03-11:09 Discussion

11:09-11:15 Paper #16. Short-term effects of Physiotherapeutic Scoliosis Specific Exercises on 
Sonographic Angle of Adolescent Idiopathic Scoliosis Subjects with Thoracic- or 
Lumbar- Primary Curve – A Preliminary Study.
Charlene Yunli Fan, Eric Hiu Kwong Yeung, Michael KT To, Kenneth MC Cheung, 
Yong Ping Zheng, Rong He, Ruiwen Zhan, Guangshuo Li, Ruiqi Jia, Xuiqiang Zhao, 
Zhuoman Xu, Jianbin Wu
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11:15-11:21 Paper #17. The immediate effects of side-lying Schroth scoliosis-specific exercises 
for adolescent idiopathic scoliosis measured with 3D ultrasound imaging.
Eric Parent, Alex Su, Sanja Schreiber, Edmond Lou, Elia Fong

11:21-11:25 Discussion

11:25-11:55 Panel Discussion: Meta-Analyses of Physiotherapeutic Scoliosis-Specific 
Exercises: Methods and Evidence
Stefano Negrini, Michele Romano, James Sanders, Paul Sponseller, Lori Dolan

Session 3. Patient Reports

11:55-12:19 Moderators: Elisabetta d’Agata, Sanja Schreiber

11:55-12:01 Paper #18. Psychological aspects in optimization of scoliosis treatment.
Sunčica Bulat Wuersching, Tomislav Đapić, Andreas Wuersching, Gordana Buljan 
Flander

12:01-12:07 Paper #19. Analysis of posts about scoliosis by patients on social media and 
networks.
Wojciech Glinkowski, Arkadiusz Agaciak, Agnieszka Kister, Bożena Glinkowska

12:07-12:13 Paper #20. Psychosocial adjustment of children and adolescents with scoliosis.
Sunčica Bulat Wuersching, Mia Flander, Ana Raguž, Francsca Dumančić

12:13-12:19 Discussion

12:19-1:40 Lunch and Posters

Session 4. Adult Deformity

1:40-2:20 Moderators: Joseph O’Brien, Marianna Bialek

1:40-1:46 Paper #21. Effect of scoliosis specific exercise on pain and function in adults with 
idiopathic scoliosis: results of a retrospective study.
Fabio Zaina, Sabrina Donzelli, Francesca Di Felice, Stefano Negrini

1:46-1:52 Paper #22. Effectiveness of Physiotherapy Scoliosis Specific Exercises (PSSE) in 
Adult Idiopathic Scoliosis Patients - A pilot study.
Eric Hiu Kwong Yeung, Ruiwen Zhan, Yunli Fan, Rong Heg, Xuiqiang Zhao, 
Guangshuo Li, Ruiqi Jia, Zhuoman Xu, Jianbin Wu, Yong Ping Zheng, Michael KT To, 
Kenneth MC Cheung

1:52-1:58 Paper #23. Pain and function in adult patients with scoliosis attending a 
rehabilitation center.
Fabio Zaina, Sabrina Donzelli, Francesca Di Felice, Stefano Negrini

1:58-2:04 Discussion

2:04-2:10 Paper #24. Effects of surgical and non-surgical treatment of adult idiopathic scoliosis 
with borderline (40-55°) main thoracic curves on patient-reported outcomes.
Ahmet Alanay, Caglar Yilgor, Kadir Abul, Suna Lahut, Yasemin Yavuz, Ferran Pellise, 
Francisco Perez-Grueso, Emre Acaroglu, Ibrahim Obeid, Frank Kleinstuck, European 
Spine Study Group

2:10-2:16 Paper #25. Surgeon Attitudes Towards Physiotherapeutic Scoliosis Specific 
Exercises in Adult Deformity Patients.
Kelly Grimes, Leah Steinmetz, Frank Segreto, Christopher Varlotta, Prachi Bakarania, 
Hagit Berdishevsky, Charla Fischer
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2:16-2:20 Discussion

2:20-2:30 Upcoming SOSORT Meetings: San Francisco 2019 / Spineweek 2020
Grant Wood, Fabio Zaina

2:30-2:40 Group Photos

2:40-3:10 Break and Posters

Session 5. Sagittal Profile and Spinopelvic Considerations in Spinal Deformity

3:10-4:06 Moderators: Patrick Knott, Theodoros Grivas

3:10-3:16 Paper #26. Analysis of sagittal profile of spine using ultrasound imaging in 
adolescent idiopathic scoliosis with the assistance of radiograph.
Yong Ping Zheng, Tin-Yan Lee, Kelly Ka Lee Lai, Jason Pui Yin Cheung, Michael Kai 
Tsun To

3:16-3:22 Paper #27. Active self-correction of child’s body posture assessed in sagittal plane 
with digital photography.
Mateusz Kozinoga, Łukasz Stoliński, Katarzyna Politarczyk, Krzysztof Korbel, Dariusz 
Czaprowski, Tomasz Kotwicki

3:22-3:28 Paper #28. Lightline distances: a new method for the assessment of the sagittal 
profile compared with the gold standard: Inter-rater reliability.
Michele Romano, Matteo Mastrantonio

3:28-3:34 Paper #29. Validation of Trunk Appearance Perception Scale TAPS 2.0, a modified 
version for the evaluation of the sagittal deformity.
Judith Sanchez Raya, Elisabetta D’Agata, Joan Bago, Antonia Matamalas, Manuel 
Rigo

3:34-3:42 Discussion

3:42-3:48 Paper #30. Analysis of the spino-pelvic sagittal alignment and global balance 
in non-treated Adolescent Idiopathic Scoliosis in relationship with frontal plane 
parameters.
Manuel Rigo, Nikos Karavidas

3:48-3:54 Paper #31. Comparison of Pedobarographic Profile in AIS with Rigo type A3 and B1.
Zhiguan Huang, Yuhe Li

3:54-4:00 Paper #32. Rotational mobility of the trunk-pelvis-hip complex in girls with double 
or single idiopathic scoliosis and in girls without scoliosis with various angles of 
trunk rotation.
Agnieszka Stępień, Katarzyna Guzek, Witold Rekowski, Tomasz Osiak, Jolanta 
Stępowska, Andrzej Wit

4:00-4:06 Discussion

4:06-4:20 Scoliosis and Spinal Disorders Journal
Theodoros Grivas, Dino Samartzis

4:20 Adjournment

5:30 Old Town Sightseeing
Departure from outside the hotel at 5:30pm

Thursday, April 19
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Friday, April 20
Session 6. SOSORT Award Papers I

8:00-9:12 Moderators: Lori Dolan, James Wynne, Jean Claude de Mauroy

8:00-8:02 Introductions

8:02-8:10 Paper #33. TRACE (Trunk Aesthetic Clinical Evaluation), the objective clinical tool 
to check aesthetics: Rasch analysis validation.
Stefano Negrini, Antonio Caronni, Francesca Di Felice, Sabrina Donzelli, Fabio 
Zaina

8:10-8:18 Paper #34. Spanish validation of Italian Spine Youth Quality Of Life (ISYQOL) 
Questionnaire: ISYQOL.es
Elisabetta D’Agata, Judith Sanchez Raya, Joan Bago, Manuel Rigo, Sabrina 
Donzelli, Antonio Caronni 

8:18-8:26 Paper #35. Internal Consistency of the English translation of the Italian 
Spine Youth Quality-of-Life Scale (ISYQOL) compared to other Self-Image 
Questionnaires in Adolescents with Idiopathic Scoliosis. 
Eric Parent, Andrea Lin, Kathleen Shearer, Sarah Southon, Sabrina Donzelli, 
Stefano Negrini

8:26-8:32 Discussion

8:32-8:40 Paper #36. Sport activity reduces the risk of progression and bracing: an 
observational study of 511 JIS and AIS Risser 0-2 adolescents.
Alessandra Negrini, Sabrina Donzelli, Massimiliano Vanossi, Martina Poggio, Fabio 
Zaina, Michele Romano, Stefano Negrini

8:40-8:48 Paper #37. Failure in scoliosis bracing.
Andreas Wuersching, Sunčica Bulat Wuersching

8:48-8:56 Paper #38. Parental role in scoliosis treatment.
Sunčica Bulat Wuersching, Andreas Wuersching, Tomislav Đapić, Gordana Buljan 
Flander

8:56-9:04 Paper #39. How much change in the Cobb angle is needed for the patients to 
observe positive change in their backs following a Schroth intervention?
Sanja Schreiber, Eric Parent, Doug Hill, Douglas Hedden, Marc Moreau, Sarah 
Southon

9:04-9:12 Discussion

9:12-9:42 Invited Lecture: “Scoliosis as a Disease of Mankind”
Renė Castelein

9:42-10:15 Break and Posters
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Friday, April 20

Session 7. SOSORT Award Papers II

10:15-10:45 Moderators: Lori Dolan, Tomasz Kotwicki

10:15-10:23 Paper #40. The prevalence and risk factors of back pain in patients with 
adolescent idiopathic scoliosis: a large-scale cross-sectional study.
Arnold Wong, Dino Samartzis, Prudence Cheung, Jason Cheung

10:23-10:31 Paper #41. Does postural stability differ between adolescents with Idiopathic 
scoliosis and typical developed? - a systematic literature review and meta-
analysis.
Marlene Dufvenberg, Birgitta Öberg, Allan Abbott

10:31-10:39 Paper #42. Factors Influencing Surgery vs. Non-surgery Decision for Adult 
Idiopathic Scoliosis Patients with Borderline (40-55°) Main Thoracic Curves.
Ahmet Alanay, Caglar Yilgor, Kadir Abul, Suna Lahut, Yasemin Yavuz, Ferran 
Pellise, Francisco Perez-Grueso, Emre Acaroglu, Ibrahim Obeid, Frank Kleinstuck, 
European Spine Study Group

10:39-10:45 Discussion

Session 8. Adolescent Idiopathic Scoliosis - Screening and Natural History

10:45-11:09 Moderators: Fabio Zaina, Sabrina Donzelli

10:45-10:51 Paper #43. Prevalence of adolescent idiopathic scoliosis in Turkish schoolchildren: 
An Epidemiological Study.
Hurriyet Yılmaz, Çoşkun Zateri, Aslıhan Kusvuran Özkan, Gülseren Kayalar, Haluk 
Berk 

10:51-10:57 Paper #44. Prevalence, risk of progression and quality of life in adolescents 
undergoing school screening for AIS in the metropolitan region of Chile.
Marcela Cárcamo, Pamela Espinoza, Óscar Urrejola, Theodoros Grivas, Josette 
Bettany-Saltikov

10:57-11:03 Paper #45. Use of the RisserPlus System to Predict Natural History of Adolescent 
Idiopathic Scoliosis at Skeletal Maturity.
Lori Dolan, Stuart Weinstein, and the BrAIST Study Group

11:03-11:09 Discussion

11:09-11:39 Invited Lecture: “The Scoliosis Research Society’s Efforts in Conservative 
Care and Education“
Paul Sponseller, Vice President, Scoliosis Research Society 

11:39-1:05 Lunch and Posters
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Session 9. Screening Tools and Back Pain in Spinal Deformity

1:05-1:45 Moderators: Michele Romano, Nikos Karavidas

1:05-1:11 Paper #46. Comparison between the Hump-meter, Scoliometer and the curves in 
idiopathic scoliosis.
Angelo Gabriele Aulisa, Marco Galli, Marco Giordano, Francesco Falciglia, Renato Toniolo

1:11-1:17 Paper #47. A novel screening tool for Adolescent Idiopathic Scoliosis – a pilot study.
Benjamin Brown, Jeb McAviney, Roger Engel

1:17-1:21 Discussion 

1:21-1:27 Paper #48. Outcomes following intensive, resistance-based physical rehabilitation 
in an outpatient community clinic.
Jennifer Padwal, Kamshad Raiszadeh, David Berry, Jonathan Wu, Jonathan 
Tapicer, Samuel Ward, Bahar Shahidi

1:27-1:33 Paper #49. Back pain in adolescents with spinal deformities.
Sabrina Donzelli, Fabio Zaina, Francesca Di Felice, Stefano Negrini

1:33-1:39 Paper #50. Association of disc degeneration on magnetic resonance imaging with 
back pain among adolescent idiopathic scoliosis patients.
Matija Zutelija Fattorini, Tomislav Dapic, Alenka Gagro, Ana Tripalo Batos

1:39-1:45 Discussion

1:45-2:10 SOSORT Presidential Address: “I Have a Dream”
Michele Romano

2:10-2:40 Break and Posters

Session 10. Health-Related Quality of Life

2:40-2:56 Moderators: Josette Bettany-Saltikov, Judith Sanchez Raya

2:40-2:46 Paper #51. Comparison of the Test-Retest Reliability of the English Translation 
of the ISYQOL Scale (Italian Spine Youth Quality-of-Life) to other Self-Image 
Questionnaires in Adolescents with Idiopathic Scoliosis.
Eric Parent, Andrea Lin, Kathleen Shearer, Sarah Southon, Sabrina Donzelli, 
Stefano Negrini

2:46-2:52 Paper #52. Convergent validity of the English translation of the ISYQOL scale 
(Italian Spine Youth Quality-of-Life) in relation to other Self-Image Questionnaires 
for Adolescents with Idiopathic Scoliosis.
Eric Parent, Andrea Lin, Kathleen Shearer, Sarah Southon, Sabrina Donzelli, 
Stefano Negrini

2:52-2:56 Discussion

2:56-3:26 SOSORT Consensus Session: Brace Classification

3:26 Adjournment

3:30-4:30 SOSORT Business Meeting

5:30 Gala Dinner
Departure from outside the hotel at 5:30pm
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Session 11. Deformity Classification Systems and Etiology  
and Screening for Idiopathic Scoliosis

8:30-9:29 Moderators: Angelo Gabriele Aulisa, Nigel Price

8:30-8:33 Introductions

8:33-8:39 Paper #53. Limitations of the Castellvi classification (LSTV) in scoliosis.
Franz Landauer

8:39-8:45 Paper #54. Lenke and Rigo classifications. Can we speak the same language?
Judith Sanchez Raya, Manuel Rigo, Elisabetta D’ Agata, Matamalas Antonia, Joan 
Bago

8:45-8:51 Paper #55. Reference values during growth for the Roussouly classification of 
sagittal balance and development of a new classification based on pelvic incidence. 
Stefano Negrini, Sabrina Donzelli, Francesca Di Felice, Alessandro Laurini, Fabio 
Zaina

8:51-8:57 Discussion

8:57-9:03 Paper #56. Heuter-Volkmann Principle in Idiopathic Scoliosis – a Computed 
Tomography Based Analysis.
Marcin Tyrakowski, Lukasz Stolinski, Jaroslaw Czubak, Dariusz Czaprowski

9:03-9:09 Paper #57. Estradiol: An Immediate Cause of AIS. Findings of a Mathematical Model. 
(video presentation)
Katherine Sherman 

9:09-9:15 Paper #58. Generalized joint hypermobility in secondary school: relation with 
idiopathic scoliosis, age, sex and musculoskeletal problems.
Sinem Bozkurt, Gülseren Kayalar, Nihal Tezel, Tuba Güler, Bilge Kesikburun, Merve 
Denizli, Sefa Tan, Hürriyet Yılmaz, Aslıhan Kusvuran Ozkan

9:15-9:21 Paper #59. Results of vertebral deformities screening in the students of the district 
of Florence, Italy
Lorenzo Apicella, Elisa Pratelli, Bruno Bertaccini, Antonio Petrocelli, Veronica Petrai, 
Massimo Innocenti, Pietro Pasquetti

9:21-9:29 Discussion

9:30-10:00 Panel Discussion: Beyond the Cobb Angle - Alternative Methods for 
Assessment of Spinal Deformity Patients
Nigel Price, Luke Stikeleather, Jeb McAviney, Nikos Karavidas, Elisabetta d’Agata

10:00-10:20 Break and Posters

Saturday, April 21
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Session 12. Issues in Deformity Measurement

10:20-10:44 Moderators: Jeb McIviney, Lukasz Stolinski

10:20-10:26 Paper #60. Patterns of coronal curve changes in forward bending posture: a 3D 
ultrasound study of adolescent idiopathic scoliosis patients.
Yong Ping Zheng, Weiwei Jiang, Connie Lok Kan Cheng, Jason Pui Yin Cheung, Dino 
Samartzis, Kelly Ka Lee Lai, Michael Kai Tsun To

10:26-10:32 Paper #61. Diurnal variation of angle of trunk rotation in children and adolescents 
with idiopathic scoliosis.
Justyna Bloda, Dariusz Czaprowski, Jakub Waś, Paulina Ewertowska, Anna 
Dembińska, Tomasz Kotwicki

10:32-10:38 Paper #62. Values of the angle of trunk rotation in standing, sitting and sitting on 
the heels position in juveniles and adolescents with idiopathic scoliosis.
Agnieszka Stępień, Katarzyna Guzek, Jolanta Stępowska, Witold Rekowski, Ewa 
Gajewska

10:38-10:44 Discussion

10:44-10:49 SOSORT Awards Announcement

Session 13. Bracing: Immediate and Long-term Outcomes

10:49-11:21 Moderators: Lori Dolan, Michele Romano, Sunčica Bulat Wuersching

10:49-10:55 Paper #63. 50% primary correction in case of the idiopathic scoliosis treatment – 
fiction or reality?
Christian Grasl, Renata Pospischill, Dino Gallo

10:55-11:01 Paper #64. Quality of life in 1519 treated or untreated males and females with 
idiopathic scoliosis.
Elias Diarbakerli, Anna Grauers, Aina Danielsson, Allan Abbott, Paul Gerdhem

11:01-11:07 Paper #65. Multi-Center Long-Term Follow up Study of Adult Patients with 
Adolescent Idiopathic Scoliosis Treated with The Boston Brace – Quality 
Improvement from the Patient’s Perspective.
Lauren Houle, James Wynne, M. Timothy Hresko

11:07-11:13 Paper #66. Muscular capacity of the scoliotic spine evaluated by isokinetic device 
after orthopaedic treatment in a population of 50 patients. Comparison with an 
asymptomatic population.
Jean-Claude Bernard, Gautier de Chelle, Liza Sakoun

11:13-11:21 Discussion

11:21-11:25 Closing Remarks

11:25 Adjournment
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Poster Sessions
ID Abstract title Author

Thursday AM Break, 4/19/18

1
Instrumentation through interrupted trajectory in 
complex cervical spine cases

Walid Attia

5
Spinal back shape and posture in sitting and standing: 
Effects of using a mobile phone.

Josette Bettany-Saltikov, Keith 
Osullivan

6
Simulation of the third trimester of pregnancy using a 
maternity jacket on balance, foot stance and lumbar 
lordosis

Josette Bettany-Saltikov, Diane 
Urwin

15
Self-evaluation of aesthetics and the quality of life in 
children and adolescents with non-operatively treated 
idiopathic scoliosis

Dariusz Czaprowski, Maciej 
Lendzion, Anna Dembińska, 
Paulina Ewertowska, Jakub 
Waś, Mateusz Kozinoga, Łukasz 
Stoliński, Marcin Tyrakowski, 
Tomasz Kotwicki 

19
The method for assessment of the 3D scoliosis angle 
from standard radiographs

Pawel Glowka, Katarzyna 
Politarczyk, Wojciech Politarczyk, 
Piotr Janusz, Kris Siemionow, 
Tomasz Kotwicki

20
Comparison of CT versus MRI T2-weighted SPACE 
sequence pedicle measurements

Pawel Glowka, Piotr Janusz, 
Mateusz Kozinoga, Tomasz 
Kotwicki, Kris Siemionow

24
Short term effect of nonsurgical treatment in a patient 
with severe juvenile idiopathic scoliosis who refused 
surgery - a case report

Mina Jelačić

36
The immediate rotational effect of iliopsoas 
muscle activation during scoliosis specific Schroth 
physiotherapy exercises: a case series

Andrea Lebel, Victoria Lebel, Judit 
Orban

37
Scoliosis specific physiotherapy following thoracic 
spinal fusion surgery to prevent further progression 
and avoid lumbar fusion surgery: a case report

Andrea Lebel, Victoria Lebel

38

Adolescent idiopathic scoliosis cured with 
physiotherapy scoliosis specific exercises based on 
the Schroth method using BSPTS principles: 3 case 
reports

Andrea Lebel, Victoria Lebel

42

The effect of an artıfıcıally ınduced leg length 
dıscrpency (9mm) on spınal asymmetry ın normal 
adult subjects usıng the dıers formetrıc surface 
topography

Cindy Marti, Cheryl Peterson



ABSTRACT BOOK / PROGRAM 29

ID Abstract title Author

47

Spinal manifestations of Loeys-Dietz type 2 syndrome: 
stabilization of thoracolumbar kyphosis and reducing 
pain with specific exercises and individualy made 
orthosis - case report

Marina Mrsnik, Janez Mohar, 
Natasa Bratuz, Edita Smuk, Bostjan 
Boltezar

51
Integral approach in contemporary management for 
medical treatment of spinal deformities

Mariana Popova, Biliyana 
Kamenova, Valeri Vlaev, Adelin 
Ivanov, Vasil Yablanski

55
Treatment of scoliosis using spiral stabilization muscle 
corset therapy, indications, treatment progress and 
results

Richard Smisek, Kateřina 
Smíšková, Zuzana Smíšková

63
Reduction of Scoliosis Curvature after an Intensive 
Physiotherapy Scoliosis Specific Exercise Program – 
Impact on Deformity and Home Exercise Compliance

Eric Hiu Kwong Yeung, Yunli Fan, 
Ruiwen Zhan, Rong Heg, Xuiqiang 
Zhao, Guangshuo Li, Ruiqi Jia, 
Zhuoman Xu, Jianbin Wu, Yong 
Ping Zheng, Michael KT To, 
Kenneth MC Cheung

Thursday PM Break, 4/19/18

2

Functional Assessment of the core muscles on an 
adult juvenile idiopathic scoliosis-patient with Real 
Time Rehabilitative Ultrasound techniques. A single 
case study

Petra Auner-Gröbl, Barbara Gödl-
Purrer

7

The amount of trunk rotational deformity depends in 
part on pelvic and lower limbs asymmetries: a study 
in 228 adolescent girls with double curve idiopathic 
scoliosis

Marianna Białek, Ewelina Białek-
Kucharska, Tomasz Kotwicki

10
Clinical Characteristics of Scoliosis in Girls with 
Precocious Puberty: Retrospective Case Series

Ahsen Buyukaslan, Hurriyet Yilmaz

11
Assessment of Foot Posture in Patient with Adolescent 
Idiopathic Scoliosis: A Pilot Study

Ahsen Büyükaslan, Hürriyet Yılmaz, 
Tuğba Kuru Çolak

16
Is the precision of the iPad “structure sensor” digitizer 
sufficient for a high rigidity scoliosis correction brace?

Jean Claude de Mauroy, Fabio 
Gagliano, Sophie Pourret

21
HERMES – Tool for the optimisation of the 
interdisciplinary communication

Christian Grasl, Matthias Roller, 
Tamara Serth

25
Postural Assessment of a cohort of AIS Patients before 
and after an intensive physical therapy intervention

Nikola Jevtic, Thomas Shannon, 
Nachiappan Chockalingam

31

Scolio-kyphosis, an idiopathic lumbar or 
thoracolumbar scoliosis combined with thoracic 
hyperkyphosis – a separate pattern of adolescent 
spinal deformity

Tomasz Kotwicki, Krzysztof Korbel, 
Mateusz Kozinoga, Piotr Janusz

39
Acute muscle stretching and the ability to maintain 
posture in females with Adolescent Idiopathic 
Scoliosis

Dror Levi, Dror Ovadia, Yisrael 
Parmet, Shmuel Springer, David 
Ben-Sira
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ID Abstract title Author

43

Patient evaluation and clinical assessment of juvenil 
and adolescent spinal deformities in a Physical 
Medicine and Rehabilitation Research and Training 
Hospital

Aynur Metin Terzibasioglu, Cigdem 
Cınar, Muhsin Doran, Kadriye Ones, 
Evrim Coskun Celik, Ebru Yavuz

44
VACTERL Syndrome with Scoliosis, Dextrocardia and 
Anorectal Malformation

Aynur Metin Terzibasioglu, Cigdem 
Cınar, Muhsin Doran, Kadriye 
Ones, Evrim Coskun Celik, Ali 
Terzibasioglu

48

The effectiveness of SEAS scoliosis-specific exercises 
and bracing on AIS in six-month period with a 10-year 
old girl in the highest risk group for curve progression: 
case report

Nada Naglič, Anja Udovčić Pertot, 
Josip Horvat, 

52
Analysis of COP-COM sway &amp; EMG-activity in 
aAdolescent idiopathic scoliosis (AIS) for the treatment 
of spinal orthotic.

Hasan Raihan, Prassana Lenka, 
Abhishek Biswas, Ameed Equbal

56
Changes in pulmonary function tests in patients with 
severe kyphoscoliosis

Ana-Marija Šola, Ana Petrović, 
Joško Šemnički, Vanja Dolenec

59
Evaluation of Body Appearance and Quality of Life in 
Adolescent Idiopathic Scoliosis Females

Ta-sen Wei, Yu-ru Liao, Peng-ta Liu

60
A Low-Cost Spinal Motion Capture System for 
Scoliosis Assessment during Sequence Trunk 
Movement

Ta-sen Wei, Peng-ta Liu, Yu-ru Liao

64 Respiratory Function in Adolescent Idiopathic Scoliosis
Busra Yildirim, Hurriyet Yilmaz, 
Aslıhan Kusvuran

Friday AM Break, 4/20/18

3
The Short-term Effect of SEAS Intervention on adult 
scoliotic patients with single thoracolumbar curve

Liao Bagen

8
The effect of neuro-mobilization in the treatment of 
AIS

Maksym Borysov, Chernysheva I., 
Andrey Zachepa, Iana Suvorova

17

Does manipulating skin influence trunk rotation as 
measured by scoliometer? Immediate results of 
applying Elastic Therapeutic Tape on spinal rotation: 
experimental study of twin sisters with Adolescent 
Idiopathic Scoliosis

Esther de Ru

18
Literature Review: Effects of Elastic Therapeutic Tape 
as an Adjunct treating Spinal Deformities. Critical 
Appraisal of goals, applications and current practice.

Esther de Ru

22
The role of Univalva brace for a conservative 
treatment in the children’s scoliosis

Tiziana Greggi, Antonio Scarale, 
Gianluca Colella, Francesco 
Vommaro, Konstantinos Martikos, 
Paola Zarantonello, Stefano 
Giacomini
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ID Abstract title Author

26
Evaluation the influence of trunk bracing in joint 
contact forces in subjects with scoliosis

MohammadTaghi Karimi, Azade 
Nadi, Azadeh Jafari

28
Evaluating and Standardizing Traction X-Ray Methods 
Using Surface Topography

Patrick Knott, Danielle Beck, 
Jacqueline Streeter, Elizabeth Vogt

29
How does positioning of the patient during imaging 
effect spinal measurements?

Patrick Knott, Arsala Alam, 
Alexandria Muller, Breanne Murray, 
Erin Pekovitch

30
The relationship between standing vs. bending trunk 
rotation in the evaluation of spinal deformity

Patrick Knott, Jennifer Beth, 
Brianne Cassidy, Clare Chandler, 
Victoria Murdoch

32
Importance of different etiological factors in spine 
deformities development

Bojan Kraljevic

33
The immediate effect of brace on dynamic 
pedobarographic parameters in patients with 
adolescent idiopathic scoliosis: a pilot study

Tuğba Kuru Çolak, Ahsen 
Büyükaslan, Hürriyet Yılmaz
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Objective measurements of the pressures 
applied to the scoliotic body due to increasing 
straps tension in Rigo-Cheneau braces and how 
this affects the scoliosis correction

Dimitris Papadopoulos, Spyros Velanas
SPONDYLOS Laser Spine Lab, Athens National Technical University

Introduction: The success of treating Scoliosis by wearing a brace is proved by the results. Tighten the straps 
of the brace increases the pressure to the body. But how much pressure must be applied in different levels is 
still unknown and empirical, performed by hand testing from the doctor or the orthotist or by the in-brace X-rays 
efficacy in 2 dimensions. OBJECTIVE For clarify the average pressure in certain points of major pressure on the 
scoliotic body, we have tested electronically the pressures, in two testing periods in four months, increasing the 
strap’s tension by 0.5 mm every day. 

Methods: A portable, light weight, battery operated, electronic medical data acquisition system of small size 
(5X5 cm), was developed in our research lab. It consist of a microprocessor (8-bit), with RAM 3328b and inte-
grated circuits, a microSD card and a battery Li-Ion 4.5 Volts, three square force sensors 6X6 cm and a hand-
held monitor controller. We have tested a total of 51 patients with scoliosis, in Rigo-Cheneau brace. There were 
9 Children (average Age: 8.6 y - Riser 0), 36 Adolescents (average Age: 14.9 y, Riser 2) and 6 Adults (average 
age: 37.3). The duration of the test was 4 months (June – October 2017) and we have performed 2 controls. 
In the first control we have measured the pressure in three different points (lumbar-thoracic-sub axillar) in the 
points of maximum pressure. After this we had instruct the patients to increase the straps tightening about 0.5 
millimeter every day and we have test them again after 3 months. At the patients was performed also in the 
1st control Formetric 4D and X-rays and in the 2nd control Formetric 4D, X-rays in brace and TRACE evaluation. 

Results and Discussion: The children’s pressure measured was of an average of 1.083 kg, the adolescents 
1.540kg and the adults 1.881kg and this difference were due to the elasticity of the tissues and bones in Chil-
dren. At the second control, after the increasing the straps tension of 0.5 mm every day, was measured almost 
the same with a difference less of 0.185 kg of the first control, even if the straps were shorter by almost 4.5 cm. 
5 patients did not follow our instructions for straps increasing tension. All patients had improvement in all tests 
with an average of 53% correction in the in brace X-Ray. 

Conclusions: It seems that the tightening of the straps, in the Rigo Cheneau brace is proportional of the rota-
tion and the in brace X-Ray correction. Gradually tightening the straps more correction we achieve. We believe 
that the 0.5 mm is enough for succeeding the right pressure. We have to establish a pressure system control 
for scoliosis braces, for more accurate and non-empirical adjustment of the brace.



ABSTRACT BOOK / PROGRAM 35

Thu 4/19/18 > 8:11 − 8:17

Structural correction is possible with  
Chêneau style 3D braces

Nico Tournavitis
Scoliosis SBPRS

The outcome of bracing in literature is relatively variable. In-brace correction and compliance determine the 
outcome of bracing. There are more symmetric braces like the Boston brace and asymmetric braces like the 
Chêneau brace. In-brace correction in the Chêneau style braces usually is described as being better than in-
brace correction in Boston style braces. Purpose It is generally accepted that braces can stop curve progression, 
however as of yet there is no proof that a structural improvement is possible when braces with a reasonable 
correction are used. Therefore, we have undertaken this study in order to investigate how brace treatment would 
impact vertebral wedging. 

Materials and Methods: We have investigated all patients with adolescent idiopathic scoliosis (AIS) and a 
single thoracic curve pattern with a Cobb angle greater than 35° from our database. Further inclusion criteria 
were: Girls only, Risser 0-2 and age 10-14 years. The curves ranged from 36 - 79°. The wedging of the apical 
vertebra was measured before starting brace treatment and after a follow-up period of at average 20,5 months 
(11-30 months) of treatment. Digital Cobb angle measurements have been made using Surgimap software. All 
measurements have been taken twice in order to allow an intrarater testing of the measurements. Results and 
discussion 27 Patients from our database fulfilled the inclusion criteria. The average amount of vertebra in the 
curve was 6,8 (range 5-9), the average apex of the curve was 8,3 (range 7-10). Apex wedging before bracing 
was 10,1° (SD 4,8) and after the observation period of at average 20,5 months was 6° (SD 4,4; p < 0,005), 
which makes a structural correction within the apical vertebra of 44%. Intrarater correlation of the measurements 
was r = 0,99, the technical error ranging from 0 to 1,3°. Reported brace wearing time was 16,9 hrs. / day. The 
results of this study demonstrate that structural correction is possible when high correction braces are used, 
even without full compliance. This has not been found in symmetric braces with moderate in-brace correction. 
Therefore, we suggest applying high correction braces, only. 

Conclusion: Structural correction of the apical vertebra is possible when high correction braces are used in the 
treatment of patients with AIS.
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Comparison between materials in classic  
brace production and 3D printing and influence 
on in-brace comfort

Andreas Wuersching, Sunčica Bulat Wuersching
Kuća zdravlja

Introduction: Polyethylene (PE) is most-widely used material in brace production but new materials are sur-
facing due to developing techniques. 

Objective: To test and compare specific features of PE and Polycarbonate (PC) in brace constructions and their 
possible consequences on brace wearing comfort and compliance. 

Methods: 5 patient with PE and 5 with 3D printed braces of PC were tested for surface moisture and tempera-
ture after a minimum of 1 hour brace-wear. All patients previously wore at least one Rigo-Cheneau type brace 
made of PE for had good compliance record. For temperature measuring an infrared thermometer was used, 
with a standardized distance control. The moisture was measured with an industrial handheld device. Points of 
measurement were lumbar and thoracic corrective contact areas. 

Results: Skin temperature on the arm not covered by brace ranged from 31.7°C to 34,9°. In patients with PE brac-
es the temperature in the thoracic contact area was 32,2 to 34,2 °C, and in the lubar area from 31,1 to 34,3°C.
In the 3D printed braces temperatures ranged from 32,0 till 33,1°C in the thoracic area and 31,2 till 32,2°C. 
Moisture measured in the open armpit on the side without brace measured from 61,4% to 80.8 %.Moisture 
measurements of the thoracic area in PE braces showed a range between 59% to 80,2 % while the 3D braces 
from 60,3 to 70,5 %. In the lumbar area PE brace showed moisture levels between 57,8% to 86,3%, while PC 
showed 70,7 to 80%. Discussion: 5 patients wearing PE and 5 wearing PC 3D printed braces were followed for 
3 months. The recommended wearing time was an average of 17,5 hours. The compliance in both groups was 
100% (self reported). In the PC-brace group 80% of the patients reported that they felt more airy and 100% 
sweated less than previously when wearing a PE brace. Trying to explain these findings we calculated the ability 
to conduct heat which in PE was 0,33 W/mK and PC 0,20 W/mK. PE showed a better (bigger) ability to transport 
heat. The solution lies in the unit of heat-conducting: it is measured in Watt per meter (distance) multiplied by 
Kelvin. That means that the 3D printed brace is in advantage because the thickest walls are around 0,5 mm due 
to the honey-comb structure while at the same time the standard PE brace has 4 mm solid thickness. There-
fore with K = 1 we get 0,33W/4mm = 0,0825 W/mm for PE and 0,2W/0,5mm = 0,4 W/mm for PC. So PC in 3D 
printed form is going to transport heat nearly 5 times faster than PE. Another physical factor is specific heat 
capacity: how much heat a material has to absorb before the heat inside is strong enough to be conducted. PE 
stands with 1,9 J/gK higher than PC with 1,17 J/gK. This translated to in-brace thermal flow means that bodily 
induced heat in a PE brace has to reach higher degrees before the PE will start distributing the heat into other 
colder brace areas, while the heat in the 3D printed brace is quicker spread so the heat in the contact areas is 
lower. Additionally, small hole-type perforation reduces direct body-brace contact area by 8% -10, and in big-
type perforations up to 50 % which supports further the inter-body-brace heat flow. Taking into account the small 
number of samples, and the individuality of the patients it is difficult draw final conclusions. 

Conclusion: 3D printing is very young in brace constructing, but it can increase the compliance by reducing 
negative side-effects of bracing.
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Rigo System Cheneau Brace in Adolescent 
Idiopathic Scoliosis: Lower Risk of Curve 
Progression Compared to Boston-Style 
Orthosis Through Higher In-Brace Correction

Hiroko Matsumoto, Shay Warren, Michael Vitale, John Tunney,  
Nicole Bainton, Joshua Hyman, David Roye, Benjamin Roye
Columbia University Medical Center

Purpose: Bracing is the mainstay of conservative management for adolescent idiopathic scoliosis (AIS). How-
ever, there is little data comparing treatment outcomes among brace types. The purpose of this study was to 
compare percent curve progression at 2-years between patients treated with Rigo System Cheneau (RSC) and 
Boston style thoracolumbar sacral orthosis (BTLSO) braces. 

Methods: This was a retrospective cohort study of AIS patients who began RSC or BTLSO bracing between 2009 
and 2016. Inclusion criteria included an initial major coronal curve between 20⁰ and 45⁰ and no previous scoli-
osis treatment. The outcome measure was major coronal curve percent progression of greater than 10 degree 
at 2 years. Cox regression was utilized to account for unequal follow-up between RSC and BTLSO. 

Results: 98 patients (51 RSC and 47 BTLSO) were included. There were more patients with Sanders scores 
1-4 in the BTLSO cohort compared to the RSC cohort (85.1% vs. 66.7%, p=0.034). The RSC group had a high-
er pre-brace major curve (33±7° vs. 30±7°, p=0.023). In-brace curve correction was better in the RSC group 
(15±7° vs. 7±7°, p<0.001). 42.6% of patients treated with BTLSO experienced curve progression compared to 
only 11.8% of patients treated with RSC. After adjusting for Sanders score, pre-brace major curve, and in-brace 
correction, hazard of progression was 1.6 times higher in patients with BTLSO compared to patients with RSC, 
although no statistical significance was seen (95% CI: 0.6-4.6, p=0.355). The RSC group was 8.1 times more 
likely to have ≥ 30% in-brace curve correction (95% CI 2.8-23, p p<0.001) after adjusting for Sanders score and 
pre-brace major curve. Hazard of progression was 2.6 times higher in patients who did not achieve ≥ 30% in-
brace curve correction (95% CI: 1.2-6.2, p=0.021) after adjusting for Sanders score and pre-brace major curve. 

Conclusion: Compared to the BTLSO patients, RSC patients have a lower rate of curve progression. This benefit 
is due to a higher percentage of RSC patients achieving at least 30% in-brace correction. 

Significance: This study supports using RSC as a first-line brace in AIS patients.
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Adolescent Idiopathic Scoliosis (AIS)  
treatment with the Dynamic Derotation Brace 
(DDB): An analysis using patients at high risk  
of progression

Nikos Karavidas
Schroth Scoliosis & Spine Clinic

Introduction: The Dynamic Derotation Brace (DDB), a modified Boston brace, is the standard of treatment for 
scoliosis in Greece. Previous studies about DDB showed controversial results, especially regarding thoracic 
curves. This is the first study to evaluate the effectiveness of DDB in AIS treatment, using SRS criteria. 

Objective: The objective of the research is to examine the effectiveness of DDB in a scoliotic population with a 
high risk of progression. 

Methods: A retrospective analysis of patients treated with DDB brace was performed. 41 patients, from our 
prospective database, were treated with DDB. 10 patients were excluded due to inadequate fulfillment of SRS 
criteria (Cobb angle2) and 8 due to lack of final result. 8 subjects with Cobb angle>40⁰, Risser 0-2, were includ-
ed only for a subsequent analysis. So, 15 patients finally met the SRS criteria (13 girls,2 boys, mean age 11.8, 
Risser 0.5, Cobb Thoracic (TH) 32⁰, Cobb Lumbar/Thoracolumbar (LU/TL) 32.6ο, follow-up 23.7 months). For the 
interpretation of the results we measured in-brace correction, end-treatment Cobb angle, brace and exercises 
compliance (self-reported). Brace compliance categorized as A (20-22h), B (16-19h) and C (5d/w), B (3-4d/w), 
C (1-2d/w) and NO (0d/w). Most of the patients visited our clinic after brace treatment, so only a few performed 
Schroth exercises. A cut-off point of 5ο was used to establish improvement or progression. 

Results and Discussion: The mean in-brace correction was 10.2% for TH and 30.9% for LU/TL curves. The 
average final Cobb angle was 46.8⁰ for TH and 37.6⁰ for LU/TL. Only 2 patients remained stable (13.3%), 13 
progressed above 5⁰ (86.7%) and nobody improved. All 4 single TH curves progressed. For double scoliosis, TH 
3 stabilized and 8 worsened, LU/TL 6 stabilized and 5 worsened. Brace compliance was rated 8A, 6B, 1C and 
exercises compliance was rated 0A,2B,1C,12 NO. Surprisingly, the group with Cobb angle >40ο (mean age 12.9, 
Risser 0.6, initial Cobb TH 46.4⁰, LU/TL 40.3⁰, mean in-brace correction TH 20.4%, LU/TL 28.2%), achieved better 
results (4 stable, 4 progressed). An important note is that all successfully treated patients in both groups followed 
a home-program of Schroth exercises and all but one reported A brace compliance. In total, including also curves 
above 40ο, DDB halted progression in 6 out of 23 patients, (26.1%) and the remained all progressed (73.9%). 

Conclusion and Significance: DDB failed to avoid progression in a significant percentage (73.9%) of AIS pa-
tients with high risk of progression, much higher than the published literature. Brace compliance was good, so 
this can be mostly attributed to the low in-brace correction, mainly for TH curves, and the high-risk population 
of our study. Schroth exercises, applied in conjunction with DDB, can increase the success rate. Larger studies 
with SRS criteria are needed for the future to generalize the results.
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Results of 390 juvenile and adolescent 
idiopathic scoliosis in accordance with SRS 
criteria treated by the new Lyon artbrace and 
reviewed at 6 months

Jean Claude de Mauroy, Fabio Gagliano, Frédéric Barral, Sophie Pourret
Clinique du Parc, Lecante Group

Introduction: The ARTbrace is a technological evolution of the classic Lyon conservative treatment with replace-
ment of the Elongation Derotation Flexion plaster cast by a digital cast allowing the design of an asymmetrical 
brace with very high rigidity. The comparison with the old Lyon brace has demonstrated the superiority of the 
ARTbrace. Four years after the first ARTbrace more than 1000 patients have been treated with this new brace. 
With ARTbrace, a previous study also shows that there is a correlation close to 0.9 between the angulation 6 
months after fitting the brace and the final result 2 years after weaning the brace. Landauer and Aulisa showed 
also a predictive correlation at 6 months. For scoliosis of more than 40°, the results at 6 months were signifi-
cantly superior to those of the old Lyon brace. The SRS and SOSORT criteria allow comparison of results with 
other braces. 
Objective(s): The aim is to present the results of Cobb angle at the first 3 stages of treatment: 1. initial, 2. im-
mediate in-brace correction and 3. without brace at 6 months. Method(s): 748 patients were treated with ART-
brace from May 2013 to March 2017. 413 patients responded to the SRS and SOSORT criteria. 23 drop-outs 
(6%) were excluded and 390 consecutive patients (318 females & 72 males) were selected from our prospective 
database. The Cobb curve magnitude (CM) of the 507 primitive curves (279 thoracic and 228 lumbar) is regis-
tered before bracing (t1), in-brace (tB)and at 6 months without brace (t2). Lenke 5 lumbar curves are excluded 
as treated by the short GTB brace. Design: Case series of all consecutive patients. All descriptive parameters 
are studied with the SPSS v20 package. 

Result(s) and Discussions: The average age of patients was 13.5 years (SD = 6.78) The results of our study 
showed that for the Thoracic curves CM mean value was 30.06 ± 6.78 SD at t1, 10.82 ± 6.82 SD at tB and 
20.03 ± 7.39 SD at t2. The results of our study showed that for the Lumbar curves CM mean value was 28.70 ± 
7.40 SD at t1, 7.65 ± 7.12 SD at tB and 17.00 ± 7.67 SD at t2. The average results for all 507 primitive curves 
was: 29.45 ±5.07 SD at t1, 9.40 ± 7.13 SD at tB and 18.65 ± 7.66 SD at t2. The average percentage of correc-
tion was 69.2% at tB and 37.6% at t2, identical to our previous publications. (Figure 1) At t2 Curve correction 
was accomplished in 333 patients (85.4%), stabilization was obtained in 54 patients (13.8%), 3 patients have a 
progression (0.76%). The drop-out rate is low and probably related to the initial motivation of patients who are 
aware of avoiding the plaster cast. The initial average angulation of 30°, the in-brace correction of 70%, and 
the correction of more than 30% without brace at 6 months are identical to that of the general statistics. The 
in-brace correction is superior to other asymmetric braces such as the Chêneau brace (40%) probably related 
to the very high rigidity of polycarbonate and the design from digital cast. The results at 6 months without brace 
are also better than those published and seem to confirm the correlation between the immediate in-brace cor-
rection and the final result of the treatment.

 Conclusion(s) and Significance: Our study confirms the improvement of the results compared to the old Lyon 
brace with the possibility of avoiding the plaster cast with the digital cast in 3 blocks. They can only encourage 
the patient to continue the treatment with good compliance.
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Correlation between final result and first x-ray 
without brace 6 months after fitting artbrace: 
case series of the 33 first consecutive patients

Jean Claude de Mauroy, Fabio Gagliano, Frédéric Barral, Sophie Pourret
Clinique du Parc, Lecante Group

Introduction: The very high rigidity of the polycarbonate makes it possible to replace the plaster cast. The ART-
brace is designed from a digital cast made by superimposing the frontal and sagittal corrections of 3 blocks: pelvis, 
lumbar and thoracic. This unique feature ensures an average in-brace correction of 70% during treatment. The 
ability to predict the final result is an element of compliance and sometimes of earlier orientation towards surgery. 

Objective(s): The aim is to determine the correlation coefficient between the correction at 6 months and the final 
correction 2 years after weaning the ARTbrace. Method(s): Of the first 300 patients treated in Lyon since May 
2013, 33 (29 females/4males) were reviewed 2 years after brace weaning (from September 2016 to September 
2017). From our prospective database, the Cobb angle of 45 primitive curves (22 thoracic and 23 lumbar) was 
studied: initial, in-brace, at 6 months, at the end of treatment, 6 months and 2 years after brace weaning. The 
paired sample correlation T-test and non-parametric Spearman and Pearson was performed using the SPSS v20 
package for Cobb angle at 6 months and 2 years after weaning.

 Result(s) and Discussions: The 33 patients had an initial mean age of 14.2 (SD=1.35). The initial mean angu-
lation is: 27.33° (SD = 6.51) from 20° to 48° The mean in-brace angulation is: 8.27° (SD = 8.32) The average 
angulation at 6 months without brace is: 16.52 (SD=9.36) The average angulation two years after weaning is: 
18.31° (SD=9.03) The progression of curve magnitude is presented in figure 1. The average In-brace correction 
percentage is 70%, the definitive average correction 2 years after brace weaning is 32.6%. A paired-sample 
t-test was conducted to compare Cobb angulation at 6 months and Cobb angulation 2 years after brace wean-
ing. For thoracic curves, there was no significant difference in the scores at 6 months (M=19.65, SD=9.016) and 
final (M=20.14, SD=8.919). For lumbar curves, there was no significant difference in the scores at 6 months 
(M=17.17, SD=9.079) and final (M=16.57, SD=8.974). A Pearson product-moment correlation coefficient was 
computed to assess the relationship between Cobb angulation at 6 months and Cobb angulation 2 years after 
brace weaning There was a strong positive correlation between the two variables, r = .897, n = 22, p<0.001 
for thoracic curves and r=.870, n=23 p<0.001 for lumbar curves. A Spearman’s rank-order correlation was run 
to determine the relationship between Cobb angulation at 6 months and Cobb angulation 2 years after brace 
weaning. There was a strong, positive correlation, which was statistically significant for thoracic curves (rs(22) 
= .885, p <0.01) and for lumbar curves (rs(23) = .883, p <0.01) The initial mean angulation is lower than the 
30° initial general average of the prospective study because it does not yet include the most important curva-
tures with a longer treatment time.

Conclusion(s) and Significance: The average in-brace correction of 70% has not changed since the beginning 
of the prospective study. The final correction of more than 30% is the equivalent of most in-brace corrections 
published to date. The correlation between angulation at 6 months and the final outcome is close to 0.9, which 
makes it possible to predict the final result very early and answers a question often asked by parents. Then the 
final result depends only on compliance.
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Outcomes of brace treatment for adolescent 
idiopathic scoliosis -importance of early 
detection and early treatment

Toru Maruyama, Yusuke Nakso, Yosuke Kobayashi
Saitama Prefectural Rehabilitation Center, Saitama Medical University

Introduction: Effectiveness of brace treatment for adolescent idiopathic scoliosis (AIS) patients was demon-
strated and it has become a mainstay in conservative treatment for AIS. Early detection and early treatment are 
often recommended; however, there are little studies that demonstrated the effectiveness of early detection and 
early treatment. 

Objective: To demonstrate the importance of early detection and early brace treatment for AIS curve with Sco-
liosis Research Society (SRS) brace study standardization criteria by investigating outcomes of brace treatment. 

Methods: Clinical database of AIS patients was analyzed retrospectively. Inclusion criteria of the study was AIS 
patients with age over 10 years, Risser sign of 0 to II, pre-menarche or within one year post-menarche, Cobb 
angle of 25 to 40 degrees before treatment and underwent no prior treatment. At the time patients reached skel-
etal maturity, the rate of the patients whose curve was stabilized by the treatment (the curve had not progressed 
in more than 6 degrees), whose curve exceeded 45 degrees and who underwent surgery were investigated. 
Factors affecting the results were analyzed. 

Results and Discussion: A total of 50 patients (44 females and 6 males) were included in the analysis. The 
average age was 12.4 years and the average Cobb angle was 31.4 degrees before treatment. Risser sign was 
0 in 24, I in nine, and II in 17 patients. There were 21 thoracic, 15 thoracolumbar, and 14 double major curves. 
Initial correction rate by the brace was 51.7%. After an average treatment period of 2.1 years when the patients 
reached skeletal maturity, the curve of 12 patients (24%) decreased more than 6 degrees and change of the 
curve of 24 patients (48%) were within 6 degrees. Therefore, the success rate of brace treatment, the rate of 
the patients whose curve was stabilized by the treatment, was 72%. The curve of nine patients (18%) exceeded 
45 degrees and three patients (6%) underwent surgery. The success rate was affected by some factors: curve 
pattern, curve magnitude, and Risser sign. The success rate of the thoracolumbar or lumbar curve was 80%, 
which was higher than that of thoracic curve and double curve, 71% and 64%, respectively. The success rate 
of the curve magnitude of 25 to 30 degrees was 84%, which was higher than that of 31 to 40 degrees, 60%. 
The success rate of the curve with Risser sign of I or II was 88%, which was higher than that of the curve with 
Risser 0, 55%. Even in the group of Risser 0 patients, the success rate of the curve magnitude of 25-30 degrees 
was 75%, which was higher than that of 31-40 degrees, 33%. 

Conclusions and Significance: Success rate of the brace treatment for SRS AIS brace study criteria was 72%. 
The success rate of the curve magnitude of 30 degrees or less before treatment was higher than that of the 
curve magnitude over 30 degrees, which demonstrated the importance of early detection and early treatment 
to obtain better treatment outcomes.
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In-brace spinopelvic parameters are associated 
with curve progression at 2 years in patients 
with adolescent idiopathic scoliosis undergoing 
brace treatment

Hiroko Matsumoto, Shay Warren, John Tunney, Nicole Bainton, Joshua Hyman,  
Benjamin Roye, David Roye, Michael Vitale
Columbia University Medical Center

Introduction: Associations between in-brace spinopelvic parameters and bracing outcomes in AIS are not well 
described in the literature. The purpose of this study was to describe and examine associations between in-
brace spinopelvic parameters and major coronal curve progression in AIS patients. 

Methods: This was a retrospective cohort study of patients with AIS who began brace treatment between 2009 
and 2016. Inclusion criteria included an initial major coronal curve between 20° and 45° and no previous sco-
liosis treatment. Threshold abnormal values for spinopelvic parameters were defined as follows: pelvic inci-
dence-lumbar lordosis (PI-LL) mismatch > 10°, absolute sagittal vertical (SVA) axis > 35mm, and pelvic tilt (PT) 
10° (n=8/15) progressed while only 24% of those who had the PI-LL ≤ 10° (n=8/34) progressed. After adjusting 
for pre-brace major coronal curve and kyphosis, in-brace correction and other spinopelvic parameters, hazard 
of progression was 3.9 times higher in patients with PI-LL >10° (95% CI: 0.6-26.4, p=0.160). 100% of patients 
who had PT < 0° (n=5/5) progressed while 25% of patients who had PT ≥0 (n=11/44) progressed. After adjust-
ing for pre-brace coronal curve and kyphosis, in-brace correction, and other spinopelvic parameters, hazard of 
progression was 2.9 higher in patients with PT 35mm was not associated with major coronal curve progression 
at 2 years. Conclusions: This study found in-brace PT- LL >10° and PT < 0° to be associated with high hazard of 
curve progression. These associations could be due to chance based on the assessment of p-value and power, 
but effect sizes are large and clinical meaningful. 

Significance: Bracing is the mainstay of conservative management for AIS patients. This data supports the use 
of in-brace PI-LL and PT to help identify patients at high risk of treatment failure. Orthotists may need to adjust 
practice to ensure bracing does not alter these parameters into an at-risk range. Larger, better powered studies 
are needed to confirm these findings.
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Outcome of Cheneau brace treatment for 
idiopathic scoliosis: full time wear in patients 
with higher progression risk versus part time 
wear in patients with lower progression risk

Krysztof Korbel, Mateusz Kozinoga, Lukasz Stolinski, Piotr jansz, Katarzyna Politarczyk, Tomasz Kotwicki
University of Medical Sciences, REHASPORT CLINIC

Introduction: The basis of conservative treatment of idiopathic scoliosis (IS) is rigid brace complemented with 
specific physiotherapy. Aims of conservative treatment are: to stop the curvature progression, to reduce the curve 
angle, to minimize the indications for surgical treatment, to improve respiratory function, to reduce pain- if any 
occurs, to improve body posture aesthetic which impacts patients psychological well-being. 

Objective: To analyze the outcome of Cheneau full time versus part time brace treatment for idiopathic scoliosis 
in relation to the risk of progression in a group of patients fulfilling the Scoliosis Research Society (SRS) brace 
study criteria. 

Material and methods: SRS inclusion criteria were used: females, diagnosis of idiopathic scoliosis, age > 10 
years, Cobb angle 25-40 degrees, Risser 0-2, no previous treatment, girls not older than one year after men-
arche, two-year follow-up after brace weaning. Design: retrospective analysis of prospectively collected database, 
consecutive cases, intend-to-treat analysis. Group A consisted of 31 females with higher progression risk who 
received recommendation for full time brace wear (20/24h) while the group B consisted of 12 girls with lower 
progression risk who received recommendation for part time brace wear (12/24h) - without the obligation of 
school wear. At brace start, the groups were matched for: age, Cobb, Risser and curve pattern. There was one 
physician treating (last author) and the results were evaluated by an independent observer (first author). Brace 
wearing time was checked by information from patients and parents/legal guardians. 

Results: Mean initial Cobb angle was 30.1 ± 3.9 versus 28.9 ± 4.1 degrees (p=0.13), mean main curve ATR was 
11.1 ± 4.0 versus 10.3 ± 2.3 degrees (p=0.42), Risser 1 or 2 in 23% versus 58% (p=0.06), and postmenarchial 
status in 26% versus 50% (p=0.24), for the groups A versus B, respectively. At two years after brace weaning 
the assessment revealed as follows: Cobb improvement or stabilization in 65% of Group A versus 83% of Group 
B. ATR improvement or stabilization in 75% of Group A versus 92% of Group B. In the Group A, the Cobb >45º 
occurred in 10% of patients, Cobb >50° in 10% of patients, and 13% of patients received recommendation for 
surgery. In the Group B, the Cobb >45º occurred in no patient, and none received recommendation for surgery. 

Conclusion and Significance: Within the SRS brace study criteria, there exist patients at different progression 
risk. Lower risk patients can be successfully treated with part time brace wear.
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Development and validation: prognostic model 
for curve progression in braced and untreated 
AIS patients

Lori Ann Dolan, Stuart L. Weinstein
University of Iowa

Introduction: To date, there are few externally validated prognostic models to guide treatment decisions in pa-
tients with adolescent idiopathic scoliosis. Most models are too complicated for use in a typical clinical situation, 
depending on multiple radiographic measurements or other information such as bone density or blood tests. Ad-
ditionally, the joint influence of maturity, Cobb angle and hours of brace wear have not been adequately studied. 

Objectives: The purpose of this study is to develop and validate a prognostic model estimating the risk of curve 
progression to surgical indications in untreated and brace-treated AIS. 

Methods: Data from 248 girls in a multicenter database were included (braced n= 153, observed n= 95). Sub-
jects had a confirmed diagnosis of AIS, and were followed to either skeletal maturity (minimum Risser grade 4), 
or to a Cobb angle of at least 45° or spinal fusion (“failure”). Candidate variables included the baseline variables 
modified RisserPlus (Risser 0 - (open triradiate), Risser 0 + (closed triradiate), Risser 1, 2, or 3), age, gender, SRS 
curve classification, and maximum Cobb angle, and in-brace curve correction and average hours per day of brace 
wear. Using multivariate logistic regression, the final model was selected based on the Akaike criterion. Calibration 
(accuracy of the subject-level predictions) was assessed via the Brier score and calibration plots. Discrimination 
was quantified by the c-statistic. The model was then tested in a dataset (n=176) from an outside institution. 

Results and Discussion: The final model included the variables modified RisserPlus (Risser 0 -, Risser 0 +, 
or Risser >0), age, the maximum Cobb angle, and the average hours of wear (c-statistic = 0.87, Brier score = 
0.14). None of the other candidate variables provided additional meaningful information. As expected, subjects 
with a Risser >0 had much lower odds of failure than those at Risser 0 - (OR=0.115) or Risser 0 + (OR=0.369). 
The odds of failure decreased with increasing age (OR= 0.548), and with increasing hours of wear per day 
(OR=0.837). Larger Cobb angles were associated with increased odds of failure (OR=1.241). Importantly, the 
model performed with minimal loss of discrimination or calibration in the independent dataset, (c-statistic = 0.80, 
Brier score = 0.18). The graph demonstrates the decreased odds of failure related to both RisserPlus status in 
10-year olds with Cobb angles of 20, 30 and 40. For example, a girl at Risser 0- with a 30 degree curve has a 
94% probability of reaching 45 degrees prior to maturity; the probability decreases to 90, 70 and 37% with 6, 
12, and 18 hours of bracing, respectively. 

Conclusion and Significance: The modified RisserPlus system, along with the Cobb angle, age and hours of 
wear, are highly predictive of curve progression to surgical indications during skeletal growth. Importantly, this 
is the first validated model predicting the benefit of different doses of bracing relative to no treatment. This study 
provides clinicians with prognostic evidence to share with families to help them jointly develop and evaluate 
individualized, risk-based treatment options.
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Wide Variability in Non-Operative management 
of Adolescent Idiopathic Scoliosis among 
providers in the Northeast United States: 
Towards a Best Practice Guideline

Hiroko Matsumoto, Michael Vitale, Hagit Berdishevsky,  
Prachi Bakarania, Kelly Grimes, Thejas Hiremath, Benjamin Roye
Columbia University Medical Center

Introduction: In 2011, the Society on Scoliosis Orthopaedic and Rehabilitation Treatment (SOSORT) published 
guidelines regarding non operative scoliosis care. Since then, results of the Bracing in Adolescent Idiopathic 
Scoliosis Trial (BRAiST) provided additional guidance regarding the efficacy of bracing. In spite of these avail-
able recommendations, it is clear that significant variability in non-operative care exists among providers. Un-
explained clinical variability of this sort implies that some patients are getting suboptimal treatment, increasing 
the possibility of progression to surgery. 
Objective(s): To quantify variability in non-operative care of AIS as a starting point for the development of a 
best practice guideline in the area. Method(s): 55 providers caring for patients with AIS from 30 institutions and 
practices across the Northeast United States were surveyed, including physicians (MD), nurse practitioners 
(NP), researchers, physician assistants (PA), certified prosthetist and orthotist (CPO) and physical therapists (PT), 
grouped according to their roles. Survey questions were developed by a multidisciplinary team utilizing relevant 
literature and experience in the field. Descriptive analysis was used to compare the results between and within 
provider groups. 

Result(s) and Discussions: A total of 27 providers completed the survey (See Table 1). Providers agreed on 
assessment of skeletal maturity prior to treatment (78%) but used varied methods to evaluate skeletal maturity 
with Risser Staging being the most used (93%) and chronological age being the least (67%). Providers varied 
also on suggested brace hours with 33% of suggesting 16-18 brace hours, 22% suggesting >20 hours and the 
rest spread among other options. Within PTs, there was variability in the appropriate number of sessions nec-
essary for success of home exercise with most therapists suggesting 15-20 sessions (36%), followed by 10-15 
sessions (27%) and the rest spread between 5-10 sessions and >20 sessions. These results demonstrate that 
even in the light of published recommendations on non-operative AIS care, considerable variability in the prac-
tice of non-operative care exists amongst providers with respect to assessment of skeletal maturity, bracing 
dosage and dose of PSSE.

Conclusion(s) and Significance: As expected, this study documents significant variability in the non-operative 
practice of providers of care of patients with AIS. This variability in practice can result in varied outcomes in-
cluding progression to surgery. There is a need to drive consensus on AIS conservative management practices 
amongst experts in the field to prevent poor outcomes.
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Utilization of Radiation-Free Assessment 
System in Scoliosis Curvature Monitoring for 
Adolescence Idiopathic Scoliosis Subjects 
doing Physiotherapy Scoliosis Specific Exercise 
– Impact on Home Exercise Compliance

Eric Hiu Kwong Yeung, Rong He, Yunli Fan, Ruiwen Zhang, Xuiqiang Zhao, Guangshuo Li,  
Ruiqi Jia, Zhuoman Xu, Jianbin Wu, Yong Ping Zheng, Michael KT To, Kenneth MC Cheung
The University of Hong Kong - Shenzhen Hospital, The Hong Kong Polytechnic University, The University of Hong Kong

Introduction The radiation-free assessment system, i.e. Scolioscan demonstrated promising reliability and va-
lidity in scoliosis curvature monitoring for adolescence idiopathic scoliosis (AIS) patients. In addition, the Sco-
lioscan image shows viewable scoliotic curve that reflects well either curve deterioration or improvement which 
may impact on patient’s exercise compliance. This study is to investigate whether the radiation-free assessment 
system can be a factor to encourage AIS subjects to do Physiotherapy Scoliosis Specific Exercise (PSSE) or not. 

Method 78 AIS subjects aged from 10 to 16 had been enrolled to this study, same PSSE programme had been 
prescribed by Schroth certified physiotherapists according to the Rigo scoliosis classification. One simple ques-
tionnaire filled by all subjects to record home exercises done in hours/day, whether the Scolioscan is an encour-
aging factor for them to keep doing exercise or not. Subjects answered yes were enrolled into Group A, subjects 
answered no to Group B. The value of exercise compliance and Scolioscan Angle (SA) at the time of pre exercise, 
2 months post- and 6 months post-exercise were compared using SPSS Version 20.0, the significance was set 
at p<0.05 with two tailed tests. 

Result The Chi-square and One way repeated measures ANOVA were run for result measurements analysis. 
There was no statistical difference of baseline data between two groups. However, Group A showed better home 
exercise compliance than Group B (1.25±0.746 vs 0.91±0.56; p0.05) at 2-month, but significant improvement 
of SA was observed after 6 months of PSSE in both groups (Group A: 16.96±6.33 vs 11.11±4.63, p<0.05; Group 
B: 20.42±2.81 vs 16.34±3.21; p<0.05). 

Conclusion The radiation-free and viewable assessment system – Scolioscan had positive effects on exercise 
compliance and the PSSE benefits AIS subjects in scoliotic angle correction. Take Home message The Scolioscan 
can positively impact on exercise compliance.
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Reduction of Scoliosis Curvature after an 
Intensive Physiotherapy Scoliosis Specific 
Exercise Program – Impact on Deformity and 
Home Exercise Compliance

Eric Hiu Kwong Yeung, Yunli Fan, Ruiwen Zhang, Rong He, Xuiqiang Zhao, Guangshuo Li,  
Ruiqi Jia, Zhuoman Xu, Jianbin Wu, Yong Ping Zheng, Michael KT To, Kenneth MC Cheung
The University of Hong Kong - Shenzhen Hospital, The Hong Kong Polytechnic University, The University of Hong Kong

Introduction Physiotherapy Scoliosis specific exercises (PSSE) had demonstrated promising results in conser-
vative management of scoliosis. Kwan et al (2017) showed that Schroth exercise during bracing was superior 
to bracing alone. 

Objective To investigate the immediate and subsequent changes of scoliosis curvature after a 5-day intensive 
PSSE program. Home exercise compliance with and without the training program was compared and discussed. 

Method Four identical intensive training programs on PSSE were arranged during school holiday. Each program 
consisted of 5 whole day education and PSSE in an inpatient setting. Time spent on education and PSSE were 
2 hours and 6 hours per day respectively. Schroth approach was used for the PSSE. Each program was led by a 
Schroth trained physiotherapist. Each program had 8 subjects. Selection criterion was age between 10 and 18 
with diagnosis of AIS. Patients with congenital or neuromuscular scoliosis were not enrolled. Enrollment was on 
first come first serve basis after announcement of the program. A cohort group using same inclusion and exclu-
sion criteria was selected as control. The control group was those coming for same therapy but did not enroll 
into the intensive program. They come for weekly therapy with same PSSE taught and asked to continue daily 
at home. Spinal curvatures (Scolioangle) were assessed using an ultrasonic Scolioscan immediately before, at 
the end, one week and one month after the program in the study group. Same measurements were done at the 
first visit to PSSE and one month after in the control group. SRS-22 questionnaire was done. The data were an-
alysed using SPSS (20.0). A general linear model with within-subjects analysis was used. Repeated measures 
of analysis of variance (ANOVA) were applied to compare the mean differences. 

Results and discussions There were 32 and 33 subjects in the study and control group respectively. Mean 
age of study group was 13.5+/-2.0 and control group was 12.6+/-2.1. Mean Cobb angle of the major curve be-
fore PSSE was 24.4+/-8.6 in the study group and 23.2+/-8.1 in the control group. 51.1% are girls in the study 
group and 48.9% in the control group. The Scolioscan angle had interaction effect within groups and treatment 
(p<0.001). Post hoc pairwise comparison showed that the Scolioangle in the treatment group reduced signifi-
cantly at 1 week after the intensive program (p<0.001) and remained no change at one month (p=0.58). Per-
centage of improvement in Scolioscan angle had interaction effect between groups and treatment (p<0.001). 
Post hoc pairwise comparison showed that 1 week study group (38% improvement) vs 1 month control group 
(10% improvement) had significant difference (p<0.001); 1 month study group (37% improvement) vs 1 month 
control group (10% improvement) had significant difference (p20min a day; >3 times a week) but only 56.7% 
in the control. 

Conclusion and significance This study showed that a 5-day intensive PSSE program reduced the scoliosis 
curvature and those attended had subsequent better home exercise compliance. However, long term effect has 
not been studied and required longitudinal follow up. The accuracy of Scolioangle compared to the standard 
measurement of Cobb using X-ray might be a source of error in this study.
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The compliance of patients with scoliosis 
completing a specific home exercise 
programme after an intensive specialised 
physiotherapy course: stage 1 of 3

Georgina Frere, D A Jason Black, David Glynn, Erika Maude
Scoliosis SOS Clinic, Independent

Introduction: Compliance is the degree to which a patient acts in accordance with the advice of their therapist. 
It has been shown that exercises can reduce the progression rate of idiopathic scoliosis, particularly in adoles-
cents, thus home exercise compliance is necessary in patients with scoliosis. 

Objectives: 1. To analyse patient compliance with regards to age, 2. To analyse patient compliance over time 
and 3. To determine factors that influence non-compliance. 

Methods: 410 consenting patients who had completed an intensive course of physiotherapy scoliosis-specific 
exercises were included. Data was collected at 6-, 12- and 18-months post-treatment. Patients were asked 
‘on average, how many hours per week do you complete your scoliosis-specific exercises?’ If the patient exer-
cised for less than 50% of their recommended time, their notes were reviewed and the reason, if present, was 
recorded. It was also documented whether or not the patient attended a recommended check-up appointment 
at the respective time-frames. Statistical methods were used to analyse the relationships between compliance 
and patient age as well as compliance over time. 

Results and Discussion: At 6 months-post treatment, out of 258 individuals, 103 adults and 124 children com-
pleted the questionnaire. On average, the children completed 64% (SD=38%) of the recommended hours of 
exercise per week compared to the adults who completed 93% (SD=66%). At 12 months post-treatment, out 
of 140 individuals, 53 adults and 67 children completed the questionnaire. On average, the children completed 
60.2% (SD=36.3%) of the recommended hours of exercise per week, whereas the adults completed 69.2% 
(SD=46.4%). At 18 months post-treatment, there was a high percentage of data returned, but a small sample 
size. On average, the children completed 49.6% (SD=28.2%) of the recommended hours of exercise per week 
and adults completed 91.9% (SD=86.5%), however no firm conclusions could be drawn for this group, because 
of low numbers. At 6 months post-treatment, a positive relationship was found between the patients completing 
the questionnaire who attended the clinic for check-up appointments and compliance hours, however the re-
sults were not statistically significant (p=0.8). The same positive and statistically insignificant relationship was 
seen at 12 months (n = 100, p = 0.18). Attending check-up appointments at the clinic was associated with 30 
minutes of more exercise per week. Over all three time frames, 132 instances were recorded where the patient 
had completed less than 50% of the recommended hours of exercise per week. No reason for non-compliance 
was given in 31% of cases. The main reasons for non-compliance were: unmotivated (19.7%), lack of time due 
to education (17.4%), injury or illness (9%), travelling or on holiday (9%), lack of equipment (6.8%), and lack of 
time in general (4.5%). Two of the patients went for spinal fusion surgery and one patient stopped exercising 
due to a reduction in pain. 

Conclusion and Significance: From these results, it was shown that adults were more compliant with their 
scoliosis-specific exercises compared to children. Over time, compliance tended to drop, with patients exercising 
for less time on average. Lack of motivation and lack of time due to school or university were the main factors 
that influenced non-compliance. Further research is needed to determine strategies to help patients become 
more compliant with completing their exercises.
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Short-term effects of Physiotherapeutic 
Scoliosis Specific Exercises on Sonographic 
Angle of Adolescent Idiopathic Scoliosis 
Subjects with Thoracic- or Lumbar- Primary 
Curve – A Preliminary Study

Charlene Yunli Fan, Eric Hiu Kwong Yeung, Michael KT To, Wu Jianbin, Ruiwen Zhang, Rong He,  
Xueqiang Zhao, Guangshuo Li, Ruiqi Jia, Kenneth MC Cheung, zhuoman Xu, Yong Ping Zheng
The University of Hong Kong-Shenzhen Hospital, The University of Hong Kong, The Hong Kong Polytechnic University

Introduction The spinal flexibility is considered to be one of the factors in scoliosis correction. It is also known 
that lumbar spines have better mobility than thoracic. Therefore, the higher rigidity of thoracic spines may be the 
result of lesser curve correction from either bracing or surgical treatments. To the authors’ knowledge, there is 
no literature studied the differences of effects of physiotherapeutic scoliosis specific exercises (PSSE) on tho-
racic- or lumbar- primary curves. 

Objectives This study aims to investigate the short term therapeutic effect of PSSE on thoracic- or lumbar- pri-
mary curves. The hypothesis is that lumbar-primary curves are more flexible and response better to exercises. 

Method 78 idiopathic scoliosis patients, aged between 10 and 16 were retrospectively reviewed. Using Rigo 
classification of scoliosis, 3C and N3N4 curves were considered as thoracic-primary (group A). Whereas SL and 
4C curves were considered as lumbar-primary (group B). Both groups attended PSSE supervised by a Schroth 
trained physiotherapist. Frequency and time of treatment session was at least once a month and one hour re-
spectively. They were instructed to perform >30min home exercise, >2 times a week. Exercises taught were: 50 
semi-hangings, self-correction exercise in sitting/standing (50 repetitions) and lying (50 repetitions). Each subject 
will undergo spinal sonographic examinations performed by the same investigator using an ultrasound machine 
called Scolioscan. In the coronal Scolioscan image, the curve found approximately near the mid-line represents 
the location of spinal process, and at least two greatest turning portions of a scoliotic curve can be identified as 
the most tilted vertebrae for angle measurement. Severity of scoliosis was represented by the Scolioscan angle 
(SA). The SA was obtained before commencing of treatment, at 2 months and 6 months afterwards. The data 
will be analysed using IBM SPSS Statistics 20.0. The level of significance is set to be 0.05, with two-tailed test. 

Results and Discussion 67 subjects’ SA value had been collected for data analysis whereas 11 subjects report-
ed bad compliance whose data had been excluded (Table 1). Results showed no statistical significant difference 
between group A and B (F1,66=0.028, p=0.67) after 6 months of PSSE. However, within group A and B, there 
was significant reduction of SA ( F(1.260,76.053)=34.16, p<0.01). The ES (explained by partial eta-squared) is 
0.69 and the observed power is 1. Post hoc Pairwise analyses revealed significant differences of baseline with 
2 months value(F(1,34)=7.01,p<0.01), baseline with 6 months value (F(1,34)=6.34,p 0.05) on the effectiveness 
of PSSE. 

Conclusion: There was no influence of PSSE effect whether the scoliosis deformity was thoracic- or lumbar-pri-
mary. PSSE had positive effect on scoliosis correction after 6 months of therapy. Take Home Message PSSE had 
a short term beneficial effect to scoliosis regardless of different Rigo classification.
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Psychological aspects in optimization  
of scoliosis treatment

Sunčica Bulat Wuersching, Tomislav Đapić, Andreas Wuersching, Gordana Buljan Flander, Ozren Kubat
Kuća zdravlja, KBC Zagreb, Poliklinika za zaštitu djece grada Zagreba

The majority of patients treated for scolisis (AIS) are in psychologically sensitive age. There are some ques-
tionnaires used to asses QoL in patients with scoliosis, but are over 10 years old and rarely focus on braced 
patients. Objective was to examine QoL in patients with scoliosis with a new questionnaire and to adjust the 
treatment process to minimize the stress and optimize compliance. A questionnaire was designed and applied 
in 79 patients fitted with a Rigo-Cheneau type brace who wore the brace at least 6 months. Average age is 13.7 
(sd=2.44), age of first diagnosis 10.17 (sd=3.09). 76% are girls, 69% already had menarche. Average Cobb 
angle at diagnosis was 29 (sd=12).Average recommended brace-wearing time is 17 hours (sd=3.84). Average 
daily self-reported time is 14 hours (sd= 4.25, 6-24 hours). Reasons are: interference with daily activities 60%, 
discomfort 38%, excessive sweating 23%. 69% never wear the brace to school. 29% of children feel different 
and are afraid that other children will mock them. 51% felt bad when they first started to wear the brace, after 
six months 68% started to feel \”normal\”. 70% of friends know they wear a brace, only 38% of them saw it. 
Although 19% of the patients seek information on scoliosis on the web and social networks, only 3% of take 
selfies in the brace and 95% never share them. 44% feel they would benefit from talking to someone else with 
scoliosis.68% of the patients made adjustments to their clothes, 55% to make it comfortable and 41% to make 
the brace less visible.66% would wear the brace more if it were „invisible“, 58% if it were more airy. We took 15 
questions from our questionnaire and examined if they measure fewer latent components. Questions are oriented 
on estimating functionality and attractiveness of orthosis. Based on result on main component factor analysis, 
two factors were extracted: estimation of functionality and fear of social judgment. The higher the score, the 
higher the level of estimated functionality or level of fear of social judgment. Average estimation of functionality 
of brace is M=31.8 (sd=8.30), average fear of social judgment is M=10.7, sd=4.39. Difference in recommended 
and applied time of wearing brace is statistically significantly correlated to estimation of functionality (negative 
correlation) and fear of judgment (positive correlation). Estimation of functionality and fear of judgment share 
statistically significant and negative correlation (r=-.340, p <.05). Estimation of functionality is significantly pos-
itively correlated with how they felt at the beginning (r=.367, p<.01) and after 6 months of brace-wear (r=.493, 
p<.01). It is negatively correlated with estimation of how much is brace limiting daily (r=-.374, p<.01) and so-
cial activities (r=-.403, p<.01) and affecting sleep (r=-.246, p<.01). Fear of judgment is negatively correlated 
with first two aspects (how they felt at the beginning, r= -.356, p<.01 and how they felt after six months r=-
.441, p<.01), and positively correlated with effects of brace on their sleep (r=.394, p<.01) and general level of 
worry about long-term effects of scoliosis (r=.440, p<.01).Social and bodily changes in adolescents, combined 
with aesthetic and functional issues of AIS and its treatment can impact the psychological development of the 
patient. We need to optimize the questionnaires to follow changes to get practical information that can be used 
in adjusting the long-term treatment.
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Analysis of posts about scoliosis by patients  
on Social media and networks

Wojciech Glinkowski, Arkadiusz Agaciak, Agnieszka Kister, Bożena Glinkowska

Kazimierz Pulaski Univ. of Technology & Humanities, Ministry of Digital Affairs, Ministry of Health, Medical Uni-
versity of Warsaw

Over the last decade, the social networking websites and media revolutionize information dissemination. The 
aim of the study was to perform the search in the selected social media for the information on scoliosis posted 
by patients; to evaluate information contents; and to assess the key groups of topics discussed by patients, the 
sentiment value of the context, and phrases using recognized analysis systems. 

MATERIAL AND METHODS: The methodology consisted of the Literature search based on PubMed, EBSCO and 
SCOPUS databases and the Web search for the most representative Social network on scoliosis Reddit (https://
www.reddit.com/r/scoliosis/), an Internet discussion forum was selected for the detailed evaluation. All posts were 
placed in the database using the script. The database was used as the compiled source of data for further text 
and statistical analysis. Automatic and manual analyses delivered the frequency of preselected keywords (Brace, 
Surgery, etc.). The user’s attitude to the subject (sentiment: 0-pessimistic – 1 optimistic) calculated automati-
cally by Microsoft Cognitive Services, and Automatic selection of keywords. The sentiment value ranged from). 

RESULTS: 784 posted questions were automatically assessed from 974 found on the Reddit. The calculated 
sentiment value was rather low, average 0,27 (0,0002 to 0,99). The most frequent posts are inviting other users 
to share the experiences. Patients, who shared the stories were mostly adolescents and adults (scheduled for or 
already treated conservative or surgical way). The main results of automatic analysis mentioned: Brace- 80,49%; 
Surgery-34,49%; Chiropractor-22,17% and Share Story-30,18%. The most frequently used words were: scolio-
sis-239; surgery-208; pain-159. The phrase pain coincided with descriptors (“sharp,” “chronic,” etc.). The most 
frequently used words were: scoliosis-239; surgery-208; and pain-159. Physiotherapy and physical therapy were 
not asked frequently; the most frequent was physical therapy-36. The Schroth method was correctly mentioned 
six times only. The brace was mentioned in less than 100 posts (49). The evaluation of posted questions with 
the highest number of responses has shown no correlation between the number of responses, the length of the 
question and the time elapsed since posting on the forum. 

DISCUSSION Recently papers concerned in Social Media and its use by scoliosis patients found that Facebook 
pages used as discussion forums or blogs contain poor quality information focused on scoliosis discussed by 
the adolescent population. In contrary to the published studies the sentiment measure in our study was relative-
ly low that represents rather a pessimistic tone. CONCLUSIONS: Using recognized analysis systems to analyze 
REDDIT pages, we showed that scoliosis, surgery, and pain are most frequent subjects discussed by patients. 
The frequent pessimistic tone was expressed by the “sentiment” value. Social network serves mostly for build-
ing a community of patients suffering from the same disorder. The information sharing by patients may indicate 
that patients are sufficiently informed about the disease, but their social needs are not fulfilled satisfactorily.
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Psychosocial adjustment of children and 
adolescents with scoliosis

Sunčica Bulat Wuersching, Mia Flander, Ana Raguž, Francsca Dumančić
Kuća zdravlja, SUVAG, Poliklinika za zaštitu djece grada Zagreba

Adolescent Idiopathic Scoliosis (AIS) is a complex process of a three-dimensional spine and trunk deformity, 
which appears in otherwise healthy subjects, and can progress in relation to multiple factors, during any period 
of rapid growth (Rigo and Grivas, 2010). Specifically, the prevalence of postural scoliosis in adolescent popula-
tion is estimated to be up to 40 %, the majority of which is diagnosed in young girls (Ostojić et al., 2006). The 
prognosis is dependent on factors such as the location of the curve, the severity of the curve and time of onset. 
Medical treatment such as bracing is crucial for improvement of physical health, but it affects children and ad-
olescents psychological and social functioning. The objective of this study was to determine stress factors and 
compliance enhancers. In research we used both qualitative and quantitative methods. Participants were sub-
mitted to semi-structured interview that was taped. Seven interviewed participants (two male and five female) 
in the age from 11 to 17 years old and all of them were diagnosed with scoliosis during primary school. Partic-
ipants were asked about their body- and self-image, eating attitudes, distress, life satisfaction and about their 
sources of information on their condition. Results suggest that the majority of children and adolescents have 
experienced some change in psychological or social functioning after the diagnosis ranging from feeling shame 
and trying to hide the diagnosis to feeling uneasiness and discomfort. However, participants did not believe that 
being diagnosed with scoliosis had a serious impact on their life. Similarly, even though all participants believed 
that their behavior could impact the condition (i.e. they considered that wearing the brace could help them), 
only one participant reported wearing the brace for the recommended amount of time and adhering to advised 
training regimens. As for the emotional reactions, they ranged from denial to anger, sadness and acceptance. 
Even though four participants emphasized the lack of information provided by medical specialists, doctors were 
still the main source of information about scoliosis followed by parents and the Internet. The majority of partic-
ipants did not report issues in social relationships because of their diagnosis. Results and implications will be 
further discussed in the presentation.
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Effect of scoliosis specific exercise on pain 
and function in adults with idiopathic scoliosis: 
results of a retrospective study

Fabio Zaina, Sabrina Donzelli, Francesca Di Felice, Stefano Negrini
ISICO, Brescia University - Don Gnocchi Foundation

Introduction Adults with idiopathic scoliosis frequently suffer for low back pain, have an impaired quality of 
life, reduced self-esteem and poor psychological wellbeing. Moreover, there’s a risk of progression if the curve 
is larger than 30° Cobb. Conservative approaches, including bracing and exercise are frequently proposed to 
these patients, but the evidence about their benefits is scant. 

Objective The aim of the present study is to check the changes in pain and quality of life in adults with idiopathic 
scoliosis and chronic low back pain (LBP) after six months of specific exercise. 

Methods Design: retrospective cohort study Setting: tertiary referral center for scoliosis and spinal deformities 
Population: all the patients visited in the last 2 years in our center with idiopathic scoliosis diagnosed during 
growth and chronic low back pain (excluded “de novo” adult scoliosis), who had at least 2 clinical evaluations 
with complete data (SRS-22 and radiography). Outcome measures: SRS-22 and SRS-7 Treatment: all patients 
were trained to perform at home SEAS exercises for about 90 minutes a week divided in different self-estab-
lished session. An expert therapist had one to one training sessions with the patients usually once every 30-60 
days. Procedure: after the initial evaluation, patients were prescribed SEAS exercises and evaluated again after 
a 6 months treatment period. Statistical analysis: Wilcoxon for ordinal data and t- test continuous data. 

Results Twenty-four patients (5 males) were included (age 30.8±10.5), the main curve was 50±12° Cobb, TRACE 
7 (6-8). On average the patients performed the SEAS exercises for 110±58 per week, with a median of 5 times 
per week. At baseline, the values of SRS 22 items were: Pain 3 (3-5), Function 5 (4-5), Mental Health 4 (3-4), 
Image 3 (2.25-3.75). The SRS-22 total score was 3.75 (3-4) while the SRS-7 was 41.1±6.6. After treatment, 
Pain improved to 4 (3.25-5, p=0.049), while the other items didn’t change significantly. The SRS-22 total score 
improved to 4 (3.5-4, p=0.031), while the SRS-7 score didn’t change. 

Conclusions A six months treatment with SEAS specific exercises for scoliosis improved pain in adults with 
idiopathic scoliosis and chronic LBP. Function, Image and Mental Health didn’t change, even if the total score of 
the SRS-22 did. This can be explained by the change in pain, that was larger than the minimal important clinical 
difference and that probably influenced the total score of the SRS-22. This seems consistent with the stability 
of the SRS-7, that didn’t change, and which focus in a unidimensional way on the overall Quality of Life giving 
less relevance to pain as a single item.
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Effectiveness of Physiotherapy Scoliosis 
Specific Exercises (PSSE) on Adult Idiopathic 
Scoliosis Patients - A pilot study

Eric Hiu Kwong Yeung, Ruiwen Zhang, Yunli Fan, Rong He, Xuiqiang Zhao, Guangshuo Li,  
Ruiqi Jia, Zhuoman Xu, Jianbin Wu, Yong Ping Zheng, Michael KT To, Kenneth MC Cheung
The University of Hong Kong - Shenzhen Hospital, The Hong Kong Polytechnic University, The University of Hong Kong

Introduction: Physiotherapy scoliosis specific exercises (PSSE) had been recognized as an effective method 
for adolescent idiopathic scoliosis (AIS) patients. Cobb angle could be improved and progression could be con-
trolled by regular treatments. However, there has been lack of focus on adult patients whom Risser sign is V. We 
usually feel unsure if adult deformity can be reduced as in the case of adolescent patients. Several case reports 
indicated the effectiveness of PSSE for adult patients, but no randomized controlled trial (RCT) has been done. 

Objectives: The aim of this pilot study was to assess effectiveness of PSSE on idiopathic scoliosis patient with 
Risser sign V. 

Method: All adult idiopathic scoliosis patients attended our clinic in 2016 were analyzed. There were seven adult 
patients (two males and five females) aged between 22 and 35 years (mean 24.7±5.7 years). All patients were 
diagnosed with AIS at their teenage period. Cobb angle of the major curve measured on X-ray was 27.7±10.2 
degrees. Patients who had previous surgery to spine or limb, or still wearing a brace for scoliosis were exclud-
ed. Before teaching PSSE, an ultrasound scan (Scolioscan) was done. This scan was repeated every month. All 
Scolioscan measurements (scolioscan angles) were done by one investigator and the change was analyzed by 
paired t-test. Treatment frequency was recorded. Correlation coefficient analysis was used to verify the relation-
ship between treatment frequency and treatment effect. 

Result: Scolioscan angles measured by the Scolioscan reduced from 18.7±9.9 degrees to 13.8±8.4 degrees 
after PSSE treatment (p<0.01). Treatment frequency varies from 4 to 12 sessions in 2 months. The correlation 
between treatment frequency and Scolioscan angle correction has significant difference, r=0.71 with p<0.01. 

Conclusion: This pilot study suggested that PSSE is an effective intervention for adult idiopathic scoliosis pa-
tients. The higher frequency of treatment indicates better deformity correction. Further investigation in the treat-
ment of adult scoliosis is warranted.
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Pain and function in adult patients with scoliosis 
attending a rehabilitation center

Fabio Zaina, Francesca Di Felice, Sabrina Donzelli, Stefano Negrini
ISICO, Brescia University - Don Gnocchi Foundation

Introduction Scoliosis is a very frequent problem during adulthood. Surgery is a very common option for these 
patients, but there are relevant risks and side effects and not all patients are willing for such treatment. For 
these reasons many patients seek for a conservative treatment in rehabilitation centers. For the assessment of 
quality of life in these patients the SRS-22 questionnaire was first developed, and more recently the SRS-7, a 
shorter unidimensional questionnaire based on the Rash analysis, was created. No comparison of these tools is 
available in a rehabilitation setting for adult with scoliosis. 

Objective The aim of the present study is to provide an overview of the clinical characteristics of adult patients 
seeking for a clinical evaluation at a rehabilitation center specialized in scoliosis conservative treatment based 
on the SRS-22 and the SRS-7 questionnaires. 

Methods We retrospectively review the record of all the adult patients included in our prospective database 
running between 2003 and 2017. The inclusion criteria were: diagnosis of idiopathic scoliosis with a curve of 
30° Cobb or more, no surgical treatment, availability of the SRS-22 and SRS-7 questionnaires. The SRS-22 is 
based on 5 items (Function, Psychological wellbeing, Pain, Aesthetics and Satisfaction for treatment), with scores 
ranging from 5 (no impairment) to 0 (high impairment). The SRS-7 gives a comprehensive score of quality of life. 
Patients were divided by sex. We separately analyzed the 5 items of the SRS-2 and we looked for correlation 
with the clinical features including Cobb angle, BMI, Angle of Trunk Rotation, age. 

Results 244 patients (37 males) respected the inclusion criteria. The mean Cobb angle was 48±14°, Age 37±15. 
All the items the SRS-22 showed reduced values of: Function 3.8±0.6, Psychological wellbeing 3.5±0.8, Pain 
3.6±0.8, Aesthetics 3.1±0.6 with respect to normative values for healthy adults (ranging from 4.1 to 4.6). There 
were no differences for sex. The global score for the SRS-22 was 3.5±05 (range 0-5) while for the SRS-7 was 
36±13 (range 0-100). The correlation was moderate (0.53). No relevant ceiling effect was noted. The Cobb an-
gle correlated with the SRS-22 and SRS-7 global value and with pain, but the strength was very low (0.17 and 
0.18 respectively). A slightly higher correlation was found between Cobb and Aesthetics (0.26). 28% reported to 
use drugs for pain control, 4.5% on a weekly base, 2% on a daily base. 

Conclusion This is the first study reporting the general characteristics of patients affected by scoliosis attend-
ing a specialized rehabilitation center based on the SRS-22 and SRS-7 questionnaires. Both questionnaire can 
describe the population of adult with scoliosis, being the SRS-7 shorter to fill. Adult scoliosis patients poorly 
performed globally and in all the analyzed items. The clinical characteristics of patients are not good predictors 
of pain, disability and aesthetics.
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Effects of surgical and non-surgical  
treatment of adult idiopathic scoliosis with 
borderline (40-55o) main thoracic curves on  
patient-reported outcomes

Ahmet Alanay, Caglar Yilgor, Kadir Abul, Suna Lahut, Yasemin Yavuz, Ferran Pellise, Francisco JS Perez-Grueso, 
Emre Acaroglu, Ibrahim Obeid, Frank Kleinstuck, ESSG European Spine Study Group
Acibadem Mehmet Ali Aydinlar University, Acibadem Maslak Hospital, Ankara University,  
Hospital Universitari Vall d’H, Hospital Universitario La Paz, Ankara ARTES, Bordeaux University Hospital,  
Schulthess Klinik, Spine Center Division, Vall Hebron Institute of Research

Introduction The treatment decision-making process for adolescent-onset borderline adult idiopathic scoliosis 
(AdIS) patients is controversial. Previous reports suggest that patients who have worse coronal plane deformi-
ty (i.e. increased Cobb), worse sagittal plane shape and alignment (i.e increased GAP Score) and experiencing 
pain (i.e. lower SRS-22 pain score) have a predilection towards surgical treatment. The effect of surgical and 
non-surgical treatment on patient-reported outcomes is yet to be determined. 

Objective The aim of this study was to compare patient-reported outcomes before and 1 year after treatment 
of AdIS patients with borderline MT curves who had surgical and non-surgical treatment. 

Methods This was a retrospective analysis of data collected in the multicenter, consecutive, prospective study 
of the European Spine Study Group (ESSG). Enrollment criteria were an age of ≥18 years and at least 1 of the 
following: coronal Cobb angle of ≥20o, sagittal vertical axis of ≥5 cm, pelvic tilt of ≥25o, and thoracic kyphosis 
of ≥60o. For the present study, the specific inclusion criteria were: having a diagnosis with adolescent-onset 
adult idiopathic scoliosis, having the main deformity in the thoracic region, having a Cobb angle between 40 and 
55 °, minimum of 5 years of history with spine problems and ≥1 years’ follow-up. 91 patients (37 surgery, 54 
non-surgery) met the inclusion criteria. COMI, ODI, SF-36 and SRS-22 was used as patient-reported outcomes. 
Two-way mixed ANOVA was used to compare pre-op and 1-year follow-up patient-reported outcomes. 

Results and Discussions The mean age was 27.9±9.5 years and the mean MT curve Cobb angle was 46.9±4.4° 
for 31 female and 23 male in non-surgery group. In surgery group, 15 female and 22 male were included and 
the mean age was 32.5±16.3 years and mean MT curve Cobb was 50.4±4.2°. Pre-operatively, COMI, ODI, SF-
36 MCS and PCS, and SRS-22 pain, mental health, self-image and subtotal scores were significantly worse in 
the surgery group (p0.05). All scores, except SRS-22 function, improved significantly in operative group 1 year 
after surgery (p<0.05). All patient-reported outcome scores, except SRS-22 self-image, 1-year after treatment 
was similar for both groups. SRS-22 Self-image score was better in operated patients (p<0.05). (Figure 1). 

Conclusions and Significance. Confirming previous reports, this study demonstrates that among AdIS patients 
with borderline MT curves, patients that have lower patient-reported outcome scores have a predilection towards 
surgical treatment. Surgery improves all outcome score domains that reach to a level of non-operated patients. 
Self-image further improves to a level that is significantly better than their non-operated counterparts.
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Surgeon Attitudes Towards Physiotherapeutic 
Scoliosis Specific Exercises in Adult  
Deformity Patients

Kelly Grimes, Leah Steinmetz, Frank Segreto, Christopher Varlotta, Prachi Bakarania,  
Hagit Berdishevsky, Charla Fischer
Columbia University Medical Center, NYU Langone Orthopedic Hospital, NYU Langone Orthopaedic Hospital

Introduction: Physiotherapeutic Scoliosis Specific Exercise (PSSE) has proven to be an important non-operative 
treatment for patients with Adolescent Idiopathic Scoliosis (AIS). However, there is a lack of literature surrounding 
surgeons’ use and understanding of PSSE in older adults with adult idiopathic scoliosis and de novo degenerative 
scoliosis, suggesting further clinical research. Furthermore, there is a need for future research in the outcomes of 
PSSE prior to surgery and post-operatively. The aim of this study is to understand surgeons’ attitudes towards PSSE 
as a plausible treatment option compared to traditional low back physical therapy in older ASD patients. 

Methods: An electronic, 14-question survey was administered to all SRS members with questions regarding the 
use of Physical Therapy (PT) and Physiotherapeutic Scoliosis-Specific Exercise (PSSE) for Adult Spinal Deformi-
ty (ASD). Physician location, age, specialty, years in experience, and management preferences were quantified 
using descriptive analyses. 

Results: Of the 98 surgeons who participated in this study, the majority of respondents were from the USA 
(66.3%), Canada (4.1%), Brazil (4.1%), and Australia (3.1%). Stratified by region, the majority of respondents 
were from North America (70.4%), followed by Europe (11%), Asia (8%), South America (7.2%), and the Middle 
East (1%). The mean respondent age was 51.87 ± 10.93 years. Approximately 98% of respondents were or-
thopaedic surgeons and 2.1% were neurosurgeons. Fifty-three percent of respondents were trained in ortho-
paedic spine fellowship, 55.1% in pediatric orthopaedic fellowship, and 3.1% in combined ortho-neuro surgery 
fellowship. Twenty-six percent of respondents have been practicing for 0-10 years, 26.5% for 11-20 years, and 
48.0% for over 21 years. Fifty-three percent of respondents treat spinal deformity in their practice. Sixty-four 
percent reported to prescribe PT in their practice, with 52% of respondents often utilizing PT as non-operative 
treatment, 21.4% preoperative, and 40.8% postoperative. Forty percent of respondents reported prescribing PT 
to 0-20% of their patients, while 32.3% reported prescribing PT to 81-100% of their patients. The primary rea-
son for PT referral was impairments to the patients balance or gait (40.3%), followed by persistent pain (34.3%) 
and difficulty with daily living activities (25.4%). The primary indications for not referring postoperative patients 
to PT, were lack of perceived value from PT (24.5%), lack of evidence supporting the benefits from PT (15.3%), 
and a lack of physical therapists appropriately trained for scoliosis (9.2%). Seventy-four percent of respondents 
were familiar with PSSE, and 66% were comfortable prescribing PSSE postoperatively. Seventeen percent of 
respondents agreed that >12 weeks post-op was the ideal time for PSSE referral, followed by 6-8 weeks post-
op (16.3%) and immediately post-op (11.2%). 

Conclusion: The results show that the majority of respondents prescribe PT solely for non-operative treatment. 
Respondents who did not prescribe PT post-operatively reported skepticism due to lack of perceived value from 
PT. Pediatric spine surgeons are more familiar with PSSE than adult spinal deformity surgeons. Yet, only two-
thirds of the respondents familiar with PSSE were comfortable prescribing PSSE postoperatively. This suggests 
the need for further research into the effectiveness and benefits of PSSE.
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Analysis of sagittal profile of spine using 
ultrasound imaging in adolescent idiopathic 
scoliosis with the assistance of radiograph

Yong Ping Zheng, Tin-Yan Lee, Kelly Ka Lee Lai, Jason Pui Yin Cheung, Michael Kai Tsun To
The Hong Kong Polytechnic University, The University of Hong Kong

Introduction: At present, X-ray evaluation for spinal sagittal deformity using Cobb’s method is the gold stan-
dard, however X-ray has its radiation issue. In contrast, ultrasound is non-ionizing and inexpensive, thus more 
accessible. Several studies have demonstrated the feasibility of 3D ultrasound (3DUS) for the evaluation of 
vertebrae features. However, no study has reported the reliability and accuracy of 3DUS on sagittal curvature 
analysis. 

Objective: The purpose of this study is to test the reliability of a three-dimensional ultrasound (US) system for the 
measurement of sagittal spinal curvature of adolescent idiopathic scoliosis (AIS) patients and the measurement 
validity represented by the correlation between the measurement results and the corresponding X-ray Cobb angle. 

Methods: 3DUS scanning and X-ray were conducted on 23 AIS patients (15 females and 8 males; Age: 15.6±1.5 
years; Cobb’s angle range 11.1 to 41.9°). Spinous processes of the vertebrae were identified from B-mode images 
to generate the ultrasound spinous process angle (USSPA). Intra- and inter-rater reliability of USSPA and correla-
tion with angle obtained from radiograph were investigated. USSPA was compared with the X-ray Cobb angle 
(XCA), and lumbar X-ray spinous process angle (XSPA). Intra-class correlation coefficients (ICC) and Bland-Altman 
plots and root-mean-square differences (RMS) were employed to determine correlations. 

Results and discussion: 46 curves were measured and excellent intra- and inter-reliability was demonstrated 
for the ultrasound measurement (ICC≥0.94). Thoracic and lumbar USSPA showed moderate (R2 = 0.689) and 
poor (R2 = 0.440) linear correlations with thoracic and lumbar XCA respectively. Lumbar XSPA showed mod-
erate (R2 = 0.629) linear correlations with lumbar USSPA, wheareas XSPA correlated poorly (R2 = 0.439) with 
lumbar XCA. Bland-Altman plot showed a good agreement between the corrected ultrasound angles and the 
Cobb angle for both thoracic angle and lumbar angle. The RMS differences between the corrected USSPA and 
XCA were 7.3 and 8.9° respectively, for the thoracic and lumbar angles. 

Conclusion: Scolioscan demonstrated to be reliable and repeatable for assessing sagittal curvature. Since 
it is non-ionizing and relatively low cost, this opens the possibility to provide frequent curve monitoring and 
evaluation and screening for large amount of AIS patients. With further investigation on Scolioscan, it may 
provide comprehensive 3D information for spine with scoliosis, which would play an important role on AIS 
management.
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Active self-correction of child’s body  
posture assessed in sagittal plane with digital 
photography

Mateusz Kozinoga1,2, Łukasz Stoliński1,2, Katarzyna Politarczyk1,2, Krzysztof Korbel1,2,  
Dariusz Czaprowski3, Tomasz Kotwicki1
1 Department of Spine Disorders and Pediatric Orthopedics, University of Medical Sciences, Poznan, Poland  
2 Rehasport Clinic, Poznan, Poland 
3 Department of Physiotherapy, Józef Rusiecki University College, Olsztyn, Poland 

Introduction Body posture is described as spontaneous spatial position of the body parts in standing. Active 
self-correction (ASC) comprises an active movement performed by the child presumably aiming to achieve the 
best possible position of the body. “Straighten your back” reveals a common command used by the parents to 
their children in daily living. Digital photography was reported to be a reliable method for trunk sagittal profile 
assessment [1]. The aim of the study was to register using digital photography differences between the spon-
taneous and the actively corrected body posture in the sagittal plane after “straighten your back” command in 
a group of previously non-instructed children. 

Material and methods Material consists of digital photographs of body posture (whole body silhouette) of 50 
healthy children (25 girls and 25 boys), aged 7.0 to 8.0 years (84-96 months, mean 89.2 months ± 3.1) body 
height mean 126.8 cm (±5.7); body weight mean 26.3 kg (±5.0). Position of the subjects and the camera were 
standardized [1,2]. Sagittal profile of the trunk was assessed twice in standing position: (1) in habitual spon-
taneous position, and (2) position adopted after the “straighten your back” command. The children were not 
instructed previously about the corrective movement. The following body posture parameters were measured 
using a semiautomatic dedicated program Scodiac v 2.0: sacral slope (SS), lumbar lordosis (LL), thoracic ky-
phosis (TK), chest inclination (CI), and head protraction (HP). SS was compared using Wilcoxon test; LL, TK, CI, 
HP using paired t-Student test. 

Results Parameters in mean (SD) observed in habitual position vs. position after the “straighten your back” 
command were as follows: SS 30.12 (±7.1) vs. 32.06 (±7.02), p<0.0001; LL 47.42 (±8.73) vs. 46.4 (±10.08), 
p=0.092; TK 41.81 (±9.17) vs. 31.86 (±11.16); p<0.0001. CI 17.31 (±6.39) vs. 11.21 (±7.02), p<0.0001; HP 
58.06 (±5.5) vs. 62.55 (±6.29), p<0.0001. Conclusion and 

Significance Children reacted to the “straighten your back” command by changing their body posture. Active 
self-correction may lead to the extension of the thoracic spine, reducing chest inclination and head protraction 
in previously non-instructed healthy children. Digital photography enables to register small changes of child’s 
posture as well as the pattern of active self-correction and can be helpful in clinical practice. Reference: 1. Sto-
linski L, Kozinoga M, Czaprowski D, Tyrakowski M, Cerny P, Suzuki N, Kotwicki T. Two-dimensional digital pho-
tography for child body posture evaluation: standardized technique, reliable parameters and normative data for 
age 7-10 years. Scoliosis and Spinal Disorders 2017; 12:38 2. Czaprowski D, Pawłowska P, Stoliński L, Kotwicki 
T. Active self-correction of back posture in children instructed with ‘straighten your back’ command. Manual 
Therapy 2014;19(5):392-8
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Lightline distances: a new method for the 
assessment of the sagittal profile compared 
with the gold standard. Inter-rater reliability

Michele Romano, Matteo Mastrantonio
ISICO

Introduction Considering the three-dimensional feature of the scoliosis pathology, the correct assessment of 
the patient needs the radiographic and clinical measurement of all the deviation plans. The evaluation of the 
sagittal plane is one of the most difficult. Radiographic evaluation can be distorted by the position of the patient’s 
head and arms and the clinical evaluation can be distorted by the contact of the tools on the skin. The plumbline 
distances represent one of the gold standard tests for the clinical assessment of the patient’s sagittal position. 

Objective The aim of this study is the evaluation of the intra and inter-rater reliability of an optical tool to be used 
for measuring the distances of a series of landmarks (Head, cervical lordosis, C7, thoracic kyphosis, L3, lumbar 
lordosis, S1) with respect to the fixed and vertical light reference generated by the device. The simple tool is a 
laser able to project a perfectly vertical light line. The distance between this line and the landmarks of the spine 
are taken using a simple ruler on which the light beam is projected. These measurements were compared with 
the same measurements performed with the plumbline. 

Method Design: inter-rater reliability The study was performed in two steps. The first step was carried out by 
comparing the measurements taken by an expert PT and the measurements taken by 5 inexperienced thera-
pists, during an educational course. 10 patients were involved. The second part of the study was carried out by 
comparing the measurements taken by two expert therapists in a specialized clinic. 25 patients were involved. 
Measurements were performed on all patients with lightline and plumbline. The measures were taken blindly by 
the different physiotherapists and were collected and evaluated by a therapist not involved in the assessment. 
The data analysis was performed with the Pearson correlation index considering the correlation measurements 
of the individual specific landmarks. 

Results and Discussions: The data analysis shows a strong difference between the inter-rater agreement about 
the assessment performed with the plumbline and the ligthline. A very strong positive relationship was obtained 
using only the lightline for all the landmarks comparison. This result was similar for both experts and inexperi-
enced assessor. A moderate positive correlation was obtained considering the comparison of the plumbline and 
lightline measurements. SEE THE EXCEL FILE ATTACHMENT 

Conclusion and Significance The very important difference between the agreement obtained using the lightline 
with respect to the plumbline, suggests to change the measurement method for the assessment of the sagittal 
posture.
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Validation of Trunk Appearance Perception 
Scale TAPS 2.0, a modified version for  
the evaluation of the sagittal deformity

Judith Sanchez Raya, Elisabetta D’ Agata, Joan Bago, Antonia Matamalas, Manuel Rigo
Hospital Vall d’ Hebron, Vall d’ Hebron Institut, Insitituto Elena Salvá

Introduction: Original Trunk Appearance Perception scale (TAPS) was created to evaluate perception of trunk 
deformity of patients with Idiopathic Scoliosis (IS) but it did not include any items for the perception of sagittal 
plane for patients with idiopathic hyperkyphosis.

Objective(s): to validate the new tool which includes a new item for the sagittal profile (set 4). 

Methods: A sample of 160 patients (23 boys) with idiopathic scoliosis (105) and kyphosis (55), not treated sur-
gically before, were included. Mean age was 16 years old (ranging from 10 to 40). Major curve for scoliosis was 
37º, while for kyphosis was 48.5º. Each patient completed TAPS 2.0 and SRS-22 questionnaire and underwent 
a complete radiographic study of the spine. A study of the psychometric properties of the tool was realized, as-
sessing internal consistency, temporal reliability and validity. Convergent validity was calculated correlating the 
total TAPS score and the total SRS-22 score while discriminant validity by the correlation between the total TAPS 
score and the major curve in anterior and sagittal plane. 

Results: Internal consistency for the entire sample was high (Cronbach’s α=0.82) as well as temporal reliabil-
ity (ICC =81, p<.001). About convergent validity, Spearman’s rho ranged from r=.2for Mental Health to r=.4 for 
Function and Self-Image(p<.001) Discriminant validity was assessed for the two different groups of patients: 
kyphosis and scoliosis (Table 1). Patients with kyphosis presented significantly good correlation between SET 
4 and Cobb angles but not with the total score. Patients with IS, who did not present alteration in the sagittal 
plane, presented lower correlations between SET4 and Cobb angle as well for the total score Table 1. Discrimi-
nant validity assessed for the two groups Spearman’s rho SET .4 Total TAPS score Kyphosis group -.53 (p<.001) 
-.03 Scoliosis group -.30 (p<.001) -.36 (p<.001) 

Conclusions: TAPS 2.0 is a reliable tool with high internal consistency, high temporal stability and fair conver-
gent validity. About discriminant validity, the tool is valid for patients with scoliosis while for the patients with 
kyphosis only SET 4 presented a correlation with the radiological magnitude. We consider that TAPS 2.0 is an 
easy and useful tool to measure perception of deformity also in patients with kyphosis.



XIII. INTERNATIONAL MEETING62

Thu 4/19/18 > 15:42 – 15:48

Analysis of the spino-pelvic sagittal alignment 
and global balance in non-treated Adolescent 
Idiopathic Scoliosis in relationship with frontal 
plane parameters

Manuel Rigo, Nikos Karavidas
E Salvá Institute, Nikos Karavidas

Background: Spino-pelvic sagittal alignment and balance has been reported for general adolescent popula-
tion (Mac-Thiong et al 2007). The relationship between frontal plane and sagittal plane parameters is not clear. 

Purpose. To compare spino-pelvic sagittal alignment and balance in non-treated AIS with reference values from 
general adolescent population. To correlate sagittal values with frontal plane values. 

Material: 50 non-treated consecutive AIS patients (age13 Cobb 27.9º) from two databases with AP and sagit-
tal X-rays offering good quality for the purpose. Parameters assessed were major and minor Cobb angle, Rigo 
Type, Pelvic angles (PI, SS and PT), Roussoully type, MLL, MTK, SSA, ST, C7PL. MLL and MTK were taken not 
using any special software to assess sagittal geometry but just by taking the most tilted vertebrae and defining 
for each case the Inflectional Point (IP) were Lordosis changed to Kyphosis, were lordosis changed to kyphosis. 
All measurements were made by the same experienced author. 

Results: PI was significantly lower in AIS (42.02º+9.7) in comparison with reference value (49.1ºSD11) (IC0.95 
4.29, 9.98). PT was significantly lower in AIS (6.64ºSD6.14 vs 7.7ºSD8) (IC0.95 0.35, 2.75). SS was not different 
(39.94ºSD8.6 vs 41.4ºSD8.2). MTK was significantly lower in AIS (32.98ºSD11.3 vs 44ºSD11.9) (IC0.95 7.8,14.5). 
MLL was significantly higher in AIS (54.58ºSD11.35 vs 48ºSD11.7) (IC0.95 3.21, 9.95). We found a very weak 
positive correlation between Cobb angle and PI (r=0.20), SS (r=0.21) and SSA (r=0.28), and weak negative cor-
relation between Cobb angle and MTK (r=-0.28) and IP (r=-0.11). Although correlations were very weak, MTK 
was significantly lower 30.5º in moderate scoliosis (30º-50º) in comparison with mild scoliosis (10º-29º) 35.2º 
p<0.05. PI was higher in moderate scoliosis (43.9º) in comparison with mild scoliosis (40.2º) but the difference 
was not significant p=0.09. Proportion of Roussoully types was similar in mild and moderate scoliosis. Cobb an-
gle was not significantly different in low PI types (Roussoully 1,2,3AP) in comparison with high PI types (3,4). PI 
and SS were not different in Rigo types A+C in comparison with B. MTK was lower in Rigo types A+C (28.8º) in 
comparison with Rigo B (33.9º) but Cobb angle was higher in Rigo A+C (31.8º) in comparison with B type 25.5º. 
Global Sagittal Balance: C7PL was Roussoully 1 in 86%, 2 in 12º and 3 in 2%. 

Discussion: Non treated AIS have lower PI, PT, MTK and higher MLL than General Adolescent Population. The 
Incidence of anterior imbalance in non-treated AIS is similar to reference population. Our results contradict 
those from Roussoully et al, who found a higher incidence of patients with anterior imbalance (50%), but they 
had higher Cobb angle and were potentially braced. The relationship between Cobb angle and sagittal param-
eters is weak but this study confirms that patients with higher Cobb angle have less thoracic kyphosis, lower 
PI and lower PT. The observed higher lumbar lordosis and and pelvis anteversion in AIS can be interpreted as a 
compensatory mechanism to maintain SS and global sagittal balance into normal range. No difference in pelvic 
indexes was observed according to Rigo type. Rigo A+C showed a lower thoracic kyphosis in comparison with 
B type, but this was probably related to the higher Cobb angle rather than the Rigo type. Conclusion. Some re-
lationship exists between AP and sagittal parameters in non-treated AIS.
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Comparison of Pedobarographic Profile in  
AIS with Rigo type A3 and B1

Zhiguan Huang, Yuhe Li
Guangzhou Sport University

Background: Adolescent idiopathic scoliosis (AIS) alters both posture and gait. Pedobarography is a biomechan-
ical method for assessing gait, but it has been rarely used in scoliosis-specific gait research for AIS with A3 and 
B1 type by Rigo classification. A3 type as the third 3C compatible curve pattern is the composite “major main 
thoracic”/“minor lumbar.” Due to the lumbar structural curve, it is wrongly taken like 4C. B1 type is the most 
common 4C compatible curve pattern, and classical double structural scoliosis with main thoracic/lumbar (apex 
L2) or low thoracolumbar (apex L1). 

Objective: To comparison plantar pressure and force gait profile between AIS with Rigo type A3 and B1. 

Methods: Based on clinical and radiological criteria, as the Rigo classification method, 9 and 10 patients were 
classified as A3 and B1 curve pattern, respectively. There were no significant difference between group A3 and 
group B1 in age(years)16.4±1.7 vs 16.7±2.0, height(cm) 162.2±6.1 vs 163.3±6.5,weight(kg) 45.3±7.0 vs 
47.6±6.4, BMI(kg/m2) 17.2±1.9 vs 17.8±1.6, thoracic Cobb angle 33.2±15.0 vs 26.8±3.4,Risser grade 3.7 ±1.5 
vs 3.4 ±1.2, but with significant difference in lumbar Cobb angle 21.6±9.9 vs 32.0±8.9 (p=0.043), respective-
ly. All subjects were blinded to the group they were assigned and study outcomes. Examiners were blinded for 
study outcomes. Subjects stand on the zebris medical FDM for static plantar pressures measurement and then 
walked at self-selected speed on the 6-meter-long zebris medical FDM for 2 minutes for gait analysis. Microsoft 
Excel 2010 and SPSS 16 for Windows operating system was used for statistical analysis. Arithmetic mean (AM) 
± standard deviation was used to describe anthropometric characteristics and pedobarographic gait profile of 
subjects. Mann-Whitney U Test was used to determine statistical significance of differences between groups in 
anthropometric characteristics and foot pressure and force gait profile of subjects, with p<0.05 as significant. 

Results: Under static standing, in the left foot, the forefoot load percent in A3 group is significantly higher than 
that in B1 group, 35% vs 27%, but the backfoot load percent in B1 group is significantly higher than that in A3 
group, 72% vs 64%. In the right foot, the backfoot load percent in A3 group is significantly higher than that in 
B1 group, 38% vs 27%. Under dynamic walking, there are significant difference in the gait analysis, such as 
step time, stride time, step width, and single support line length, maximum force, time of changing from heel to 
forefoot, maximum force of toes, contact time of toes during stance in the right foot, and there are significant 
difference between the A3 group and B1 group in the parameters of maximum force of midfoot and Heel, foot 
rotation degree in the left foot. 

Conclusions: the difference of pedobarographic Profile between AIS with Rigo type A3 and B1 is mostly shown 
in some parameters of dynamic gait analysis, especially in temporal and spatial characteristics of foot pressure 
and force dynamic distribution, which maybe the operable evaluation index during the non-surgical treatment 
of AIS with Rigo type A3 and B1
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Rotational mobility of the trunk-pelvis-hip 
complex in girls with double or single idiopathic 
scoliosis and in girls without scoliosis with 
various angles of trunk rotation

Agnieszka Stępień, Katarzyna Guzek, Witold Rekowski, Tomasz Osiak, Jolanta Stępowska, Andrzej Wit
Józef Piłsudski University of Physical Education

Introduction. Several researchers stated that scoliosis may be related to the pre-existing physiological vertebral 
rotation and thoracic rotational instability, which may increase in the period of intensive growth and may lead to 
changes in the coronal plane. The research on individuals with idiopathic (IS) scoliosis revealed limitations in the 
ranges of spinal rotation. To date, no one has analysed in detail the correlations between the degree of the curva-
ture, the value of the angle of rotation and ranges of spinal rotation in individuals with different types of scoliosis. 

Objectives. The aim of the study was to assess the ranges of rotation in the trunk-pelvis-hip complex with the 
use of the Trunk-Pelvis-Hip Angle (TPHA) test among girls with double and single IS and girls without scoliosis 
with various values of angle of trunk rotation (ATR). An attempt was made at defining the correlations between 
the degree of scoliosis, ATR and TPHA. 

Methods. The study included 198 girls divided into four groups: I group- 95 girls with double scoliosis with the 
right-side thoracic curvature and left-side lumbar or thoraco-lumbar curvature (mean age 12.6, SD 2.3 y :, Cobb 
Th 25.4, SD 12.0; Cobb L 24.3, SD 9.4 ), II - 33 girls with single scoliosis the left-side lumbar or thoraco-lumbar 
curvature (mean age 10.8, SD 2.6 y; Cobb 16.9, SD 8.7), III - 38 girls with ATR at the level of 4-6 degrees (mean 
age 10.3, SD 1.8 y), IV (control group) - 32 girls ATR 0-3 degrees (mean age 10.7, SD 1.9 y). Subgroup IA (10-
24) included 39 girls, IB (25-34) 26 girls and IC (35 and more) 30 girls with double scoliosis. The assessment 
included the measurement of ATR and ranges of rotation of the trunk-pelvis-hip complex (TPHA test) in all girls 
and the measurement of X-ray in scoliotic girls. The Mann-Whitney U test for independent variables was applied. 

Results and discussion. The range of rotation in trunk-pelvis-hip complex to the left (TPHAleft) was signifi-
cantly higher than the range of rotation to the right (TPHAright) in all the groups (p<0.001). The largest asym-
metry were noted in I group, while the best symmetry of movements was observed in IV group. No significant 
differences between the values of TPHAleft was found. The girls in all groups manifested significant limitations 
of TPHAright compared to IV group. The girls in IA group manifested significantly larger TPHAright compared to 
IB and IC. A significant correlation between the degree of the curvatures and TPHAright were noted in I group. 
Together with an increase in the curvature TPHAright decreased. Correlation between ATR and TPHAright in IC 
group was noted (rho=.47, p<0.01). Angle bisector between TPHAleft and TPHAright was deviated to the left 
from the symmetry axis in the sagittal plane in all the studied groups, but the largest deviation was observed 
in girls with double scoliosis. 

Conclusions and significance. Asymmetry of rotational mobility of the trunk-pelvis-hip complex occurs in the 
girls with double IS, single IS and in the girls without scoliosis. The value of the curvature angle of 25 or more 
in girls with double IS predisposes to a significant limitation of TPHAright compared to milder scoliosis. Asym-
metry of rotational movements increasing in girls with double IS, single IS and girls without scoliosis with ATR 
4-6 degrees should be covered by physiotherapy. TPHA test constitutes a significant completion of the clinical 
examination of individuals with idiopathic scoliosis.
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Trace (trunk aesthetic clinical evaluation),  
the objective clinical tool to check aesthetic: 
Rasch analysis validation

Stefano Negrini, Antonio Caronni, Francesca Di Felice, Sabrina Donzelli, Fabio Zaina
Brescia University - Don Gnocchi Foundation, Casa di Cura del Policlinico, ISICO

Introduction: The Trunk Aesthetic Clinical Evaluation (TRACE) is a four items scale administered by a clinician 
to quantify the trunk aesthetic appearance in adolescent idiopathic scoliosis (AIS). 

Objective: Aim of the current work is to explore the psychometric properties of the TRACE scale by means of 
the Rasch analysis. 

Methods: TRACE items (one: Shoulders; two: Scapulae; three: Waist; four: Hemi-thorax) are scored on 3 to 5 
categories, with higher the score, poorer the patient’s trunk appearance. We collected 1553 TRACE scales from 
1553 young patients affected by AIS (one scale per participant; mean age: 13 years, SD: 1.7 years; 1334 fe-
males). Rasch analysis (partial credit model) was conducted using the Winsteps software. The differential item 
functioning (DIF) was assessed for the following variables: age (children vs adolescents), gender (male vs female), 
disease severity (i.e. Cobb degrees; mild vs severe), bracing (i.e. number of hours/day wearing the brace), treat-
ment (first examination vs follow-up after one year treatment). The median was chosen to dichotomize disease 
severity and bracing. Misfitting subjects (64, 4%) were removed. 

Results: All four TRACE items showed ordered thresholds and proper fit to the Rasch model (infit: 0.81 ÷ 1.16; 
misfit: 0.66 ÷ 1.14). The score-to-measure conversion table showed proper length, ranging from -4.55 to 4.79 
logit. The subjects’ mean measure was -0.52 logit (S.E.: 0.04 logit), slightly below the item mean measure (0 
logit). The principal component analysis on Rasch residuals supported the TRACE unidimensionality (raw variance 
explained by measures: 59.8%; unexplained variance in 1st contrast: 1.7 Eigenvalue units). The TRACE was free 
from DIF for age, gender and bracing. TRACE item two (Scapulae) showed moderate DIFs for disease severity 
(contrast: 0.51 logit; joint S.E.: 0.1 logit) and treatment (contrast: 0.58 logit; joint S.E.: 0.1 logit), which however 
were not significantly different from the 0.5 logit threshold. Person reliability was low (0.63 ÷ 0.70), indicating 
that the test can discriminate ~2 levels in the sample. 

Conclusions and significance: Rasch analysis showed that the TRACE scale can return a genuine, Rasch-con-
sistant, interval-level measure of trunk aesthetic appearance in young patients affected by AIS. Being free from 
significant DIF, the TRACE measure can be used to compare the trunk appearance in different conditions (e.g. 
before and after treatment) and patients’ populations (es. males vs females). The biggest flaw of the TRACE is 
its low reliability, likely because of its small number of items.
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Spanish validation of Italian Spine Youth Quality 
Of Life (ISYQOL) Questionnaire: ISYQOL.es

Elisabetta D’Agata, Judith Sanchez Raya, Joan Bago, Manuel Rigo, Sabrina Donzelli, Antonio Caronni
Vall d’ Hebron Institut Research, Vall d’ Hebron Hospital, Elena Salva Institut, ISICO Institut

Introduction: the ISYQOL questionnaire is aimed to measure HRQoL in adolescents with scoliosis and kyphosis. 
Being created using a statistical procedure, Rasch analysis, ISYQOL offers a HRQoL measure which is additive, 
generalizable and unidimensional thus complying with requirement of a genuine continuous measure. 

Objective: to validate the Spanish version of the Italian ISYQOL questionnaire. 

Methods: Validation process of trans-cultural adaptation included two phases. The first phase involved two 
translations and two back translations. A final agreement was obtained by a committee of experts for the ISYQOL 
Spanish version (ISYQOL.es). In the second phase, psychometric characteristics, reliability (internal consistency) 
and validity were calculated. The sample consisted of 93 adolescents (7 boys), with a mean age of 14.1 (SD 2.0. 
87% of the patients presented idiopathic scoliosis mean major curve 35.7º Cobb Angle (SD 9.9). Patients with 
idiopathic kyphosis had a mean kyphosis of 51.8º (SD 8.9). 50% were treated with braces The SRS-22 and the 
Spanish version of the ISYQOL questionnaire were self administered to all involved subjects with an x-ray in both 
projection PA and LL; during the routine visit. The convergent validity was studied between ISYQOL.es and SRS-
22 as well as its subscales, while discriminant validity was assessed using Cobb Angle. Skewness was tested 
to evaluate the ceiling and floor effects of the ISYQOL.es and the SRS-22, T-Test was used check the difference 
between braced patients and the non treated ones. 

Results: The ISYQOL score was 60.5% (SD+-10.1) for scoliosis patients and 59.3% (SD+-12.5) for Kyphosis pa-
tients. Floor and ceiling effects were both 1.1%, but The SRS22 total score distribution was moderately skewed 
to the left (skewness: -0.68), with 75% of participants scoring 4 to 5. The ISYQOL measure distribution was 
approximately symmetric (skewness: 0.47). Patients treated with brace showed a lower QoL compared to non 
treated patients (58.1 (SD 7.8 CI95% 55.8-60.5) vs 62.5 (SD 12.1 CI95% 58.9-65.9) respectively p value 0.04) 
while no significant difference was found with the SRS-22 score 4.2+-0.4 in both groups (p=0.6). ISYQOL had an 
acceptable internal consistency (Cronbach’s α =0.77). Convergent validity was low, with the highest correlation 
(for Self Image) presented a medium value (r=.4, p<0.01). No relationship was found for Cobb angle neither in 
patients with scoliosis nor kyphosis. 

Conclusions: ISYQOL can offer an insight of the brace impact on QoL, while did not showed a discriminant va-
lidity for Cobb Angle. ISYQOL.es showed a good reliability and convergent validity which resulted higher when 
compared to the SRS-22 Spanish version.
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Internal Consistency of the English translation 
of the Italian Spine Youth Quality-of-Life Scale 
(ISYQOL) compared to other Self-Image 
Questionnaires in Adolescents with Idiopathic 
Scoliosis

Eric Parent, Andrea Lin, Kathleen Shearer, Sarah Southon, Sabrina Donzelli, Stefano Negrini
University of Alberta, Alberta Health Services, ISICO, University of Brescia

Introduction. Existing QOL instruments recommended by research guidelines for adolescent with idiopathic 
scoliosis (AIS) present limitations. The SRS-22 was developed for surgical candidates and presents high ceiling 
effects in conservative care. The SAQ asks patients to express how they look from behind which they cannot 
see. Three questionnaires have been introduced recently to address these limitations. The Italian Spine Youth 
Quality-of-Life Scale (SYQOL) was developed in Italy based on concerns expressed by patients and was shown 
appropriate in patients with AIS treated non-surgically. The Trunk Anterior Asymmetry Scoliosis Questionnaire 
TAASQ was proposed to appraise anterior appearance. The Body Image Disturbance Questionnaire measures 
body image disturbance in general and was recently adapted for Scoliosis (BIDQS). 

Objective. Our objective was to develop an English version of the ISYQOL questionnaire and compare its internal 
consistency to other self-appearance questionnaires. 

Methods. The ISYQOL scale was translated to English by consensus of four team members and reviewed by 
three Italian developers for compatibility with the original version. Eighty-seven consecutive volunteer females 
with scoliosis, ages 10 to 18 years old, were recruited from a scoliosis clinic. Patients completed 5 questionnaires 
using REDCAP prior to specialist consult. (Table) These included three new self-image questionnaires: the English 
ISYQOL (one continuous scale), the BIDQS (one domain), and the TAASQ (8 domains). New questionnaires were 
compared to the following established questionnaires: The Scoliosis Research Society-22 (SRS-22r; 5 domains), 
and the Spinal Appearance Questionnaire (SAQ20 scored with 9 domains and SAQ20+3 scored with only 2 do-
mains). Adequate internal consistency was determined using Cronbach alpha (over 0.7) in SPSS. 

Results and discussion. The mean age of the participants was 13.8 ± 1.8 years. Their mean Largest Cobb an-
gle was 30 ± 15o. For 64% the largest curve was thoracic, 15% lumbar, 15% thoracolumbar and the rest had 
upper thoracic largest curves. Internal consistency met the recommended standard for all the questionnaires 
except the following: SAQ Shoulders (α=0.61), SRS22r Function (0.58), TAASQ clothing general (0.67), breast 
location (0.69), Breast shape (0.48). Apart from these noted exceptions, Internal Consistency varied as follows 
among domains of each questionnaire: SAQ 20 (0.70-0.82), SAQ20+3(0.89-0.90), SRS-22r (0.82-0.88), BIDQS 
(0.83), TAASQ (0.79-0.88) and ISYQOL (0.79 to 0.84. There were no significant differences among the domains 
of the new questionnaires meeting the standard. 

Conclusion and significance. The new English ISYQOL translation, the BIDS and the SAQ 20+3 were the only 
questionnaires to fully meet recommended internal consistency standards. The Breast-specific domains scores 
of the TAASQ did not meet standards. It may be best to only analyse the Breast summary score. Ongoing research 
is continuing to determine the validity, test-retest reliability and responsiveness of these new questionnaires.
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Sport activity reduces the risk of progression 
and bracing: an observational study of 511 JIS 
and AIS Risser 0-2 adolescents

Alessandra Negrini, Sabrina Donzelli, Massimiliano Vanossi, Martina Poggio,  
Fabio Zaina, Michele Romano, Stefano Negrini
ISICO

Introduction: Many italian adolescents are engaged in extra-school sporting activities (SPORT) since italian 
school provides only 2 weekly hours of sport activity to every student. Despite many studies regarding idiopathic 
scoliosis treatment, little objective information is available to determine if the participation of Juvenile (JIS) and 
Adolescent Idiopathic Scoliosis (AIS) subjects to SPORT is recommended. 

Objectives: To assess the effect of SPORT on a large population of JIS and AIS adolescents. 

Methods: Design: retrospective observational cohort study. Participants: all the subjects visited in ISICO between 
2003 and October 2017, who presented at ≥ 10 years of age with an x-ray showing a Cobb angle between 
10° and 25°, Risser 0-2, diagnosis of JIS or AIS and no brace prescription. Outcome measures: At 12 months 
follow-up x-ray, an increase of scoliosis curve ≥ 5° Cobb was considered as progression and an increase to ≥ 
25° Cobb – need of brace – was considered as failure. Statistics: Relative risk (RR) was calculated to compare 
the outcome of subjects performing and not-performing SPORT. A logistic regression with covariate adjustment 
was run to assess if frequency has an effect on the outcome measures. 

Results: 511 subject (mean age 11.9±1.2, 415 females) were included. 318 regularly performed SPORT. Subjects 
not performing SPORT showed a higher risk of progression (RR=1.57 CI95% 1.16-2.12 P=0.004) and of failure 
(RR=1.85 CI95% 1.19-2.86 P=0.007) than subjects performing SPORT. Logistic regression confirmed that the 
more frequent the SPORT, the less probable progression (P=0.0004) and failure (P=0.004). As the sport’s fre-
quency increases one day per week, the risk of progression decreases of 0.1 (CI95% 0.05-0.15 P=0.000) while 
the risk of failure decreases of 0.06 (CI95% 0.02-0.09 P=0.001). Subjects engaged in high-level agonism (at 
least 2 hours of daily training ≥ 5 times a week) were too few to be compared to other groups. 

Conclusions: This study shows that SPORT is useful to protect against scoliosis progression at 12 months fol-
low-up in JIS and AIS and it should be added to classical treatments. The more frequent the SPORT, the less the 
risk of progression and failure appears.
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Failure in scoliosis bracing

Andreas Wuersching, Sunčica Bulat Wuersching
Kuća zdravlja

Introduction: Scoliosis affects children and adolescents in a sensitive age and scoliosis itself as well as its 
treatment can have not only physical but also on social and psychological consequences on the wellbeing of 
the patient. Achieving optimal compliance for each patient is a goal we must stive for among all members of the 
multidisciplinary team involved in the treatment. 

Objective: In order to minimise stress, and adjust some parts of the treatment process thusly, we investigated 
reasons for stress and failure in our patients. 

Results: We analyzed 316 patients fitted with a Rigo-Cheneau type brace during one year. 82% were girls, aver-
age age was 13,2 (5-17), Risser sign was in average 3. Average Cobb angle was 30 degrees thoracic and 28 in 
lumbar region. Most of participants had three doctor’s exams (75%) and two-three brace controls or adjustments 
(69%) in one year. Although the patients mostly agreed that everything was ok during the treatment (M=1.97), 
the they reported taking of x-rays (M=3,4) and measurements for bracing (4.16) as mostly stressful. Majority 
of patients claim that scliosis interferes with their daily activities (59%) and social life (46%). As failure criteria 
we determined: operation, progression of more than 5 degrees and discontinued brace-wear of longer than 3 
weeks not caused by objective reasons. We found at least one in 32 patients (10.1%). Out of 32, 10 patients had 
progression of more than 5 degrees, of which 2 patients underwent surgery, and the rest of 22 patients stopped 
wearing their brace (68,8%). We devided the last group into physical discomfort (68.2%) and psychological issues 
(31,8%) subgroups. The majority of the patients experienced chafing (58.8%), excessive sweating (35.2%), had 
problems breathing (6%). None of these patients wore the brace to school compared to 69% in the compliant 
group. 34% stated they can not sit properly in the brace, 16% felt different, 13% were afraid of mocking, 11% 
could not focus in class and 5% was being mocked. In the physical discomfort group adjustments were made to 
the braces and 93% of patients continued to wear the brace with more frequent controls. In the psychogogical 
issues group our team talked to the patients and the parents, and clinical psychologists were included in 28.6% 
with successful continuation of brace-wear in 85.7%. 

Conclusion: Since scoliosis treatment is a long-term process success of which depends on compliance of our 
patients, special attention must be given to non-compliant patients. Reasons for failure in scoliosis treatment 
that we can influence can be of physical of psychological nature, but most of them can be resolved with ap-
propriate care.
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Parental role in scoliosis treatment

Sunčica Bulat Wuersching, Andreas Wuersching, Tomislav Đapić, Gordana Buljan Flander
Kuća zdravlja, KBC Zagreb, Polinika za zaštitu djece grada Zagreba

The majority of patients treated for scolisis are children and adolescents in a psychologically sensitive age. Al-
though adolescence marks a stage in life with strengthening of individual self and gaining independence from 
parents, they still represent an important factor. 

Objective: To examine and compare viewpoints of patients and their parents during scoliosis treatment, de-
termine potential conflict triggers and actions to support compliance and healthy psychological development. 

Methods: A questionnaire was designed and applied in 79 patients fitted with a Rigo-Cheneau type brace. All 
wore the brace at least 6 months and were accompanied by at least one parent. Results: Average age of patients 
is 13.7 years (sd=2.44). 76% are girls. 92% live with both parents. In 45% patients the parents first noticed 
scoliosis. 51% waited up to one month for first exam by an orthopaedist, but 9% for up to 6 months.75% of 
patients had 2-3 doctor’s exams in one year and 69% 2-3 brace controls or adjustments.12% had their brace 
controlled or adjusted only once a year. 78% receive physical therapy. Majority consider that they know “enough” 
about scoliosis (parents 57%, children 72%), but 23% of parents and 13% of children think they don’t know not 
enough and can benefit from additional information. Parents mostly rely on information from CPO (85%) and 
doctor (74%), children gather knowledge from a doctor (75%) and during exercises (24%). 7% of the children 
seek information on social networks while their parents never did. Parents are more worried about long-term 
effects of scoliosis on children’s health (M=3.7, children’s M=3.0). 72% of parents worry a lot, while majority 
of children worry a little (47%). Parents with different sociodemographic background express different levels 
of worry. Differences are statistically significant when it comes to size of settlement (F3,68=3.493, p=0.020), 
mother’s level of education (F1,70=8.398, p=0.005) and father’s level of education (F1,67=11.315, p=0.001). 
Parents have the highest level of worry about esthetic deficit (M=4.09, sd=1.178), long-term effect of scoliosis 
on child (M=4.06, sd=1.334) and surgery (M=4.03, sd=1.381). Children show lower levels of worry and are 
most concerned about esthetic deficit (M=3.78, sd=1.506), and surgery (M=3.64, sd=1.689). 76% of patients 
got recommendation to exercise daily, 26% of children report to doing it, compared to 40% of parents who think 
they are. Majority of parents say their children do not exercise regularly because they do not feel like it (64%), 
children mostly say they lack time (56%). 63% of parents and 15% of children say they argue about exercis-
ing. Most common recommended brace wearing time was 16-18 hours per day (57%, sd=3.84), but only 27% 
of children were actually wearing it that long. Average reported in-brace time is 14 hours (sd=4.25, 6 hours 
min/24 hours max). 56% of parents say they often argue with children about wearing the brace, 58% children say 
they never argue. Children agree the most that their parents don’t know how it feels to wear a brace (M=3.68, 
sd=1.402) and that they are forcing them to wear the brace (M=3.03, sd=1.595). 

Conclusion: The parent-child dynamics can be challenging when dealing with a chronic illness and can impact 
adherence to therapy. Parents are a valuable support factor in long-term treatment of scoliosis. Differences have 
to be recognized and our support to both groups adjusted to ensure best possible treatment.
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How much change in the Cobb angle is needed 
for the patients to observe positive change in 
their backs following a Schroth intervention?

Sanja Schreiber, Eric C Parent, Doug L Hill, Douglas M Hedden, Marc Moreau, Sarah C Southon
Curvy Spine, Inc, University of Alberta, University of Alberta, Royal College of Physicians and Surgeons of Canada

Background: The Cobb angle is proposed as the “disease process” outcome to monitor in scoliosis research 
since the main goal of scoliosis therapies is to correct or stop curve progression. To standardize non-operative 
research, Scoliosis Reasearch Society identifies the Cobb angle as the primary outcome. Conversely, Society on 
Scoliosis Orthopaedic and Rehabilitation Treatment identifies the Cobb angle as less important, listing it below 
esthetic perception, quality of life, disability, pain and psychological well-being. 

Objective: To determine the threshold change in Cobb angle in patients who perceived themselves as improved 
after a 6-months Schroth exercise intervention in adolescents with idiopathic scoliosis (AIS). 

Methods: This was a secondary analysis of a randomized controlled trial of 50 children with AIS, with scoliosis 
curves between 10° and 45°, who wore a brace or not, and who were deemed mature or not based on the Riss-
er score. Those with diagnoses other than AIS, surgical candidates or who already underwent scoliosis surgery 
were excluded. The 6-month intervention consisted of Schroth exercises added to standard of care (observation 
or bracing) including a daily home exercise program and weekly follow-ups (Schroth) or standard of care alone 
(Control). The Largest Cobb (LC) angle was used as a target, and a Global Rating of Change (GRC) measuring 
the perceived “overall condition of the patients’ back from the time they began the treatment until present” 
was used as an anchor. The GRC is rated from -7 (“a great deal worse”) to +7 (“a great deal better”). Perceived 
improvement was defined as a GRC score ³2. After determining that the Cobb angle and the GRC correlated 
positively, a Receiver operating characteristics (ROC) curve was plotted and the minimally clinically important 
difference (MCID) was determined. ROC curves determine the true positive rate against the false positive rate 
for each possible change in Cobb degrees. The MCID was the amount of change in the Cobb angle with the best 
balance between true positive rate and false positive. The area under the curve (AUC) was determined to assess 
the ability of the target to discriminate between patients perceived as improved or unchanged/deteriorated which 
represents the accuracy of the test. 

Results: The mean age and LC were 13.4 ± 1.6 years and 28.5°±8.8o, respectively. The GRC in the Control 
group was -0.09 ±1.59, and in the Schroth group +4.43±2.2. The correlation between LC and GRC was ade-
quate (r= –0.34, p<0.05). The MCID for the LC was 1.0°, suggesting that participants observe a positive change 
when the LC improves by as little as 1°. The AUC was 0.69 (0.52-0.86), suggesting that a randomly chosen pa-
tient with AIS has about 70% chance to be properly classified as improved or not according to their GRC score 
using their LC change. 

Discussion and clinical significance: Patients undergoing Schroth treatment perceived a positive change in the 
state of their backs even if the Cobb angle did not improve beyond the arbitrary accepted threshold of 5°. The 
Schroth approach aims to improve postural balance, signs and symptoms of scoliosis. The perceived improve-
ment in the overall state of their backs appears to be due to improved outcomes other than the two-dimensional 
Cobb angle. This study warrants investigating further outcomes that might be more relevant in determining what 
the patients with AIS perceive as positive outcomes.
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The prevalence and risk factors of back pain in 
patients with adolescent idiopathic scoliosis:  
a large-scale cross-sectional study

Arnold Wong, Dino Samartzis, Prudence Cheung, Jason Cheung
The Hong Kong Polytechnic University, RUSH University, The University of Hong Kong

Introduction: Adolescent idiopathic Scoliosis (AIS) is the commonest spinal deformity among teenagers. The 
presence of structural deformity may adversely affect spinal biomechanics of AIS patients. However, little is 
known regarding the prevalence rates of different spinal pain and their impacts on patients. Additionally, since 
early onset of spinal pain may increase the risk of subsequent recurrent/chronic spinal pain, it is important to 
identify various risk factors for spinal pain in AIS patients so that proper management can be implemented. As 
such, the objective of the current study was to investigate the prevalence and impacts of spinal pain on AIS pa-
tients and the associated risk factors. 

Methods: A consecutive sample of conservatively treated AIS patients (aged between 10 and 17 years) who vis-
ited a scoliosis clinic in Hong Kong were invited to participate in a survey. After obtaining the parent’s consent, 
each participant completed a battery of questionnaires designed and chosen by a team of clinicians specialized 
in scoliosis management. The demographic questionnaire collected information related to patients’ character-
istics, physical activity levels, lifetime and existing thoracic pain (TP) and low back pain (LBP), brace usage, and 
treatments for scoliosis and spinal pain. Additionally, the Insomnia Severity Index, Epworth Sleepiness Scale, 
and the anxiety and depression subscales of the Depression Anxiety Stress Scales were used to collate patients’ 
sleep quality, anxiety, and depression, respectively. Differences in physical and psychological characteristics of 
patients with a prior history of spinal pain were compared. Risk factors for current spinal pain (TP+LBP) were 
analyzed using a multivariate logistic regression. 

Results: A total of 983 AIS patients were recruited. Based on the reported lifetime prevalence of spinal pain, 
participants were stratified into “no pain”, “TP”, “LBP”, and “TP+LBP” groups (Table 1). The lifetime prevalence 
rates of TP, LBP and TP+LBP were 3.96%, 25.53%, and 4.07%, respectively. Additionally, the point-prevalence 
of TP+TBP was 13.27%. Compared to the no pain group, patients in the three lifetime painful groups reported 
significantly more severe insomnia and lower physical activity levels (p < 0.05). Patients in the LBP and TP+LBP 
groups were also characterized by significantly older age, more severe daytime sleepiness, larger coronal Cobb 
angles in thoracic and lumbar regions, and greater apical vertebral rotation at the lumbar region. The multivariate 
analysis found that the Type 5 Lenke curve (odds ratio (OR)=6.50), severe Insomnia as measured by Insomnia 
Severity Index (OR=3.20), older age (OR=1.25), and coronal Cobb angle in the lumbar region (OR=1.04 per de-
gree) were significantly related to the presence of current spinal pain in AIS patients. 

Discussion: This is the first large-scale study to investigate different types of spinal pain in affecting AIS pa-
tients’ physical and psychological well-being. The close association between specific spinal phenotypes (i.e., 
the Lenke curve type and Cobb angles in the lumbar region) and spinal pain corroborate the hypothesis that 
spinal deformity can increase the risk of spinal pain. Future longitudinal studies should investigate the ef-
fectiveness of physiotherapy scoliosis-specific exercises and bracing in improving the spinal deformity and 
related spinal pain.
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Does postural stability differ between 
Adolescents with Idiopathic Scoliosis and 
typical developed? -a systematic literature 
review and meta-analysis

Marlene Dufvenberg, Birgitta Öberg, Allan Abbott
Department of Medical and Health Sciences

Introduction: Adolescent Idiopathic Scoliosis (AIS) is the most common form of spinal deformity arising during 
skeletal growth. The etiology of AIS is unknown. Theories suggests that postural control and the ability to regu-
late somatosensory input is changed and that postural stability deficits may play an important role in the onset 
of AIS and curve progression. Posturography evaluate postural stability quantifying Centre of Pressure (COP) 
parameters derived from ground reaction forces to gain a better understanding of postural stability. Previous 
reports on changes in postural stability in AIS has been inconsistent. Research is needed to clarify if COP pa-
rameters; sway area, mediolateral (ML) and anteroposterior (AP) displacement differs between AIS and typical 
developed adolescents. 

Objective: To identify, critically evaluate literature and meta-analyse data assessing postural stability with static 
posturography comparing adolescents with idiopathic scoliosis and typical developed to determine if AIS affects 
postural stability measured with COP parameters sway area, ML and AP displacement. 

Method: Studies comparing static posturography COP parameters in AIS with typical developed adolescents 
were retrieved from PubMed, Scopus, CINAHL and PEDro until the end of 2016. Methodological quality was as-
sessed using two critical appraisal tools, (1) A risk-of-bias assessment and (2) The posturography methodological 
quality checklist. Cohen’s d effect size was calculated for included studies and pooled data for COP parameters; 
sway area, ML and AP displacement. Included studies used different methods when assessing ML and AP dis-
placement thus multiple meta-analyses were conducted. Presented in three different categories as; ML position 
1, ML position 2 and ML range (MLP1, MLP2, MLR) and AP position 1, AP position 2 and AP range (APP1, APP2, 
APR). Cochran’s Q and Higgins’s I2 statistics were calculated to assess homogeneity among studies. If discrete 
values were missing, estimated values from graphs were calculated. 

Result and Discussion: The database searches returned 971 potential articles. 18 articles met the inclusion and 
exclusion criteria for the qualitative synthesis. (1) A risk-of-bias assessment identified four high, 12 moderate 
and 2 low risk-of-bias articles. (2) The posturography methodological quality checklist identified 5 low, 6 mod-
erate and 7 high quality articles. Data was extracted from 11 of 18 articles. Cohen’s d showed a large effect size 
difference in sway area, MLR, APP2 and APR whereas MLP1, APP1 showed medium and MLP2 showed a small 
effect size difference (Table 1). Cochran´s Q showed that the variation between studies were homogeneous for 
each of the parameters. This was consistent with Higgins I2 of less than 50% of variation across studies prefer-
ably for ML and AP displacements (Table 1). Altogether meaning larger postural instability for the AIS participants 
with a shift towards right and posteriorly. 

Conclusion and Significance: AIS participants had decreased postural stability measured as COP sway area 
and displacement in the ML and AP direction towards right limb and heels. However, disparity among posturog-
raphy methodologies and the heterogonous nature of AIS must be taken into consideration when interpreting 
findings. The results indicates support to study postural stability in early stage of AIS and interventions focused 
on postural control in the prevention of scoliosis progression.
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Factors Influencing Surgery vs. Non-surgery 
Decision for Adult Idiopathic Scoliosis Patients 
with Borderline (40-55°) Main Thoracic Curves?

Ahmet Alanay, Caglar Yilgor, Kadir Abul, Suna Lahut, Yasemin Yavuz, Ferran Pellise,  
Francisco JS Perez-Grueso, Emre Acaroglu, Ibrahim Obeid, Frank Kleinstuck,  
ESSG European Spine Study Group
Acibadem Mehmet Ali Aydinlar University, Acibadem Maslak Hospital, Ankara University, Hospital Universitari Vall d’Hebron,  
Hospital Universitario La Paz, Ankara ARTES, Bordeaux University Hospital, Schulthess Klinik, Vall Hebron Institute of Research

Introduction: Natural history studies of adolescent-onset adult idiopathic scoliosis (AdIS) show that main thoracic 
(MT) curves 55° worsen throughout adulthood at a rate of 0.75° to 1° per year. Thus non-surgical management 
is the mainstay of treatment for MT curves 55° are generally recommended for surgery. The natural history for 
“borderline” cases (MT curves between 40-55°) is less predictable complicating the decision-making process. 
Objective The aim of this study was to analyze the factors that influence the surgical vs non-surgical treatment 
decision for AdIS patients with borderline MT curves. 

Methods: This was a retrospective analysis of data collected in the multicenter, consecutive, prospective study 
of the European Spine Study Group (ESSG). Enrollment criteria were an age of ≥18 years and at least 1 of the 
following: coronal Cobb angle of ≥20o, sagittal vertical axis of ≥5 cm, pelvic tilt of ≥25o, and thoracic kyphosis 
of ≥60o. For the present study, the specific inclusion criteria were: having a diagnosis with adolescent-onset 
adult idiopathic scoliosis, having the main deformity in the thoracic region, having a Cobb angle between 40 
and 55 °, minimum of 5 years of history with spine problems and ≥1 years’ follow-up. 91 patients (37 surgery, 
54 non-surgery) met the inclusion criteria. Factors that may influence the decision-making process were evalu-
ated in 5 categories; 1- demographic characteristics (age, gender, height, weight, BMI, smoking status, comor-
bidities) 2- site difference (6 sites of ESSG). 3- coronal plane (Upper thoracic, Main thoracic and Lumbar curve 
magnitudes, shoulder height, clavicle angle, T1 rib angle, coronal balance, thoracic trunk shift, pelvic obliquity, 
leg length discrepancy) 4- sagittal plane (Global Alignment and Proportion (GAP) score: PI-based individualized 
method of analyzing the sagittal spinopelvic shape and alignment) and 5- quality of life questionnaires (COMI, 
ODI, SF-36 and SRS-22). Univariate and multivariate analyses were conducted to determine independent fac-
tors that influence surgical decision. 

Results and Discussions: The mean age was 27.9±9.5 years and the mean MT curve Cobb angle was 46.9±4.4° 
for 31 female and 23 male in non-surgery group. In surgery group, 15 female and 22 male were included and 
the mean age was 32.5±16.3 years and mean MT curve Cobb was 50.4±4.2°. Univariate analysis revealed age, 
MT curve Cobb angle, thoracic trunk shift, GAP Score to be significant (p 0.20) as factors to be included in mul-
tivariate analysis. Although all quality of life survey results were significant; to avoid multicollinearity, SRS-22, 
with its four subcategories, was included in the multivariate analysis. Multivariate regression analysis revealed 
the GAP score, SRS-22 pain score and MT curve Cobb angle to be independent factors that influence surgical 
decision (Figure 1). Having the highest odds ratio, the most important factor was the GAP Score. 

Conclusions and Significance: AdIS patients having worse coronal plane deformity (increased Cobb), worse 
sagittal plane shape and alignment (increased GAP Score) and experiencing pain (lower SRS-22 pain score) have 
a predilection towards surgical treatment. Sagittal plane deformity was the most decisive factor.
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Prevalence of adolescent idiopathic  
scoliosis in Turkish schoolchildren:  
An Epidemiological Study

Hurriyet Yılmaz, Çoşkun Zateri, Aslıhan Kusvuran Özkan, Gülseren Kayalar, Haluk Berk
İstanbul Halic University, Çanakkale Onsekiz Mart University, Adana Private Ozülkü Center of Medicine, 
Ankara Memorial Hospital, İzmir Dokuz Eylül University

Introduction: There was limited data by narrow-scoped studies on prevalence of adolescent idiopathic scoli-
osis in Turkey. Surprisingly lower prevalence rate reported by these previous regional studies with high rate of 
missing and unconfirmed subjects. This large population-based epidemiological study supported by Ministry of 
Health provided immediate radiological verification by portable X-ray device which decreased risk of missing data. 

Objectives: The main aim of this cross-sectional study was to estimate the prevalence of adolescent idiopathic 
scoliosis based on large population that is representative sample of Turkey, and to increase awareness about 
scoliosis countrywide. 

Methods: The universe of our study consisted of secondary school students. The sample size was calculated to 
estimate the prevalence of adolescent idiopathic scoliosis in Turkish schoolchildren. According to this, sample 
size was calculated as 17,570 secondary school students aged between 10-15 years. Screening was performed 
in 40 cities, at 86 schools by 98 physiatrists and physiotherapists. Screening consisted of visual inspection of 
the back, Forward Bending Test (FBT) and measurement of angle of trunk rotation (ATR) using a scoliometer. Stu-
dents who had ATR ≥5° or positive FBT were referred to radiological assessment. Portable X-ray devices were 
enabled by Ministry of Health equipped in a vehicle (truck), waiting in the schoolyard of each screened school. 
Spinal X-rays were evaluated and the Cobb angles were measured by the same orthopaedic surgeon (HB) who 
was experienced in spinal deformities. Scoliosis was deemed to be present by Cobb angles of ≥10°. Data re-
flecting demographics (e.g. age, sex, weight, height, etc.) and clinical characteristics (e.g. menarche age, Risser 
stage, Cobb angle, curve types etc.) were documented.  

Results: We reached a total of 16,045 students whose informed consent forms were signed by their parents. 
In the study, 8162 (50.9%) female students and 7883 (49.1%) male students were examined. The prevalence 
rate of adolescent idiopathic scoliosis was 2.3% (female: 3.07%, male: 1.49%) in Turkish schoolchildren aged 
between 10 to 15 years. 

Conclusions: The prevalence rate of adolescent idiopathic scoliosis was 2.3% in Turkish schoolchildren between 
the ages of 10 to 15. This prevalence rate was considerably higher than the results of previous regional studies 
conducted in Turkey and comparable to the other country epidemiological study rates.

Significance: This is the first epidemiological study of school screening for scoliosis in Turkey supported by 
Ministry of Health. One of the strongest aspects of this study is the fact that radiologic confirmation of each 
suspicious case has been made during the screening. Parents of the children with scoliosis were informed and 
referred to the regional hospital. This study also achieved an increase in awareness of scoliosis among parents, 
schoolchildren as well as school teachers. 

Key words: Adolescent idiopathic scoliosis, prevalence, scoliosis, school screening 
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Prevalence, risk of progression and quality of 
life in adolescents undergoing scholl screening 
for AIS in the metropolitan region of Chile.

Marcela Cárcamo, Pamela Espinoza, Óscar uRREJOLA, Theodoros Grivas, Josette Bettany-Saltikov
Universidad de los Andes, Tzaneio General Hospital of Piraeus, Teesside University

Introduction: The prevalence (PR) of Adolescent idiopathic scoliosis (AIS) varies around the world, with the far-
thest countries from the Equator reporting a greater PR of AIS compared to countries closer to it. Epidemiological 
evidence from South America is very scarce due to the lack of PR studies conducted. Consequently, statistical 
information relating to the PR of AIS in Chile is not currently available in the Chilean National Scoliosis Guide-
lines (CNSG). 

Objectives: To determine the prevalence (PR), risk of progression (ROP) and quality of life (QOL) of the AIS pop-
ulation in children aged 10 to 18 years old (yo) screened in schools within the Metropolitan Region of Chile. 

Methods: Research design. A cross-sectional convenience study. Participants. 1200 students aged between 
10-18 yo. Instrumentation. A manual scoliometer, full spine Antero-Posterior (AP) and lateral x-ray. Procedure. 
Children were asked to perform the Adam’s Test in both standing and sitting. The ATR was measured with a 
scoliometer at: the thoracic (T3 to T11), thoracolumbar (T12 to L1), and lumbar area (L1 to L4). When ATR was 
≥ 6°, a referral order for an AP and lateral x-ray was undertaken. An orthopedic surgeon undertook all the mea-
surements. Data analysis. A Scoliosis diagnosis was confirmed when the Cobb angle ≥ to 10° together with the 
presence of vertebral rotation. The ROP was calculated and the QoL data analysis for CAVIDRA and TAPS results 
were analyzed using Spearman Correlation Coefficient. 

Final results: 1200 students were screened for scoliosis. The following was found: 54,92% (659) female and 
49,08% (541) male students. 8,08% (97 students) had an ATR (> or = 6°) and were referred for an x-ray. 40 
students had a scoliosis diagnosis confirmed (43.2%); 31 students did not have scoliosis (31.9%); 24 children 
were excluded due to no x-ray (24.7%) and three students had previously been diagnosed with scoliosis (3.09%). 
Mild scoliosis was found in 3.08% (37 subjects in total (22 females and 15 males); moderate scoliosis in 0.33% 
(of which were 4 females); two females had severe scoliosis (0.16%). The final PR rate was 3.58%. The most 
common scoliosis patterns and the distribution of cases with different ROP can be seen in figure 1a and 1b re-
spectively. 69% of the students diagnosed with scoliosis (30 of 43 students) answered the CAVIDRA and TAPS 
questionnaires. Their results correlated negatively with the curve severity. Spearman Correlation Coefficient 
showed a positive association that was however non-statistically significant (p =0.31). 

Discussion and Conclusions: The PR value (3.58%) is higher than values reported in much of the literature. 
Grivas et al suggested that higher PR values are found in countries far from the equator and this is applicable to 
Chile. Our results confirm the importance of the use of the scoliometer as an effective tool to early diagnose in 
younger children. The `late` scoliosis cases suggest that only using subjective evaluation, can lead to diagnos-
tic mistakes, as they were not previously detected. It is recommended that the CNSG: 1. use the scoliometer to 
screen for AIS and 2. follow the SOSORT Guidelines recommendations to perform scoliosis screening twice in 
girls at 10 and 12 yo, and once in boys at age 13 or 14 (pubertal spurt). These final results provide an insight 
into the magnitude of the AIS health problem in Chile and suggest that CNSG, needs to be updated regarding to 
the prevention and public awareness.
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Use of the RisserPlus System to Predict Natural 
History of Adolescent Idiopathic Scoliosis at 
Skeletal Maturity

Lori Dolan, Stuart Weinstein
University of Iowa

Introduction: The Risser grade, as originally defined, suffers from lack of precision, especially Risser 0. The Ris-
serPlus system addresses this issue by adding the status of the triradiate cartilage to subgroup Risser 0 patients. 
The RisserPlus system has been shown to possess acceptable intra- and inter-rater reliability, but its ability to 
predict the natural history of AIS during skeletal growth has not yet been demonstrated. 

Objectives: To develop and validate a prognostic model using a modified RisserPlus maturity system. 

Methods: Data from 116 subjects in a multicenter database were included. Subjects had a confirmed diagnosis 
of AIS, were not treated with bracing or other scoliosis-specific modalities, and were followed to either skeletal 
maturity (minimum Risser grade 4), or to a Cobb angle of at least 45° or spinal fusion (“failure”). Candidate vari-
ables (measured at the initial visit) included modified RisserPlus (Risser 0 - (open triradiate), Risser 0 + (closed 
triradiate), Risser 1, 2, or 3), age, gender, SRS curve classification, maximum Cobb angle, and body mass index). 
Using multivariate logistic regression, the final model was selected based on the Akaike criterion. Evidence of 
internal validity was generated by applying the model to jackknifed and samples of the dataset. Calibration (ac-
curacy of the subject-level predictions) was assessed via the Brier score and calibration plots. Discrimination 
was quantified by the c-statistic. 

Results and Discussion: The final model included the variables modified RisserPlus (Risser 0 -, Risser 0 +, or 
Risser >0) and the maximum Cobb angle (c-statistic = 0.87, Brier score = 0.14). None of the other candidate 
variables provided additional meaningful information after these two were in the model. As expected, subjects 
with a Risser >0 had much lower odds of failure than those at Risser 0 - (OR=0.012) or Risser 0 + (OR=0.103) 
Increasing Cobb angle was associated with increased odds of failure (OR=1.345). Internal validation indicated 
little loss of discrimination (c-statistic = 0.85) or calibration (Brier score = 0.16) in the jackknifed data. However, 
application in an independent dataset is required to provide evidence of generalizability. 

Conclusion and Significance: A modification of the RisserPlus system, along with the Cobb angle, are highly pre-
dictive of curve progression during skeletal growth. This is the first validated predictive model using that system, 
and could easily be applied in a typical clinic situation. This study provides clinicians with prognostic evidence 
to share with families to help them jointly develop and evaluate individualized, risk-based treatment options.
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Comparison between the Hump-meter, 
Scoliometer and the curves in Idiopathic 
Scoliosis

Angelo Gabriele Aulisa, Marco Galli, Marco Giordano, Francesco Falciglia, Renato maria Toniolo
Bambino Gesù Children’s Hospital, University Hospital “Agostino Gemelli”

Introduction: The scoliometer and the Hump-meter are used to clinically measure the rib hump in scoliosis and 
the first one to evaluate the axial trunk rotation. The difference between the two methods is that the scoliometer 
measurement is based on degrees instead the hump-meter is based on millimeters (mm). In the literature there 
are many papers that studied the efficacy of this tools but no one have compared them. 

Objective: The aim of this study was to compare the Hump-meter (millimeters) with the classic scoliometer 
(degrees) and evaluate which tools showed a better correlation between the hump dimensions and the severity 
of scoliotic curve. 

Method: Two observers measured the rib hump deformity on 220 consecutive patients with idiopathic scoliosis 
with an average Cobb angle of 29.8 ± 8.46 degrees. Three parameters were considered to evaluate the treat-
ment: the hump value in mm, the hump value in degrees and the Cobb angle. Measurements were made using 
an Hump-meter and with a scoliometer and were determined at the beginning and the end of treatment. Statis-
tical analyses were performed in the whole sample. The correlation between the measurements were calculated 
using a Spearman test with a P-value set to < 0.05 for significance. 

Result and Discussions: A positive correlation was detected between the hump dimension in millimeters and 
degrees at baseline and at follow up. The Spearman values was 0.7158 for Hump measurement in millimeters 
and in degrees at baseline (P-values < 0.001) and 0.6019 at follow up (P-values < 0.001). But the considerable 
reduction of the correlation coefficient indicates that one of this is better correlated with the success of treat-
ment. Therefore, the correlation between the variation of correction in Cobb degrees and hump in millimeters 
has been verified and the results were highly significant (P-values < 0.001). Instead the correlation between the 
variation of correction in Cobb degrees and hump in degrees were not significant (p=0,054). 

Conclusion and Significance: A significant correlation exists between the hump dimension in millimeters 
and the curve severity at the end of treatmen. The hump value in degrees is less effective than measurement 
in millimeters in patient follow-up, but not at the baseline. Therefore, the measurement of the hump in mil-
limeters is best and significantly correlates with the success of the treatment measured in reduction of the 
Cobb degrees.
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A novel screening tool for Adolescent Idiopathic 
Scoliosis – a pilot study

Benjamin Thomas Brown, Jeb McAviney, Roger Engel
ScoliCare, Macquarie University

Introduction: Scoliosis is common across the lifespan with peaks in prevalence witnessed in infant, adoles-
cent and geriatric patients. Unfortunately, active screening programs for this condition are either substandard 
or non-existent in most countries. With the knowledge that early detection of scoliosis leads to better outcomes, 
both from a clinical and economic standpoint, there is a need for a safe, effective, low cost, user-friendly tool 
for scoliosis screening. Tools such as the scoliometer represent an accessible method of screening for scoliosis, 
however due to the technical and clinical expertise required to use and interpret the findings from this instru-
ment, it is not suitable for use by laypeople or as a tool for mass screening. 

Objective: The aim of this study was to assess the extent of agreement between a web-based scoliosis screen-
ing tool and scoliometer readings in a group of adolescent patients. Design: Cross-sectional study 

Methods: A group of adolescents were recruited from Sydney, Australia. The sample included a subgroup of 
participants with confirmed adolescent idiopathic scoliosis. There was no available diagnosis for the remaining 
participants. Each participant was assessed by two different assessors. One assessor measured the angle of 
trunk rotation (ATR) using a scoliometer. Participants with ATR measurements ≥7° are considered to be at risk 
of having scoliosis. The second assessor screened each participant using a web-based screening app called 
ScoliScreen. The app determines the risk of scoliosis based on gender, six observable postural features, and a 
family history item and provides a risk score between one and four based on a weighted algorithm. Participants 
with scores ≥3 are considered to be at risk of having scoliosis. Each assessor was blinded to the results of the 
other assessor and to any pre-assessment scoliosis status. Results from both assessments were then collated 
and compared. 

Results: The sample comprised of 60 patients (75% female) aged 10-15 years (Median=12, IQR=1). Seven 
(11.7%) of these participants had a confirmed diagnosis of scoliosis at baseline. The Cobb angle for this group 
ranged between 12-48° (Median= 44°, IQR= 9°). The ATR for the entire sample ranged from 1-15° (Median = 
4°, IQR = 2°). An analysis of the contingency table data revealed that the proportions of test results between the 
two tools were not equal (χ2 = 6.25, df= 1, p = 0.009) with the ScoliScreen application producing a higher rate 
of positive tests compared to the scoliometer. With regards to detecting the seven confirmed cases of scoliosis, 
both tools performed well with no significant difference between the proportions of cases correctly identified by 
the two tools (χ2 <0.001, df= 1, p = 1). 

Conclusion: The results of this study provide evidence of the validity of the ScoliScreen app. ScoliScreen was 
as effective in identifying known cases of scoliosis as the gold standard scoliometer. Given that there was no 
definitive diagnosis in the non-diseased group it was not possible to comment on the overall sensitivity and 
specificity of one tool versus the other. Further studies where a definitive diagnosis can be established for all 
subjects would aid in establishing the accuracy for the ScoliScreen tool. Based on the findings of this research 
further testing is warranted.
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Outcomes following intensive,  
resistance-based physical rehabilitation  
in an outpatient community clinic

Jennifer Padwal, Kamshad Raiszadeh, David Berry, Jonathan Wu,  
Jonathan Tapicer, Samuel Ward, Bahar Shahidi
University of California, San Diego, Spine Institute of San Diego, Spinezone LLC

Introduction: Low back pain (LBP) is highly-prevalent, affecting 65-85% of people during their lifetime. Con-
servative treatment has demonstrated mixed results for improving pain and functional outcomes, which has 
been attributed to poorly defined protocols that possibly lack necessary intensity and compliance. Intense, resis-
tance-based rehabilitation has demonstrated the ability to produce improvements in pain and function, however 
patient compliance and magnitude of improvement is not well described. 

Objective: The objective of this study was to characterize patient compliance and compare LBP related outcomes 
before and after a high-intensity resistance based lumbar spine rehabilitation program. 

Methods: This was a retrospective review of 2,308 patients with LBP that initiated a high-intensity resistance 
based rehabilitation program between 07/2015-05/2017 in San Diego, CA. This outpatient program consisted 
of 20 supervised visits conducted at an outpatient facility at a suggested rate of 2 visits/week. Low back related 
pain (visual analog scale), disability (Oswestry disability index), and quality of life (EuroQol 5D) were measured 
at baseline and tracked throughout the program. Patients were considered to have successfully completed the 
program as prescribed if they completed at least 18 visits or had plateaued in their improvement prior to 18 
visits (n=1185). Pain, disability, and quality of life outcomes were compared pre- and post-rehabilitation, and 
between successful and unsuccessful completion groups using a repeated measures 2-way ANOVA. In order to 
determine the optimum number of visits required in order to achieve the minimally clinically important difference 
(MCID) for each outcome, a receiver operator characteristic (ROC) curve analysis was performed. 

Results/Discussion: Patients who successfully completed the program attended 17.2±9.9 (mean±SD) visits 
compared to 11.0±9.7 for those who did not complete the program. Significant baseline differences existed 
between patients who did and did not successfully complete the program for EQ5D (0.73 vs 0.71, p≤0.001), 
ODI (26.7 vs 29.3, p≤0.001), and VAS (50.2 vs 53.3, p=0.006). Both groups of patients demonstrated significant 
improvements with rehabilitation for all outcomes, with a smaller proportion of patients achieving improvements 
greater than or equal to the MCID value for each outcome (23.5%, 25.7%, and 21.8% for EQD, ODI, and VAS 
respectively). Patients who successfully completed the program had significantly greater improvements com-
pared to patients who did not for EQ5D (0.08 vs 0.02 points, p≤0.001), ODI (8.14 vs 1.57 percent, p≤0.001), 
and VAS (30.5 vs 21.3, p≤0.001). The number of visits required to achieve the MCID for ODI was 11 visits based 
on the ROC analysis (AUC 0.677, p=0.008). The curves for pain and quality of life did not achieve significance. 

Conclusions/Significance: We found statistically significant improvements in pain and functional outcomes 
for both groups of patients who underwent this intensive rehabilitation program. 51% of patients completed the 
prescribed program, however, patients who did not complete the program had higher baseline levels of pain 
and disability, and a lower quality of life. Additionally, patients who completed the program demonstrated great-
er improvements in pain, disability, quality of life. Further research is needed to determine which patients will 
respond best to an intensive, resistance based rehabilitation program.



ABSTRACT BOOK / PROGRAM 81

Fri 4/20/18 > 13:27 – 13:33

Back pain in adolescents  
with spinal deformities

Sabrina Donzelli, Fabio Zaina, Francesca Di Felice, Stefano Negrini
ISICO Italian Scientific Spine Institute, ISICO, University of Brescia

Background: Back pain prevalence ranges from 7 to 58% of subjects aged between 13 and 15, equally dis-
tributed in males and females. Back pain prevalence in scoliosis adolescents was found to be around 47%, but 
no studies investigated the prevalence of back pain in different spinal deformities, despite pain is considered a 
typical symptom of spinal pathologies. AIM To document the prevalence of back pain, in all its forms in a large 
population of adolescents with spine deformities and to investigate the association of back pain and different 
spine pathologies. 

Methods: This is a retrospective cross-sectional study from a clinical prospective database. All the patients 
visited between 2010 and 2015 were asked for pain at first clinical evaluation by a single expert phyisician. If 
they referred any kind of pain belonged to the PAINGroup, if not they were assigned to the NOPAINGroup. Pain 
description was then classified into 4 subtypes (localized or generalized, limiting or occasional). Inclusion cri-
teria: age between 10 and 18, spine deformity diagnosis, Exclusion criteria: secondary deformities and other 
associated pathologies. T-test was used to check for difference in the two groups considered for SRS-22 score, 
age and BMI. Chi-2 test was applied for checking the association between the presence of pain and diagnosis 
and pain subtypes; sports activities and previous treatment with brace. 

Results: 702 completed the SRS-22, (males n=468), mean age 13.3+-1.92. The included patients have the 
following diagnosis: adolescent idiopathic scoliosis (n=387;55.1%), sagittal unbalance (which includes hyper-
kyphosis and junctional kyphosis without Scheuermann disease (n=134; 19.1%) Scheuermann deformities 
(n=67;9.55%); all other diagnosis including postural collapse, leg length discrepancy and aspecific back pain 
(n=114; 16.2%). The sample was divided in two groups: PAINGroup (258 subjects 36.8% of the entire sample) 
and NOPAINGroup. Mean age in PAINGroup 13.6+-1.9 and in NOPAINGroup 13.06+-1.9 p>0.05. Pain score at 
the SRS-22 was 4.10+-0.57 in PAINGroup and 4.75+-0.71 in NOPAINGroup (p= 0.0000). Among patients with 
AIS 32% referred pain, in the group of sagittal unbalanced patients 55% and in the group with Scheuermann 
disease 52%. Pain type was localized for 17.8%, generalized for 2.7%, occasional for 39.9% and limiting for 
39.5%. Only Scheuermann disease predispose to pain (chi2= 10.2 Fisher exact test = 0.002), Sagittal unbal-
ance is slightly associated to pain with chi2 = 3.65 Fisher exact test = 0.05. BMI and Age were not significantly 
associated with SRS SCORE, nor sports activities and previous brace treatment. 

Discussion and conclusion: This is the first study investigating the epidemiology of different type of back pain 
in a large population of adolescents with spine deformities, by using a SRS-22. Thoracolumbar and lumbar oc-
casional pain are more frequent in patients with Scheuermann deformities, scoliosis patients have milder pain 
symptoms and refer to the specialist for pain in fewer cases. Sports activities and previous brace treatment, as 
AGE and BMI have no relationship with pain complaints, SRS-22 score or pain localization.
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Association of disc degeneration on magnetic 
resonance imaging with back pain among 
adolescent idiopathic scoliosis patients

Matija Zutelija Fattorini, Tomislav Dapic, Alenka Gagro, Ana Tripalo Batos
Children’s Hospital Zagreb, University Hospital Centre Zagreb

Introduction: Scoliosis is the most common deformity of the spine, and the incidence of back pain in adoles-
cent idiopathic scoliosis (AIS) ranges from 32% - 85%. Although it is considered that AIS can cause back pain 
in the spine, this connection with regard to the scientific evidence is not entirely clear. Disc degeneration (DD) is 
associated with low back pain in early adulthood. To date, there has only been one small study of associations 
between magnetic resonance imaging (MRI) findings and back pain in AIS patients.

Objective(s): To evaluate the relationship of morphological changes of intervertebral segment analyzed by MRI 
in patients with AIS and back pain. Method(s): A cross-sectional MRI study included 120 patients diagnosed with 
AIS based on radiographic examination. Patients underwent MRI (1.5T) of the thoracic and lumbar spine, and the 
degree of DD was classified using Pfirrmann grading system. Patients filled out visual analog scale, Oswestry 
Disability Index for back pain and Scoliosis Research Society-22r Patient Questionnaire. Result(s) and Discussion: 
The incidence of back pain was 68.3%, and the largest number of participants experienced mild pain. There were 
statistically significant associations between pain intensity measured by visual analog scale and menarche, body 
weight and body mass index. Signs of DD were noted in approximately 1/3 participants. Statistically significant 
association of DD in lumbar spine with the occurrence of pain was shown, but only at the fourth degree of DD 
according to Pfirrmann classification (OR=3,29; 95% CI: 1,45-7,45; p<0,004). Also, we found no associations 
between DD and Cobb angle, disc wedge angle, disc inclination angle and coronal migration. 
Conclusion(s) and Significance: In adolescents with idiopathic scoliosis degenerative disc findings are rela-
tively common and can be one of the factors that cause back pain. It should be remembered that the presence 
of DD, especially if it is low-grade, is not enough to confirm the etiology of pain.
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Comparison of the Test-Retest Reliability of the 
English Translation of the ISYQOL Scale (Italian 
Spine Youth Quality-of-Life) to other Self-Image 
Questionnaires in Adolescents with Idiopathic 
Scoliosis

Eric Parent, Andrea Lin, Kathleen Shearer, Sarah Southon, Sabrina Donzelli, Stefano Negrini
University of Alberta, Alberta Health Services, ISICO, University of Brescia

Introduction: Existing QOL tools for adolescent idiopathic scoliosis (AIS) present limitations. The Scoliosis Re-
search Society-22 (SRS-22r) was developed for surgical candidates and presents high ceiling effects in con-
servative care. The Spinal Appearance questionnaire (SAQ) asks patients to express how they look from behind 
which they cannot see. Three questionnaires have been proposed recently to address these limitations. We re-
cently translated into English, the Italian Spine Youth Quality-of-Life Scale (SYQOL), which was developed based 
on concerns expressed by patients and was shown appropriate in patients with AIS treated non-surgically. The 
Trunk Anterior Asymmetry Scoliosis Questionnaire (TAASQ) was proposed to appraise anterior appearance. The 
Body Image Disturbance Questionnaire measures body image disturbance in general and was recently adapted 
for scoliosis (BIDQS). 

Objective: Our objective was to determine the test-retest reliability of the new QOL tools (ISYQOL, BIDQS, TAASQ) 
and compare to established tools (SRS22r, SAQ). 

Methods: Thirty-five consecutive volunteer females with AIS aged 10 to 18 years were recruited from a scoli-
osis clinic. Five tools were computer-administered by email invitation using REDCAP one and two weeks after 
a specialist consult. Up to two reminders were sent. New tools included the English ISYQOL (one continuous 
scale), the BIDQS (one domain), and the TAASQ (8 domains).(Table) Established tools were used for comparison: 
SRS-22r (5 domains), and SAQ20 (9 domains) and SAQ20+3 (2 domains). Participants were blinded to their first 
responses. Intraclass correlation coefficient (ICC3,1) with 95% confidence interval (95%CI) were used to esti-
mate reliability. The standard error of measurement (SEM) was also estimated. ICCs over 0.70 and over 0.90 
were deemed adequate for research and clinical use with individuals, respectively. 

Results: The mean age was 13 ± 2 years. The mean largest Cobb angle was 26 ± 8o. The largest curve for 60% 
of patients was thoracic, 23% lumbar, 14% thoracolumbar and 3% upper thoracic. Treatments received includ-
ed: observation 49%, exercise 29%, and bracing (night 17%, part-time 3%, and full-time 26%). The test-retest 
reliability of all the scores was adequate for research(Table) with two exceptions: the SAQ items selected as the 
most bothersome and most important expectations. The test-retest reliability of the English ISYQOL was also 
adequate for individual use using the brace-relevant items or not. The test-retest reliability of the BIDQS and 
the following TAASQ scores also met the standard for individual use: Breast, Appearance, Clothing, and Cloth-
ing General. In patients treated conservatively, the following established comparison questionnaire scores did 
not meet the standard for individual use in this population: SRS22 (Function, Pain, Satisfaction), SAQ20 (Curve, 
Prominence, Waist, Shoulders, Kyphosis) and SAQ20+3 (expectations). The minimal detectable change for new 
questionnaires was ≤ 10, 6 or 11% of the total score for domains of the ISYQOL, BIDQS and TAASQ, respectively. 
The SRS22r and SAQ20+3 domains had similar MDC but the SAQ20 had higher MDC. 

Conclusion: The test-retest reliability of the ISYQOL, BIDQS and TAASQ, newly proposed for the follow-up of 
patients with AIS treated conservatively, was adequate for research. The English ISYQOL, the BIDQS and part of 
the TAASQ also had adequate reliability for clinical use monitoring individual patients.
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Convergent validity of the English translation 
of the ISYQOL scale (Italian Spine Youth 
Quality-of-Life) in relation to other Self-Image 
Questionnaires for Adolescents with Idiopathic 
Scoliosis

Eric Parent, Andrea Lin, Kathleen Shearer, Sarah Southon, Sabrina Donzelli, Stefano Negrini
University of Alberta, Alberta Health Services, ISICO, University of Brescia

Introduction: Quality of life tools for adolescent idiopathic scoliosis (AIS) present issues. The SRS-22 was de-
veloped for surgical care and shows high ceiling effects in conservative care. The SAQ asks patients to express 
how they look from behind which they cannot see. New tools were proposed recently. The ISYQOL scale (Italian 
Spine Youth Quality-of-Life) was developed in Italy as a unidimensional quality of life scale based on concerns 
expressed by patients and showed good psychometric properties. We recently translated the ISYQOL to English. 
The Trunk Anterior Asymmetry Scoliosis Questionnaire (TAASQ) appraises anterior appearance. The Body Image 
Disturbance Questionnaire measures body image disturbance in general and was recently adapted for scoliosis 
(BIDQS). 

Objective: Our objective was to determine the convergent validity of the new tools (ISYQOL, BIDQS, TAASQ). 

Methods: Eighty-seven consecutive volunteer females with AIS aged 10 to 18 years were recruited from a sco-
liosis clinic. Five questionnaires were computer-administered using REDCAP prior to specialist consult. These 
included three new tools: the English ISYQOL (one continuous scale), the BIDQS (one domain), and the TAASQ (8 
domains).(Table) New tools were compared to established questionnaires: Scoliosis Research Society-22 (SRS-
22r; 5 domains), and Spinal Appearance Questionnaire (SAQ20; 9 domains and SAQ20+3; 2 domains). Adequate 
convergent validity was indicated by Pearson Correlation coefficients with r> 0.5. 

Results: The mean age was 14 ± 2 years. The mean largest Cobb angle was 30 ± 15o. The largest curve for 64% 
of patients was thoracic, 15% lumbar, 15% thoracolumbar and the rest upper thoracic. The convergent validity 
of the ISYQOL score was supported by correlations with each of the general QoL scores (SRS-22, SAQ20 and 
BIDSQS) as hypothesized (r>0.5) and also with some subscales of the SRS-22r (pain, self-image), and TAASQ (ap-
pearance, clothing, clothing general).(Table) The convergent validity of the BIDQS was supported by 12 adequate 
correlations with the SRS-22r (selfimage, mental health and total), SAQ 20 (general, chest), SAQ20+3(appear-
ance), ISYQOL and TAASQ (appearance, clothing, clothing general, clothing specific, breast location). The TAASQ 
appearance (n=17 correlations), clothing (n=13) and clothing general (n=10) showed hypothesized correlations 
with the SRS-22r (selfimage, mental health, total), SAQ20 (general) SAQ20+3 (appearance), ISYQOL and BID-
QS. TAASQ appearance and clothing correlated with the SAQ20 trunk shift and chest. TAASQ appearance also 
correlated with SAQ20 waist. TAASQ clothing specific showed only 10 hypothesised correlations with the SRS-
22r (selfimage, total), SAQ20 (general), SAQ20+3 (appearance) and BIDQS. Correlations among TAASQ scores 
varied depending on domains (n=2 for breast size to 6 for appearance). The breast specific TAASQ sub-domains 
only showed hypothesized correlations with the SAQ 20+3 (appearance) and with other TAASQ scales. Breast 
location also showed a hypothesized correlation with BIDQS. New tools did not relate to function or satisfaction 
with care. Six of the 9 domains of the SAQ relevant to conservative care did not relate to any other QOL tool. 

Conclusion: While partial evidence of convergent validity was observed for all the newly proposed question-
naires, there were differences in the convergent correlation patterns between tools. These questionnaires assess 
complementary aspects of quality of life.
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Limitations of the Castellvi classification  
(LSTV) in scoliosis

Franz Landauer
Paracelsus Medical University

Introduction: In scoliosis the significance of the Castellvi classification I + II in LSTV (Lumbo-Sacral-Transition-
al-Vertebrae) is limited. 

Objectiv: To make the limitations of the Castellvi classification obvious. 

Method: 42 patients suspicious to LSTV (x-ray with bony structure like LSTV or L5-S1 Cobb> 5 °) were trans-
ferred to get MRI of the lumbar spine. The MRI images were assigned according to their image quality and sig-
nificance according to the Castellvi classification. 

Result: MRI criteria: Standardized MRI images of the lumbar spine (only sagittal + axial layers) are not suitable 
to diagnose LSTV (n -9). Especially in conditions with low resolution 19mm. The coronary view of many x-rays 
does not allow a precise measurement depending on the quality of the x-ray and angulation of the portrayed 
vertebra (n - 13). Castellvi II: In scoliosis, an attachment on one side between the transverese process of L5 and 
the body of S1 could be found in 13 patients (Castellvi II-A). An attachment on both sides could be found in 4 
cases (Castellvi II-B). Castellvi III: Castellvi III-A was unquestionable in MRI if coronary image was taken (n-3). 

Discussion: MRI presentation quality: Only when sagittal, axial and coronal layers are taken it is possible to de-
tect LSTV and the Castellvi classification. Recordings with a low resolution 19mm). MRI images are not focused 
to the transverse process. This prevents also a precise measurement and classification. In conclusion Castellvi I 
is only an allusion to a pathological finding. Castellvi II: In some scoliosis an articulation between the transverse 
process and the sacrum can not differentiate LSTV from a pathological junction (the rotation and angulation of 
the vertebra could lead to the junction). Only if a wide pseudarthrosis can be detected, the diagnosis of LSTV 
is confirmed. In the case of wide pseudarthrosis it is a malformation and cannot be corrected conservatively, 
while in case of a contact area a correction with the brace can be expected. Conclusion and Significance: LSTV 
Castellvi-classification is highly depending on the quality of conventional X-ray and MRI-images. In Castellvi I + 
II it is difficult to distinguish malformation and idiopathic scoliosis.
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Lenke and Rigo classifications.  
Can we speak the same language?

Judith Sanchez Raya, Manuel Rigo, Elisabetta D’ Agata, Matamalas Antonia, Joan Bago
Vall d’ Hebron Rehabilitation, Institu Elena Salva, Vall d’ Hebron Institut, Hospital Vall d Hebron, Hospital Vall d’ Hebron

Background: Historically spinal classification systems for scoliosis were developed to correlate with surgical 
treatment. Lenke Classification is the most useful for surgeons actually. A Rigo Classification was developed in 
order to define specific principles of correction required for efficacious brace design and fabrication as well as 
Physiotherapy Scoliosis Specific Exercises. When using Rigo classification, clinical-functional type is first diag-
nosed and later three main radiological criteria are used to confirm: 1) Curve pattern compatibility; 2) Transitional 
Point Balance or imbalance according to Central Sacral Line; 3) L4-L5 counter-tilting. The intra-observer Kappa 
value was 0.87 (acceptance >0.70). The inter-observer Kappa was 0.71. New research is in current development 
to improve the use of the classification throughout a specially designed Algorithm. PURPOSE Compare both clas-
sification in order to establish some relationship between them and confirm whether they are interchangeable. 

Material and methods: 168 patients with idiopathic scoliosis, most with surgical indication, were evaluated. 
Two surgeons classified according to Lenke using PA X-rays and Rigo did it using clinical photos from the back 
and in forward bending and also PA X-rays. The Chi-Square Test of Independence was used. 

Results: A significant relation was found (χ² (12) = 157.7, p<0.001) between the two classifications. In the con-
tingence table below, absolute frequencies and percentage for cases classified by Lenke and by Rigo are re-
ported. Lenke type Rigo type TOTAL A B C E 1 51 (85%) 2 (3.3%) 7 (11.7%) 0 60 (100%) 2 27 (93.1%) 1 (3.4%) 
1 (3.4%) 0 29 (100%) 3 7 (25%) 12 (42.9%) 9 (32.1%) 0 28 (100%) 5 0 19 (76%) 0 6 (24%) 25 (100%) 6 0 20 
(76.9%) 6 (23.1%) 0 26 (100%) TOTAL 85 (50.6%) 54 (32.1%) 23 (13.7%) 6 (3.6%) 168 (100%) Contingency 
table Lenke type and Rigo Type (frequencies and percentages) 

Discusion: Both classifications were defined to standardize different type of treatment, surgical and non-surgi-
cal, but describing the same condition we could expect to find some correlations between both classifications. 
Having a limited sample size for each type, the results still show some relationship between both classifications, 
with Rigo type A (mainly A1 and A2) coinciding with Lenke 1 and 2, while Rigo B type coincides with Lenke 3,5, 
and 6. Main limitation of Lenke classification for non-surgical treatment is the fact that Lenke’s objective crite-
ria cannot be used in mild scoliosis (predominant brace population). On the other hand, for moderate or major 
curves still treatable with bracing, using Lenke classification could produce some relevant mistakes in brace 
design when using the Chêneau-Rigo brace principles. 

Conclusion: Specialists using bracing according to Chêneau-Rigo and also treating surgically scoliosis pa-
tients, should be familiar with both classifications, because, even with some correlations, they cannot be fully 
interchanged.
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Reference values during growth for the 
Roussouly classification of sagittal balance  
and development of a new classification based 
on pelvic incidence

Stefano Negrini, Sabrina Donzelli, Francesca Di Felice, Alessandro Laurini, Fabio Zaina
Brescia University - Don Gnocchi Foundation, ISICO

Introduction: The Roussouly classification, based on the functional parameter sacral slope (SS), describe the 
normal sagittal balance in adults. Reference values during growth should be defined since they are an import-
ant treatment target. Moreover, during growth there are few correlations between sagittal parameters and the 
hypothesis that a new classification based on the anatomical parameter pelvic incidence (PI) could be useful 
needs to be verified. 

Objectives: to identify the reference values for the Roussouly classification during growth and to develop a new 
classification based on PI. 

Methods: Cross-sectional study. Patient sample: 222 healthy subjects at first consultation, age 6 to 18 years. 
Outcome measures: spinal, pelvic, and spino-pelvic sagittal x-rays parameters. Statistics: Correlations between 
sagittal parameters and age have been searched. A new classification, based on PI, and comprising three types, 
is defined and compared to the Roussouly classification. 

Results: SS and PI increase with age, but with different cut-offs. Correlations between sagittal balance parameters 
diminished in younger sub-groups. The distribution of Roussouly types did not correspond to that in adulthood; 
thus, new reference cut-offs are defined. When combining both classifications, no overlap was found; however, 
there was a uniform and balanced distribution of cases among the nine possible combinations 

Conclusions: During growth, new threshold for the Roussouly classification need to be used. The new classifica-
tion based on PI is strongly correlated with the Roussouly classification, but it is also clearly different. We propose 
a tool for sagittal balance conservative treatment coming from the comparison between the two classifications.
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Heuter-Volkmann Principle in Idiopathic 
Scoliosis – a Computed Tomography  
Based Analysis

Marcin Tyrakowski, Lukasz Stolinski, Jaroslaw Czubak, Dariusz Czaprowski
The Centre of Postgraduate Medical Education, University of Medical Sciences in Poznan, Józef Rusiecki University College

Introduction: Asymmetric growth of the apical vertebral body in idiopathic scoliosis (IS) is a part of a vicious 
cycle of progression in IS [1,2]. The Heuter-Volkmann principle, leading to overgrowth of the vertebrae on the 
convex side of the curve and vertebral growth inhibition on the concave side is treated as a dogma in IS, how-
ever is based mainly on experimental animal studies [1,2]. 

Objective: The aim of the study was to analyze the Heuter-Volkmann principle in patients with IS. 

Methods: Thirty consecutive patients (aged 11.8-17.4 years, mean 15±1.4 years; 22 females) with main tho-
racic idiopathic scoliosis scheduled for surgery were examined with standing postero-anterior radiographs and 
computed tomography (CT). The proximal end vertebra (PEV), distal end vertebra (DEV) and apical vertebra (AV) 
of each curve were identified on radiographs and the Cobb angle was measured. On the multiplanar reconstruc-
tions (MPR) of CT images the height of the vertebral bodies of PEV, DEV and AV was measured in a true coronal 
plane of each vertebrae on their convex and concave sides. The heights of vertebral bodies on both convex and 
concave sides were compared. 

Results: PEV was the 4th, 5th or 6th thoracic vertebra in 2, 23 and 5 cases, respectively. DEV was the 11th 
or 12th thoracic and 1st lumbar vertebra in 15, 12 and 3 cases, respectively. AV was the 8th, 9th or 10th tho-
racic vertebra in 22, 7 and 1 cases, respectively. The mean Cobb angle was 70°±13° (range: 45°-97°). The 
mean height of PEV was 18.9mm±1.6mm (range: 15.2mm – 21.7mm) on the convex side and 19.2mm±1.5 
(range: 15.9mm - 22.1mm) on the concave side with insignificant difference between the sides (p=0.48). 
The mean height of DEV was 25.3mm±2.3 (range: 20.5mm – 29.9mm) on the convex side and 25.3mm±2.4 
(range: 19.8mm - 29.6mm) on the concave side with insignificant difference between the sides (p=0.98). 
The mean height of AV was 23.7mm±2.1 (range: 19.8mm – 27.3mm) on the convex side and 18.4mm±1.6 
(range: 15.1mm - 21.6mm) on the concave side with significant difference between the sides (p<0.000001). 
The mean AV height on the convex side was significantly higher than mean PEV height and insignificantly 
lower than the mean DEV height (p<0.000001 and p=0.005, respectively). The mean AV height on the con-
cave side was not significantly different than the mean PEV height (p=0.05) and significantly lower than the 
mean DEV height (p<0.000001). 

Conclusions and Significance: The study proved the phenomenon of Heuter-Volkmann principle in IS. We 
confirmed the overgrowth of the convex side of the apical vertebral body. However, the significant inhibition of 
growth on the concave side of the apical vertebral body is likely to be questionable. 

References: 1. Stokes IA, Spence H, Aronsson DD, Kilmer N. Mechanical modulation of vertebral body growth. 
Implications for scoliosis progression. Spine. 1996;21(10):1162–1167. 2. Stokes IA, Aronsson DD, Dimock AN, 
Cortright V, Beck S. Endochondral growth in growth plates of three species at two anatomical locations modu-
lated by mechanical compression and tension. J Orthop Res. 2006;24(6):1327–1334.
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Estradiol: An Immediate Cause of AIS.  
Findings of a Mathematical Model

Katherine Sherman
Independent Research

Introduction: Adolescent idiopathic scoliosis (AIS) is a bone disease closely tied to the pre-pubertal growth 
spurt and associated with low bone quality. It is believed that the cause of low bone quality and AIS is the same. 
Female AIS patients have abnormal peri- and pubertal estradiol (E2) values. E2 is necessary for healthy bone. 
AIS patients with early menarche tend to have less severe scoliosis than those with normal or late menarche. 
Therefore, it is suspected that E2 may have a powerful role in the pathogenesis of AIS in girls. 

Objective: To determine whether the abnormalities observed in female AIS patient’s E2 levels lead to scoliosis. 

Methods: An existing differential equation mathematical model of bone mineralization was adapted to reflect 
growth and the role of E2 in bone mineralization. Non-scoliotic and scoliotic female growth values, and non-scoli-
otic and scoliotic female pubertal E2 values were modeled over 49 months, centered around peak height velocity 
and including menarche. To control for effects of environmental endocrine disruption, only data published after 
2000 in the US was used for all growth values and non-scoliotic E2 values. Scoliotic E2 values were generated 
from non-scoliotic E2 values using a non-scoliotic-to-scoliotic-E2 ratio, published after 2000 in Europe. A cohort 
of 4000 patients was simulated. 1000 patients were in each group: non-scoliotic growth and non-scoliotic E2, 
non-scoliotic growth and scoliotic E2, scoliotic growth and scoliotic E2, scoliotic growth and non-scoliotic E2. Pa-
tients were paired across all groups. Severity of osteopenia and osteoporosis were compared by One-Way ANOVA. 

Results and discussion: Over all 49 months, significant differences (p<0.00001) were observed among the 
groups. Scoliotic growth had greater variation in mineralization, and scoliotic E2 values had less mineralization. 
For 13 months centered around peak height velocity, there was not a statistical difference over all groups. But 
scoliotic growth (non-scoliotic and scoliotic E2 values combined) had significantly (p<0.00001) less mineraliza-
tion. For both non-scoliotic and scoliotic growth, scoliotic E2 values had less mineralization. Near peak height 
velocity (during a critical period of growth), significantly lower mineralization is observed in scoliotic growth, 
especially with scoliotic estradiol values. This creates a “stripe of soft bone” that can be deformed by external 
forces, causing invisible vertebral / growth plate deformity and eventual scoliosis. 

Conclusion and significance: Insufficient estradiol appears to be an immediate cause of AIS. If validated clin-
ically, AIS might be prevented and/or treated with estradiol-normalizing methodologies.
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Generalised joint hypermobility in secondary 
school: relation with idiopathic scoliosis, age, 
sex and musculoskeletal problems

Sinem Bozkurt, Gülseren Kayalar, Nihal Tezel, Tuba Güler, Bilge Kesikburun,  
Merve Denizli, Sefa Tan, Hürriyet Yılmaz, Aslıhan Kusvuran Ozkan
Ankara Atatürk Research and Training Hospital, Ankara Memorial Hospital, Ankara Dışkapı Research  
and Training Hospital, Ankara Numune Hospital, Hacettepe University Faculty of Medicine,  
Gazi University Faculty of Medicine, Haliç University

Introduction: Generalized joint hypermobility(GJH) presents with increased joint range of motion with simulta-
neous absence of any other systemic disease. GJH may a cause of chronic pain, sprains, pes planus, scoliosis 
and many musculoskeletal problems however, it is likely underdiagnosed. Determination of GJH may help guide 
providers toward more favorable management strategies and lifestyle modification. 

Objectives: The aim of this study was to assess the frequency of GJH in students and to analyze the relationship 
between GJH and scoliosis and other musculoskeletal problems. 

Methods: The study was cross-sectional, with a sample of 822 (413 boys, 409 girls) students who had signed 
the informed consent by parents, aged between 10 and 15 years in schools randomly selected in the capital 
city of Turkey. Health screening was done with physiatrists. Demographic characteristics of all students were 
recorded. The presence of GJH was assesed to establish the Beighton score (≥4 was considered JH). Scoliosis 
screening performed by Forward Bending Test (FBT), and measuring the angle of trunk rotation (ATR) using a 
scoliometer. Students who had ATR is ≥5° or positive FBT were referred to portable X-ray device in vehicle for 
Posterior-Anterior (PA) Xrays examination in standing position that includes iliac crest vision exam will be pro-
vided. The presence of musculoskeletal complaints was determined by a questionnaire. 

Results: The students mean age and body mass index were 12.2±1.3, 19.6±4.1, respectively. GJH was diag-
nosed 151 subjects (18,4% ). No significant association between sex and hypermobility. Age was inversely co-
orelated with joint hypermobility. Scoliosis was found on 43 subjects (5,2%) and all of them had mild scoliosis, 
only one girl had severe scoliosis. The most common scoliosis pattern was a single left thoracolumbar curve (16 
student), followed by a single left lumbar curve ( 12 student), then a right thoracic curve ( 6 student).73 subjects 
(8,9%) had seen with a cobb angle under 10°, with a potential for progression. Among students having GJH, pes 
planus was seen in 34,3%, ankle sprain in 31.3%, headache in 18.9%, artralgia in 12,6%, back pain in 10,6%, 
hyperkifozis in 8,7%, tibial torsion in 6%. 

Conclusions: Similar to that found in adolescents from many countries, GJH is common clinical condition in Turk-
ish students. GJH must be considered in the differential diagnosis of adolescents with musculoskeletal complaints.
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Results of vertebral deformities screening 
in the students of the district of Florence, Italy

Lorenzo Apicella, Elisa Pratelli, Bruno Bertaccini, Antonio Petrocelli, Veronica Petrai,  
Massimo Innocenti, Pietro Pasquetti
University of Florence - Italy, University Hospital of Florence - Italy, University of Florence

Objective: The purpose of this study was to observe the prevalence of clinical vertebral deformities in an ad-
olescent population in the schools of the District of Florence, correlating these results with clinical aspects as 
ligamentous laxity 

Background: School screenings have the aim to early detect mild and reversible spinal curvatures and treat 
them conservatively before they develop into spinal deformities with a potential to cause symptoms throughout 
life. Such screenings generally reported an over-referral of adolescents with insignificant curves; this result can 
be modified if the screening program is performed by a spine specialist; this would reduce the number of false 
positives and consequential health care costs. 

Methods: Outcomes were measured in terms of: ligamentous laxity, using Beighton scale; asimmetry of waist 
triangle; trunk imbalance (using plumb-line from C7); leg length discrepancies (pelvic gibbus on Adams test); 
presence of gibbus, and measurement of Angle of Trunk Rotation using Bunnell scoliometer ; measure of thoracic 
kyphosis (with inclinometer) and identification of those which could not be corrected. 

Results: 11820 students were screened (5854 girls, 5966 boys). 85,95% of them had no significant spinal defor-
mities on the frontal plane. 14,05% of the students showed significant clinical signs of scoliosis. 28,46% of the 
students had a thoracic hyperkyphosis (> 40°); 1.55% of those presented a non reducible thoracic hyperkyphosis. 

Conclusions: Our results show a statistically significant correlation between the increasing severity of spinal de-
formities on the frontal plane and the increasing score of Beighton scale for joint laxity (ANOVA Test: p < 0,001). 
These data confirm the association between vertebral deformities and joint laxity, quoted in literature. On our 
experience, in a school screening a spine specialist jointly with trained staff can significantly reduce the number 
of false positives and false negatives, thereby reducing healthcare costs.
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Patterns of coronal curve changes in forward 
bending posture: a 3d ultrasound study of 
adolescent idiopathic scoliosis patients

Yong Ping Zheng, Weiwei Jiang, Connie Lok Kan Cheng, Jason Pui Yin Cheung,  
Dino Samartzis, Kelly Ka Lee Lai, Michael Kai Tsun To
The Hong Kong Polytechnic University, Zhejiang University of Technology, The University of Hong Kong

Introduction: The most commonly used approach to assess the spine deformity in adolescent idiopathic scoli-
osis (AIS) patients is the Adam›s forward bending test is to assess the spine deformity in adolescent idiopathic 
scoliosis (AIS) patients. However, there are noticeable differences in the hump appearance from standing to 
forward bending. This phenomenon has yet to be understood and is difficult to ascertain due to limitations of 
conventional radiographs. 

Objective: This study aimed to investigate the effects of postural change of the spine deformity in the coronal 
plane of AIS patients using a 3D ultrasound imaging system. 

Methods: This was a prospective study that recruited 72 AIS patients at a single institute. The ultrasound sys-
tem was first used to understand the difference of spine deformity between standing and sitting postures in 21 
patients. All patients were scanned twice in the sitting and sitting forward bending postures. A coronal ultra-
sound image showing the spinal curvature was generated after each scan and the spinous process angle (SPA) 
representing the deformity was manually measured from it. Correlation of SPAs under sitting and sitting forward 
bending postures was analyzed. The angle of trunk rotation (ATR) and Cobb angle on standing radiographs were 
also obtained on the same day of ultrasound examination. 

Results and discussions: A good linear correlation was found between the SPAs obtained in the standing and 
sitting postures (N=21, r = 0.86, p<0.001). In the comparison test between sitting and sitting forward bending 
postures, it was noted that there were three types of spine profile alternation after the postural change. In type 
I and II, the SPA angle numbers were the same before and after forward bending and only SPA values changed. 
In type III, the two curvatures in sitting posture were changed to one curvature in the forward bending posture. 
Moderate correlation was observed between the angles obtained in the two sitting postures (N=72, r = 0.55, 
p<0.001). Further analysis found there were very low correlations between the degree of SPA change and ATR 
(r = 0.064, p = 0.62) as well as Cobb angle (r = 0.17, p = 0.09). 

Conclusions: Spine deformities of AIS patients vary with different postures. The patterns of changes in sitting 
and sitting forward bending postures are highly subject dependent.
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Diurnal variation of angle of trunk rotation 
in children and adolescents with idiopathic 
scoliosis

Justyna Bloda, Dariusz Czaprowski, Jakub Waś,  
Paulina Ewertowska, Anna Dembińska, Tomasz Kotwicki
Józef Piłsudski University of Physical Education, Józef Rusiecki University College, Olsztyn,  
Jędrzej Śniadecki University of Physical Education, The Vivodeship Rehabilitation Hospital for Childre,  
University of Medical Sciences, Poznań

Introduction: The measurement of angle of trunk rotation (ATR) is a basic clinical parameter for monitoring id-
iopathic scoliosis (IS) history and evaluation of treatment effects. It is also an important element of screening for 
children and adolescents in early detection of IS. Measurement error need to be taken into account during ATR 
results interpretation. One of factors effecting a value of ATR measurement may be time of the day of examination. 

Objective: The purpose of this study was the assess of diurnal variation of ATR in children and adolescents with 
idiopathic scoliosis (IS). 

Methods: The study included 124 children (104 females, 20 males) aged 9-18 years (mean 14.4 ±1.9). All children 
were diagnosed with IS with mean Cobb angle 22.0°±11.8° and 19.2° ±9.1° for thoracic and thoraco-lumbar/
lumbar curvature, respectively. Overall number of curvatures was: 64 for thoracic and 92 for thoraco-lumbar/
lumbar part. ATR was measured using Bunnell scoliometer during trunk flexion performed in standing position 
(Adams test). Maximal value of ATR was evaluated in proximalal thoracic (Th1-Th4), main thoracic (Th5-Th12) 
and lumbar spine (L1-L5). ATR measurement was made 4 times a day: (1) 7:00-8:00, (2) 11:00-12:00, (3) 15:00-
16:00, and (4) 19:00-20:00). During this day children were free from any exercises and physiotherapy. For each 
subject and at each level of the spine (proximal thoracic, main thoracic and lumbar) the differences (changes) 
between values of ATR for each of 4 measurements were calculated. The maximum difference was designated 
as maximum daily variability of ATR (∆ ATR). All measurements were performed by one researcher. Before the 
main part of the study, the researcher verified his reliability. 

Result: The pilot study revealed excellent reliability of the measurements for proximal thoracic (ICC 0.925), 
main thoracic (ICC 0.991) and for lumbar spine (ICC 0.985). The error of measurement was 1.3°, 2.0° and 2.1° 
for proximal thoracic, main thoracic and lumbar spine, respectively. There were no significant differences be-
tween values of change of ATR for each of 4 measurements for proximal (p=0.234) and main thoracic spine 
(p=0.406). Significant differences between values of change of ATR during the day were observed for lumbar 
spine (p=0.004). In 58,1% of subjects ∆ ATR was equal to or greater than 3°. There were no significant differ-
ences between ∆ ATR for: (1) single and double curve scoliosis (p=0.253), (2) thoracic and thoracolumbar/lumbar 
curve (p=0.266), (3) scoliosis smaller than 25° and equal to or greater than 25° according to Cobb (p=0.933), 
(4) the value of Risser test 0-2 and 3-5 (p=0.853). 

Conclusion: The time of day doesn’t affect the value of ATR in proximal and main thoracic spine. Significant 
changes of value of ATR during the day occur in the lumbar spine. Diurnal variation of ATR is not related to sco-
liosis parameters such as: number of curvatures, type of scoliosis, Cobb angle value and skeletal maturity. 

Significance: In most subjects differences between measurements are equal to or greater than 3° therefore 
it is necessary for clinical practice to take into account the time of day at which ATR measurements are taken.
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Values of the angle of trunk rotation in standing, 
sitting and sitting on the heels position in 
juveniles and adolescents with idiopathic 
scoliosis

Agnieszka Stępień, Katarzyna Guzek, Jolanta Stępowska, Witold Rekowski, Ewa Gajewska
Józef Piłsudski University of Physical Educatio, 
Poznan University of Medical Science

Introduction: Measurements of the angle of the trunk rotation (ATR) in both standing and sitting forward bending 
position is a recommended way of assessing the posture. Testing in these positions is difficult or impossible for 
infants and young children with trunk asymmetry or deformation of the spine or for patients with neuromuscu-
lar scoliosis. It may be much easier to measure ATR in sitting on the heels forward bending position, in which a 
child is more stable. 

Objectives: The aim of the study was to compare the values of ATR obtained in standing, sitting and sitting on 
the heels position in juveniles and adolescents with idiopathic scoliosis. 

Methods: 75 juveniles and adolescents, aged 8-16, took part in the study, including 68 girls (mean age 13.4, 
SD 2.5 y) and 7 boys (mean age 13.7, SD.2.7 y). There were 57 individuals with double scoliosis (CobbTh 25.4, 
SD 1.6; CobbL 26.1, SD 1.5) and 18 with single lumbar/thoracolumbar scoliosis (Cobb 20.1, SD 2.6) in the study 
group. The ATR in the thoracic (ATRTh) and lumbar (ATRL) regions was assessed in each participant in standing 
(ST), sitting (S) and sitting on the heels position (SH). The values obtained in individual tests were compared and 
the correlation between the values was checked. Measurement of the ATR in SH was performed three times in 
some participants in order to determine the intra-observer reliability. Statistical calculations were made with the 
use of IBM SPSS Statistics version 20. The Wilcoxon NPAR test and rho Spearmana test were applied.. 

Results and discussion: ATRTh values in ST (6.1, SD 4.0) were significantly higher than in SH (5.5, SD 4.3)
(p =0.009) in the whole study group. There were no differences between ATRTh in S (5.9, SD4.3) and SH (p 
=0.051) and in ST and S position (p =0.321). ARTL measurements did not differ in ST (5.4, SD4.0) and SH (5.0, 
SD4.1) (p =0.066) and in S (4.8, SD4.2) and SH (p = 0.147). ATRL values in ST were significantly higher than in 
S (p=0.013). The significant differences between ARTTh values in ST and SH (p =0.004), as well between ATRTh 
in S and SH (p =0.050) were noted in the group of subjects with double scoliosis. The lowest ATRTh values oc-
curred in SH. There were no differences between ATRTh in ST and S (p =0.268). ATRL measurements in ST were 
higher than in SH (p =0.043), but it was no differences between S and SH (p =0.222). A significant difference 
was also found between measurements in ST and S (p =0.020). No significant differences between ATR values 
in ST, S and SH position, both in the thoracic and in the lumbar region of the spine, were observed in individuals 
with single scoliosis. A high correlation were obtained between ATR in SH and ST/S in the groups of individuals 
with double and single scoliosis (double scoliosis ATRTh rho>.80, ATR rho>.90; single scoliosis ATRTh rho>.80, 
ATRL rho>.60). Excellent intra-observer reliability of the measurements in SH has been confirmed. 

Conclusions and significance: Measurements of ATR in SH forward bending position seems to be an appropriate 
way to assess trunk asymmetry. There is a strong correlation between ATR values in ST, S and SH. Differences 
between measurements in ST, S and SH positions may depend on the type of scoliosis. Assessment in SH can be 
used in individuals with single idiopathic scoliosis. Assessment in SH should be used with caution in individuals 
with double scoliosis, due to differences in ATR measurements in ST, S and SH positions observed in the study.
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50% primary correction in case of the idiopathic 
scoliosis treatment – fiction or reality?

Christian Grasl, Renata Pospischill, Dino Gallo
Orthomanufaktur Grasl GmbH, Orthopedic Hospital Vienna Speising, ortholutions GmbH

Within the scope of the orthopedics-technical treatment of idiopathic scoliosis orthopedics engineers are con-
fronted with the statement over and over again that in the brace has to be a primary correction of least 50%. In 
cause of different bend patterns, different rotations as well as different Cobb ankles and a differentiating osseous 
age this demand is not helpful or correct. Not only the orthopedics engineer is put under pressure by this often 
frivolously effected statement, also the patient’s motivation gets bad if we can’t reach this goal. In this paper 
we want to show our data of the differences in the primary correction, dependent of bend pattern according to 
classification to Rigo, source Cobb ankle and patient’s age. Up to the time of the submission 149 patients with 
idiopathic scoliosis and first bracing were grasped statistically and divided into groups. All patients were sup-
plied with a RSC® brace (Rigo® system Cheneau®). The primary division occurred after the bend pattern, based 
on the classification to Rigo. The primary groups resulting from it were still divided after age and Cobb ankle. 
At the beginning a clarification conversation, afterwards a standardised measuring procedure as well as the 
manufacture of 3D – Scans occurred with all patients. The classification occurred through Dr. Manuel Rigo, the 
individual, evidence-based modelling as well as the brace production by ortholutions Ltd. About 6 weeks after 
the delivery of the RSC® brace the manufacture of the controlling X-ray examination occurred in the brace - the 
basis for the regulation of the primary correction. The evaluation showed that the primary correction, covered to 
single patients, a variation width between 7% (nearly no correction) and 127% (overcorrection) showed – what 
indicates that the demand for a 50%th primary correction can be judged as not sensibly. In the group, without age 
division or bend type thoracic primary correction of 46. 10%, lumbal from 47. 88% appeared. Divided in 3 age 
groups there appears with the from 5 to 10-year-old a thoracic primary correction of 69.73%, lumbal from 88. 
51%, with the from 11 to 15-year-old thoracic 45.02%, lumbal 49%, with about 15-year-old thoracic 38. 76%, 
lumbal 42. 56%. Covered to the different bend types appeared, as expected that showed type E-scoliosis (short 
lumbal) the highest primary correction, scoliosis with a highthoracic participation, so that with type D Modifier 
the slightest one. Besides, a direct connection appears between the x-ray outcome and the gestation period. The 
most important factor of a successful bracing is, an optimum brac adaptation presumed, the compliance of the 
patient. Especially with youthful patients has appeared that themselves this cause of wrong expectations, like 
zB of a too high primary correction, with do not reach clearly negatively on kneading. On this occasion, sinks not 
only the Compliance clearly, in some cases the trust also dwindles to the looking orthopedics engineer, because 
„his brace“ has not brought the desired, or demanded success. By a realistic appraisal of the primary correc-
tion, with reference to age, bend pattern and source corner, a positive experience can become from a negative 
experience with too high condition for the patients by realistic appraisal what increases the acceptance and 
motivation again. Hence, should be made from beginning to a realistic default which belong stiff collection of 
50% of primary correction of the history.
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Quality of life in 1519 treated or untreated males 
and females with idiopathic scoliosis

Elias Diarbakerli, Anna Grauers, Aina Danielsson, Allan Abbott, Paul Gerdhem
Karolinska Institutet, Sundsvall and Harnosand County Hospital, Sahlgrenska Academy, Linköping University

Background: Idiopathic scoliosis is a three-dimensional deformity affecting the growing spine. The prevalence 
of larger curves, requiring treatment, is higher in females. The aim of this study is to describe quality of life in 
males and females with idiopathic scoliosis. 

Materials and methods: This cross-sectional study comprised 1519 individuals with idiopathic scoliosis (1308 
females) with a mean (SD) age of 35.3 (14.9) years. They all answered the Scoliosis Research Society 22 revised 
(SRS-22r) questionnaire and EQ-5D. 528 (450 females) were surgically treated, 535 were brace treated (485 
females) and 456 were untreated (373 females). The SRS-22r subscore (excluding the satisfaction domain), the 
SRS-22r domains and the EQ-5D index score were calculated. Subgroup analyses based on treatment and age 
were performed. Statistical comparisons were performed using analysis of covariance with adjustments for age 
and treatment. A p-value less than 0.05 was considered as statistical significant. 

Results: The mean (SD) SRS-22r subscore (SD) for males was 4.19 (0.61) compared to females who had 4.05 
(0.61) (p=0.010). The males also had higher scores on the SRS-22r domains function (4.56 vs 4.42), pain (4.20 
vs 4.00) and mental health (4.14 vs 3.92) (all p<0.05, adjusted for age and treatment). The mean (SD) EQ-5D 
index score was 0.85 (0.22) for males and 0.81 (0.21) for females (p=0.10). There were minor differences when 
comparing on gender in treatment and age groups. 

Conclusion: When compared to females, males with idiopathic scoliosis tend to have slightly higher scores in 
the scoliosis specific SRS-22r but not in the generic quality of life measurement EQ-5D. Quality of life is overall 
similar between males and females in treatment and age groups.
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Multi-Center Long Term Follow up Study of Adult 
Patients with Adolescent Idiopathic Scoliosis 
Treated with The Boston Brace – Quality 
Improvement from the Patient’s Perspective

Lauren Houle, James Wynne, M. Timothy Hresko
Boston O & P, Boston Children\’s Hospital

Introduction: The Boston Brace has been a staple of idiopathic scoliosis treatment since its introduction in the 
1970’s. However, significant data in reference to long term health-related quality of life, body image, and per-
spective on patients’ past orthotic treatment for idiopathic scoliosis is currently lacking. 

Objectives: The main objective of this study was to evaluate long-term outcomes after Boston Brace treatment 
for scoliosis from the patient’s perspective, with the aim of obtaining information to help inform future treat-
ment plans. Of particular interest to this study was the impact of the team approach to scoliosis management 
on long-term outcomes. 

Methods: Electronic medical record billing data was reviewed to identify patients diagnosed with idiopathic sco-
liosis who were fit with a Boston Brace scoliosis orthosis by Boston Orthotics & Prosthetics (formerly National 
Orthotics and Prosthetics Company) between 2005 and August of 2012, and that were at least 18 years of age 
as of August 2017. A letter was mailed to their last known address directing them to an online survey. Of 3,069 
successfully delivered letters, 343 patients (response rate of 11.2%) completed the online survey of 22 questions 
pertaining to patient demographics, long term health-related quality of life, as well as their experience during 
and after orthotic treatment. Questions were multiple choice, with opportunity for comments and open response 
by the participants. Categorical data were compared using Chi-Square test for independence. 

Results & Discussion: Analysis of 336 included survey responses revealed 1) 78.9% of total respondents treat-
ed with a Boston Brace did not undergo surgery for scoliosis. 2)The rate of progress to surgery was 32.11% of 
patients who reported non-compliance to prescribed hours of brace wear compared to 15.86% of compliant 
patients (significant at p<0.01) 3) Of non-compliant Boston Brace wearers that did not undergo physical therapy 
(PT) at the time of orthotic treatment, 44.4% reportedly underwent surgery for scoliosis. In contrast, only 17% of 
non-compliant wearers that did have PT had spinal surgery for scoliosis. 4) Receiving PT at the time of orthotic 
treatment was significantly associated with not undergoing spinal surgery (at p<;0.01) 5) A patient’s starting 
degree of curvature was significantly associated with whether or not they underwent spinal surgery (significant 
at p<0.01). 6) 32.14% of patients reported non-compliance with brace wear, the top factors being: “The brace 
was uncomfortable” 85.19%, “Interfered with recreational activities (sports, dance, theater)” 58.33%, and “The 
brace was too hot” 51.85%. 7) 64.9% of participants reported having scoliosis affected their body image, with 
many reporting ongoing psychological effects to this day. 

Conclusions and Significance: Perspectives from past Boston Brace wearers can help inform our future ap-
proach to treatment, including providing additional support for the multidisciplinary team approach to scoliosis 
management and showing areas of improvement for brace design. The study results also underline the importance 
of acknowledging the long term psychological ramifications of idiopathic scoliosis. Because of the self-report 
nature of the study, we are limited in our ability to draw objective conclusions, especially regarding causation. 
Additional high-level research will be beneficial to delve deeper into these findings.
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Muscular capacity of the scoliotic spine 
evaluated by isokinetic device after orthopaedic 
treatment on a population of 50 patients. 
Comparison with an asymptomatic population

Jean-Claude Bernard, Gautier de Chelle, Liza Sakoun
Centre des Massues/Croix-Rouge française

Background: The scoliosis is a deformation of the spine which muscular component is both little known in the 
determinism of the pathology as in its evolution during the growth. After a conservative treatment, it is important 
to estimate the residual scoliosis but also the muscular capacity of the spine. There is no consequent database 
informing about the isokinetic parameters of the spine on teenagers with or without idiopathic scoliosis. 

Main objective: estimate the strength and the power of the trunk muscles by isokinetic dynamometer for teen-
agers treated orthopedically for idiopathic scoliosis and aged from 12 to 18 years old. Secondary objective: 
compare the results with a healthy population of the same age. 

Method: monocentric and retrospective study made from 2015 to 2017 within the framework of a global as-
sessment of the spine in 1 year of the definitive ablation of the corset. The evaluation was realized on the Cybex 
isokinetic dynamometer on a population of 50 scoliotic female patients. The flexor and extensor spinal muscles 
were explored in a concentric way in 60, 90 and 120 °/s speed. The chosen parameters were: the Maximal Mo-
ment of Strength reported to the weight of the body (MFM % P) in three speeds, the Maximal Power reported to 
the weight of the body (PM%P) at 120°/s, the ratios flexors / extensors for these two parameters. The scoliosis 
group was subdivided by age: 12-13 y.o., 14-16 y.o. and 17-18 y.o. Anthropometric data (weight, size) and ra-
diological data (pelvic parameters, Cobb angles) were measured. The isokinetic results were analyzed according 
to the type of scoliosis and according to the angulation. 

Results: the 14-16 year-old group is the most represented with 40 patients. For this group, we have a majority 
of thoracic and lumbar scoliosis (17 of every). In global analysis, the scoliotic patients present lower MFM than 
the control group, for three speeds, and the F/E ratio is increased. The power is the parameter which is the most 
impacted by the scoliosis. For 12-13 years old: the MFM has decreased, the ratios of MFM have increased ex-
cept for 120 °/s, the power is strongly lower than the one of the asymptomatic group but the ratio of power has 
decreased. For 14-16 years old: the MFM has decreased, the ratios of MFM have increased, the power is strongly 
lower than the asymptomatic group; the ratio of power has increased. The parameters are impacted all the more 
in the thoracic scoliosis group and less impacted in the lumbar scoliosis group. The power is impacted at least 
in the double thoracic scoliosis group. For 17-18 years old: the results are comparable but the differences of 
MFM are less important. The power has outstandingly decreased for the patients with idiopathic scoliosis. Dis-
cussion: the presence of the scoliosis is systematically associated with a decrease of strength of the flexor and 
extensors muscles of the spine. The ratios tend to be increased or even inverted, in favor of the flexor muscles. 

Conclusion: to strengthen the significant character of the results, the data collection must be pursued on a large 
amount of patients and the number of asymptomatic patients must be increased. Afterward, one must study the 
implication of the orthopaedic treatment on the spinal muscular weakening by comparing the population studied 
for this work with a similar population, but untreated orthopedically.
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The immediate effects of side-lying schroth 
scoliosis-specific exercises for adolescent 
idiopathic scoliosis measured with 3D 
ultrasound imaging
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Introduction
Physiotherapeutic scoliosis-specific exercises (PSSE) show promise to prevent curve progression in adolescents 
with idiopathic scoliosis (AIS). PSSEs require complex postural adjustments and skepticism exists about how 
much in-exercise correction patients can achieve. Further it is not clear which exercise instructions lead to the 
best correction. Non-invasive quantification of spinal alignment during exercise is possible with 3D ultrasound 
(US) imaging.

Objective
To determine the immediate effect while performing Schroth PSSEs in side-lying on the lateral curve angle and 
vertebral rotation in Schroth-trained participants with AIS.

Methods
Twenty consecutive volunteers with AIS who have completed at least three months of training in the Schroth 
Exercise Trial for Scoliosis were recruited from the Edmonton Scoliosis clinic. The trial inclusion criteria were: 
females, aged 10 to 18, Cobb angles between 10 to 45°, with or without brace treatment. Those with torso or 
lower limb surgery were excluded.

Participants were imaged using a 3DUS imager with orientation tracking during a single session in natural standing 
within a stabilizing frame, and four side-lying positions: natural, passively supported, active correction, and active 
correction with leg lift. A certified Schroth therapist guided exercises. Participants were scanned from C7 to L5 
and 3DUS images were analysed using custom software. A trained rater digitized the center of the laminae for 
each vertebra to extract the thoracic and lumbar curve angles and axial vertebral rotation (AVR) in each position. 
The AVR was measured immediately above, at, and below the apex of each thoracic and lumbar curve. The AVR 
difference between the maximal rotation measured in the thoracic and lumbar spine was calculated. Differences 
between positions were compared using a repeated measures ANOVA with Sidak post-hoc analysis.

Results
Thoracic and lumbar curves were identified in the five positions from twenty female participants (n=20) with a 
mean age of 15±3 years. Schroth curve types were ten 4CP, four 4C, five 3CP, and one 3C.
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Integral approach in contemporary 
management for medical treatment of spinal 
deformities

Mariana Miteva Popova, Bilyana Kamenova, Adelin Ivanov, Evgeni Vlaev, Vasil Yablanski
Adcibadem City Clinic Tokuda Hospital Sofia

Purpose: Representing our experience and accomplished results with conservative medical treatment of patients 
with idiopathic scoliosis and kyphosis 

Methods: The algorithm and the approach, binding the children’s orthopaedics, the physiotherapeutic method 
of Katharina Schroth and conservative treatment with corset in one strategy for medical treatment of idiopath-
ic scoliosis. Orthopedic treatment – X-ray films and medical examinations along with consultations performed 
by highly trained orthopedic surgeons, combined with operative interventions on account of severe spinal de-
formities. Physiotherapeutic method of Katharina Schroth – main approach if conservative way of treatment is 
chosen for a patient with idiopathic scoliosis and kyphosis, including system of specific exercises and breathing 
techniques, correlating with conscious position, correction and self-correction of the body. Treatment with cor-
set – important part in the strategy for conservative treatment regarding scoliotic deformities. The main asset 
of the corset treatment is the continuous passive support and the correction of the body position during daily 
activities and it also assists the active process of treatment. 

Patients and results: Retrospectively we observed 68 patients with idiopathic scoliosis and kyphosis went 
through a course of treatment for the period 01.09.2016 till 01.10.2017 in „Acibadem City Clinic Tokuda Hospital“ 
– Sofia. From the first medical examination and afterwards we defined and specified the sex and the age of the 
patients. By X-ray films we graduated the scoliotic angle of the patients using the Cobb angle ( between 10 – 48 
degrees ). We also included some clinical features – scoliosis and anthropometric indicators. The applied meth-
od is individual for each patient as type and continuity according to his/her age and condition. We observed that 
in 48 from the patients who underwent systemic and accurate physiotherapy there was no further progression 
of the scoliotic deformity and we marked some clinical improvement. Reduction of the scoliotic deformity was 
noticed in 7 patients. In 10 patients we spotted progression of the deformity and out of the group of 68 patients 
3 needed surgical correction of the spinal deformity. 

Conclusion: The Katharina Schroth method and the corset treatment are two effective ways that are giving 
positive results for medical treatment of patients with idiopathic scoliosis and Cobb angle between 10 and 40 
degrees. The Katharina Schroth method is recommended to all patients as monotherapy or after surgical inter-
vention for correction of the deformity.
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Reduction of Scoliosis Curvature after an 
Intensive Physiotherapy Scoliosis Specific 
Exercise Program – Impact on Deformity and 
Home Exercise Compliance

Eric Hiu Kwong Yeung, Yunli Fan, Ruiwen Zhang, Rong He, Xuiqiang Zhao, Guangshuo Li,  
Ruiqi Jia, Zhuoman Xu, Jianbin Wu, Yong Ping Zheng, Michael KT To, Kenneth MC Cheung
The University of Hong Kong - Shenzhen Hospital, The Hong Kong Polytechnic University, The University of Hong Kong

Introduction: Physiotherapy Scoliosis specific exercises (PSSE) had demonstrated promising results in conser-
vative management of scoliosis. Kwan et al (2017) showed that Schroth exercise during bracing was superior 
to bracing alone. 

Objective: To investigate the immediate and subsequent changes of scoliosis curvature after a 5-day intensive 
PSSE program. Home exercise compliance with and without the training program was compared and discussed. 

Method: Four identical intensive training programs on PSSE were arranged during school holiday. Each program 
consisted of 5 whole day education and PSSE in an inpatient setting. Time spent on education and PSSE were 
2 hours and 6 hours per day respectively. Schroth approach was used for the PSSE. Each program was led by a 
Schroth trained physiotherapist. Each program had 8 subjects. Selection criterion was age between 10 and 18 
with diagnosis of AIS. Patients with congenital or neuromuscular scoliosis were not enrolled. Enrollment was on 
first come first serve basis after announcement of the program. A cohort group using same inclusion and exclu-
sion criteria was selected as control. The control group was those coming for same therapy but did not enroll 
into the intensive program. They come for weekly therapy with same PSSE taught and asked to continue daily 
at home. Spinal curvatures (Scolioangle) were assessed using an ultrasonic Scolioscan immediately before, at 
the end, one week and one month after the program in the study group. Same measurements were done at the 
first visit to PSSE and one month after in the control group. SRS-22 questionnaire was done. The data were an-
alysed using SPSS (20.0). A general linear model with within-subjects analysis was used. Repeated measures 
of analysis of variance (ANOVA) were applied to compare the mean differences. 

Results and discussions: There were 32 and 33 subjects in the study and control group respectively. Mean 
age of study group was 13.5+/-2.0 and control group was 12.6+/-2.1. Mean Cobb angle of the major curve be-
fore PSSE was 24.4+/-8.6 in the study group and 23.2+/-8.1 in the control group. 51.1% are girls in the study 
group and 48.9% in the control group. The Scolioscan angle had interaction effect within groups and treatment 
(p<0.001). Post hoc pairwise comparison showed that the Scolioangle in the treatment group reduced signifi-
cantly at 1 week after the intensive program (p<0.001) and remained no change at one month (p=0.58). Per-
centage of improvement in Scolioscan angle had interaction effect between groups and treatment (p<0.001). 
Post hoc pairwise comparison showed that 1 week study group (38% improvement) vs 1 month control group 
(10% improvement) had significant difference (p<0.001); 1 month study group (37% improvement) vs 1 month 
control group (10% improvement) had significant difference (p20min a day; >3 times a week) but only 56.7% 
in the control. 

Conclusion and significance: This study showed that a 5-day intensive PSSE program reduced the scoliosis 
curvature and those attended had subsequent better home exercise compliance. However, long term effect has 
not been studied and required longitudinal follow up. The accuracy of Scolioangle compared to the standard 
measurement of Cobb using X-ray might be a source of error in this study.
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The effect of an artıfıcıally ınduced leg length 
dıscrpency (9mm) on spınal asymmetry ın 
normal adult subjects usıng the dıers formetrıc 
surface topography

Cindy Louise Marti, Cheryl Peterson
Spinal Dynamics of Wisconsin, SC, Concordia University

Introduction: The relationship of leg length discrepancy (LLD) and spinal asymmetry has been of interest to 
clinicians seeking to improve the quality of life for patients with scoliosis and back pain, yet the diagnosis and 
treatment of LLD is frequently overlooked and undervalued in outpatient clinics. Certain radiologic findings of 
spinal asymmetry have been shown to be predictors of pain and disability in adults with spinal deformity. Since 
LLD contributes to spinal asymmetry, we should seek to improve detection and intervention of LLD to improve 
the quality of life of our patients. 

Objective: To assess change in spinal symmetry of Pelvic Obliquity (PO), Scoliosis Angle (SA) and Coronal Imbal-
ance (CI) on healthy adult subjects after wearing a 9 mm shoe lift for one hour using DIERS formetric. 

METHODS: 54 student subjects were recruited from a physical therapy university. Eligible subjects were ages 
22-52 without known spinal disorder or LLD, capable of wearing athletic shoes and walking one hour. Data of 52 
subjects (females = 36, males = 16) was analyzed. One eliminated subject had scoliosis and one had LLD. Two 
baseline images using DIERS formetric were taken with shoes on, without a shoe lift. The subjects were then 
issued a 9 mm heel lift (randomized left/right alternately by subject) and told to walk for one hour with the lift in 
their shoe. The subjects were told to remove the lift if they experienced pain. Following one hour of ambulation 
with the lift in, each subject had two repeat images taken with the shoe lift in. Baseline images: When the baseline 
image revealed asymmetry in PO > 3 mm, subjects were offered a CT scanogram for LLD measurement, with 
the thought being PO may be sensitive for detecting LLD. When the baseline image revealed SA > 10 degrees, 
subjects were offered a standing spinal x-ray with the thought being SA may be sensitive for detecting scoliosis. 
Lift-In Images: Lift-in data was evaluated and compared to baseline data in a two way analysis, the repeated 
measures analysis of variance, to look at the main effect of the 9 mm lift. Variances between baseline and lift in 
were considered significant according to the following values: PO > 5 degrees, SA > 5 degrees; CI > 5 degrees. 

Results and Discussion: Regarding the main objective of the study, all measures (PO, SA, SI) were non-signifi-
cant for change with lift in, with large standard deviations associated with the means, both with and without the 
lift. Skewness ranged from .48-1.84. A 9 mm induced LLD did not produce significant DIERS changes in selected 
measures of spinal asymmetry. Regarding additional objectives of prediction of LLD and scoliosis using baseline 
PO and SA respectfully: Of the 20 subjects with baseline PO > 3 mm (range 6-18), 13 had a LLD CT scanogram. 
Eight of the 13 subjects with CT scanogram were found to have 3-10 mm LLD on the side found to be high PO on 
DIERS. PO was helpful in predicting LLD. Of the 7 subjects with baseline SA of >10 degrees (range 12-26), none 
of the subjects had Cobb angle > 10 on x-ray (3.8-8 degrees Cobb). SA did not predict Cobb angle in this group. 

Conclusion and Significance: Whereas an artificially induced LLD using a 9mm shoe lift did not produce sig-
nificant changes in PO, SA or CI, PO was helpful in predicting true LLD in this group. DIERS PO may be a helpful 
indicator of structural LLD in the clinical setting. A follow up study using DIERS with subjects with known LLD 
is planned.
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Treatment of scoliosis using spiral stabilization 
muscle corset therapy, indications, treatment 
progress and results

Richard Smisek, Kateřina Smíšková, Zuzana Smíšková
Rehabilitace páteře Smisek, rehabilitace páteře Smíšek, Rehabilitace páteře Smíšek

Treatment of scoliosis by spirally stabilized muscular corset We consider the cause of scoliosis to be a central 
disorder of motor control and peripheral muscle asymmetric disbalances that is manifested by instability in muscle 
chains. The muscle chains are divided into spiral systems, which stabilizes motion and vertical systems, which 
stabilize body in still position. Scoliosis has a severe affection of spiral muscle chains. Spiral muscle chains en-
circle the body surface. Activity of spiral muscle chains of trapezius muscle and latissimus dorsi muscle (TR and 
LD) starts with the movement of the shoulder blade and with arms back and forth that move vertebral processi 
spinosi as proved in clinical anatomy studies. The contraction of the spiral chains continues to the opposite side 
of mm. rotatores, levatores costarum, followed by externus and internus abdominis muscles, gluteus maximus 
muscle, fascia lata, m. tibialis anterior. The TR and LD spirals retract the waist circumference and create upward 
force in the body – traction of the spine. Extending the spine compensates the scoliotic curve – we can achieve 
lateral and rotational compensation of scoliotic curve. The spiral activity reciprocally suppresses the activity of 
vertical muscle chains (ES - erector spinae, IP iliopsoas) which ones would make traction impossible. On a spiral 
stabilized core, it is necessary to adjust the muscular disbalance in pelvis and shoulder. The muscle chains activity 
can be trained individually or in groups under supervision of trained staff. We always correct walking coordination 
to allow rotary movements of shoulder and pelvis full spine mobility into two “S” curves – mobilization of the 
spine in all its segments. We check the activity of the muscle chains during the exercise and capture them in the 
photograph, sensorics guidance and the electromyography. We always compare the curves of the entire spine 
and both shoulder joints and pelvis with both hip joints to correctly evaluate skeletal manifestation of primary or 
secondary cause of the pelvic and/or shoulder disbalance. We demonstrate individual examples of successful 
treatment because treatment always requires an individual approach. We believe that our method is universally 
well adoptable and may significantly lower the need of surgery of the scoliotic spine and thus relief significant 
amount of health care expenses attached to surgical scoliosis treatment with questionable quality of life results. 

Examination: Functional examination: - Characters - Muscles rest - Muscles in motion - Examination of muscle 
chains - Coordination of walking and running - EMG Structural examination: - RTG, MR, CT Differential diagnosis
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Spinal back shape and posture in sitting and 
standing: Effects of using a mobile phone

Josette Arielle Bettany-Saltikov, Keith Osullivan
Teesside University

Changes in back shape during the use of mobile phones have been linked to an increased risk of musculoskel-
etal disorders (MSD). A survey in Canada among 137 university students, staff and faculty demonstrated that 
participants spent 4.65 hours daily on mobile handheld devices. By the end of 2016 it is anticipated that global 
text messaging frequency will have risen to 9.4 trillion, up from 5.9 trillion in 2011 (Clark-Dickson, 2012). The 
aim of this study was to examine the relationship between spinal shape and posture during the use of mobile 
phones in sitting and standing. It also aimed to find out if there was a difference in spinal angles in sitting com-
pared to standing. 

Methods:This comprised of a convenience sample of 17 healthy young adults, aged 18-40 years. Following 
measurements of normal back and neck shape in each position; each subject was asked to complete a texting 
task with both hands in a standing and seated position where, participants` measurements was retaken using 
the Microscribe 3DX Digitiser. 

Results: In the cervical spine there was a significant difference of 7.8° in cervical flexion for sitting without a 
mobile phone and sitting with a mobile phone ( p = .001). Equally, for the standing posture there was a signif-
icant difference in standing when not using phone and standing when using the phone (p = .000). Specifically, 
these results suggest that when using a mobile phone, the range of cervical flexion significantly increases by 
7.8° in sitting and by 12.6° in standing. These results together with Hansraj 2014 description of text neck both 
point to a massive increase in this condition. In the thoracic spine a significant difference of 12.7° in thoracic 
flexion was found when sitting without a mobile phone and sitting with a mobile phone (p = .001.) In the stand-
ing posture there was also a significant difference of 12.8° when standing without using a phone and standing 
using a phone (p = .000). These results suggest that when a mobile phone is in use thoracic flexion significantly 
increases in both the sitting and standing postures. In the lumbar spine there was a significant difference for 
sitting without a mobile phone and sitting with a mobile phone (p = .000). In the standing posture there was 
no statistical significant difference in the score for standing without phone (M=-40.6368, SD=14.83882) and 
standing with phone (M=-34.3913, SD=17.67755 p = .087). Although this result is not statistically significantly 
different it is very close to p<0.05, suggesting the existence of a significant trend. It is highly probable that a 
type 2 error occurred meaning too few subjects were used. The results suggest that mobile phone use has a 
greater effect on the lumbar spine when sitting but less of an effect in standing. 

In conclusion the use of a mobile phone is associated with increased spinal flexion in both sitting and standing 
. This results of this study demonstrate the possibility of identifying, from back shape, those at risk of MSD and 
suggest that there is a need for physiotherapists to start educating those at risk to be aware of and to avoid 
prolonged flexed spinal positions in both sitting and standing when using a mobile phone.
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Spinal manifestations of Loeys-Dietz type 2 
syndrome: stabilization of thoracolumbar kyphosis 
and reducing pain with specific exercises and 
individualy made orthosis - case report

Marina Mršnik, Janez Mohar, Nataša Bratuž, Edita Boltežar Smuk, Boštjan Boltežar
Valdoltra Orthopaedic Hospital, MOOR Ortotika in protetika

INTRODUCTION: Loeys-Dietz syndrome (LDS) is an autosomal-dominant connective tissue disorder caused by 
mutations in the genes encoding the transforming growth factor beta (TGF-β). There are five types of LDS. LDS 
type II is caused by TGFBR2 gene mutation. It is a multisystemic disorder, characterized by aggressive aneu-
rysm formation and vascular tortuosity. Skeletal features can show overlap with Marfan syndrome. Spinal and 
foot abnormalities are the most clinically important skeletal findings. Reported spinal deformities are cervical 
instability, scoliosis, kyphosis, spondylolisthesis and dural ectasia. 

OBJECTIVES: To report a case of a patient with LDS type II, manifested with spinal deformity; lumbar kyphosis 
and thoracic lordosis with clinical presentation of lumbar pain, treated with modified exercises and brace therapy. 

METHODS 16-year old patient, with proved LDS type II, was admitted due to visible and painful lumbar spinal 
deformity. At the age of twelve he had a first onset of lumbar pain. Radiological work-up revealed degenerative 
changes of L2-L3 and L3-L4 facet joints and a small kyphotic deformity in thoraco-lumbar region. He received a 
physiotherapy, which was unsuccessful in alleviating his pain symptoms. At the time of his first visit he described 
pain in the thoracolumbar kyphotic area restricting his daily activities, his average pain on visual analogue scale 
(VAS) was 3/10. He also described pain worsening to 8/10. The X-ray images revealed a 31° lumbar kyphosis 
between twelfth thoracic and third lumbar vertebrae and a 17° thoracic lordosis between seventh thoracic and 
first lumbar vertebrae and his Risser stage was III. The spinal orthosis was prescribed and supported by a reha-
bilitation program. The rehabilitation program was inpatient individualized SEAS and Schroth based. The goal of 
exercises was to learn self-correction of lumbar kyphosis and thoracal lordosis and stabilization of hypermobile 
segment. Orthosis was patient specific and its design was focused on stabilizing the spinal deformity. 18 months 
after treatment X-ray images revealed a 27° lumbar kyphosis and a 17° thoracic lordosis, the spinal deformity 
therefore did not progress, his Risser stage was IV - V. His average pain on VAS was 0/10, without pain worsen-
ing. Currently, he is doing specific exercises daily and is capable of self-correction, he wears his orthosis only at 
night Treatment with exercises and orthosis will be life-long, with regular check-ups every 5 years. 

RESULTS AND DISCUSSION: The treatment for spinal deformity in LDS type II syndrome was started late in the 
skeletal development. At his first presentation the patient had a flexible spinal deformity. According to already 
known LDS type II syndrome, radiological imaging diagnosed multilevel retrolysthesis, segmental hypermobility 
and the late phase of skeletal growth. The goal of our treatment was to prevent further progression of spinal 
deformity, minimize pain symptoms and improve his quality of life. At his last visit the patient’s deformity was 
stable and his pain level decreased from 3/10 at initial presentation to 0/10. 

CONCLUSION: Despite the rarity of LDS and other connective tissue disorders, it is important to consider further 
research on the effect of physiotherapy and orthosis treatment on this unique patient population, affected by 
spinal deformities. Early detection of the connective tissue syndrome and associated spinal deformity is crucial 
for proper management.
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The immediate rotational effect of iliopsoas 
muscle activation during scoliosis specific 
Schroth physiotherapy exercises: a case series

Andrea Lebel, Victoria Ashley Lebel, Judit Orban
Ottawa District & Scoliosis Physiotherapy Clinic, Ottawa District Scoliosis Physiotherapy Clinic, ODPC

Introduction: Scoliosis is a 3-dimensional spinal deformity affecting 2-4% of adolescents and 30% of adult 
population. The angle of a scoliosis curve is measured in Cobb degrees. Since scoliosis is a 3-dimentional de-
formity affecting the alignment and rotation of the entire torso, the angle of trunk rotation (ATR) is another useful 
objective measurement. The treatment method depends on the severity of the scoliosis curve as well as patient 
preference and compliance with treatment. Physiotherapy scoliosis-specific exercise (PSSE) is one of the most 
studied and effective methods of treatment. It has been presented that iliopsoas muscle activation of the concave 
side of lumbar scoliosis curve results in immediate reduction of the Cobb angle during and after Schroth scoliosis 
exercises. This study demonstrates that scoliosis-specific Schroth physiotherapy also has an immediate effect on 
the rotational component of the scoliosis curve (ATR) during and after the iliopsoas muscle activation exercise. 

Purpose: The purpose of this study is to investigate the immediate effect of iliopsoas muscle activation on the 
ATR of the lumbar spine in patients with a lumbar scoliosis of >60º Cobb angle during and after lumbar scolio-
sis-specific exercises based on the Schroth method. Method & Study design: Three female patients (P1, P2, P3), 
ages 16, 21, and 58 years respectively, were selected for this study based on their curve type and participation 
in weekly Schroth group exercise sessions. All 3 of the chosen subjects had major lumbar scoliosis curves (>60º 
Cobb) and minor thoracic scoliosis curves. The average lumbar scoliosis Cobb angle was 72.7º, with P1: 73º, 
P2: 83º, and P3: 62º. All three patients were diagnosed during adolescence and were compliant with the week-
ly Schroth exercise group program. A Bunnell Scoliometer was used to measure the ATR. The prone position of 
performing iliopsoas muscle activation was selected for this study for ease of measurement of the ATR using a 
scoliometer in this position. The ATR was also measured during the Adam’s forward bending test in the sitting 
position before and after the Schroth exercises for comparison. Changes >2º were considered significant im-
provement. The prone exercise was performed in 3 sets of 10 during a single group exercise session. 

Results: Iliopsoas muscle activation during scoliosis-specific Schroth physiotherapy resulted in significant im-
provements in the ATR. Prior to performing the prone over the ball exercise, initial sitting ATRs were P1: 30º, 
P2: 17º, and P3: 16º. As expected, during the iliopsoas muscle activation exercise, there was reduction in ATR 
measurements to P1: 5º, P2: 4º, and P3: 6º. However, what is less expected is that there was on average, a 4º 
reduction in ATR measured in the sitting position immediately following the prone exercise. The ATRs immediately 
following iliopsoas muscle activation were P1: 26º, P2: 14º, and P3: 11º during the Adam’s forward bending test in 
the sitting position. Compared to the initial ATRs, P1 improved by 4º, P2 improved by 3º, and P3 improved by 5º. 

Conclusion: This case series shows that there is immediate and lasting improvement of ATR during iliopsoas 
muscle activation of lumbar concave side. The spinal and iliopsoas muscles play a major role in maintaining the 
static and dynamic stability of the spine, thus Schroth exercises which focus on these muscles are an important 
part of scoliosis treatment.
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Scoliosis specific physiotherapy following 
thoracic spinal fusion surgery to prevent further 
progression and avoid lumbar fusion surgery:  
a case report

Andrea Lebel, Victoria Ashley Lebel
Ottawa District & Scoliosis Physiotherapy Clinic

Introduction: Since the school scoliosis-screening program was discontinued in Canada in the 1980s, 32% of 
adolescent idiopathic scoliosis (AIS) patients are diagnosed late. A late diagnosis means that scoliosis curves 
are allowed to progress undetected. When the scoliosis is finally detected, the curves are often so advanced that 
surgery is the only treatment option available to halt curve progression. Conservative treatment methods, such 
as bracing and physiotherapy scoliosis-specific exercises (PSSE) are usually offered in less advanced scoliosis 
cases to prevent progression and avoid surgery. In this case report, the patient was diagnosed late with AIS and 
underwent thoracic spinal fusion surgery. The patient continued to progress post-op and in an effort to avoid a 
second surgery, the patient was treated with PSSE based on the Schroth method. 

Case study: At the time of diagnosis, the 13-year-old AIS patient had a 57˚ Cobb angle thoracic curve and a 39˚ 
Cobb angle lumbar curve. Pre-surgery imaging revealed that the thoracic curve was structural and the lumbar 
curve was compensatory. As a result, a decision was made to surgically correct the thoracic spine and not the 
lumbar curve, with the hope that the lumbar spine would straighten out on its own. Post-surgical thoracic and 
lumbar curve angles were 21˚ Cobb and 19˚ Cobb, respectively. In this case, however, within 3 months following 
selective thoracic spinal fusion surgery, both the thoracic and lumbar curves started to progress. Over the next 
3 years, the thoracic curve progressed from 21˚ Cobb to 41˚ Cobb and the lumbar curve from 19˚ Cobb to 37˚ 
Cobb. The patient was given 1 year to try non-surgical PSSE to prevent further curve progression and avoid a 
second surgery to extend the fusion to the lumbar spine. 

Purpose: The aim of this study is to demonstrate that PSSE based on the Schroth method can be effective in 
preventing curve progression even in post-op spinal fusion patients. 

Method: A post-surgical 16-year-old female was assessed and treated in the individual and group exercise set-
ting for 1 year with PSSE based on the Schroth method. Radiographs were taken periodically as ordered by the 
surgeon and ATR measurements were collected with Bunnell Scoliometer. Additional measurements included 
vital capacity before and after PSSE. Photographs were taken at the initial visit and periodically throughout the 
exercise treatment sessions to visually document improvement. SRS-22 questionnaire results were also col-
lected from the patient. 

Results: Post-op, prior to beginning PSSE, the thoracic curve progressed from 21˚ Cobb to 41˚ Cobb and the 
lumbar curve from 19˚ Cobb to 37˚ Cobb. After 1 year of weekly PSSE, the patient’s lumbar curve decreased 
from 37˚ Cobb to 27˚ Cobb. The ATR of the thoracic and lumbar curves decreased from 18˚ to 12˚ and from 8˚ 
to 5˚, respectively. Vital capacity increased from 2500 mL to 3100 mL. The patient’s pain level decreased and 
her overall functional status, self-esteem, and mental health improved as shown on the SRS-22 questionnaire 
(3.4 prior to PSSE and 4.18 after 1 year of PSSE). Improvement across all data categories with PSSE ultimately 
helped the patient avoid a second surgery and improved her overall quality of life. 

Conclusion: In this case study, weekly Schroth PSSE for 1 year was shown to improve Cobb angles, ATR, vital 
capacity, and SRS-22 scores in a post-surgical AIS patient, effectively helping her avoid a second spinal fusion 
surgery.
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Short term effect of nonsurgical treatment in a 
patient with severe juvenile idiopathic scoliosis 
who refused surgery - a case report

Mina Jelačić
Scoliocontrol

Background Stabilization of a progressive curvature at nonsurgical values is the main goal of conservative sco-
liosis treatment, but in practice many times we have to treat surgical patients who are not willing to undergo 
spinal fusion as it is recommended. Even though there is some evidence indicating that conservative treatment 
can stabilize curvatures reaching surgical values, its effectiveness is questionable and depends not only on the 
Cobb angle, but also on the curve rigidity, shape of the rib hump, curve pattern and some other factors. Aim The 
findings of this patient have been presented here to show that in some severe scoliosis cases, over 60 degrees, 
bracing and PSSE can halt further progression. 

Case report This case report represents an 11 year old premenarchial girl with 80° Cobb, right convex thoracic 
curvature, with 35° of rotation (Perdriolle) at the apical vertebra, Risser 0, type A1 according to Rigo’s classifi-
cation, who refused surgery. Even though her Cobb angle clearly over passed all limitations for bracing we de-
cided to try to stabilize the curvature and postpone the surgery. The decision was made after the flexibility of the 
main curvature was checked in hanging and side laying positions. In brace radiography after 3 months showed 
correction to 50° Cobb, which is 37% of correction. Apart from full time bracing (20h/day), BSPTS program 
of exercises was practiced on a daily bases. One year later, clinical picture was significantly improved. POTSI 
changed from 89,5 to 34,8 and the Cobb angle of the main thoracic curvature was 72° Cobb, Risser 2 (The girl 
spent more than 8 hours without the brace before the x-ray was done). There was no significant change of the 
vertebral rotation at the apical level. 

Conclusion In cases where the surgical treatment is refused, or is necessary to postpone it, conservative treat-
ment can be considered as an option even in scoliosis over 60 degrees if there are technical possibilities to 
build a proper brace.
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Simulation of the third trimester of pregnancy 
using a maternity jacket on balance, foot stance 
and lumbar lordosis

Josette Arielle Bettany-Saltikov, Diane Urwin
Teesside University

Background: Falls rates in the pregnant population have been shown to be high. Previous research has sug-
gested that this could be due to biomechanical changes such as weight gain and the release of the hormone 
relaxin, which can soften tissues such as ligaments. There is limited research in this field and current UK guide-
lines do not recommend any falls advice from health care professionals. Previous studies have not investigated 
the effects the biomechanical changes have on balance, foot stance and lumbar lordosis without hormone in-
volvement, nor has any study looked at the relationship between the three. 

Purpose: The aim of this study was to investigate if the biomechanical changes caused by simulated pregnancy 
have an effect on balance, foot stance and lumbar lordosis without hormone involvement, and to evaluate any 
significant relationships between the three. 

Methods: Subjects. 20 non-pregnant female subjects were recruited from the student population at Teesside 
University. 

Instruments: The Biodex Balance System (BBS) was used to measure postural stability, and a flexicurve ruler was 
used to measure lumbar lordosis. Foot stance was measured using the distance between the medial malleolus 
of both feet, using the measurements on the footplate of the Biodex balance system. Pregnancy was simulated 
using a pregnancy simulation jacket (PSJ). 

Procedure: Participants` Balance, foot stance and lumbar lordosis was measured whilst stood on the biodex 
balance system. Participants were then fitted with the pregnancy simulation jacket and allowed 15 minutes to 
acclimatise. The testing procedure was then repeated whilst wearing the jacket. Results were analysed using 
an SPSS computer programme. Results Paired t-tests found there was a significant reduction in balance (2.1 vs. 
1.6 Arbitrary, 95% CI .18 to .78, p=0.003), and a significant increase in foot stance (14.1 vs. 16.5 cms, 95% CI 
1.1 to 3.7 cms, p=.001) and lumbar lordosis (51 degrees vs. 67 degrees, 95% CI 11 to 21 degrees, p=0.0005), 
when the pregnancy empathy jacket was worn. A Pearson’s correlation found that there was no significant re-
lationship between balance, foot stance or lumbar lordosis. 

Discussion and Conclusions: This study suggests that the biomechanical effects caused by pregnancy signifi-
cantly reduced balance, and increased foot stance width and lumbar lordosis. No significant relationship was 
found between balance, foot stance and lumbar lordosis. The results from this study would suggest the need 
for falls advice in the antenatal period by healthcare professionals, and further research should look at inter-
ventions to reduce the falls risks.
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The method for assessment of the 3D scoliosis 
angle from standard radiographs

Paweł Główka, Katarzyna Politarczyk, Wojciech Politarczyk, Piotr Janusz, Kris Siemionow, Tomasz Kotwicki
Poznan University of Medical Sciences, University of Warsaw, University of Illinois at Chicago

Introduction: Three-dimensional idiopathic scoliosis cannot be fully assessed with a one plane parameter – 
Cobb angle. Two studies indicated that 3D scoliosis patterns could be predictive of deformity progression. We 
propose a novel method to assess the 3D angle between the upper end plate of the upper-end vertebra and the 
lower end plate of the lower-end vertebra (EE-angle) based on two X-rays (PA and lateral). 

Objective: To introduce a method for measurement of the EE-angle based on two X-rays: PA and lateral. 

Methods: Ten Computer Tomographies (CTs) of the spine of the patients with double curve thoracic and lumbar 
scoliosis were performed, as a part of the pre-surgery protocol with local Institutional Review Board approval. 
The EE-angle was evaluated with either CT and Digital Reconstructed Radiographs (DRRs): PA and lateral. On 
CT, the EE-angle was calculated based on the coordinates of triple points situated on the upper and the lower 
endplate of the scoliosis curve. On the DRR, the EE-angle was calculated using the Four Angles Method- the 
angles forms by the endplates of the curve (upper and lower) with the ground. 

Results and Discussions: The mean value for the CT calculated EE-angle was 32.27°, SD 14.41, range 8.49 
to 60.49. The mean value for the DRR calculated EE-angle was 33.99, SD 14.95, range 12.07 to 61.56. There 
was no significant difference between the 3D EE-angle measurements obtained with DRR versus CT, p<0.05. 

Conclusions and Significance: Based on two standard radiographs, PA and lateral, it is possible to calculate 
the angle which exists between the upper endplate of the upper end vertebra and the lower endplate of the low-
er end vertebra. The EE-angle provides additional information about the morphology of the scoliotic deformity.



ABSTRACT BOOK / PROGRAM 113

Thursday 4/19/18 Morning

Comparison of CT versus MRI T2-weighted 
SPACE sequence pedicle measurements

Paweł Główka, Piotr Janusz, Mateusz Kozinoga, Tomasz Kotwicki, Kris Siemionow
Poznan University of Medical Sciences, University of Illinois at Chicago

Introduction: Knowledge of vertebral pedicle dimensions is crucial for safe transpedicular screw placement 
in scoliosis surgery. To successfully plan the screw’s trajectory it is important to estimate: pedicles transverse 
width, sagittal width, length and pedicle angle (both transverse and sagittal). 

Objectives: The aim of this study was to compare pedicle measurements on MRI to those obtained from CT 
images in the same subject. 

Methods: 34 pedicles of one patient with scoliosis (Cobb main curve 60 degrees; age:16 years old ) were ana-
lyzed on both CT and MRI T2-weighted 3D SPACE-sequence images. The pedicle transverse outer (TPOW) and 
inner width (TPIW), chord (screw-pathway) length (ChL), transverse pedicle angle (TPA), sagittal pedicle outer 
(SPOW) and inner width (SPIW) and sagittal pedicle angle (SPA) were measured. 

Results and Discussions: We present the first comprehensive analysis of pedicle measurements performed 
with both MRI and CT scans in the same subject. There were no statistical difference between measurements 
performed on MRI versus CT for the following parameters: TPIW, TPA, ChL, SPOW, SPIW, SPA. The measurements 
of TPOW revealed a significant difference (p=0.004) for TPOW measured on MRI vs CT. Outer pedicle width (both 
transverse and sagittal) was overestimated on CT images in comparison to MRI. Transverse and sagittal inner ped-
icle width measurements demonstrated no statistical difference on MRI and CT (p=0.365 and 0.347, respectively). 

Conclusions and Significance: This study demonstrates that spine MRI can be successfully used for planning 
pedicle screw sizes and trajectories. Notwithstanding, it is important to note that MRI has a tendency for sus-
ceptibility artifacts potentially altering images of anatomical structures.
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Instrumentation through interrupted trajectory 
in complex cervical spine cases

Walid Attia
KFMC

Purpose: Surgical challenges in complex spine cases include yet not limited to; limited exposure, decompres-
sion near vital or neural structures, decompression at a blind angle, and difficult trajectories for instrumentation. 
Displaced bone pieces across the desired trajectory is a major challenge when it is the only available trajectory 
to use. The type and extent of image guided-surgery for spine disorders still lacks evidence- based medicine 
proof. It is up to the health care providers sound judgement and expertise to do what is needed for the patient. 
The use of intraoperative CT-quality O- arm, and neuronavigation are still tested as aiding tools in such opera-
tive modalities. 

Methods: We selected 2 cervical spine cases that were operated upon during the years 2009-2016 in our in-
stitute by the first author to be included in this study. Both represent complex traumatic spinal fractures. Both of 
them a major technical challenge in the trajectory jeopardizing the safety of instrumentation. In both cases the 
Medtronic O-arm and Medtronic StealthStation were used as intraoperative mapping tools. 

Results: Intraoperative navigation tools were so useful in securing neural and vascular tissue safety, surpass-
ing the trajectory difficulty, together with tough bony purchases of the hardware from the first and only trial of 
application when needed. Intraoperative CT taken by the o-arm was a useful confirmatory intraoperative test of 
proper hardware placement. 

Conclusion: The intraoperative use of the O-arm and stealthStation is very useful in this modality of spine 
surgeries.
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Adolescent idiopathic scoliosis cured with 
physiotherapy scoliosis specific exercises 
based on the Schroth method using BSPTS 
principles: 3 case reports

Andrea Lebel, Victoria Ashley Lebel
Ottawa District & Scoliosis Physiotherapy Clinic

Introduction: When scoliosis is diagnosed early and the spinal curvature is under the bracing range, patients are 
usually followed by observation only, i.e. the “wait and watch” method of treatment. They are closely monitored 
for curve progression with full spine x-rays every 6 months. In this case series, 3 female adolescent idiopathic 
scoliosis (AIS) patients were treated with 2-6 months of physiotherapy scoliosis specific exercises (PSSE) based 
on the Schroth method during the “wait and watch” period. According to Ian Stokes, the “vicious cycle” of sco-
liosis curve progression can be reversed when sufficient corrective forces are applied to an asymmetric spine. 
In this study of 3 AIS patients, PSSE based on the Schroth method of scoliosis therapy was able to reverse the 
“vicious cycle”, prevent and even reverse curve progression by reducing and eliminating asymmetric loading, 
effectively curing the patients of their scoliosis and avoiding bracing. 

Method: Three female patients, ages 10-13, were diagnosed with AIS and monitored by pediatric orthopaedic 
surgeons for curve progression with biannual radiographs. During this time, these 3 patients were treated with 
PSSE based on the Schroth method. After an initial assessment by the BSPTS Schroth physiotherapist, patients 
were taught curve-specific exercises and offered the options of continued therapy in the weekly group exer-
cise sessions and/or home exercise program (HEP). One of the 3 patients chose treatment in the weekly small 
group setting, the second chose intensive daily Schroth group for 3 weeks and the third patient chose regular 
home exercises after 10 private sessions. Group and individual sessions were 60-120 minutes in length and the 
subjects participated in 9-16 sessions. Vertical height, angle of trunk rotation (ATR), vital capacity, and sagittal 
measurements were recorded periodically during PSSE sessions to monitor for improvement. SRS-22 and TAPS 
questionnaires were given to the patients. 

Results: Patient 1, age 13, had a 25˚ Cobb angle thoracolumbar scoliosis curve upon initial assessment. After 
5 individual exercise sessions and 7 group exercise sessions over a 6-month period combined with a HEP, the 
patient’s Cobb angle decreased to 6˚. Patient 2, age 10, had a 20˚ Cobb angle thoracolumbar scoliosis curve 
upon initial assessment. After 2 individual sessions and 14 intensive 120-minute group sessions over a 3-weeks, 
the patient’s Cobb angle was decreased to 5˚. Patient 3, age 13, had a 23.5˚ Cobb angle right thoracic scoliosis 
curve upon initial assessment. After 5 individual exercise sessions and 4 group exercise sessions over a 3 month 
period with a daily HEP, the patient’s Cobb angle decreased to 6˚. 

Conclusion: In this study, intensive PSSE based on the Schroth Method eliminated scoliosis in a very short pe-
riod of time in a select group of AIS patients. Patients diagnosed with scoliosis and are followed by observation 
only, should be offered PSSE to prevent curve progression and, as seen in these 3 cases, reverse the scoliosis 
and eliminate the need for bracing.
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Self-evaluation of aesthetics and the quality  
of life in children and adolescents with  
non-operatively treated idiopathic scoliosis

Dariusz Czaprowski, Maciej Lendzion, Anna Dembińska, Paulina Ewertowska, Jakub Waś, Mateusz Kozinoga, 
Łukasz Stoliński, Marcin Tyrakowski, Tomasz Kotwicki
Józef Rusiecki University College, Józef Piłsudski University of Physical Education,  
The Voivodeship Rehabilitation Hospital for Childr, Gdansk University of Physical Education and Sport,  
University of Medical Sciences, The Centre of Postgraduate Medical Education

Introduction: Trunk deformity is the principal component of idiopathic scoliosis. The deformity is assessed based 
on radiological and clinical parameters during examination performed by physician or physiotherapist. However, 
it is important how the deformity of the trunk is experienced by the patients themselves. Objective The aim of 
the study was to assess the relations between the radiological (Cobb angle) and clinical (angle of trunk rotation, 
ATR) parameters of idiopathic scoliosis and self-perception of body image and quality of life in children and ad-
olescents with non-operatively treated idiopathic scoliosis. 

Methods: This cross-sectional study included 139 patients with idiopathic scoliosis: 110 females, 29 males; aged 
7-18 years, mean: 13.9±2.7 years; Cobb angle: 10.0-66.0°, mean: 24.7°±12.9; ATR: 2-25°, mean: 8.2°±5.3. 
Seventy-seven patients were treated with scoliosis specific physiotherapy (SPT), while 62 were treated with 
both SPT and brace. All the patients completed the Trunk Appearance Perception Scale (TAPS) questionnaire and 
the validated Polish version of SRS-22 questionnaire [1,2,3]. All collected data were analyzed using Statistica 
12 Software (StatSoft, Poland). 

Results: The study revealed significant negative correlation between the TAPS score and either Cobb angle or 
ATR (R=-0.310, p<0.001 and R=-0.233, p=0.006, respectively). The correlation between the SRS-22 score and 
Cobb angle or ATR was negative, but insignificant (R=-0.070, p=0.4 and R=-0.152, p=0.07, respectively). There 
were no significant differences between patients treated exclusively with SPT versus those treated with SPT and 
brace, in respect of TAPS (3.7±0.8 vs 3.7±0.7, p=0.07) and SRS-22 (4.1±0.7 vs. 4.0±0.4, p=0.08). Girls pre-
sented slightly decreased quality of life (SRS-22) in comparison to boys (4.0±0.5 vs. 4.2±0.4, p=0.043). There 
was an insignificant negative correlation between TAPS score and age (R=-0.108, p=0.2). On the other hand, 
the self-perceived body image (SRS-22) decreased significantly with age (R=-0.230, p<0.001). 

Conclusions and Significance: Idiopathic scoliosis leads to worsening of self-perceived body image and quality 
of life. The parameters related to lower quality of life are as follows: severity of the deformity quantified with Cobb 
angle, angle of trunk rotation, female gender and age. Brace treatment did not influence significantly self-as-
sessed aesthetics and quality of life of patients with non-operatively treated idiopathic scoliosis. 

References
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3.  Głowacki M, Misterska E, Laurentowska M, Mankowski P. Polish Adaptation of Scoliosis Research Society-22 Questionaire. Spine 
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Is the precision of the ipad “structure sensor” 
digitizer sufficient for a high rigidity scoliosis 
correction brace?

Jean Claude de Mauroy, Fabio Gagliano, Sophie Pourret
Clinique du Parc, Lecante Group

Introduction: CAD/CAM optical technology has many advantages over plaster mold: better in-brace correction, pa-
tient preference, Computer Aided Design (CAD). Since late 2013, the use of structured light is available at low cost. 
The micro-lenses in the projector have different focal lengths that focus the infrared radiation to form a non-uni-
form pattern of dots that varies with distance from the sensor. The reference pattern is stored in the memory of the 
sensor to help establish correspondences between pattern speckles and calculate range data as a disparity to the 
current image. Through image processing and triangulation algorithms, the distortion of the projected pattern is 
converted into 3D information. We use 16 sensors (four per column), but most CPO’s are using one single “structure 
sensor” attached to an iPad for the mold of scoliosis correction braces. The “Structure Sensor” is an add-on cam-
era that clips to an iPad and transforms it into a hand-held three-dimensional scanner, and that was revolutionary.  
Objective(s): The resolution of the optical scanners is less than 1 mm. What is the accuracy of depth “Z “with 
the iSense? Method(s): Design: A summary of systematic review on “Structure Sensor” resolution and accuracy 
published from September 2013 to June 2017. More than 50 press publications were analyzed.

Result(s) and Discussions: The first publication of the “Structure Sensor” under the term “GADGET” dates from 
17 September 2013. Only 4 publications (8%) talk about the accuracy of the sensor. In March 2014 Beziade 
publishes the precision characteristics of the Structure Sensor: (1% of the measured distance) from which the 
+/- 4 mm at 40 cm distance, which is the minimum distance. This is the precision that is currently indicated with 
the iPad. Since October 2015, Occipital has bought the Lynx company specializing in 3D algorithms improving 
mapping and especially reducing artifacts, but unfortunately not intrinsic precision as indicated by Jeffrey Pow-
ers, the CEO of Occipital: “Lynx’s IP will not increase the resolution of the Structure Sensor, but it cuts back on 
the sensor mapping errors by up to 90 percent. “ In September 2016 in an interview Jeffrey Powers talks about 
the application in medicine: “One industry that has surprised us is the medical industry, where over a dozen 
Structure Sensor apps have been launched. We actually never expected this” But the “low cost” is a major ar-
gument, not precision. Kalantari and Nechifor published the precision curve as a function of distance. This curve 
is not linear. The accuracy is +/- 7 mm for 1m40 of distance. (Figure 1) The rate of mean relative error (MRE) 
was calculated at 12.217% of the actual measurements. Unlike optical systems, the accuracy is lower in the 
center of the image than in the periphery. Many demo videos on the internet allowed us to calculate the time 
needed to acquire a trunk: the average is 30 seconds. Immobility is therefore almost impossible for the child. If 
you move out of range or go too fast or even at too odd an angle, the scanner will lose its “grip” on the object 
and you may have to start again.

Conclusion(s) and Significance: In 2017, Apple’s “Structure Sensor” is a Low-Cost digitizer with a precision of 
+/- 7mm for scoliosis if the child is able to remain perfectly still without breathing for 30 seconds. The precision 
is insufficient for very high rigidity custom made braces like ARTbrace.
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Acute muscle stretching and the ability to 
maintain posture in females with Adolescent 
Idiopathic Scoliosis

Dror Levi, Dror Ovadia, Yisrael Parmet, Shmuel Springer, David Ben-Sira
Maccabi Health Care Institute & Ispts, Dana Children’s Hospital, Tel Aviv Medical Center, Ben-Gurion University Of The Negev, Ariel Uni-
versity, Zinman College, Wingate

Acute Muscle Stretching and the ability to maintain posture in females with Adolescent Idiopathic Scoliosis Dror 
Levi1,5, Shmuel Springer2, Yisrael Parmet3, Dror Ovadia4, David Ben-Sira5 1 Macabbi Health Care Services, 
Israel. 2 Department of Physical Therapy, Faculty of Health Sciences Ariel University, Ariel, Israel 3 Ben-Gurion 
University of the Negev, Israel 4 Department of Pediatric Orthopaedics, Dana Children’s Hospital, Tel Aviv Medical 
Center, Israel 5 Sports Medicine and Rehabilitation Division, Zinman College, Wingate, Israel. 

Abstract Background: Scoliosis Exercises include flexibility movements such as stretching, as well as exer-
cises to attain proper posture. 

Aim: To examine the effect of prior muscle stretching on the performance of posture exercise in females with 
adolescent idiopathic scoliosis (AIS). 

Design: Randomized crossover study. 

Setting: Outpatient physiotherapy clinic. 

Population: Eighteen females with AIS. 

Methods: Participants were randomly assigned to perform a posture maintenance task for three minutes pre-
ceded by either stretching protocol (group A) or no-stretching (group B). A second session was carried out after 
three days, where same procedure was repeated in a reverse order between groups. During each session, three 
outcomes were tested: The ability to complete the task, the ability to maintain postural body alignment, and the 
perceived effort. 

Results: All 18 participants completed the task in both sessions. Subjects’ ability to preserve the required lower 
trunk alignment decreased following stretching compared to no-stretching. Lower-trunk angle changed toward 
flexion by 10° and 4.3° respectively, p=0.032. There was no difference in the perceived effort. 

Conclusions: Prior muscle stretching has a negative effect on the ability to preserve body positional alignment 
during posture exercise. Clinical Rehabilitation Impact: The present findings should be considered by practitioners 
when designing protocols of scoliosis specific exercises. It may be recommended to avoid stretching procedures 
immediately prior to posture maintenance exercises.
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Assessment of Foot Posture in Patient with 
Adolescent Idiopathic Scoliosis: A Pilot Study

Ahsen Büyükaslan, Hürriyet Yılmaz, Tuğba Kuru Çolak
Medipol University, Haliç University, Marmara University

Introduction: The joint hypermobility is seen more frequently in girls with idiopathic scoliosis than in healthy 
individuals of the same age (23.2% versus 13.4%). The relationship between foot pronation and joint hypermo-
bility have been reported in healthy subjects. However, there is no data on foot pronation in girls with idiopathic 
scoliosis. 

Objective: The aim of this study was to assess the foot posture in patients with adolescent idiopathic scoliosis 
and compare the results with healthy subjects. 

Method: Between February 2016 and December 2017, fifteen healthy girls and girls with adolescent idiopathic 
scoliosis, with no history of the foot injury, surgery or limb length discrepancy, aged between 10 and 16 years 
were recruited through the Formed Private Scoliosis Center, Istanbul, Turkey. The Halic University Ethics Com-
mittee approved the study. Demographic and participant characteristic information including age, gender, height, 
weight, body mass index were recorded. Clinical data collected were: Cobb angle, curve pattern, Foot Posture 
Index-6 (FPI). The FPI-6 was assessed using six criteria for each foot: (1) talar head palpation; (2) curves above 
and below the lateral malleolus; (3) inversion/eversion of the calcaneus; (4) bulge in the region of the talona-
vicular joint; (5) congruence of the medial longitudinal arch; and (6) abduction/adduction of the forefoot on the 
rearfoot. Each criterion was given a score between –2 and 2, where scores less than zero indicates a supinated 
alignment and scores greater than zero indicates a pronated alignment. Scores of all criteria were added together 
to create an overall score for each foot from–12 (most supinated) to +12 (most pronated). Data were analysed 
using IBM SPSS Statistics V. 23 for Windows. 

Results: Mean age and mean BMI (138.6±28.7 months, 19.5±2.7 kg/cm2 in scoliosis group, 121.7±17.4 
months, 19.2±3.4 kg/cm2 in control group) were similar in all the participants. Mean Cobb angle was 37.2° in 
the scoliosis group (Table 1). A total of fourteen patients had right thoracic left lumbar pattern scoliosis and one 
had left thoracic right lumbar pattern. The FPI total score was similar between the two groups for the right foot 
however, there was a statistically significant difference between the two groups for the left foot (p=0.015). There 
was no relationship between the curve type and FPI score. There was no statistically significant difference in the 
FPI total score between the right and left foot in the scoliosis group (p=0.537). 

Conclusion: A total of fourteen patients had left lumbar convexity and there was a statistically significant dif-
ference between the control group and scoliosis group related to pronation of the left foot, in the FPI total score. 
We think that the level of significance can be increased if the number of samples increases. The significant dif-
ference can be obtained between the right and left foot in the scoliosis group in researches with larger samples.
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VACTERL Syndrome with Scoliosis, 
Dextrocardia and Anorectal Malformation

Aynur Metin Terzibasioglu, Cigdem Cınar, Muhsin Doran, Kadriye Ones,  
Evrim Coskun Celik, Ali Ege Terzibasioglu
University Of Health Sciences Istanbul Physical Me

Introduction: The association of vertebral anomaly with scoliosis, dextrocardia and anorectal malformation, 
VACTERYL syndrome is an extremely rare condition. The VACTERL association (V: Vertebral anomalies, A: Anal 
atresia, C: Cardiovascular abnormalities, TE: Tracheoesophageal fistula, R: Renal anomalies, L: Limb defects) is 
defined by the presence of at least 3 of the malformations just mentioned. Case: A 14 years-old girl was first 
diagnosed congenital anorectal malformation as anal atresia with rectovestibuler fistula and had an operation 
after 1 year old. However, the hospital ignored the importance of physical examination so that missed cardiac 
and vertebral anomalies like vertebral fusion defects, butterfly vertebra, hemivertebra, tethered cord, additional 
lumbar vertebra, additional or absent ribs and scoliosis. The patient was presented to our hospital for bending in 
her spine. After examination , she was diagnosed as VACTERL syndrome with vertebral anomaly; scoliosis and 
spina bifida, anorectal malformation and dextrocardia without situs inversus totalis. 

Results: The patient had thoracolomber left scoliosis with 27 degrees cobb angle which apex is T12-L1 inter-
vertebral disc. Her Risser score was 3 and progression risk was -20. For treatment prosedure we have given 
patient spesific scoliosis exercises and we used Gensingen brace for her scoliosis . 

Conclusion: Very careful and detailed physical examination is extremely necessary when diagnosing scoliosis. 
Especially recognising and understanding the spectrum of vertebral anomalies is important, which aids in the 
diagnosis of the disease and accordingly plan the therapeutic interventions.
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HERMES – tool for the optimisation  
of the interdisciplinary communication

Christian Grasl, Matthias Roller, Tamara Serth
Orthomanufaktur Grasl GmbH, Rollerwerk medical.eu, orthomanufaktur Grasl GbH

The value of interdisciplinary communication between engineers, doctor and therapist with the patient’s care 
grows constantly. It are decisively for this beside more and more complicated care technologies, also the higher 
care quality claim of partners and Verordnern, but also the patients themselves. Hermes is a sure and reason-
able software application, especially for the demands of the orthopedics technology developed by which the 
interdisciplinary communication can be strengthened and therefore the care quality be increased. On this occa-
sion, the orthopedics engineer acts as a team administrator, folder puts in after written approval of the patients 
and can determine individually as well as straight which members of the interdisciplinary team Access to the 
information have. Invited experts can look the contents and leave news, zB about necessary Adaptierungen or 
changes, in a separate area of the application. It is reported from enterpriser’s view which advantages to itself 
for the enterprise which have proved cooperation between doctor, therapist and engineer, but also for the pa-
tients. Moreover interviews with doctors, therapists and patients were conducted as well as documented more 
than 3 months away that time which was invested in the interdisciplinary communication, or how many actual 
working hours were saved by Hermes. If Hermes became at the beginning as a software application the im-
proved interdisciplinary communication in the daily routine has integrated itself in the everyday life shown that 
this was only a positive effect. On grounds of many positive feedbacks, especially also from patients or their 
parents who felt optimally looked by the same level of knowledge within the care team the cooperation network 
on enterprise view could be also strengthened and be developed. Besides, on the part of the involved special-
ists and therapist it was reported about a clearly better Patientencompliance of the orthopedics-technical care, 
also on the nearly complete exchange of information of the single disciplines. Therefore Hermes promotes not 
only the interdisciplinary communication as well as the Patientencompliance and the Versorgungsoutcome, but 
opens enterprise also the possibility to force new cooperations and to amortise thereby the economic invest-
ments within the shortest time.
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The effectiveness of SEAS scoliosis-specific 
exercises and bracing on AIS in six-month 
period with a 10-year old girl in the highest risk 
group for curve progression: case report

Nada Naglič, Anja Udovčić Pertot, Josip Horvat
URI-Soča (University Rehabilitation Institut of Lj, URI-Soča

Introduction: Complete conservative treatment of adolescent idiopathic scoliosis (AIS) in the high-risk group 
includes bracing and exercises. SEAS scoliosis-specific exercise program, which has been proven to be able to 
increase correction at first brace wearing and to reduce the correction loss during brace weaning, can be used 
as a complementary measure to bracing in medium-high degree curves during growth. 

Objectives: To present the results obtained after six months of performing SEAS scoliosis-specific exercises and 
wearing a brace in the case of a 10-year old girl in the highest risk group for curve progression. 

Method: The girl was first diagnosed for AIS in 2016. Curvatures measured on x-ray showed a right thoracic 
curve expanding from T6 to T12, Cobb angle 21, and left lumbar curve expanding from L1 to L4, Cobb angle 
11. The apex was between T8 and T9. Risser sign was 0. At x–ray in February 2017, the Cobb angle of thoracic 
curve was 25 and lumbar 9 with minimal rotation in the apex vertebrae. Risser sign was 0. Since March 2017, 
she has been wearing a Cheneau Rigo orthosis, and since April 2017 she has been included in an outpatient 
physical therapy program for scoliosis according to the SEAS approach. Two evaluations according to the SEAS 
approach were performed, one in April and one in October 2017. According to the findings at the first evaluation, 
an exercise plan using Scoliosis Manager was made. The plan included active self-correction in thoracic spine in 
frontal and sagittal plane and in thoracolumbar spine in sagittal plane, exercises to improve spine stabilisation, 
balance and proprioception, neuro-motor integration, co-ordination, stretching of shortened muscles and exer-
cises to increase the mobility of spine. Until October 2017, the girl received five individual outpatient physical 
therapy sessions lasting for one hour in order to learn active self-correction and exercises according to the SEAS 
approach. She also received a recorded plan of exercises. Between the outpatient physical therapy sessions, she 
was performing exercises at home with her parents for 30 minutes a day and wearing the brace for 23 hours/day. 

Reasults: At the first evaluation in April 2017, ATR in thoracic spine was 7 and 5 in lumbar spine. Plumbline 
distances in the sagittal plane showed thoracic hipokyphosis and increased thoracolumbar lordosis. TRACE was 
7. There was a restriction in trunk flexion, pectoralis retraction, limited ROM in trunk inclination, increased val-
ues in Fukuda vertical and Fukuda degrees, Romberg monopedal with eyes closed standing on the left foot was 
4 s, Romberg sensitised with right foot in front was 8 s, and in the hand-eye coordination test the number of 
launches with both hands was over 20 attempts. After the six-month period, the girl improved: ATR in thoracic 
and lumbar spine for 3°, plumbline distances at T12 for 10 mm and at L3 for 15 mm; TRACE for 2 points; ROM 
in lateral inclination to the right for 3 cm and to the left for 2 cm; Fukuda vertical for 10 cm, Fukuda degrees for 
15; Romberg sensitised with right foot in front for 8 s; and hand-eye coordination improved to 4th attempt with 
the right hand and 10th attempt with the left hand. 

Conclusion: During the six-month period of performing SEAS scoliosis-specific exercises and wearing a brace 
for 23 hours/day, the girl improved in ATR, aesthetic appearance, ROM in lateral inclination, balance and hand-
eye co-ordination.
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Analysis of COP-COM sway & EMG-activity  
in Adolescent idiopathic scoliosis (AIS) for  
the treatment of spinal orthotic.

Hasan Md Arif Raihan, Prassana Kumar Lenka, Abhishek Biswas, Ameed Equbal
The West Bengal University of Health Sciences/NILD

Background: The scoliotic curvature causes an asymmetry of upper body postural alignment, and this might 
affect postural balance. The SRS & SOSORT guidelines offer an actual standard of conservative care for the spinal 
orthosis in AIS. Some studies showed that AIS patients do not have impaired postural balance when compared to 
healthy controls, while several others did find an effect of AIS on postural balance. This discrepancy in findings 
may be due to differences in curve characteristics included and their effects on postural balance. 

Aim: The aim of the study to find out the COM-COP sway range and EMG for balance in AIS patients using spi-
nal orthotic treatment. 

Method: Orthotic assessment & application of spinal orthosis was done and also the follow-up of the patient 
was done after three months. Data was taken for COM –FX, FY, and FZ & EMG. Post data was taken after three 
months. Control group data was observed. 

Results: Data analysis was done by mat-Lab and SPSS software. We found a significant result in terms of COM 
and COP sway and EMG data. 

Discussion & Conclusion: A significant increase in COP & COM parameters was observed in the static balance 
tasks following the visual challenge. Furthermore, scoliosis subjects showed the significant increase in COP, 
COM, EMG parameters when standing on compared to the bilateral stance with the spinal orthosis.
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Patient evaluation and clinical assessment  
of juvenil and adolescent spinal deformities in  
a Physical Medicine and Rehabilitation 
Research and Training Hospital

Aynur Metin Terzibasioglu, Cigdem Cinar, Muhsin Doran,  
Kadriye Ones, Evrim Coskun Celik, Ebru Nur Yavuz
University of Health Scienses Istanbul Physical Me, Koc University Hospital

Introduction: The clinical evaluation of juvenil and adolescent spinal deformities is worth to study for all physiar-
trists and other spinal specialists. To properly identify these patients, the physician must bear in mind that various 
types of juvenil and adolescan spinal deformities and the basic principle of spinal misalignments. A complete 
patient assessment must include a through history and detailed physical examination .Appropriate imaging 
studies needed to identify the extent of deformity and determine the need for conservative treatment or surgi-
cal intervention. 

Objective(s): To evaluate and assess the spinal deformities of juvenil and adolescent patients referring to a spe-
cial posture disorders clinic in a Physical Medicine and Rehabilitation Research and Training Hospital . 

Method(s): We retrospectively rewieved 36 patients demographic datas, age of onset, family history, comor-
bidities like orthodontic therapy, age of puberty , age of menarche, Tanner scale, Adam’s test, shoulder, scapula 
and lumbar asymmetry, scoliometer results, Beighton scores, Risser sings, King classification, bearing side of 
body weight, progression risc, spine flexibility, limitation of hip range of motion, neurologic deficits, position of 
head, chest deformity, dorsal kyphosis,lumbar lordosis, hip asymmetry, leg lenght discrepancy, knee and ankle 
deformities, Scoliosis Research Society 22 (SRS22)form who referred to special posture disorder clinic in our 
Physical Medicine and Rehabilitation Research and Training Hospital . 

Results: We included in this study 36 patients younger than 18 years old. . Mean age was 12,94 + 2,47, (min 
6 years old, max 17 years old). 4 of 36 patients were male, 32 patients were female .13 patients had thoracic 
scoliosis, 14 patients had thoracolumbar scoliosis, 15 patients lumbar scoliosis, 9 of patients had double sco-
liosis., 2 patients had kyphosis. Mean thoracic cobb angle was 20 degrees min 7, max 44 degrees, Mean tho-
racolumbar cobb angle was 19,4 degrees min 7, max 37 degrees, Mean lumbar cobb angle was 20,6 degrees 
min 8, max 45 degrees. Right scoliosis was detected in 70.6 % of the patients with scoliosis . 

Conclusion: Detailed physical examination and scoliometric evaluations in patients with musculoskeletal pain 
under 18 years of age and impaired posture are important for early diagnosis and early treatment of early onset 
scoliosis.These are the first results of our preliminary study.
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Scolio-kyphosis, an idiopathic lumbar or 
thoracolumbar scoliosis combined with thoracic 
hyperkyphosis – a separate pattern  
of adolescent spinal deformity

Tomasz Kotwicki, Krzysztof Korbel, Mateusz Kozinoga, Piotr Janusz
University of Medical Sciences, Poznan, Poland

Background: Idiopathic scoliosis has been categorized using multiple classifications (Lenke, Rigo, King, Ponseti) 
however, sagittal spinal profile has been rarely considered. 

Objective: To describe a spinal deformity observed in adolescence and consisting of lumbar or thoracolumbar 
scoliosis combined with increased thoracic kyphosis. 

Material and Methods: Seventy-six adolescents were identified in the out-patient clinic to present clinical im-
age of idiopathic lumbar scoliosis and thoracic hyperkyphosis. The patients were carefully checked to exclude 
the case of a double curve thoracic and lumbar idiopathic scoliosis. The age, sex, ATR and Cobb were recorded. 

Results: There were 75 girls and 1 boy. The deformity was never noticed before the age of 10 years. The patients 
first presented at the average age of 14 years 7 months and at that moment all the girls but 9 were post-me-
narchial. Scoliotic curvature was located mainly between T10-L3 or T11-L4 levels (limit vertebrae), left convex 
in 44 versus right convex in 32 cases. 34% of patients reported back pain. Coronal Cobb angle and ATR value 
at the first versus the last visit were 25.4 ± 9.3 and 8.9 ± 3.2 degrees vs. 25.3 ± 10.9 and 8.0 ± 3.6 degrees, 
respectively. Sagittal T4-T12 Cobb angle at the first versus the last visit was 49.1 ± 9.0 vs. 47.6 ± 11.0 degrees, 
respectively. All patients were managed with physiotherapy while 45 out of 76 with a rigid brace. Two girls re-
ceived recommendation for surgical correction of lumbar scoliosis. 

Conclusion and Significance: This newly described entity encompasses a combination of lumbar scoliosis (lat-
eral deviation) and thoracic hyperkyphosis (sagittal disorder) and was found in post-menarchial girls with either 
left or right convexity. Both components of deformity seem to present moderate to low tendency to progression. 
Although the patients were addressed for idiopathic scoliosis however, due to predicted low progression risk 
and to the global clinical image - the thoracic hyperkyphosis and the pain revealed the main clinical problems 
and were managed accordingly.
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Postural Assessment of a cohort of AIS Patients 
before and after an intensive physical therapy 
intervention

Nikola Jevtic, Thomas Shannon, Nachiappan Chockalingam
Scolio Center, Staffordshire University

Standard of care for scoliosis in the Balkan states does not include physiotherapeutic scoliosis specific exercis-
es. Schroth method is a conservative, non-surgical treatment approach, using 3D neuromuscular exercises. The 
stated objectives of Schroth method seems to indicate avoidance of surgery, deceleration of scoliosis progres-
sion, increase of chest mobility, cosmetic improvements and the reduction of the “rebound effect” after brace 
treatment. Although, the clinical examination includes radiological assessment, within the Schroth classifica-
tion, the main curve is defined as the curve with the highest impact on body posture. Radiological assessment 
is used to determine the Cobb angle as well as for the position of the “transitional point” in relation to the CSL 
Central sacral line). The main focus of the Schroth treatment is on postural and cosmetic improvement and the 
restoration of body balance, in order to reduce the asymmetric loading on the concave parts of the spine. The 
overall aim of this observational study is to investigate the postural changes before and after a period of inten-
sive physiotherapeutic scoliosis specific exercises using Schroth methodology. After necessary ethical approval 
and informed consent, a group of 32 adolescents attending Schroth camps in Serbia and Bulgaria were invit-
ed to participate in this study. Intensive scoliosis Schroth treatment (ISST camp) is an intensive 7 or 10 days 
treatment in groups with scoliosis patients provided by certified ISST-Schroth therapists. This sample consisted 
of both males and females between the age of 11 and 20, diagnosed as structural, idiopathic cases where no 
clear underlying cause could be established by exclusion of all other possible secondary reasons such as verte-
bral malformations or neuromuscular and syndromic disorders. All patients were classified by the Schroth-ISST 
classification and the therapy plan was adapted regarding the main and secondary curvatures. After recording 
anthropometric and Cobb angle data with Schroth and radiological curve type classifications, we recorded the 
topography of the back using the depth camera and analysed the resultant point cloud with bespoke software 
to derive surface asymmetry metrics. The system and its validity is described elsewhere ( Shannon 2017). The 
assessment included baseline tests at the first day and a final test at the last day of the camp. The results not 
only demonstrate the changes in back surface topographic measures but also clearly highlights the usefulness of 
such quantitative measures in patient assessment and recording the effectiveness of clinical intervention. Whilst 
the primary objective of this study is to quantify the postural changes by use of surface asymmetry measures, 
reported results helps to establish a quantitative understanding of the described intensive physiotherapeutic ex-
ercises for AIS. Our analysis showed that in most cases there was a distinct change in back shape/ para-spinous 
symmetry between baseline and after intervention. Although our study hasn’t looked at the skeletal structural 
changes using invasive imaging techniques, the reported results will form the important first step to quantify 
surface topographical changes as a result of intensive exercise management. This quantifiable observation will 
provide an invaluable help to practitioners not only to record but also to continually monitor their intervention. 
This is a step change to current practice.
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Functional Assessment of the core muscles  
on an adult juvenile idiopathic scoliosis-patient 
with Real Time Rehabilitative Ultrasound 
techniques. A single case Study

Petra Auner-Groebl, Barbara Goedl-Purrer
FH JOANNEUM

Background and Aim of the Study: Functional Screenings of the core muscles using Ultrasound imaging tech-
niques is getting increasingly popular in physiotherapeutic rehabilitation. Core muscles are recruited in a pre-
timed pattern when the trunk is loaded (lifting, jumping) and/or the intra-abdominal pressure increases (coughing, 
laughing, lifting, jumping). They are activated as a physiological pattern in prolonged expiration and probably 
also in comparable activities such as singing, speaking loud. The pretimed activity and the activity as synergists 
to “exhalation tasks” are unconscious autonomous reactions to these situations. The local stabilizing muscles 
M. transversus abdominis, pelvic floor muscles, diaphragm pulmonale, Mm. mutifidii play an important role in 
motor control tasks of the pelvis and the trunk. There is good evidence that the morphological integrity as well 
as normal function (timed recruitment, pretiming, and reactivity) of core muscles are important determinants of 
stability of the spine and the pelvis. Research has shown morphological changes as well as dysfunctional timing 
of the core muscles in painful and dysfunctional conditions of the back and pelvis. Assessment and screening 
of the core muscles focus on imaging and measurement of morphological changes. Asymmetries could have an 
impact on the severity of the rotation of the lumbar spine. 

Intervention: The case study describes a 25-year-old female patient with juvenile idiopathic scoliosis with 
lumbar 22°-degree Cobb. Demographics, basic data, pain assessment NRS have been taken. The assessment 
result according to Schroth showed a scoliosis 3B including torsion of the pelvis. A structured assessment for 
the function of TRA and the Pelvic floor muscles had been standardised and used in practice. The assessment 
targeted to screen with Real Time Rehabilitative Ultrasound the autonomous and timed activity of the TRA in 
basic functions as breathing, prolonged expiration, speaking, head lifting and active straight leg raise activities. 

Results: The patient showed a dysfunctional timing of the core muscles, especially the M. transversus abdomi-
nis. There had been asymmetric timed recruitment and reactivity while speaking loud and prolonged expiration. 
M. transversus abdominis showed no activity on both sides while leg activity was demanded. Diagnostic data 
deriving from x-rays were included in the test data. 

Conclusion: Asymmetric muscle activity of the trunk muscles seem to have an influence on the position of the 
pelvis and consequently the curvature of the spine in terms of continuing movement. The results from the as-
sessments are used for planning therapy and steering the physiotherapeutic setting. Furthermore, a study should 
be conducted to screen and provide physiotherapeutic intervention. The derived data could be used for giving 
profound recommendations for therapy. 

Literature
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men differs with verbal instructions. Neurourol Urodyn. Epub Mar 1. Teyhen DS, Miltenberger CE, Deiters HM, et al. (2005) The use of ultra-
sound imaging of the abdominal drawing-in maneuver in subjects with low back pain. J Orthop Sports Phys Ther ;35: 346-55 Thompson 
J, Sherburn M, (2011) 2D real time ultrasound for pelvic floor muscle assessment. Journal of Physiotherapy Vol.
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Evaluation of Body Appearance and Quality of 
Life in Adolescent Idiopathic Scoliosis Females

Ta-Sen Wei, Yu-Ru Liao, Peng-Ta Liu
Changhwa Christian Hospital

Introduction: Adolescent Idiopathic Scoliosis (AIS) not only changes the spine angle, but also the body appear-
ance, such as uneven shoulder level, kyphosis, trunk shift and back prominence. Negative body image usually 
has a great impact on quality of life in adolescent females. 

Objective: The aim of this study was to analyze the relationship between body appearance and quality of life in 
female AIS. 

Method: Female AIS subjects with aged 10~17 years old and Cobb angle greater than 10 degrees were recruited. 

The exclusion criteria were: history of spinal operation, and other neuromuscular, mental or psychological prob-
lems. Two questionnaires were used: the spinal appearance questionnaire (SAQ) for asymmetry of body shape, 
and Scoliosis Research Society-22 (SRS-22) for scoliosis quality of life. The correlation between SAQ and SRS22 
was evaluated. 

Result: Twelve AIS females were studied with a mean age of 14.7±2.6 (SD) years, and mean BMI 18.6±2.3 kg/m2. 
There were 50% in S shape curve with major thoracic curve and 50% in S shape curve with major lumbar curve. 
Mean of major Cobb’s angle was 27.9±13.2 degrees. Total score of SRS22 was significantly negative correlat-
ed with Kyphosis in SAQ sub-domain (P<0.05). BMI was significantly negative correlated with Waist and Chest 
image asymmetry of SAQ (P<0.05). However, there were no significant correlations among Cobb’s angle, age, 
BMI, scoliosis classification, total SAQ scores, and total SRS22 scores. 

Conclusion: The worse kyphosis was correlated with worse quality of life and lower BMI. Therefore, chest 
strengthening exercise should be emphasized especially in AIS females with low BMI.
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The amount of trunk rotational deformity 
depends in part on pelvic and lower limbs 
asymmetries: a study in 228 adolescent girls 
with double curve idiopathic scoliosis

Marianna Białek, Ewelina Białek-Kucharska, Tomasz Kotwicki
Fits Education, University of Medical Sciences, Poznań

Background: Transverse plane trunk deformity is typical for idiopathic scoliosis. It can be measured with a sco-
liometer during standing forward bending test and is named the Angle of Trunk Rotation (ATR) or Angle of Trunk 
Inclination (ATI). The sum of ATRs (SATR) measured along the spine is a parameter serving to evaluate the global 
rotational deformity of the trunk. Sitting position enables to measure the trunk with elimination of any impact 
from the pelvis or lower limbs. 

Objective: To compare trunk rotational deformity in patients standing versus sitting before and after specific 
physiotherapy according to FITS Method which comprised pelvis and lower limbs soft tissue procedures com-
bined with stabilization of the lower trunk, corrective patterns and active self-corrective movement. 

Materials and Methods: Two-hundred-twenty-eight girls, aged 10-16, mean 13.3 SD 1.4 years, with double 
curve idiopathic scoliosis, right thoracic and left thoracolumbar pattern were included. The Cobb angle of the 
thoracic versus the thoracolumbar curve revealed mean 31.3 SD 11.6 vs. 29.6 SD 9.8 degrees. 76 girls were 
premenarchial while 152 were postmenarchial. All girls spent 10 days as in-patient stay having a daily physio-
therapy according to FITS Method. Trunk asymmetry was assessed before (time zero, T0) and after (time one, 
T1), both in standing (T0stand, T1stand) and in sitting (T0sit, T1sit) position using Bunnell scoliometer by one 
observer (first author). The ATR values obtained at five levels of the back (C-Th, apex of Th, Th12/L1, apex of Th/L 
and L/S) were added and named SATR. The measurements were taken in spontaneous, uncorrected posture. 

Results: Before physiotherapy the SATR was mean 24.1, SD 8.4 degrees in standing and 19.3, SD 7.3 in sitting 
position (p<0.001) while after physiotherapy the SATR was mean 17.5, SD 7.0 degrees in standing and 16.9, 
SD 6.7 in sitting position (p<0.001). There was a significant decrease of SATR after specific physiotherapy for 
both the standing and the sitting position (p<0.001), U Mann-Whitney test. The amount of improvement of trunk 
rotation after specific physiotherapy was significantly (p<0.001) higher for the standing position (6.0 degrees) 
than for the sitting one (2.5 degrees). 

Conclusions and Significance: Rotational deformity of the trunk was nicely corrected with specific physio-
therapy in adolescent girls who received a 10-day FITS course. A part of trunk rotational deformity in idiopath-
ic scoliosis seems to be dependent on pelvic or lower limbs. asymmetries. This part of trunk deformity can be 
reduced with physiotherapy addressing muscles and soft tissues within the pelvis and lower limbs but outside 
the spinal column itself.
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A Low-Cost Spinal Motion Capture System for 
Scoliosis Assessment during Sequence Trunk 
Movement

Ta-Sen Wei, Peng-Ta Liu, Yu-Ru Liao
Changhwa Christian Hospital

Introduction: Spinal motion analysis is an important evaluation for the scoliosis treatment and intervention. 
However, an easy to use and a relatively inexpensive tool is seldom seen in clinical practice. 

Objective: The aim of this study was to develop a low-cost, time-saving system for scoliosis assessment to 
meet clinical needs. 

Methods: An integrated free software, low-cost motion analysis system was implemented to capture the kine-
matics changes during the sequence of trunk movement for adolescent idiopathic scoliosis. This system has 
three main components, (1) DIY light-emitting diode (LED) markers, (2) capture cameras, and (3) motion analysis 
software. The LED markers were made by high-power LED with the 20mm base, lithium battery with 3 V in the 
cylindrical plastic box for protecting LED. Each marker was 35mm in diameter, 18mm in thickness and 5g in 
weight. The markers were attached on bony landmarks, including spinal process, greater tubercle of humerus, 
greater trochanter of the femur, and lateral epicondyle of the knee for defining the body segments. Two web-
cams with full HD 1080p were positioned in front and laterally to the subjects for tracing the markers. A wall-
paper with grids was used for camera calibration. The free SkillSpector software (Video4Coach, Denmark) was 
further used to analyze the angles of the trunk (flexion, extension, lateral bending), and the trajectory of spinal 
processes during sequence trunk movement. 

Results: The cost of this system was about USD 20 for DIY LED markers and free for motion analysis software. 
It took 10-15 minutes to complete the test. The Auto-tracking function in Vedio4Coach could save time to rec-
ognize the trajectory of markers and report kinematic aspects of trunk and spine motions. Due to the speed of 
trunk motion during the test, the use of webcams to record the kinematic data was acceptable. Besides, the 
wireless sEMG (Noraxon, USA) was an option for a better understanding of the bilateral paraspinal muscles ac-
tivities during the sequence trunk motions. An asymmetric index was calculated with the mean EMG activity of 
convex divided by the mean EMG activity of concave side during sequence test. 

Conclusion: This integrated low-cost analysis system for scoliosis assessment can provide an affordable, ac-
cessible and sensitive solution for evaluating quantitative spinal motion.
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Clinical Characteristics of Scoliosis in Girls with 
Precocious Puberty: Retrospective Case Series

Ahsen Buyukaslan, Hurriyet Yilmaz
Medipol University, Haliç University

Introduction: The aetiology of idiopathic scoliosis remains uncertain. Several studies suggest that idiopathic 
scoliosis is a condition caused by multifactorial causes. Precocious puberty is early development of secondary 
sexual characteristics of puberty in girls younger than 8 years and boys younger than 9 years. However, there 
are no published reports of the clinical characteristic of scoliosis in girls with precocious puberty. There is also 
no research associated with the effects of medical treatment of precocious puberty in idiopathic scoliosis. 

Objective: The aim of this study is to reveal the scoliotic characteristics of girls with precocious puberty and to 
investigate whether puberty precocious or treatment of puberty precocious alter the character of scoliosis or not. 

Method: Between February 2008 and December 2017, eight girls with idiopathic scoliosis and precocious pu-
berty, aged between 8 and 16 years were recruited through the Formed Private Scoliosis Center, Istanbul, Turkey. 
Demographic and participant characteristic information including age, height, weight, body mass index were 
recorded. Clinical data collected were: age of onset for scoliosis and precocious puberty, maximum Cobb an-
gle, curve pattern, the age of menarche, risser stage, medications for treatment of puberty precocious and the 
total medication usage times were recorded. Data were analysed using IBM SPSS Statistics V. 23 for Windows. 

Results: Mean age were 143.0±28.2 months and mean BMI were 19.5±3.74 kg/cm2. Mean Cobb angle were 
30.7°±5.4°, mean risser stage were 1.2±1.7 mean age of menarche were 53.8±74.3 months. Four of the pa-
tients had thoracic pattern and two of the patients had lumbar pattern, one of the patients thoracic and one of 
the patients had thorocolumbar pattern. Mean age of onset for scoliosis were 116.0±22.7 months and mean age 
of onset for precocious puberty were 101.1±8.9 months. Mean medication usage time were 22.5±13.1 months. 
Five of the patients used lucrin and two of the patients used decapeptyl, one of them didn`t take any drug. 

Conclusion: İt is not clear etiopatogenesis for scoliosis. The scoliosis is seen more frequently in some special 
cases like hypermobility and drug users. The relationship between scoliosis developed in girls with puberty 
precocious and hormonal or therapeutic drugs should be questioned. Therefore, detailed endocrinological and 
genetic studies should be performed in a larger number of patient series.
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Respiratory Function in Adolescent  
Idiopathic Scoliosis

Busra Yildirim, Hurriyet Yilmaz, Aslıhan Kusvuran
Formed Healthcare, Haliç University, Özülkü Private Medical Center

Introduction: There were controversial studies about pulmonary function of Adolescent Idiopathic Scoliosis(AIS). 
It is reported that patients with AIS are more inclined of respiratory compromise than is healthy people. Studies 
have shown that patients with AIS have lower respiratory function than healthy individuals. 

Objectives: The main aim of this study is to reveal the data of respiratory function and to compare between 
patients with AIS and healthy individuals. Furthermore; this study is the first step of study which is aimed to 
compare the respiratory function and conservative treatment in the patients with AIS. 

Method: Fourteen patients with AIS (11 female, 3 male) and fourteen healthy adolescents (11 female,3 male), who 
are received as a control group, aged 10-18 were enrolled for this study. Respiratory function have measured by 
using spirometer for all volunteers. Forced vital capacity (FVC), Forced Expiratory Volume in one second (FEV1) 
and peak expiratory flow (PEF) were compared with age matched control group. Data reflecting demographics 
(e.g. age, sex, etc.) and clinical characteristics (e.g. Cobb angle, curve types etc.) were collected. The average 
age of patients with AIS was 13,42(12,92 for control group) and mean of thoracic Cobb angle for the patients 
with AIS was 34,6°, lumbar Cobb angle was 29,4° and thoracolumbar Cobb angle was 23,5°. 

Results: The means of FEV1% of patients with AIS was 70,85(,00 for control group), FVC% of patients with AIS 
was 69,42 (,92 for control group), PEF% of patients with AIS was 56,85 (,35 for control group) and Tiffeneau 
rate(FEV1/FVC) was 86,92(,83 for control group). There were significant differences of PEF% and Tiffeneau rate 
between the patients with AIS and control group.(Table-1) (p<0,05) 

Conclusions: There was no significant difference of the value of FVC and FEV1 but PEF value was lower in the 
patients with AIS than control group. Lower PEF value could be result by the affected expiratory muscles that 
could be associated with obstructive pulmonary condition. Future studies need the larger sample and higher 
Cobb angle. 

Key Words: Scoliosis, spirometer, respiratory function, adolescent idiopathic
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Changes in pulmonary function tests in patients 
with severe kyphoscoliosis

Ana-Marija Šola, Ana Petrović, Joško Šemnički, Vanja Dolenec
Special hospital for respiratory diseases

Introduction: Kyphoscoliosis results in a restrictive lung disease with a multifactorial decrease in lung volumes, 
displaces the intrathoracic organs, impedes on the movement of ribs and affects the mechanics of the respi-
ratory muscles. 

Objective(s): The aim of this study is to evaluate the pulmonary function: post-bronchodilator forced expiratory 
volume in 1st second (FEV1) and forced vital capacity (FVC) in patients with severe kyphoscoliosis Method(s): 
we retrospectively analyzed FEV1 (L) and FVC (L) in patients with severe kyphoscoliosis (Cobb angle >50°) in 
our cohort of 13 patients to determine whether there is a significant change in FEV1 and FVC during 1 year. No 
one had any orthopedic treatment for spinal curvature before study 

Result(s) and Discussions: There were 13 patients, 10 woman and 3 men, with median age of 70 years (42 
to 94 years). According to our results, severe restrictive ventilatory insufficiency were discovered (mean FVC 
56,54%, SD 20,59). Statistically significant decline was shown for FEV1 (mean 0,76 vs 0,64; p=0,002) and for 
FVC (mean 1,18 vs 1,05; p=0,008) in one year. 

Conclusion(s) and Significance: Out data confirms a significant decrease in FEV1 and FVC in patients with se-
vere kyphoscoliosis during 1 year, but our group of patients is too small to bring more detailed statistical analysis 
Kyphoscoliosis is a deformity of the thoracic cage with potentially severe and irreversible effects on lung func-
tion. Because the pulmonary manifestations may not become clinically evident until significant or irreversible 
changes in lung function have already occurred, early recognition of the problem and regular evaluation with 
pulmonary function testing are advisable.
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The role of Univalva brace for a conservative 
treatment in the children’s scoliosis

Tiziana Greggi, Antonio Scarale, Gianluca Colella, Francesco Vommaro,  
Konstantinos Martikos, Paola Zarantonello, Stefano Giacomini
Rizzoli Orthopaedic Institute, Federico II Napoli

Introduction: In the Dickson classification, the scoliosis that occurs early, can be classified into two age groups: 
early onset scoliosis (EOS) and Late onset scoliosis (LOS). EOS is defined as a scoliosis that occurs in patients 
under 5 years of age and includes idiopathic, congenital, neuromuscular and syndrome curves; while, LOS 
is defined as a scoliosis occurring in patients over 5 years of age. All the existing surgical treatment options 
share a high risk of complications. Therefore, non-surgical treatment should act as a time-buying approach to 
postpone surgery. The purpose of our study is to evaluate the impact of the Univalva brace in the conservative 
treatment of the EOS. 

Materials and methods: The Univalva brace is made up of a thermoplastic material (polyethylene), open front. 
The trunk surface is acquired using a three-dimensional surface topography scanner. The molecular-density 
polyethylene valves can be high back from T6 to the buttocks while forward from the sternum to the groin. The 
pressures are fixed inside and vary by number, shape and density as needed. Generally, there are fenestration 
or decompression zones on the control side of the thrust pelvis to obtain an active correction of the scoliotic 
curves. For the purposes of our study, a retrospective analysis was performed by 49 patients (21 M, 28 F) aged 
0 to 5 years and affected by EOS, irrespective of etiology. Such patients were applied a Univalva brace with an 
average program of 18 hours per day. Patients were followed with semi-annual clinical trials. 

Results: The use of the scanner, in place of plaster, for the preparation of the bust , was very well tolerated. The 
support of the orthopedic technician to the family and the small patient, especially in the initial stages of using 
the brace, was very positive. The analysis at the follow-up the brace was well tolerated, with good patient com-
pliance in relation to the prescribed hours. No development of sores or decubitus was observed. 

Conclusions: The availability of treatment options and their specific indications for scoliosis in the pediatric 
age, as well as meeting the individual needs and feasibility of each patient, are crucial to the optimal outcome.. 
The Univalva brace can be a valuable alternative in the management of the conservative treatment of patients 
with early onset scoliosis and late onset scoliosis. We are also running the first prototypes to get the Univalva 
with the 3D printer, so children that suffer from scoliosis will soon be able to wear lighter and more stylish 3D 
printed braces. However, further randomized and controlled studies are necessary to evaluate the effectiveness 
of the Univalva brace as compared to those commonly used for the conservative treatment.
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Evaluation the influence of trunk bracing in joint 
contact forces in subjects with scoliosis

MohammadTaghi Karimi, Azade Nadi, Azadeh Jafari
Shiraz University of Medical Sciences, Isfahan University of Medical sciences

Background: Scoliosis is lateral curvature of the spine which may influence the abilities of the subjects during 
standing and walking. Most of the scoliotic subjects use orthosis to reduce the curve and to decrease the risk of 
curve progression. There was lack of information regarding the effects of orthosis on kinematic and joint contact 
force. Therefore, this research was done to highlight the effects of orthosis on the aforementioned parameters. 

Method: 5 scoliotic subjects were recruited in this study, with single curve less than 40 (females with age 
13.2±1.7). They were asked to walk with and without orthosis. The kinematic of the joints, force applied on the 
legs, moments transmitted through the joints and joint contact forces were evaluated in this study. Moreover, 
the lengths of muscles were determined by use of computer muscle control approach in OpenSim. 

Results: There was a significant difference between second peak of vertical ground reaction force while walking 
with and without orthosis (p-value 0.05). The mean values of joint contact forces (vertical component) increased 
by the use of orthosis, but the difference was not significant (p-value>0.05). 

Conclusion: Although the kinematic of most of body joints was not influenced by the use of orthosis, the joint 
contact force maybe increased by orthosis. The increase in joint contact force may be due to the performance 
of orthosis which restricts the motions of pelvic and increases compensatory mechanism used by the subjects 
to decrease the side effects of the orthosis.
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Evaluating and Standardizing Traction X-Ray 
Methods Using Surface Topography

Patrick Knott, Danielle Beck, Jacqueline Streeter, Elizabeth Vogt
Rosalind Franklin University of Medicine and Sci

Traction radiographs of the spine are commonly used to assess spinal flexibility prior to spinal fusion surgery. 
The standard method of traction is to pull on the patient’s arms and legs while supine on an x-ray table. We pro-
pose that gravity traction would be better and more reliable, and the purpose of this study is to evaluate several 
methods of gravity traction using imaging. To eliminate the harmful effects of radiation to our subjects, we used a 
surface topography imaging system that was able to deliver an accurate 3D spinal reconstruction. We compared 
the length of the spine and the curvature in neutral standing position, while hanging from a pull up bar with arms 
extended overhead, and while hanging from parallel bars with arms at sides. Thirty-two young adult participants 
were enrolled in the study and 9 images were obtained from each participant, three in each position studied to 
determine which method provided the greatest difference in trunk length. The average increase in trunk length 
was 9.31 mm for the pull-up bars (p = 0.01) and 20.86 mm for parallel bars (p = < 0.001). The results of this 
study indicate parallel bars are a more effective method of spinal traction while imaging.
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Anatomical and topographical peculiarities of 
urine flowing system organs among the children 
with idiopathic scoliosis

Galina Pankratova, Mikhail Dudin
Orthopedics clinic, Children’s Rehabilitation Center of Orthopedics an

Introduction: Adolescent idiopathic scoliosis (AIS) is a three-dimensional deformity of the spine that may cause 
pulmonary restriction, heart abnormities and change of other systems and organs. But we know about kidneys 
condition very little. However, the kidneys and the spine have common mesodermal origin. The results of con-
servative scoliosis treatment depends on the condition internal organs in many cases. 

Objective: To study the anatomical and topographical peculiarities of urine flowing system organs among the 
children with idiopathic scoliosis. 

Materials and methods: This work was based on the results of the kidneys ultrasound research carried out 
among 425 children with idiopathic scoliosis with Cobb’s angle from 5 to 60 degrees. Children from 4 to 17 
years old were under the research. We are used standard ultrasound imaging method with additional definition 
of kidneys agilities. 

Results: The results of the research revealed the kidneys pathologies (abnormal kidneys topography and their 
anomalies) in 187 children or 44%. The most frequent was the congenital kidneys dislocation (38 children or 
8,9%), such as lumbar, iliac and pelvic dystopia (population index is 500-800 cases on 1000). The abnormal kid-
neys agilities and its extreme version – kidneys prolapse or nephroptosis were discovered in 22 %. We revealed 
the other kidneys anomalies of development (double kidneys) in 7,8% (33 patients). Population index is 1:145. 
In case of “horseshoe” kidney our results (4 cases from 425) twice exceeded population index (1:400-500). 
Anomalies of structure (hydronephrosis and his stages) is 6,3% of our patients with AIS. Besides we revealed 
such rare anomalies as multilocular cyst in 1 (population index 1:9859), unicameral cyst in 1 case and 1 single 
local calcinosis. The rarest anomaly of bladder as its extrophy (population index 1:40000-50000) we found out 
in 1 case. This patient received operative treatment after born. The most of discovered pathologies (80%) had 
no symptoms and were reveled for the first time in our research. Anatomical and topographical abnormities of 
urine flowing system organs more often were discovered from severe deformities III-IV stages AIS. 

Conclusion: The anomalies of urine flowing system organs exceed population indexes many times. Ultrasound re-
search of kidneys should be included in the obligatory diagnostic investigation of children with idiopathic scoliosis.
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Cheneau brace treatment in Adolescent 
Idiopathic Scoliosis

Song Lizhi
BeiJing Incare Rehabilitation Hospital

Introdution: Cheneau brace treatment has been used for conservative treatment of Adolescent Idiopathic Scoli-
osis. Aims of conservative treatment are: to stop curvature progression, to reduce the curvature angle if possible, 
to reduce indications for surgical treatment,to improve the body posture aesthetics. 

Objectives: The aim of this study is to analyse the radiological curve characteristics of Cheneau brace treatment 
in IS patients, who progressed during brace treatment 

Method: The clinical data of 232 female AIS patients were reviewed. A retrospective study was performed, of the 
radiological characteristics of the brace treated patients. A series of parameters were consecutively measured 
and documented during the period of follow-up. Curve behavior at the first visit and the final follow - up was ana-
lyzed. Several parameters which may contribute to the progression of curve were selected by statistical analysis.

Results: Mean age of patients at the first visit was 13.8(10 - 15) years. The patients were followed for 12 - 48 
months (mean 21.2months). At the last visit, 202 patients Cobb angle decreased from 37.2±3.6°to 22.5±4.3° 
(p=0.01).29 patients (12.5%) were found curve progression more than 5 degrees. The logistic regression anal-
ysis showed that Risser sign less than two, the magnitude of the major curve at the primary prebrace greater 
than 40°, the spinal length increasing larger than 20 mm in one year. 

Conclusion: Cheneau brace are effective in the conservative treatment of AIS. The results suggest that Risser 
sign, the magnitude of the major curve at the primary prebrace and the spinal length increasing velocity may 
be important factors to predict progression in the female patients with AIS. Curves should be evaluated prior 
to brace treatment and close attention is recommended if risk factors are identified during the radiological 
evaluation.
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How does positioning of the patient during 
imaging effect spinal measurements?

Patrick Knott, Arsala Alam, Alexandria Muller, Breanne Murray, Erin Pekovitch
Rosalind Franklin University of Medicine and Sci

Spinal deformity has traditionally been assessed using standing x-rays. Recent efforts to reduce x-ray exposure 
have led to the development of two additional imaging modalities, surface topography imaging and spinal ul-
trasound imaging. Each of these requires the patient stand in a different position: surface topography in natural 
posture, x-ray with arms up in front of the patient, and ultrasound in a frame to hold the patient still. We per-
formed imaging of 23 healthy volunteer patients in each of these three positions to see if they resulted in simi-
lar spinal measurements. Surface topography was used as the measuring device in all three positions because 
it is accurate, inexpensive and does not expose the patient to any imaging radiation. We found that comparing 
the neutral position to the arms-up position, sagittal balance was affected the most, with a reduction in forward 
leaning by 22.7mm (p < 0.001) when the patient put their arms up in front of them. Thoracic kyphosis did not 
change significantly, and lumbar lordosis only changed by 2wo degrees (p = 0.001). Coronal balance, pelvic 
obliquity, and vertebral rotation were unchanged. When comparing the neutral position to the subject standing 
in a frame, we found that sagittal balance was also significantly different, but this time by the subject leaning 
forward 28.8 mm more (p < 0,001). Kyphosis and lordosis each changed by about 4 degrees (p = 0.001), and 
there were small but clinically insignificant changes in coronal balance and pelvic obliquity. Vertebral rotation 
was unchanged. These findings show that we artificially change the position of the spine when we image in a 
position other than natural standing. Since sagittal balance is affected the most, this should be taken into ac-
count when using x-ray and ultrasound.
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Older Adult with Painful Scoliosis and Thoracic 
Hyperkyphosis treated with Schroth-based 
Physical Therapy and a Wood-Cheneau-Rigo 
Brace (WCR), 3 Years Status Post Transforaminal 
Lumbar Interbody Fusion (TLIF): A Case Report.

Beatriz Rodriguez
CorpoSchema Pilates & Rehab

Introduction: The use of minimally invasive TLIF is on the rise for the treatment of lower back pain (LBP) in older 
adults. According to some studies, unfavorable events can occur in patients with surgically treated adult spinal 
deformity after the 2 year follow-up point. Schroth-based therapy from the School of Barcelona (BSPTS method), 
a form of scoliosis specific exercise (SSE), can be part of the postsurgical care of painful spinal deformities in 
older adults with specific adaptations made. Positive outcomes from applying SSE and a modified adult brace, 
such as the adult WCR brace, to treat older adult patients with idiopathic scoliosis (IS) have been documented 
before. This case report demonstrates reduced pain, and improved quality of life and overall posture in an older 
adult 3 years s/p TLIF, after treatment with Schroth-based therapy and a WCR brace. 

Objectives: The aim of this study is to report the effects of Schroth-based therapy and the WCR brace on one 
older adult patient with IS and thoracic hyperkyphosis 3 years s/p TLIF. 

Methods: A 75-year-old female diagnosed with IS as an adolescent and lumbar spine degeneration as an adult 
underwent TLIF of L4 and L5 on November 2013 after failed conservative treatments for LBP and left posterior 
leg pain. Post-surgically, the leg pain subsided but the LBP persisted. On February 2017, the patient initiated 
Schroth therapy at a private clinic by a BSPTS C2 certified physical therapist, 3 times a week for 3 months. Initial 
x-rays confirmed a left thoracolumbar (TL) curve measuring 47and thoracic kyphosis of 75. On March 2017, the 
compliant patient started wearing a custom adult WCR brace during specific activities for at least 2 hours dai-
ly. The following parameters were assessed at initial evaluation (IE) and 3 months later: angle of trunk rotation 
(ATR) using the scoliometer, vital capacity using a spiropet, seated trunk height, standing height, ribcage cir-
cumference expansion, timed single limb balance, the pain numeric rating scale (NRS) value, the SRS-22 score, 
and the Oswestry LBP Disability value. Postural photographs were taken before and after treatment. Cobb angle 
measurements were assessed in x-rays from January 2017 and April 2017. 

Results and Discussion: Digital photographs of the patient in the standing position showed an appreciable 
change in overall posture. The following parameters changed: ATR at the thoracolumbar apical level decreased 
by 7, standing height increased by 1.5 cm, seated trunk height increased by 1.4 cm, vital capacity increased 
by 400 cc, ribcage circumference expansion at the xiphoid level increased by 2.5 cm, single limb stance in-
creased by 61 seconds on the left and by 58 seconds on the right, and pain level decreased from 8/10 to 0/10 
SPL. X-rays after 3 months revealed an absolute thoracic kyphosis of 66 Cobb angle, and a left TL curve Cobb 
angle of 44. The SRS-22 score improved from 3.1 to 4.3. Additionally, the Oswestry value changed from 32% 
to 8% disability. 

Conclusion and Significance: This case report shows a favorable outcome from applying both Schroth-based 
therapy and the adult WCR brace to treat LBP and the imbalanced posture of an older adult with IS in the long 
term after TLIF. It is important to consider further research on the impact of SSE and bracing on the treatment 
of persistent LBP and decreased quality of life in seniors with spinal deformities in the post-operation follow 
up period.
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The effect of neuro-mobilization  
in the treatment of AIS

Maksym Borysov, Chernysheva I., Andrey Zachepa, Iana Suvorova
Orttech-Plus, Kharkiv State Academy of Physical Culture

Introduction: There is evidence that a functional tethering of the spinal cord plays a role in the etiology of idio-
pathic scoliosis. Therefore, we have tested a series of exercises aiming at a mobilization of the neural structures 
within the spinal canal. 

Objective: The aim of this study was to test the effects of neuro-mobilization (NM) exercises on the clinical signs 
of AIS  patients with respect to mobility and deformity. 

Methods: 24 patients with Adolescent Idiopathic Scoliosis (AIS), all girls, average age 11.7 years and an aver-
age Cobb angle of 31,1 degrees (26-53 degrees) applied NM-exercises. There were 14 primary thoracic and 10 
double major curve patterns. All patients were under brace treatment. One session of NM-exercises was applied 
before starting Schroth exercises. Finger–floor distance (FFD) and  the angle of trunk rotation (ATR) before and 
after the NM session were measured. 

Results: The average FFD before and after NM-exercises was 31,8 cm and  12,5 cm respectively (p < 0.01).   
The average ATR before and after NM was 11,9° and 8,7° respectively (p < 0.05).  According to Butler 1991 FFD 
may indicate the mobility of the neural structures within the spinal canal. As has been shown neuro-mobility 
has been improved and by the same time trunk deformity as well. These findings indicate a connection between 
the condition of idiopathic scoliosis and the mobility of the spinal cord. Therefore, we propose to perform these 
exercises in conjunction with correcting exercises in the treatment of patients with AIS. Single thoracic curve 
patterns reacted better than double major curves. The decrease of FFD correlated well with the decrease of the 
ATR (r = 0,84). Obviously we were able to access the functional tethered cord as described by Deng et al. 2015 
and mobilize the neural structures within the spinal canal. 

Conclusion: In this  study the short-term effect of NM-exercises on the deformity of the trunk was revealed. 
Angle of trunk rotation was  reduced by applying NM-exercises, only.   This study supports the hypothesis that 
a functional tethered cord plays an important role in the etiology of AIS.
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The Short-term Effect of SEAS Intervention 
on adult scoliotic patients with single 
thoracolumbar curve

Liao Bagen
Guangzhou Sport University

Background and Aim: The use of exercises for the treatment of idiopathic scoliosis is controversial, but there 
is growing evidence that Physiotherapeutic Scoliosis Specific Exercises (PSSE) can be the exclusive treatment 
in mild idiopathic scoliosis. Scientific Exercise Approach to Scoliosis(SEAS) is one of PSSE based on a specific 
active self-correction technique combined with functional exercises. Single thoracolumbar curve patterns usu-
ally have noticeable pelvic shift which leads to coronal imbalance and increase the potential of progression. The 
main aims of of the study is to evaluate the effectiveness of SEAS on the Chinese adult idiopathic scoliosis with 
single thoracolumbar scoliosis. 

Methods: Prospective study was used to observe the 18 women with right thoracolumbar idiopathic scoliosis 
(18-40 years, average age 31.2±7.5 years, all Cobb angle<40°). The patients performed an out-patient program 
of SEAS with regular supervised sessions by a certified physiotherapist. No patient wore a brace. Mean follow-up 
time was 12 months. Cobb angles measured by radiological images and Angle of Trunk Rotation (ATR) with a 
scoliometer were recorded before and after follow-up. 

Results: Cobb angle decreased from 32.2±3.5°to 25.5±4.2° ,p<0.05,and ATR from 9.0±2.1°to 6.2±1.8°,p=0.07. 
Conclusions SEAS is effective in adults with mild and moderate single thoracolumbar scoliosis. However, it should 
be pointed that all subjects in our study had a good flexibility, which may contribute to the outcome.
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The relationship between standing  
vs. bending trunk rotation in the evaluation  
of spinal deformity

Patrick Knott, Jennifer Beth, Brianne Cassidy, Clare Chandler, Victoria Murdoch
Rosalind Franklin University of Medicine and Sci

Background: The Adam’s forward bend test is commonly used as an initial screening tool to assess for scoliosis. 
By placing the scoliometer across the back, the examiner is checking for one component of scoliosis, the axial 
plane rotation. However, bending forward to put the spine in the horizontal position increases thoracic kyphosis 
and decreases lumbar lordosis, and has the potential to change the rotation of the spine relative to the standing 
position. In contrast, spinal imaging in the standing position evaluates the deformity in all three planes and is 
more reliable, but exposes the patient to x-rays. The relationship between standing radiographic Cobb angles 
and scoliometer readings has been shown to be weak. Surface topography imaging has the advantage of 3D 
standing curve evaluation without the disadvantage of x-ray exposure, and has been shown to provide accurate 
curve analysis. In this study, surface topography was used to compare the measurement of axial plane rotation 
in the standing versus the forward bending position to help in understanding the complex relationship between 
these two screening tools. 

Methods: Thirty-one participants underwent a series of three consecutive surface topography measurements 
in a standing neutral position. The scan results show the rotation of the surface of the back, and calculate the 
rotation of the underlying vertebrae. Maximum vertebral and surface rotation measurements were obtained from 
the thoracic, thoracolumbar, and lumbar spine. Following the topographical imaging, Adam’s forward bend test 
was performed using a scoliometer by 2 different examiners to measure maximum degree of trunk rotation in 
the thoracic, thoracolumbar, and lumbar regions. 

Results: The variance between the three repeated scan measurements and two repeated scoliometer mea-
surements was calculated. Measuring surface rotation with the scanner had the lowest variance (1.45 degrees 
Thoracic, 1.65 degrees T/L, and 1.48 degrees Lumbar) and measuring with the scoliometer was not significantly 
higher (1.97 degrees Thoracic, 1.29 degrees T/L, and 1.77 degrees Lumbar). Calculating the vertebral rotation 
using the scanner had the highest variance (4.58 degrees Thoracic, 4.99 degrees T/L, and 3.45 degrees Lum-
bar). Comparison of the magnitude of rotation showed that the forward bending test and the standing surface 
topography measurement were very similar (2.0 degrees different Thoracic, 2.1 degrees T/L, and 1.7 degrees 
Lumbar). In contrast the difference between the forward bending rotation and the calculated vertebral rotation 
was much larger (5.7 degrees different Thoracic, 4.3 degrees T/L, and 4.4 degrees Lumbar). 

Conclusions: This study demonstrated very similar surface rotation measurements when using the forward bend 
test and the standing surface topography imaging. Both methods had relatively low variance in their repeated 
measurements. Surface rotation was not similar to the actual vertebral rotation measured by the 3D reconstruc-
tion using a surface topography scanner, differing by about 5 degrees.
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Cervical rotation, chest deformity  
and pelvic obliquity in patients with spinal 
muscular atrophy

Agnieszka Stępień, Maria Jędrzejowska, Łucja Mazurkiewicz, Katarzyna Guzek, Witold Rekowski
1. Józef Piłsudski University of Physical Educatio, 2. Mossakowski Medical Research Centre

Introduction: Deformity of the spine and chest occurs in the majority of patients with spinal muscular atrophy 
(SMA). Assessment of SMA patients rarely includes an examination of body posture or spinal ranges of motion 
due to the lack of appropriate tests. Measurement of the angle of trunk rotation is not possible due to muscle 
weakness. 

Objectives: The aim of this study was to assess a passive range of rotation in the cervical spine, the shape of 
the chest in the transverse plane and pelvis position in SMA patients and healthy individuals, using tests adapted 
to functional state of SMA individuals. An additional aim was to analyse correlations between rotational mobility 
of the cervical spine, chest deformity and pelvis position in SMA patients. 

Methods: The research included patients with SMA type I, II and III diagnosed in a genetic examination and 
healthy individuals of both sexes aged 2 to 30 years. 68 patients with SMA (mean age 7.6, SD 6.1 years) and 66 
healthy individuals (mean age 8.5, SD 4.9 years) were qualified for the final analysis. Cervical Rotation Test (CR), 
Supine Angle of Trunk Rotation Test (SATR) and Pelvic Obliquity Test (PO) were carried out in both groups. Good 
and excellent intra-observer and inter-observer reliability of the applied tests has been confirmed in the previ-
ous studies. Statistical calculations were made with the use of statistical software IBM SPSS Statistics version 
20. Due to the lack of the values of normal distribution to be used for comparison, such non-parametric tests as 
Mann-Whitney U test, Pearson’s chi square test and Cramer’s coefficient were applied to analyse the correlation 
between CR, SATR and PO. In all the analyses, the level of significance was set at p = 0.05. 

Results and discussion: CR ranges were significantly higher in the control group than in patients with SMA 
type I, II and III (p<0.01, SMA type III p=0.05). Differences between CR ranges to the left and to the right were 
significantly larger in SMA patients than in healthy individuals (p<0.05). Chest asymmetry (SATR) was bigger in 
SMA type I, II and III groups than in the control group (p<0.001). Pelvic obliquity occurred in the majority of SMA 
patients and was bigger than in the control group (p=0.000). The analysis of the values of cervical rotation, chest 
deformity and pelvic obliquity revealed that spinal rotation decreases, while chest deformity and pelvic obliquity 
increase with age. A significant correlation of a difference between CR to the left and right and SATR was revealed. 

Conclusions and significance: The measurements of cervical rotation (CR) ranges, chest shape in the trans-
verse plane (SATR) and pelvic obliquity (PO) provided valuable information on the musculoskeletal system of 
SMA patients. Physiotherapy programmes should include procedures preventing limitations of cervical rotation, 
chest deformities and pelvic obliquity in SMA patients. It is important to continue research aimed at searching 
for compensation mechanisms in the musculoskeletal system of individuals with SMA.
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Craniovertebral junction abnormalities

Shin-Young Yim, Ah-Reum Ahn
Ajou University School of Medicine

Introduction: Our clinical experience led us to realize that craniovertebral junction (CVJ) abnormalities were 
common in surgical cases of congenital muscular torticollis (CMT). 

Objective: This study aimed to report the concurrence rate of CVJ abnormalities in surgical cases of CMT, along 
with comprehensive evaluation of type of concurrent CVJ abnormalities. 

Method: This was a retrospective cohort study in a tertiary hospital, including 41 subjects who underwent sur-
gical release for CMT at the mean age of 8.38 years. The presence of CVJ abnormalities was analyzed, using 
craniofacial three-dimensional computed tomographic images. 

Results: The concurrence rate of CVJ abnormalities was 70% in surgical cases of CMT. Subjects with CVJ ab-
normalities had, on average, 1.48 abnormalities. The CVJ abnormalities were rotation and lateral shift of the 
atlanto-axial joint along with rotation of atlanto-occipital joint, where rotation of the atlanto-axial joint was most 
common (82.76%). There is no case of anterior shift of the atlanto-axial joint. Chronic mechanical tension by the 
contracted unilateral sternocleidomastoid muscle of CMT could be responsible for concurrent CVJ abnormalities. 
The CVJ abnormalities are more common in the atlanto-axial joint than in the atlanto-occipital joint. 

Conclusions and Significance: CVJ abnormality seems to be a common concurrent skeletal complication of 
CMT, at least, in surgical cases. The CVJ abnormality might be included in the list of skeletal complications of 
CMT. If CVJ abnormalities are significantly more common in surgical cases of CMT, CVJ abnormalities might be 
one of predictors of surgical cases with CMT. This appears to be the first study reporting the concurrence rate of 
CVJ abnormalities in surgical cases of CMT, along with comprehensive analysis of type of CVJ abnormalities. No 
previous study examined rotation of the atlanto-occipital joint and lateral shift of the atlanto-axial joint in CMT. 
Prospective studies with large number of subjects are required to verify how common the CVJ abnormalities are 
in non-surgical cases of CMT along with surgical cases. If the CVJ abnormalities are significantly more common 
in surgical cases of CMT, CVJ abnormalities could be one of predictors of surgical cases with CMT.
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The short term effect of adolescent idiopathic 
scoliosis treatment with the FITS method 
combined with Cheneau brace – a case study

Andrzej M’hango, Irmina Blicharska- Kubiś, Tomasz Kotwicki
Physiotherapy Centre “Terapeuta”, University of Medical Sciences in Poznan

Introduction: Adolescent idiopathic scoliosis (AIS) has a tendency to progress, especially during rapid growth 
of the spine. AIS causes trunk deformation and has negative impact on body perception and self-esteem of ma-
turing patients. The aim of the study is to present the effect of treatment using specific exercises according to 
FITS method, combined with Cheneau brace, on a girl with AIS, with a Cobb angle of more than 30 degrees at 
the first diagnosis. 

Methods: The patient was diagnosed with AIS at 11 years old (2014). X-ray presented right curvature of the 
thoracic spine, in Th5-Th11 segment measured 35 degrees and in Th11-L4 segment measured 33 degrees to 
the left. Risser sign equalled 0. The angle of trunk rotation (ATR) in each particular segment of the spine was 
0° (C-Th), 10° (Th), 10°(L), 0°(L/S). Clinical assessment showed the deviation of the C7 plumb line from the 
anal cleft of 0.6 cm to the left. The apex of thoracic scoliosis was deviated 3 cm to the right of the C7 plumb 
line. Functional tests presented an occurrence of joint hypermobility (7/9 points according the modified scale 
of Beighton). Scoliosis in this pre-menarchial girl presented a high risk of progression. At first, the patient had 
senso-motor training, therapy and corrective patterns according the FITS method and then one plaster cast. In 
January 2015, a Cheneau type brace replaced the plaster cast and at the beginning of August 2015, a second 
brace was prepared for night use. On December 2015, an X-Ray showed no change in the Cobb angle value 
in any of the curvatures. However, ATR angles were smaller: 7°,6°,3°,0°, respectively. The patient adhered to 
wearing the brace, regularly exercised at home and systematically visited the rehabilitation centre for therapy. 
She was also under control of an orthopaedic doctor. She started menarche in January 2016. Since her first 
visit, she grew 10 cm in height. X-ray picture in December 2017 showed the following values of Cobb angle: 
38° right in thoracic segment and 26° left in lumbar segment, Risser equalled 4. The clinical state significantly 
improved. The values of ATR were: 6°, 5°, 4°, 0°, respectively and the apex of thoracic curvature deviated 1.4 
cm from C7 plumb line. 

Conclusion: The treatment of scoliosis according to FITS method in combination with Cheneau brace has influ-
enced on body aesthetic improvement, clinical parameters, and stopping scoliosis progression.
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The Effect of Cheneau Type Bracing According 
to Wood-Cheneau-Rigo Concept on Cobb Angle 
Change in Adolescents with Idiopathic Scoliosis 
– A Retrospective Chart Analysis

Grant Wood, Sanja Schreiber
Align Clinic, Curvy Spine, Inc./University of Alberta

Background: In North America, bracing is a standard of care for growing patients with adolescent idiopathic 
scoliosis (AIS) and curves 20°-40°. Most commonly prescribed brace type is TLSO brace, a tubular spinal or-
thosis with pads inserted and designed to provide corrective forces in the frontal plane. Conversely, Cheneau 
type braces are designed to reach the best possible 3D correction, and one of the most popular Cheneau type 
braces in North America is Wood-Cheneau-Rigo (WCR) brace. Research suggests that TLSO bracing prevents 
scoliosis curves progression to the threshold for surgery. On the other hand, the evidence of the effectiveness 
of the Cheneau brace is lacking. 

Objective: To determine the effect of at least 1-year WCR intervention on the Cobb angle change in patients 
with AIS. 

Methods: This is a preliminary retrospective chart analysis of a cohort of 26 adolescents with AIS recruited in a 
single centre from March 2013 to November 2016. The cohort included patients aged 10 to 16, Risser score 0 
to 4 and curves between 15° and 49°. The primary outcome was change in the Largest Curve (LC). The treat-
ment consisted of an evaluation and 3D scanning of patients using Rodin Neo Software followed by a comput-
er-aided design/computer-aided manufacturing (CAD/CAM) 3D modelling of a brace positive, and production of 
a hand modified hypercorrected mold. Each brace was custom fitted, and the in-brace correction was checked. 
Patients were followed-up for at least a year. Out-of-brace radiographs were taken at baseline, and follow-up 
with a patient being out of a brace for at least 24 hours. The patients were instructed to wear a brace full time 
(23h/day). The repeated measures ANCOVA was used to determine the effect of the treatment on change in the 
LC over time using weight as a covariate. 

Results: The mean age, Risser score and LC were 12.8±1.5, 1.57±1.5 and 33.5°±9.7°, respectively. Of 26 pa-
tients, 22 were girls. The mean follow-up was 16.1±4.2 months. On average, the LC improved by 10.4°±7.0° 
(p<0.001) while controlling for weight. Weight had a significant main effect (0.37± 0.71), p=0.011), such that 
for every 1kg increase the patients had on average 0.37 larger LC. 

Discussion and clinical significance: The main goal of the brace treatment is to stop the curves from pro-
gression. In this study, we found that WCR braces improved the LC over a mean follow up of 16.1±4.2 months 
in immature patients with AIS. Heavier patients, although experienced improvement, had consistently larger 
curves on average during the course of the treatment. These promising results warrant further research in order 
to establish the long-term effect of the 3D Cheneau type brace concept.
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Literature Review: Effects of Elastic 
Therapeutic Tape as an Adjunct treating 
Spinal Deformities. Critical Appraisal of goals, 
applications and current practice.

Esther de Ru
GoPhysio

Background: Elastic therapeutic Taping (ETT) has become a promising resource for treating many symptoms. 
Its effects on pain, posture, balance, gait, strength, endurance, swelling and ROM are well documented. It is 
also known under the names Kinesio Taping and Kinesiology Taping. In the last decade colleagues have started 
using ETT on people with scoliosis and kyphosis. A variation of applications to address pain, postural control, 
pulmonary function, functional re-education and balance are described but the clinical reasoning behind specific 
applications and their effects are not clear. 

Objective: To systematically review the literature of clinical tape applications and the evidence of the effects 
of ETT on people of all ages with kyphosis and scoliosis types. To critically analyse the applications used and 
results obtained. 

Method: Searches were conducted in electronic databases, Facebook groups and online papers in every lan-
guage. Every article published and found until December 2017, involving the use of ETT on patients with spinal 
disorders was included. Results presented in all studies are discussed. As taping goals, tape application, patient 
age groups, classification and assessment tools differed, main results of all studies are presented. 

Results: Positive results were associated with taping application: even though tape was very often used as an 
adjunct to therapy. Clinical reasoning behind applications was not clear, nor mentioned in many cases. As the 
original hypothesis into the effects of this method is under debate, the actual effects of the applications are not 
always reliable. 

Conclusion: Elastic therapeutic taping seems to be a promising adjunct but results and treatment goals vary. 
As it often used in conjunction with standard treatment, its’ specific effects are difficult to summize. Using tape 
without sufficient knowledge of skin movement might prove useless or possible harmful. More research into the 
effects of adding ETT as adjunct treatment of spinal disorders of all age groups is badly needed.



ABSTRACT BOOK / PROGRAM 149

Friday 4/20/18 Morning

Does manipulating skin influence trunk rotation 
as measured by scoliometer? Immediate results 
of applying Elastic Therapeutic Tape on spinal 
rotation: experimental study of twin sisters with 
Adolescent Idiopathic Scoliosis.

Esther de Ru
GoPhysio

Introduction: The human body needs skin moving normally to function properly. Research by Richard RL and 
colleagues identified functional cutaneous areas in the body. They found that the amount of skin involved in 
joint movement extends far beyond the immediate proximity of the local joint creases. Recent research by prof. 
T Fukui has shown the physiological movement path of skin in the whole human body. Should skin movement 
or the lack thereof be a matter of concern in the treatment of scoliosis patients? Can we influence rotational 
movement of the spine by manipulating the skin with tape?

Method: Four different tape applications were trialled in two sessions with the assistance of two thirteen year 
old twin girls with IAS. Parents and girls consented after explanation of experimental study goals and method. 
They were familiar with Elastic Therapeutic Taping and its possibilities in sports as they both play basketball. 
Participants were assessed with scoliometer at a number of vertebral levels before applying the tapes and di-
rectly after applying. Tapes were then removed. Two application were trialled per session.

Conclusion: The last tape applied in the lumbar area resulted in influencing spinal rotation in both participants 
measured by scoliometer. This experiment shows that we can influence rotation of the spine just by applying a 
small piece of elastic tape therapeutically taking Fukui research and his Skin Rules into account.

Discussion: The ‘extra’ skin making flexion and extension of trunk possible is located in the lower trunk region. 
Interestingly skin movement during rotation trunk changes direction at the spine. This experimental research 
shows that we can influence skin and rotation in the spine just by applying manual stretch or tapes. More re-
search into this phenomena could be of importance. 
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Importance of different etiological factors  
in spine deformities development

Bojan Kraljević
Centre “Postura”, Podgorica, Montenegro

Introduction: Spinal deformities are the most coomon osteomuscular deformities of human body. These changes 
occur in the form of scoliosis, hiperkyphosis, hiperlordosis, or combination of the above.

Achieved goals of this thesis are: Determined occurrence of test subjects who do sports activities in compar-
ison to test subjects who do not; Determined occurrence of spine deformities in girls who do sports activities 
in comparison to girls who do not; Determined occurrence of spine deformities in boys who do sports activities 
in comparison to boys who do not; Presented occurrence of spine deformities in test subjects who live in the 
South of Montenegro, in comparison to test subjects who live in North regions and who are of same gender, age 
and level of sports activities. 

Methods and material: Research included third and fifth grade primary school students, of both gender and 
different life habits, from schools in the South and North of Montenegro. The number of test subjects was 240.
Test subjects were selected by random choice method. 

Results: By analyzing the results which show the occurrence of spinal deformities in both male and female test 
subjects depending on the factor of doing sports activities,we have concluded that spinal deformities are more 
common with test subjects who do not do sport activities. By comparing the results of test subjects of same 
gender, age and sports engagement, we have concluded that the occurrence of thoracic hyperkyphosis in test 
subjects in the south of Montenegro is smaller in comparison to test subjects of primary schools in the north of 
Montenegro. The importance of etiological factor related to the test subjects’ gender speaks in favor of the fact 
that frequency of spinal deformities of lumbar hyperlordosis type is higher in female test subjects, with statisti-
cally significant difference of low association level (p<0,05). The importance of etiological factor related to the 
test subjects’ region, speaks in favor of the fact that frequency of spinal deformities of thoracic hyperkyphosis 
is higher in test subjects in the north of Montenegro (p<0,01). 

Conclusions: Based on our research we can conclude that the occurrence of spinal deformities is more frequent 
among the test subjects in the south of Montenegro. Results of our research show higher occurrence of spinal 
deformities in female test subjects, as well as lower sports engagement. The aforementioned, logically, could be 
connected to somewhat slower development of central nervous system and motor control in girls in combina-
tion with the absence of physical activity. Everything mentioned imposes the attitude that etiological multifactor 
influence which includes gender, age, doing sport activities as well as the way of performing daily activities is 
crucial to the development of spinal deformities. 
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The immediate effect of brace on dynamic 
pedobarographic parameters in patients with 
adolescent idiopathic scoliosis: a pilot study

Tuğba Kuru Çolak, Ahsen Büyükaslan, Hürriyet Yılmaz
Marmara University, Medipol University, Haliç University

Introduction: Bracing can change the position of pelvis in patients wih idiopathic scoliosis, and this change 
can alter the dynamic pedobarographic parameters. Objective Purpose of this study was to investigate whether 
wearing brace can change dynamic pedobarographic parameters or not. 

Method: Study included 12 female participants (mean age: 159.9±24.3 months), were using brace for 0-24 
months were doing 3D- Schroth exercises for treatment. Mean Cobb angle was 36.2 and mean ATR was 6.2 
degrees (Table 1). Nine of the patients had right thoracic left lumbar patern and three had left throcalumbar pat-
tern. Pedobarographic measurements were obtained using an “Mini Emed-n 50 Platform (Novel GmbH, Munich, 
Germany). All participants were asked to walk with bare feet before the evaluation. Then three dynamic pedo-
barographic measurements were recorded for both feet with and without brace. maximum force (N), the peak 
pressure (kPa), and contact area cm2; in the forefoot, midfoot, hindfoot, metatarsal regions, hallux, second toe 
and lateral toes. Data analysis were performed using SPSS, version 16. 

Results: The pedobarographic analysis indicated that brace wearing significantly increased the maximum force 
values of the right foot (p=0.023), increased peak pressure values of 2nd metatarsal area in the left foot (p=0.013), 
and increase contact time values of 5th metatarsal area in the right foot (p=0.015) (Table 2). 

Conclusion: Our result supports that brace might alter immediate dynamic pedobarographic parameters in pa-
tients with adolescent idiopathic scoliosis. These alterations may result from improvements in pelvis symmetry. 
Significant chances in the other plantar foot pressure parameters can be obtain in researches with larger samples.
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The effect of Schroth Method and Progressive 
Strengthening and Stretching Exercises on 
Kyphosis and Lordosis: a case study

Tuğba Kuru Çolak
Marmara University

Objective: The aim of the study was to assess the effect of Schroth and strenghtening and stretching exercises 
on kyphosis and lordosis. Study design Case report of a 17 years old adolescent male diagnosed with idiopathic 
kyphosis and lordosis, and recommended for spinal surgery. 

Methods: The subject and his family instead chose to have conservative therapy during a six months period. 
Treatment regimen included Schroth exercises for kyphosis, and general progressive strengthening and stretch-
ing exercises. Program was taught to him and his caregivers in outpatient clinic and he performed program at 
home. Program was checked and progressed every after 4 weeks. Kyphosis (T5-T12) and lordosis (L1-L5) angle 
was assessed before and after the treatment program with lateral X-ray. 

Results: Following conservative therapy, the subject posture improved. Pretreatment 76-dergree kyphotic angle 
was reduced to 58 degrees and 78-degree lordotic angle reduced to 49-degree after treatment. 

Conclusion: The results of this case study suggest that conservative therapy may be effective in improving in 
posture and saggital plane angles in adolescents with severe kyphosis and lordosis. Before proceeding with a 
surgical treatment method in patients with thoracic kyphosis and lumbar lordosis alternative conservative ther-
apy options might be discussed.
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The Relationship Between Popliteal Angle  
and Convexity Side in Patients with Adolescent 
Idiopathic Scoliosis

Tuğba Kuru Çolak, Ahsen Büyükaslan, Hürriyet Yılmaz
Marmara University, Medipol University, Haliç University

Introduction: It is stated that the right hamstring muscles are generally tight in 4-curve scoliosis Schroth pat-
tern that includes lumbar curve with the convexity to the left. Objective The aim of this study was to investigate 
whether tightness of the hamstring muscles was associated with the convex side of the curve in patients with 
adolescent idiopathic scoliosis.  

Method: Between October 2017 and December 2017, a total of 18 patients with adolescent idiopathic scoliosis, 
with no history of the foot or knee or hip injury, surgery or limb length discrepancy and developmental dysplasia 
of the hip, aged between 10 and 16 years were recruited through the Formed Private Scoliosis Center, Istanbul, 
Turkey. Demographic and clinical characteristic information including age, gender, height, weight, body mass 
index, Cobb angle, curve pattern, popliteal angle were recorded. The tightness of hamstrings muscles was eval-
uated through the popliteal angle test. The participant was lying supine on the examination table with hip and 
knee flexed at 90 degrees. The knee was extended gradually until the participant complained of discomfort, due 
to firm resistance, in the posterior aspect of the thigh. At that time the angle formed by the lateral bisection of 
the thigh and leg was measured. The center of the goniometer was placed on the lateral aspect of the knee, 
coinciding with the axis of rotation. One arm was positioned parallel to the lateral bisection of the thigh, and the 
other was directed toward the lateral malleolus. The residual knee flexion angle was measured as the degrees 
lacking from full extension, which is 180 degrees. The normal range was considered to be 0–15 degrees, 25 while 
values of 16 to 34 degrees corresponded to moderate hamstring tightness, and values greater than or equal to 
35 degrees corresponded to severe tightness. Data were analysed using IBM SPSS Statistics V. 23 for Windows. 

Results: One boy and seventeen girls with adolescent idiopathic scoliosis, aged 156.2 ± 28.6 months, and with 
BMI 18.58± 2.1, were included. Mean Cobb angle was 31° ± 11,4 (Table 1). A total of fourteen patients had left 
lumbar pattern scoliosis and four had a right lumbar pattern. 

Conclusion: A total of fourteen patients had left lumbar pattern scoliosis and there was a correlation between 
Cobb angle and popliteal angle in the left leg (p=0.029). Whilst there was no correlation detected between the 
convex side and popliteal angle in this study, the small sample size may have underpowered analysis.
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Resolution of an infantile idiopathic scoliosis 
using a ScoliBrace orthosis: A case report

Benjamin Thomas Brown, Jeb McAviney
ScoliCare

Background: Infantile idiopathic scoliosis (IIS) affects only a small proportion of infants, but if left untreated, 
certain patients may go on to develop crippling deformity and compromised cardiopulmonary function. For this 
reason, early conservative intervention is recommended. The first-line treatment for IIS patients with curves 
measuring <60° typically involves serial casting. While this is currently the favored approach, there are concerns 
that the frequent anesthetization that is required during the casting process may have detrimental effects on 
the developing brain in these young patients. The use of spinal orthoses in this patient population is common 
practice, but only ever as an adjunct post-casting. There is very little research detailing the influence of spinal 
orthoses as a first-line treatment in this group. The authors present a case involving the successful management 
of a patient with IIS using a novel thoraco-lumbar-sacral orthosis (TLSO). 

Case: Presentation The patient presented to the lead author’s clinic at 11 weeks of age. The patient’s moth-
er had noticed an abnormal curvature in her child’s spine and organised an assessment. The patient’s history 
was unremarkable except for some minor birth trauma. The parents initially sought manual therapy treatment 
with another practitioner when she was 4 weeks old, however the condition did not change as a result of this 
treatment. Physical examination performed when she presented at 11 weeks of age revealed a large, inflexible, 
left convex scoliosis with associated rib humping. Plain film supine x-rays taken soon after confirmed the find-
ings from the physical examination, highlighting a thoracolumbar c-curve scoliosis measuring 44° Cobb (apex 
T11) and a rib vertebral angle difference (RVAD) of 14°. The patient was diagnosed with IIS and was referred 
to an orthopaedic surgeon who advised conservative management. The patient was prescribed a ScoliBrace 
rigid, over-corrective TLSO. The patient wore the orthosis, under parental supervision, on a part time basis (4-8 
hours per day on average) for eight months. The parents were compliant with the treatment regimens (bracing 
and brace-weaning) and reported that the brace was relatively well-tolerated by the patient. After 8 months of 
treatment the patient’s scoliosis had been reduced to 7° Cobb and the RVAD down to 1°. A follow-up consul-
tation was performed 23 months after the initial presentation. At that time the Adam’s forward bend test was 
negative and the angle of trunk rotation (ATR) was measured at 0° and no postural asymmetries were detected 
suggesting a complete resolution of the patient’s scoliosis. No further x-rays were taken as they were deemed 
to be unnecessary. 

Conclusion: This case study provides preliminary supporting evidence for the use of a spinal orthosis as a 
first-line intervention strategy for IIS patients. Although the RVAD in this case was not greater than 20 degrees 
the large Cobb angle, stiffness of the curve and failure of the case to respond to the previous manual therapy 
suggests it was likely to progress to a case requiring casting. Given the harms and inconvenience associated 
with serial casting, research into safer and more user-friendly treatment options such as the ScoliBrace appears 
warranted in this population.
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Prevalence of adolescent idiopathic scoliosis 
in brazilian cities with different geographic 
latitudes

Patrícia Jundi Penha, Milla Gabriela Belarmino Dantas, Aron Nogueira Aquino,  
Ana Petrolinia das Neves Gouveia, Ana Carolina Basso Schmitt, SÍlvia Maria Amado João
Pontifical Catholic University of São Paulo, Pernambuco University, Pernambuco Universtiy,  
Faculty of Medicine of University of São Paulo

Introduction: Adolescent Idiopathic Scoliosis (AIS) prevalence has been reported to be different in various geo-
graphic latitudes and demonstrates higher values in northern regions. Brazil is a country with a vast territorial 
extension and, therefore, has different latitudes regions. 

Objective: To estimate the prevalence of AIS in cities in the states of Pernambuco (PE) and São Paulo (SP), Bra-
zil, with different geographic latitudes. 

Methods: We assessed 240 adolescents between 10 and 14 years of age. The data were collected at public 
schools in three cities within the state of SP and four within the state of PE. The state of SP is in the southeast-
ern region of Brazil (higher geographic latitude: -22o), where socioeconomic conditions are better, the Human 
Development Index (HDI) for all three cities being approximately 0.785, compared with 0.754 for the country 
as a whole. The state of PE is in the northeast region of Brazil (lower geographic latitude: -07o), where socio-
economic conditions are worse, the HDI for all four cities being approximately 0.592. For the evaluation of the 
spinal curvature, we used a Bunnell scoliometer. Each subject first performed a 45° trunk flexion to allow the 
determination of the greatest angle of trunk rotation (ATR) of the thoracic spine. The subject then continued 
to flex the trunk to 60° and 90° (or as much as possible) to allow the determination of the greatest ATR in the 
thoracolumbar and lumbar regions, respectively. During an Adams forward bend test the zero mark of the sco-
liometer was positioned over the spinous process of each vertebra, and the greatest ATR value was recorded. 
Three measurements were taken. The mean of the two closest values was registered. All measurements were 
made with the same scoliometer. When the ATR was ≥ 7° for any of the regions, the adolescent was referred for 
standing anteroposterior radiographic assessment of the spine. The radiographs were used in order to measure 
the Cobb angle and evaluate the Risser sign. To identify associations between variables, we used the chi-square 
test. Point prevalence values, with 95% confidence intervals, were estimated for scoliosis, stratifying the subjects 
by state. For all hypothesis tests, the level of statistical significance was set at 5%. 

Results and Discussion: The overall prevalence of AIS was 3.4% (95% CI: 1-5.7%). The prevalence in PE state 
was 4.2% (95% CI: 0.5 – 7.8%) and in SP was 2.5% (95% CI: -0.3 – 5.4%), without statitiscal difference (P = 
0.472). The prevalence of AIS only for females in PE state was 5.6% (95% CI: 0.1 – 11.1) and in SP was 2.9% 
(95% CI: -1.1 – 6.8%), also without statistical difference (P=0.667). The state was not associated with the de-
velopment of AIS (OR = 0.6, 95% CI: 0.1–2.5; P = 0.477). These results did not agreed with literature where a 
positive association between prevalence of AIS and geographic latitude was found only for girls. 

Conclusion and Significance: The prevalence of AIS in brazilian regions with different latitudes was similar. 
Future studies should ensure a higher sample size to investigate the possible role of geographic latitudes in the 
pathogenesis of AIS. Key-words: prevalence, scoliosis, adolescent, geographic locations.
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Effects of home based exercise program on 
pulmonary function and functional capacity in 
children with adolescent idiopathic scoliosis

Gozde Basbug Mbata, Melih Zeren, Hülya Nilgün Gürses, Nuh Mehmet Elmadag
Bezmialem Vakif University

Introduction: Adolescent Idiopathic Scoliosis (AIS) is the most common 3-dimensional deformity of the spine 
which can potentially affect respiratory function, exercise capacity as well as the performance of inspiratory 
and expiratory muscles. 

Objective: Our aim in this study was to assess the effects of a home-based exercise program, which includes 
spinal strengthening exercises, and respiratory exercises on pulmonary function test, respiratory muscle strength 
and functional capacity in girls with AIS. 

Methods: Fifteen girls with a mean age of 14.20 ± 1.72 years were included in the study. Cobb’s angles of tho-
racic and lumbar curvatures of the patients were determined by orthopedic surgeon by direct radiograph. Mean 
thoracic and lumbar Cobb’s angle were 250±14 and 270±10, respectively. Forced vital capacity (FVC), forced 
expiratory volume in one second (FEV1) and peak expiratory flow (PEF) were measured with pulmonary function 
test and expressed as percentages of their predictive values. Respiratory muscle strength was assessed using 
maximum inspiratory pressure (MIP) and maximum expiratory pressure (MEP) measurements with a mouth 
pressure device. Functional capacity was assessed using 6-min walk test. Each patient has undertaken a home 
based exercise program including deep diaphragmatic breathing exercises, resistive local expansion exercise 
on the collapsed areas in scoliosis concave sides, dynamic lumber stabilization, strengthening of interscapulum 
muscles, posture and stretching exercises once a day for 8 weeks. One of the exercise sessions was supervised 
by physiotherapist each week. Respiratory measurements were repeated at the end of the 4th and 8th week. 
Six-minute walk test was repeated at the end of 8th week. 

Results and Discussion: Repeated measures ANOVA showed that the mean values of FEV1, PEF, MIP and MEP 
differed significantly between three time points (p<0.01). Post-hoc tests using the Bonferroni correction revealed 
that FEV1, PEF, MIP and MEP values significantly improved after 4 weeks (p<0.05) and then further improved 
between 4th and 8th weeks (p<0.01). FVC value did not differ between time points. The distance walked in 
6-min walk test was significantly higher at the end of 8th week compared to baseline (p<0.001) (Table 1). Many 
studies demonstrate that young patients with AIS have generalized respiratory and skeletal muscle weakness 
and exercise limitation, even the absence of major ventilator defects. KEARON et al. (1993) reported that exer-
cise potential was not related either to the severity of the spinal deformity or to the respiratory defect, but rather 
to inspiratory muscle function. Also, it is reported that respiratory muscle weakness is a potent contributor to 
ventilatory impairment in mild, moderate, and severe forms of scoliosis. Studies showed that exercise training 
may improve respiratory function and exercise capacity in patients with AIS. 

Conclusion and Significance: The exercise training proposed by this rehabilitation protocol was beneficial to 
patients, improving their pulmonary capacity, respiratory muscle strength and performance on 6MWT. Our re-
sults reinforce the relevance of pulmonary rehabilitation in the multidisciplinary management of patients with 
mild and moderate AIS. A combined intervention consisting of respiratory exercise program with spinal strength-
ening exercises may contribute to a beneficial outcome in these patients with slightly respiratory impairment.
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International multi center study:  
“Brace wear time of patients with idiopathic 
skoliosis - retrospective data evaluation”

Matthias Roller, Albert G. Veldhuizen, Fris H. Waspsta, Franz Landauer, Gert Nijenbanning
UMC Groningen, UMCG, UKS

We still know far too little about the wearing habits of scoli-brace patients. A study project will be presented 
which aims to provide a better insight into the wear time habits of patients with idiopathic, adolescent scolio-
sis (AIS). Around 700 to 1000 patient data will be evaluated retrospectively. The wearing habits of such a large 
number of AIS patients have never before been evaluated. The wearing times were determined with thermo sen-
sors. Girls and boys between the ages of 10 to 18 years from different countries using different types of braces 
are included in the study. Patients from different cultures and clinical settings will participate in the study. This 
multicenter study is intended to provide a better understanding of patient compliance and serves as a basis for 
further studies. New insights will be expected to support the treatment team in accompanying AIS patients. The 
study project, which has already started but is not yet completed, and first results of the study, will be presented. 

Keywords: wearing time, idiopatic scoliosis, brace, retrospective data evaluation, thermal sensors
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The values of initial Radiological characteristics 
in- brace to predict outcome in adolescent 
idiopathic scoliosis with thoracolumbar 
curvature

Zhang Xiaohui
Guangzhou Sport University

Introduction: Cheneau brace treatment has been confirmed that can effectively control the progression of sco-
liosis. The aims of conservative treatment are to stop curvature progression, to reduce the curvature angle if 
possible, to reduce indications for surgical treatment, to improve respiratory function, to reduce pain if exists, 
to improve the body posture aesthetics. Previous studies focused on the improvement of orthopaedic patients 
with scoliosis, while there was not much researches on the cases of correction failure. Initial in-brace correction 
may determine the end result of bracing in the treatment of scoliosis. It is worth to compare and to correct the 
improved and unimproved cases and to analyze the initial imaging features of in-brace. 

Objectives: To investigate the values of initial Radiological characteristics in-brace correction in the prediction 
of short-term outcome after bracing for AIS patients with single thoracolumbar curve, 85 female AIS patients 
were enrolled in this study from October 2013 to December 2015, whom braced according to standard treat-
ment protocol and were followed-up after bracing. 

Methods: All the patients were taken the standing long-cassette anteroposterior radiographs of spine when 
they worn the braces initially and removed the braces finally. The curve type, chronologic age, Risser sign ,api-
cal vertebral rotationbeyond (AVR), Apical vertebral translation (AVT) and trunk shift (TS) were recorded respec-
tively. At the last visit, 65 patients 76.5 %) were found the mean Cobb angle for major curve had been improved 
from 38.2±3.6°to 20.5±4.2°. Meanwhile, the the mean Cobb angle for major curve of 25 unimproved patients 
(23.5%) were from 39.7±3.6 to 24.5±5.2.p=0.017. They were divided into improved and unimproved groups 
for retrospective study. 

Results: Two groups were comparable when they worn the braces initially according to: age (11.9y.o.vs. 12.1y.o), 
age of menstruation (12.5y.o. vs. 12.6y.o), primary curve Cobb angle (37.1º vs. 39.2º), initial correct rate (65.3% 
vs 63.8%) p=0.0571, initial in-brace AVR (1.8vs 2.5°), AVT 13.7vs 18.5mm) and TS (21vs28mm) p=0.0171. 

Conclusion: Cheneau brace are effective in the conservative treatment of AIS with thoracolumbar. The results 
indicated that the initial correction of AVR, AVT and TS may be related to the curative effect of brace. Analysis of 
the initial radiological characteristics of the in-brace may be potential value to predict the treatment outcome 
in adolescent idiopathic scoliosis with thoracolumbar curvature. However, due to the lack of sample size and 
potential interference factors, further study is necessary.
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Prevention of spinal deformities and spinal pain 
is necessary! Trail and steps in a nationwide 
attempt to restore orthopedic hygienic 
interventions on flexibility and good postures in 
The Netherlands

Piet van Loon, Andre J.A. Grotenhuis, Andre M Soeterbroek
Care to Move Clinic, Radboud University Medical Centre, Houding Netwerk Nederland

Introduction: Prolonged flexed positions of the trunk in young children are a known cause for deformation of 
discs and vertebrae. According to official data the youth in the Netherlands is facing increasing problems (> 40% 
back pain and > 35% injury chance) in the musculoskeletal system because of their sedentary lifestyle (use of 
screens). In a pilotstudy in 250 children on a secondary school we proved the high incidence of bad postures 
and inflexibility ( > 60%)with the Finger Floor test and photographs. Via social media a request to test more 
schoolclasses with the FFT was done. Preliminary results of the early responders are given. 

Material and methods: The request got response of 28 teachers and therapist that scored 38 classes in primary 
schools in a wide variety of regions. There were very clear instructions how to perform the FFT and the filled-in 
scoring forms were send to Houding Netwerk Nederland (Posture Network NL) Total scored children:1104. Mean 
age and spread: 9,2 (SD 1,4) yr. Gender: boys: 48 % vs. girls: 52 % 

Results: Positive Finger Floortest score in all children: 50%; Negative FFT score in all children: 50% Positive 
FFT score in girls: 66% Negative FFT score in girls: 34% Positive FFT score in boys: 36% Negative FFT score 
in boys: 64% 

Conclusion: More insight is obtained, that the Dutch youth in general has a negative score on the FFT. It con-
firms our pilot study on 250 children in one school we described earlier. Stiffness together with unhealthy sag-
ittal alignment are serious prodromal signs for early degeneration and spinal pain syndromes. It can be seen as 
a manifestation of discongruent neuro-osseous growth relations in serious neuromuscular tightness and spinal 
deformations. Sedentary lifestyle is a widely recognized factor in inhibiting and disturbing normal morphogen-
esis and physiogenesis. A wide variety of interventions at home, in schools, sportclubs and primary healthcare 
will be proposed. The Dutch Government and her Health advisory boards are taken the above data we gave as 
Posture Network NL very seriously.
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In-brace correction in a new Cheneau style 
CAD/CAM brace for adolescent idiopathic 
scoliosis (AIS)

Chiiko Ishihara, Yosuke Shiraishi
Schroth Best Practice Japan Inc., Kojimachi Dr. Shiraishi Osteopath

Introduction: Brace treatment for AIS is proven effective. Meanwhile there is some evidence that the outcome 
of asymmetric braces is superior to the outcome of symmetric braces. Therefore, we have introduced a Chêneau 
style CAD / CAM 3D brace to Japan in order to improve the bracing standard. Purpose of this paper is to present 
our preliminary results as achieved with this new brace design. 

Objective(s): We have started to introduce this new 3D brace two years ago because we found many patients 
progressing despite of wearing the Boston brace. Purpose of this paper is to present our preliminary results as 
achieved with this new brace design in patients who had a Boston brace prior to the 3D brace with documented 
progression. As in-brace correction and compliance determine the outcome of brace treatment it seems rea-
sonable to present the in-brace correction of this brace and compare to the corrective effects of other braces in 
literature. Method(s): Cobb angle prior to bracing and in-brace Cobb angle in the new brace was measured in 
the thoracic and lumbar region as well, and the corrective effect of this brace was documented. There were 44 
AIS patients (4 males and 40 females), average age 13.6 (SD 2.1) years, menarchial state at average 13.7 (SD 
16.80) months. Additionally, the mid-term results of 12 female patients were documented, age 8 to 18 years 
after 18 or more months wearing this brace. The Student T-test was used for comparison of the initial Cobb an-
gle with the in-brace Cobb angle. This research was conducted in accordance with the “Ethical guidelines on 
medical research targeting people” by the Ministry of Education (2015). 

Result(s) and Discussions: The Cobb angle without brace, in the thoracic region was 9°-59°, at average 33.9° 
(SD 11.8), in the lumbar region the Cobb angle was 9°-56°, on average 30.6 (SD 11.3°). The in-brace Cobb an-
gle, in thoracic region was -2°-47°, on average 22.0° (SD 12.4), in the lumbar region was 2°-45°, on average 
18.9° (SD 11.3). The average improvement rate was 37.0% in the thoracic region, 36.8% in the lumbar region. 
Considering only the main curve, the average improvement rate was 40.0% in the thoracic region (28 patients), 
49.6% in the lumber region (16 patients). The Student T-test revealed statistically significant differences between 
Cobb angle prior to bracing and in-brace Cobb angle (P <0.05). Preliminary results of 12 female patients have 
been gained (6 main thoracic and 6 main lumbar curves) treated for 18 months or more: 8 improved by 6° or 
more, 4 stayed stable and no progression has been recorded. In all cases, an obvious improvement of the in-
brace Cobb angle was observed compared to the out-brace Cobb angle. These results indicate that corrections 
in three dimensions including rotation of the spine and sagittal balance are much more effective than symmetric 
braces mainly correcting in frontal plane.

Conclusion(s) and Significance: We reported a case series of AIS patients treated with a new Cheneau style 
CAD / CAM brace. Statistically meaningful improvements of in-brace Cobb angles have been found. We do hope 
this new asymmetric 3D brace will also show better end results when compared to the symmetric Boston style 
braces currently still used in Japan. The first preliminary results seem promising considering the fact that all 
patients have been progressive in their previous brace.
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Traumatic spinal cord injury in early onset 
scoliosis with diastometamyelia, tethered cord 
and vertebra anomalies

Cigdem Cinar, Kadriye Ones, Muhsin Doran, Aynur Metin Terzibasioglu, Mustafa Aziz Yildirim

Health Sciences University Istanbul Physical Thera

Introduction: Congenital vertebral anomalies may be confused as an isolated finding in early onset scoliosis 
(EOS). Because of the simultaneous development of the neural axis and vertebrae, congenital vertebral anom-
alies may be associated with renal anomalies, cardiac anomalies and spinal cord malformations, may be part 
of a syndrome, or may accompany chromosomal anomalies. For this reason they should be considered multi-
systemically. Accompanying pathogens break down the locomotor balance, thus neural, muscular and skeletal 
system injuries become easier and their degeneration increase. In this case report, we investigated spinal and 
paraspinal pathologies in a previously untreated EOS patient and also examined tetraplegia due to traumatic 
spinal cord injury in the patient. 

Case: A 70 years old female patient referring our clinic diagnosed as tetraplegia after a traffic accident. MR 
findings of the patient was ;Partial fusion in C2-3 and C6-7, myelopathic changes in C4-6 and fluid collection 
reaching approximately 4 mm in the anterior paravertebral cervical region, right thoracal scoliosis, loss of height 
in the upper-middle toracal vertebrae, partial and complet fusion. Spinal cord diastometamyelia in T3-7 and L1-4 
, and distal sacral and coccygeal vertebrae (caudal regression), which terminated in L3-4 of spinal cord inferior 
location, were detected. Severe subacute axonal degeneration of the bilateral middle and lower brachial plexus 
truncus and radicular type involvement was also observed in L3-S1 root innervated muscles were detected in 
the EMG after the accident. Before the accident the patient had no muscle weakness in upper extremities and 
can walk without any assistance. 

Result: After evaluation the patient we found the tetraplegia clinic (C4 AIS A) is due to spinal cord injury. She 
had 71 degrees right thoracic scoliosis and 23 degrees left lumbar scoliosis. She received no treatment for her 
early onset scoliosis .With control cervical MRI, cervical kypho-scoliosis , at the C5 vertebral body level a con-
trast-enhanced examination with hyperintense lesion 4 mm in diameter was proposed. Central disk herniation 
at C3-4 level was observed. A block vertebral body was observed in the upper dorsal vertebra corpus . Neuro-
surgery interpreted the C5 vertebral body level lesion as a secondary microcyst to the trauma and stated that 
such a lesion could not be seen in the early posttraumatic period due to different blood circulation patterns of 
white and gray areas. Newly developed motor deficits of the patient were attributed to trauma. 

Conclusion: As a result, care must be taken in terms of other system anomalies that may accompany early on-
set scoliosis patients and patients should be treated multisystemically. It is thought that the patient’s intraspi-
nal and extraspinal pathologies facilitate outcome of the clinic after trauma. It should be kept in mind that even 
after minor trauma, spinal blood flow may be impaired and / or the syrinx cavity may develop before the newly 
developed muscle strength loss in such patients is connected to the old intraspinal and extraspinal pathologies, 
which may occur later in medulla spinalis imaging. Such patients should be subjected to strict follow-up and 
control MRIs should be requested.
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Curves beyond 40° – a case series of AIS 
patients treated with an updated Chêneau style 
CAD brace

Nico Tournavitis, Constantinos Voutsas
Scoliosis SBPRS

Not all patients with Cobb angles exceeding 40° opt for spinal fusion surgery. Therefore, in our conservative 
center, specializing on spinal deformities, we also have patients with curvatures of 40 and more degrees under 
brace treatment. 

Purpose of this paper is (a) to investigate the corrective effect of our braces in patients with curves exceeding 
40°, (b) to investigate the first preliminary results and (c) to explain a new brace type for single thoracic curves 
of the described size. 

Materials and methods: In this chart review have been included 45 patients with the diagnosis of an adoles-
cent idiopathic scoliosis and with curves of 40° and more. Average age was 12,9 years, average Risser sign 
was 1,33. Average Cobb angle was 54,4° (40 – 104). Female / Male ratio was 41 / 4 with an average observa-
tion time of 16,9 months. We had 28 main thoracic (Lenke A and B type), 14 double major and 7 single lumbar 
/ thoracolumbar curves. 15 of the 45 patients had an x-ray follow-up between 9 and 20 months. 

Results and discussion: Average in-brace Cobb angle was 27,2° which makes an in-brace correction of 52,9 
% (ranging from 17,6 to 161,4%). All patients have been monitored with the help of the ATR (angle of trunk 
rotation) measurements. Clinically we found 38 patients stable or improved (15,6%) and 7 with an increase of 
the ATR. Of the 15 patients with a radiological follow up, 14 were kept stable or improved and one progressed 
from 59 to 65°. The differences between out of brace Cobb and in-brace Cobb were highly significant (p 40° is 
possible when a sufficient amount of correction and full compliance can be achieved. Most of the patients with 
recorded progression had a low compliance with brace wearing times between 4 and 16 hrs. / day.
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Sagittal spinopelvic alignment in Japanese 
adolescents with less than 10-degree  
Cobb angle

Takayuki Kikuchi, Ken Yamazaki, Satoshi Yoshida
Kitakami Saiseikai Hospital, Iwate Spine and Scoliosis Center

Introduction: Sagittal spinopelvic alignment (SSPA) is generally used for radiographic evaluation of spinal de-
formities. Normal values were determined in healthy subjects and volunteers for use as indicators of treatment. 
SSPA reportedly varies according to race and age; however, few studies have evaluated SSPA in young Asians, 
including Japanese. 

Objectives: The purpose of this study was to examine SSPA in young Japanese and to compare SSPA in Jap-
anese and Western adolescents. 

Methods: Whole-spine X-ray images taken in the secondary school screening of 10-18-year old with a Cobb 
angle <10° were evaluated. The study included 102 adolescents (M/F: 24/78, mean age: 13.4±1.6 y, Cobb angle: 
5.9±2.1°). We measured thoracic kyphosis (TK: T5-12), thoracolumbar sagittal angle (TLA: T10-L2), and lum-
bar lordosis (LL: T12-S1), sacral slope (SS), pelvic tilt (PT), pelvic incidence (PI), and sagittal vertical axis (SVA). 
Relationships between parameters were assessed using Pearson’s coefficients. With reference to SSPA values 
in Western adolescents, an unpaired t-test was used to compare measurements with those in healthy subjects. 

Results and Discussion: Radiographic results were as follows: TK: 18.8±6.8°, TLA: -0.2±8.7°, LL: 51.3±10.4°, 
SS: 34.2±7.4°, PT: 7.5±6.3°, PI: 42.1±9.5°, and SVA: -2.8±2.1cm. We identified statistically significant correla-
tions between TK and LL (r=0.41), TLA and SS (r=-0.46), TLA and PI (r=-0.35), LL and SS (r=0.86), LL and PI 
(r=0.62). When compared to previous reports on Western adolescents, young Japanese had significantly smaller 
values for TK, TLA, LL, SS, and PI. 

Conclusion and Significance: SSPA in young Japanese was different from SSPA in healthy Western adolescents. 
These differences should be taken into account when evaluating and treating spinal deformities.
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Measurement of spinal and postural deformities 
from radiographs or photographs using 
dedicated software for computers and 
smartphones

Pavel Cerny, Michal Cerny, Jana Drnkova, Lukasz Stolinski,  
Dariusz Czaprowski, Tomasz Kotwicki, Ivo Marik
University of West Bohemia, ORTOTIKA, s.r.o., Prague, University of Medical Sciences, Poznan,  
Jozef Rusiecki University College, Olsztyn, University of West Bohemia, Pilsen

Introduction: A number of X-ray viewers have implemented basic functions for their evaluation. In the field of 
scoliosis treatment, the magnitude of scoliotic curves, the vertebral rotation is usually measured, and recently 
the photographs of the patient’s posture are being evaluated. Most programs require finding a file in the directory 
and then opening it. But the practice is that the researcher scans images or videos in their favourite browsers. 

Objective: The aim of the authors was to create a PC software which works with the images in a user-friendly 
way and contains procedures for measurements of scoliosis related parameters. Due to the fact that smartphones 
are increasingly used in everyday life, it was desirable to create an application for them as well. The program 
was named SCODIAC (SCOliotic DIAgnostiCs). 

Method: The mode of using the SCODIAC software at a PC or a smartphone is described as follows. PC: The con-
cept has been set that the software should not disturb on the display and be immediately available. Therefore, 
the basic version is constantly being displayed in the foreground as a minimized window located in the upper 
left corner. In the measurement mode, the current screen is snapped and shown without any necessity to open 
an image from the directory. The evaluation of the images themselves takes place in two possible ways: 1. In 
the figure, the user finds and marks the points by clicking the left mouse button followed by the mark (cross). 
The measurement will take place automatically, after the last required left-click or right-click. 2. The predefined 
template for the selected measurements will be displayed on the monitor. Each template provides the lines end-
ing with a ring. Gripping the individual rings using the mouse enables to move them to the desired positions. 
The result is counted and displayed immediately. Smartphone: When opening a smartphone app, the user gets 
the offer to pick a picture from the gallery or to take a photo. Once the image for evaluation is chosen, the user 
can select the desired measurement. Working with the smartphone comprises using predefined templates. Dis-
played tags reveal the form of crosses interconnected with rings. The touch screen rings are used to grip and 
drag the cross to the desired position. 

Results are counted and displayed immediately. The program includes methods for measuring the magnitude 
of scoliotic curves, indirect measurement of axial vertebral or pelvic rotation and measurement of postural pa-
rameters (ATSI & POTSI, sagittal profile, lower limb profile). 

Discussion and conclusion: The PC program SCODIAC has been developing for several years, with particular 
measurements added successively. The program is also freely available on the Web (https://www.ortotika.cz/
download/SetupSCODIAC_Full.zip). Since using the software is simple and intuitive, only a small number of pro-
gram queries have been raised. The basic smartphone version was written at the end of 2017. It is downloadable 
in the form of a file, but it will be downloadable within Google Play apps and we hope in the Apple Store. Not only 
in the workplaces of the authors, SCODIAC is used in everyday practice as well as research. Users’ feedback 
is not only about simplicity and availability, but also the ability to work with popular browsers without having to 
search for and upload images from a folder.
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Method of measuring axial pelvic rotation  
in a photograph - verification from scanned  
3D models.

Pavel Cerny, Jana Drnkova, Lukasz Stolinski, Dariusz Czaprowski,  
Tomasz Kotwicki, Ivo Antonin Marik
University of West Bohemia, ORTOTIKA,s.r.o., Prague, University of Medical Sciences, Poznan,  
Józef Rusiecki University College, Olsztyn, University of West Bohemia, Pilsen

Introduction: Clinical examination completed with frontal (AP or PA) and lateral spine X-rays, is a standard 
examination of scoliosis. The axial rotation of the pelvis can significantly influence the posture therefore it is 
useful to know its position. The pilot study of our graphic method of measuring the axial pelvic rotation from a 
photograph was presented in 2017. 

Objective: The aim of this study is to verify the validity of the method on larger number of individuals using 
their scanned 3D models. The display of a 3D model on a computer screen represents the same view as a PA 
photograph. 

Method: The first phase included all 3D patient models after the introduction of 3D technology (1 July - 13 De-
cember 2017) at the authors’ workplace. In 4 months, 94 individuals were scanned using the Creaform HCP 
Scanner with the VXelements support software (Ametek). However, the scanning methodology with a visible 
proximal gluteal groove, which is the most important point for measuring the pelvis position, was not established 
until August 2017. As a result, 27 patients were excluded from the total for the illegibility of the gluteal groove 
position. Of the total number 67 patients, 50 girls and 15 boys in juvenile or adolescent age and 2 adult men 
were measured. Coordinate-oriented 3D models of the pelvis were displayed and rotated between 0° - 30° in 
10° steps, using Canfit software (Vorum). The Scodiac software (www.anglespine.com) was used for measur-
ing the axial pelvis rotation. The level of read position was above the top of gluteal groove (0 - 3 cm) according 
to visibility. The first of the authors listed measured gradual rotation to the right, the second author the gradual 
rotation to the left. The measured values were written into the MS Excel sheet. 

Results and discussion: For each rotation step, the mean values and standard deviations of all data measured 
by both authors, were determined individually and globally as shown in the graph, Fig. 1. The measurement 
results correlated very well with the course of defined values. In this study, the patients were not differentiated 
according to age, gender, BMI, and other criteria. All scanned individuals were measured at the authors’ work-
place in Prague per the period mentioned above. Primarily juvenile and adolescent scoliotic patients with variety 
of etiology prevailed. 

Conclusion and Significance: This method appears to be perspective way of obtaining the new data from a 
regular photograph. In the next steps it is planned to carry out further verification of the method with the co-
operation of more experts at different workplaces. Obtaining position and body symmetry parameters from a 
photograph could be advantageous in detecting the effects of the treatment process in the same patient before 
and after the procedure.



XIII. INTERNATIONAL MEETING166

Friday 4/20/18 Afternoon

Iyengar Yoga and Movement Reeducation  
in the Management of Adult Idiopathic Scoliosis  
- A Case Report 

Marcia P. Monroe
Self employed, Dance Movement Studies, New York State University (SUNY)

Introduction: Adolescent idiopathic scoliosis is a lateral curvature of the spine measuring at least 10 degrees via 
Cobb angle measurement and with the presence of vertebral rotation. Intervention options include surveillance 
only, surveillance in addition to exercise, bracing, and surgery. Generally, curve magnitudes exceeding 45-50 
degrees fall into surgical range, an intervention where costs and benefits must be carefully weighed. Of emerging 
interest has been a greater push to improve management of adults with spine deformity, to include adults with 
AIS persistent into adulthood, as well as adults with onset of scoliosis in after skeletal maturity. 

Objective: The objective of this poster presentation is to describe the use of a modified Iyengar Yoga practice 
in the management of a 57-year-old woman with idiopathic scoliosis. The patient had been diagnosed with id-
iopathic scoliosis and recommended for spinal fusion during her early adolescent years. The subject reported 
that the prognosis for not undergoing the surgery was the continuation and growth of the curvature, affecting 
breathing, equilibrium, and gait as well as expectations of a limited functional life with episodes of acute pain and 
major health implications. She instead chose to work with conservative therapy, using the Milwaukee brace that 
did not work as she could not breath and have a spatial orientation. She also was under specific physiotherapy 
sessions for scoliosis during a period of one year. She then opted to work with somatic movement reeducation 
techniques, Iyengar Yoga and swimming. 

Methods: The poster will demonstrate through a sequence of pictures, descriptions, and updated x-rays, Iyengar 
Yoga management strategies over a period of eighteen years. 

Results/Discussion: The subject has been studying and teaching on a daily basis Iyengar Yoga classes rein-
forced with notions of movement reeducation. The Yoga regimen has helped the patient to improve her posture, 
strength, awareness of functional movement, and over all well-being. The integration of concepts of movement 
reeducation based on bio mechanics and motor development has helped the improvement of proprioception, 
balance, gait and mild swimming to release the internal compression caused by gravity. She is now 57 years 
old, pain free, and living a functional and very active life. 

Conclusion and Significance: The addition of Iyengar Yoga therapy regimen with the integration of specific 
movement reeducation methods for scoliosis as well as mild swimming can be very useful to help the well be-
ing and function for adults with severe idiopathic scoliosis, slowing down the processes of deterioration also 
caused by aging

PRE-COURSE 
ABSTRACTS



ABSTRACT BOOK / PROGRAM 167

PRE-COURSE 
ABSTRACTS



XIII. INTERNATIONAL MEETING168

The (elusive) etio-pathogenesis  
of Idiopathic Scoliosis

René M. Castelein

Despite many years of dedicated research into the etio-pathogenesis of adolescent idiopathic scoliosis, still not 
one distinct cause for this classic orthopaedic condition has been defined. Almost every system in the body has 
been incriminated, from proprioseptive input, middle ear asymmetry, brain malfunctioning, collagen synthesis, 
muscle asymmetry to bone metabolism, to name only a few. 

In our research, we have focused on biomechanical factors that play a role in the initiation and progression 
of the disorder. By this overview we will link knowledge on evolution of sagittal spino-pelvic alignment and 
the complex three-dimensional pathoanatomy of AIS, to the etio-pathogenetic questions. In summary, idio-
pathic scoliosis does not appear to occur in other vertebrates than humans, because human posture and 
locomotion is essentially different from all other vertebrates, quadrupedal and bipedal alike, in two aspects: 
1. Humans have the ability to simultaneously extend both hips and knees, and 2. Humans have a lordotic 
angulation that starts already in the pelvis. This places the human center of gravity directly above the pelvis 
instead of in front. Thus, mans’ sagittal spinopelvic alignment poses unique biomechanical loads (posteriorly 
directed shear loads) on the spine that have been shown to lead to a marked reduction of rotational stiffness 
of backwardly inclined segments. Therefore, the more the spine exhibits areas with backwardly tilted ver-
tebrae, the more these vertebrae are prone to develop a rotational deformity, in other words scoliosis. From 
this perspective, we showed:

1.  that posterior shear loads act on all posteriorly inclined segments of the spine, as determined by each indi-
vidual’s sagittal profile, 

2.  that the female sagittal profile differs from the male during the peak of the growth spurt, 

3.  that lumbar scoliosis shows a different sagittal profile from thoracic scoliosis already at a very early stage, and

4.  that “Anterior Overgrowth” is the result of the scoliotic mechanism, rather than its cause.

In this overview, evidence from multiple recent studies is provided that supports the hypothesis that AIS has an 
intrinsic biomechanical basis related to man’s unique spino-pelvic configuration.
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Idiopathic Scoliosis - Definition, Natural History, 
Detection and Clinical Picture

Sunčica Bulat Wuersching

Scoliosis is a term comprising a heterogeneous group of conditions consisting in changes in the shape and 
position of the spine, thorax and trunk. Today, scoliosis is known not to be limited only to the frontal plane, and 
can be defined as a "three-dimensional torsional deformity of the spine and trunk". According to 2011 SOSORT 
guidelines it causes a lateral curvature in the frontal plane, an axial rotation in the horizontal one, and a distur-
bance of the sagittal plane normal curvatures, kyphosis and lordosis, usually, but not always, reducing them in 
direction of a flat back. Adolescent idiopathic scoliosis affects about 2 to 3% of the at-risk population ages ten 
to sixteen years.The prevalence amongst males and females is equal in small curves but with increasing curve 
magnitude there is an overwhelming female predominance. Epidemiologic, prevalence and natural history studies 
indicate that less than 10 per cent of positively screened patients (curve greater than 10 degrees) will require 
active treatment. These patients are the focus of our attention. Increased public awareness and screening have 
resulted in increased numbers of children referred for orthopaedic opinion. Curvatures of a smaller degreee are 
being detected, treatment is considered at an earlier time, and decreased numbers of patients seem to be re-
quiring surgery. 

If left undetected and untreated, AIS can lead to many potential complications. Some studies describribed in-
creased mortality rates (due to cor pulmonale), back pain, increased disability and socioeconomic effects on 
work and marital status in untreated scoliosis. Others found mild psychological reactions to the deformity, and 
back pain wich was more common compared to a matched group with rare cardiopulmonary consequences 

The majority of patients with idiopathic scoliosis initially present because someone (patient, family, during screen-
ing) noticed the deformity or asymmetry of the shoulders, waist, ribs, The Adam's forward-bending test (also 
use of a scoliometer) has been found to be an effective screening tool. Physical examination should include a 
baseline assessment of posture and body contour. Shoulder unleveling and/or protruding scapulae are common. 
In the most common curve pattern (right thoracic), the right shoulder is consistently rotated forward, while the 
left shoulder is lower, and medial border of the right scapula protrudes posteriorly. A percentage of patients with 
AIS have lower limbs length discrepancy, so leg lenghth should be measured.

Physicians treating patients with scoliosis must be knowledgeable about the disease and its natural history and 
long-term implications. The availability of modern orthoses and PSSE schools, gives physicians treating patients 
with scoliosis different choices and any treatment offered must alter the natural history in a positive way.
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Non-Invasive Methods for Measuring  
Back Asymmetry in AIS

Patrick Knott

In the surveillance of patients with Adolescent Idiopathic Scoliosis, some type of curve measurement is critical 
to good patient care. Traditional radiographs are effective, but have shown to significantly increase the risk of 
malignancy later in life. Ultra low dose radiographs will reduce that risk, but many clinicians are also looking 
for a non-radiographic solution. MRI is one solution, but is usually done in the supine position, which changes 
curve measurements. Ultrasound has also been used, but is a more difficult technique and requires the patient 
to stand with stabilization for several minutes. Surface topography is fast and allows the patient to be in the 
habitual posture, but does not see the morphology of the spinal vertebrae. Technology in this field continues to 
evolve and bring the clinician better options to accurately measure the scoliosis curve while protecting the pa-
tient from harmful radiation.
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3D nature of idiopathic scoliosis:  
Implications in Non-surgical treatment

Manuel Rigo MD, PhD
Barcelona

Idiopathic scoliosis could be defined as a ‘complex three-dimensional torsional deformity of the spine and trunk, 
which appears in apparently healthy children, and can progress in relation to multiple factors during any rapid 
period of growth or later in life’. The torsional phenomenon was historically well described by some authors like 
Adams, later by Roaf and Somerville and even later by Perdriolle and Dubousset. 

The term torsion has two accepted meanings: ‘Mechanical torsion’ and ‘geometrical torsion’. Mechanical torsion 
is related to the morphological torsion of the spine throughout its own axial axis and affects vertebrae (intra-ver-
tebral torsion) and discs (Inter-vertebral torsion). Geometrical torsion is related to the 3D torsional geometry of 
the spine, considered as a line in the space. From morphological point of view, Perdriolle described well all the 
components affecting both vertebrae and discs: 1) Lateral wedging; 2) Dorsal wedging (excess anterior length) 
3) Inter- and intra-vertebral torsion. Consequently, progressive IS being defined as a ‘Growth Induced Torsional 
Deformity’, associated generally to a ‘Relative Anterior Spinal Overgrowth’ -RASO. This phenomenon –RASO- has 
been related to a generalized growth disturbance, hypothetically primary. However, a recent study from Castelein’s 
group has demonstrated that anterior overgrowth is not generalized but narrowed down the scoliotic region in 
both primary as well as compensatory curves, but not affecting the junctional regions, which present a straight 
sagittal geometry. Most of idiopathic scoliosis, primarily progressive AIS, can be described in terms of ‘the spine 
suffering a torsional phenomenon’, where vertebral rotation and translation are coupled. 

Most of clinicians must work with a limited information, coming from standard radiographic projections, frontal 
and sagittal plane, in reference to the subject. 

In the frontal plane, the ideal accepted rectilinear spine results in a more or less sinusoidal curve, observed on 
the AP or PA standard radiograph. Different classifications have been proposed to standardize treatment, oper-
ative and non-operative. On the other hand, the already variable normal sagittal plane configuration changes 
in scoliosis subjects to a still higher variability, with many different harmonic or disharmonic geometries. How-
ever, the relationship between these two planes is not well stablished. Research on this topic is still limited and 
controversial. 

3D reconstruction is possible from standard radiographs or from EOS, but most of clinicians have no access to 
this type of information and, on the other hand, it is not clear yet how clinically using this information (in non-op-
erative treatment). 

The relationship between frontal plane and sagittal plane exists, however it cannot be properly established by 
taken a single frontal plane curve type or magnitude range from standard radiograph but just in very general 
way. Question like whether pelvis morphology and original sagittal geometry determine later scoliosis morphol-
ogy and geometry is still open, although most probably, only 3D morphological studies from geometrical models 
can offer an answer. 

Specialists should be familiar with this knowledge, and should be ready to learn about how to use it clinically, 
no matter the applied treatment is surgery, bracing or specific physiotherapy exercises (PSSE).
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Non-Idiopathic Scoliosis:  
Differential Diagnosis and Treatment

Landauer Franz

Introduction:
Non-idiopathic scoliosis fulfils all criteria of the scoliosis definition and additionally the cause of the scoliosis is 
clarified or perhaps assumed. 

Therefore, the relationship of idiopathic scoliosis and non-idiopathic scoliosis depends on the degree of diagnosis. 

Diagnostics: [Tests and diagnosis]
Diagnostic considerations depend on the time scoliosis occurred. Curvatures diagnosed very early, must be pri-
marily clarified to see whether these are congenital, syndromal or neuromuscular origin. 

If the onset and clinical course of scoliosis shows symptoms of adolescent idiopathic scoliosis, structural un-
derlying diseases like collagenosis or Marfan syndrome has to be excluded.

Local changes like neurofibromatosis or  local growth disorders such as the lumbosacral transitional vertebrae 
can mimic the symptoms of an adolescent scoliosis. 

Heart surgeries or spinal injuries in early childhood and intra-spinal changes can also lead to scoliosis. In addi-
tion, hormonal imbalances influencing growth plates as in pubertas tarda or in Hashimoto's thyroiditis should 
be considered.

The increased incidence of scoliosis in treatments with growth hormones is just another indication that the hor-
monal status influences the development of scoliosis. 

All atypical forms of curvatures (non-right convex thoracic curvature) must be checked for non-idiopathic scoliosis. 

Scoliosis should be called “idiopathic” only after screening all alternative diagnoses of “non idiopathic” reasons.

Treatment:
The diagnosis provides important information about the expected curve-progression. It must be accepted that 
there are causes of scoliosis, which do not promise any therapeutic success in brace treatment (malformations, 
short arch curvatures such as in neurofibromatosis, etc.). It is the responsibility of the physician to recognize 
these limitations. But there are many non-idiopathic scoliosis, which can be treated successful with a brace. 
Therefore brace indication and therapy regime (how long to wear the brace per day, physiotherapy, etc.) should 
be patient-specific. At the moment there is no genetic test available to differ “idiopathic” from “non-idiopathic” 
scoliosis.

Summary:
A precise diagnose is the basic of an individual treatment regime.
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Scoliosis management indication: when to move 
from observation to specific exercises, and 
bracing, and when to move beyond conservative 
treatment management based on SOSORT 
guidelines for Conservative treatment

Sabrina Donzelli, MD 

Idiopathic scoliosis (IS) may develop at any time during childhood and adolescence. The rate of development of 
spinal curvature changes the most rapidly at the beginning of puberty.

All the treatment approaches can be listed from the one having least impact to those having greatest impact. 
The treatment is prescribed according to the risks estimation made by the expert physician and the type of 
scoliosis. Treatment choices are related to risks estimation The skills in detecting scoliosis at its onset and in 
identifying patients at highest risk and with more complicated situation is what all the professionals involved 
in scoliosis conservative treatment must develop to contribute to the wellness of people affected by spinal de-
formities in all ages.

Nothing (No): No treatment is needed.

Observation (Ob). It is the first step of an active approach to idiopathic scoliosis and it consists of regular clin-
ical evaluation with a specific follow-up period. Timing of this follow-up can range from 2-3 to 36-60 months 
according to the specific clinical situation. 

Physiotherapeutic Scoliosis Specific Exercises (PSSE). PSSE include all forms of outpatient physiotherapies 
with published evidence of efficacy. 

Special Inpatient Rehabilitation (SIR). Patients spend several weeks (usually 4-6) at a specialized health cen-
tre where they undergo an intensive PSSE treatment (several hours per day). 

Bracing It’s a corrective orthosis, whose main therapeutic goal is to halt scoliosis progression. The use of brace 
is strongly recommended to be associated with scoliosis specific exercises to enhance brace effect and avoid 
adverse effects like muscle weakening. 

Night Time Rigid Bracing (8-12 hours per day) (NTRB): wearing a brace mainly in bed.

Soft Bracing (SB): it includes mainly the SpineCor brace, but also other similar designs.

Part Time Rigid Bracing (12-20 hours per day) (PTRB): wearing a rigid brace mainly outside school and in bed.

Full Time Rigid Bracing (20-24 hours per day) or cast (FTRB): wearing a rigid brace all the time (at school, at 
home, in bed, etc.). Casts have been included here as well. 

In summary treatment include nothing, when treatment is not needed, observation to monitor growth and the 
evolution of deformities at lowest risks. Specific scoliosis exercises are usually prescribed for curves between 
15-25° they can be provided in outpatients clinics or through inpatient rehabilitation. Soft braces are generally 
used for milder curves and in younger patients, (15-30°), rigid braces (25-45°) and very hard braces/casts (35-
40° and above). The dosage of brace wear can vary from night time, to part-time or full times, which means 
from 8 hours per day to 23 per day. Spinal fusion surgery is considered when scoliosis is above 45°-50° since 
surgery is “quoad valetudinem” and not “quoad vitam”, patients values must be included in the decision.(1)
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Early Onset Scoliosis: Presentation,  
Clinical Features and Treatment Indications

Jim Sanders

Early onset scoliosis has recently been defined by the SRS as spine deformity that is present before 10 years of 
age. There are several types of early onset scoliosis including idiopathic, neuromuscular, syndromic and con-
genital. We will not be discussing the latter which is really a separate topic.

In evaluating young children with scoliosis, it is important to look for specific causes, particularly involving the 
central axis. Little children often cannot help with your exam – manual motor muscle testing is usually impos-
sible. Look for any evidence of neurological involvement

Abnormal tone in any extremity, differing size of one limb/foot/hand to the other, abnormal reflexes including ab-
dominal, and any skin changes (color change, hairy spots, etc.) over the spine. Look for syndromes by assessing 
for loose joints, long fingers, low set ears. Any feature not quite right should trigger a genetics consult. If you 
suspect Marfan’s, need a cardiac evaluation including an ECHO. Progressive scoliosis needs an MRI.

The Basic Problem with Early Onset Scoliosis is the lungs. Natural history is early fatality from limited chest vol-
ume and lung growth, and early fusion can stop chest and lung growth – thoracic insufficiency syndrome (TIS).

Infantile Scoliosis Comes in two Varieties: Progressive and resolving. Mehta’s criteria of Cobb angle, RVAD, and 
phase are the best we have, but reliability can be problematic. Thoracic Resolving – 83% RVAD <20, Progressive 
– 83% RVAD >20, phase 2 – All Progress. If unclear, repeat x-ray to see if RVAD increased at 3 months Double 
Curves – all progress. May appear just thoracic but have marked 12th rib asymmetry with thoracic concave 
downward dropping rib. 

Modern treatment’s goal is to keep the spine growing until age 10 or more and then fuse if needed. The goals 
are easier said than done. All instrumentation types can have significant difficulties making sufficient chest and 
lung growth challenging. 

Casting and growing instrumentation each have their indications, but our results for many curves are far from 
optimal, and ongoing research is important.
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The Schroth-Based Exercises  
for Early-Onset Scoliosis

Andrea Lebel
Victoria Ashley Lebel

Exercises based on the Schroth Method of Physiotherapy have proven beneficial in the treatment of scoliosis. 
Physiotherapy Scoliosis Specific Exercises (PSSE) can be combined with Rigo-Cheneau bracing or Mehta casting 
in the treatment of early-onset scoliosis. The goals of (PSSE) based on the Schroth Method are to facilitate axial 
elongation and increased lung function and expansion of the concavities and to normalize posture and the shape 
of the thorax, while curve specific strengthening exercises are performed in the corrected postures. Parents work 
with their children to learn scoliosis curve specific exercises and help their children perform these exercises 
at home. Every 3-6 months, the Certified Schroth Physiotherapist will re-assess the child. Parents and children 
continue working on the scoliosis-specific exercises according to therapist’s recommendation especially during 
the periods of growth where the risk of progression is high. It is recommended that exercises be continued until 
the end of growth. It is important to schedule sessions with the BSPTS Schroth-certified physiotherapist during 
between castings during the cast holidays and also when new cast received to monitor curve progression and 
prescribe appropriate exercises. 

The following information provides specific areas of focus: 

Posture/Elongation/Breathing Function: Scoliosis is a three-dimensional disorder of the spine that may create 
asymmetries of the head, torso, and pelvis. The Schroth Physiotherapy treatment goal is to create and maintain 
the best neutral or centered alignment of the head, torso, and pelvis. Start by practicing and encouraging elon-
gation in various positions such as lying, sitting, and standing. Children enjoy having their height measured and 
growth checked, therefore height measurements during sitting and standing exercises encourage them to work 
on elongation for 30-60 seconds before the measurement is performed. Play activities with additional elonga-
tion and reaching with the concave side arm are also beneficial in promoting elongation and spinal correction. 
Such activities include performing a basketball throw with the arm opposite the scoliosis curve (i.e. throwing 
with the right arm when left thoracic curve is present) or climbing up on the wall-bar child using the concave 
side arm first to reach the next level and using the convex side arm when climbing down. Hanging elongation 
exercises while counting out loud to facilitate deep breathing during the exercise is another exercise that chil-
dren also enjoy. Elongation home exercises are performed daily. To maximize lung function and allow alveolar 
growth during childhood, breathing exercises are added to the home exercises to improve rib cage expansion 
and lung capacity. Any version of these fun and simple exercises can be done during casting or while in-brace. 
When the cast or brace is removed, breathing exercises in the correct supine or side lying positions help expand 
the spaces of the concavities. In-cast breathing exercises fill out the expansion holes and expand the rib spaces 
of the concavities in to the openings of the Rigo-Cheneau brace.
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Idiopathic Scoliosis Physiotherapeutic Scoliosis 
Specific Exercises: Indication, Goals, Concepts

Hagit Berdishevsky

In recent decades, there has been a call for change among all stakeholders involved in scoliosis management. 
Parents of children with scoliosis have complained about the so-called “wait and see” approach that far too 
many doctors use when evaluating children’s scoliosis curves between 10° and 25°. Observation, Physiother-
apy Scoliosis Specific Exercises (PSSE) and bracing for idiopathic scoliosis during growth are all therapeutic 
interventions accepted by the 2011 International Society on Scoliosis Orthopaedic and Rehabilitation Treatment 
(SOSORT). The standard features of these interventions are: 1) 3-dimension self-correction; 2) Training activities 
of daily living (ADL); and 3) Stabilization of the corrected posture. 

PSSE is part of a scoliosis care model that includes scoliosis specific education, scoliosis specific physical therapy 
exercises, observation or surveillance, psychological support and intervention, bracing and surgery. The model is 
oriented to the patient. Diagnosis and patient evaluation is essential in this model looking at a patient-oriented 
decision according to clinical experience, scientific evidence and patient’s preference. Thus, specific exercises 
are not considered as an alternative to bracing or surgery but as a therapeutic intervention, which can be used 
alone or in combination with bracing or surgery according to individual indication. In the PSSE model it is rec-
ommended that the physical therapist work as part of a multidisciplinary team including the orthopeadic doctor, 
the orthotist, and the mental health care provider - all are according to the SOSORT guidelines and Scoliosis 
Research Society (SRS) philosophy. From clinical experiences, PSSE can temporarily stabilize progressive sco-
liosis curves during the secondary period of progression, more than a year after passing the peak of growth. In 
non-progressive scoliosis, the regular practice of PSSE could produce a temporary and significant reduction of 
the Cobb angle. PSSE can also produce benefits in subjects with scoliosis other than reducing the Cobb angle, 
like improving back asymmetry, based on 3D self-correction and stabilization of a stable 3D corrected posture, 
as well as the secondary muscle imbalance and related pain. In more severe cases of thoracic scoliosis, it can 
also improve breathing function.

This presentation will discuss in detail PSSE schools approaches including their bracing techniques and scien-
tific evidence. The aim of this presentation is to understand and learn about the indications, goals and treatment 
concepts of PSSE to increase awareness among the different practitioners treating patients with scoliosis and 
in that way attempt to improve the conservative management of patients with idiopathic scoliosis. 
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Current Evidence of Physiotherapeutic 
Scoliosis-specific Exercises (PSSE)

Sanja Schreiber

The purpose of this lecture is to present the evidence of PSSE from methodologically stronger clinical trials pub-
lished after 2011 SOSORT Guidelines. 

According to the SOSORT guidelines, PSSE are exercises that consist of: 

•  Patient education on how scoliosis affects their body and posture, and teaching the principles of the specific 
PSSE school. 

•  Auto-correction in all three planes of the body, 

•  Stabilizing the corrected posture, and 

•  Applying principles of the PSSE in activities of daily living (ADL). 

There are several PSSE schools with some published evidence of efficacy or effectiveness. Those include: DoboM-
ed, Functional Individual Therapy of Scoliosis (FITS), Global Postural Re-education (GPR), Lyon method, Schroth 
method (International Schroth 3D Scoliosis Therapy - ISST Schroth method and Barcelona Scoliosis Physical 
Therapy School – BSPTS), Scientific Exercise Approach to Scoliosis (SEAS) and Side shift method. 

Systematic review (SR) summarise the results of all available presumably carefully designed studies (preferably 
controlled trials) and provide a high level of evidence on the effectiveness of healthcare interventions. To date, 
seven SRs focusing on the efficacy of any type of exercises in the treatment of scoliosis were published. Of 
those three were conducted by the SOSORT members: in 2003 an initial review was published, followed by the 
two updates in 2005 and 2011. A Cochrane SR, considered the strongest evidence, was also published by the 
SOSORT members. There were also three independent reviews in 2012, an older review published in 2005 that 
focused on conservative treatments in general, and the most recent one published in 2015. 

Most SRs concluded that exercises seem to be effective in reducing Cobb angle and other measured health out-
comes in patients with IS. With high quality evidence emerging, the trend of SRs conclusions became stronger in 
favor of the effectiveness of exercises. The first high quality RCT investigating the effect of PSSE was published 
in 2014, followed by six more RCTs determining the effect of PSSE. As a consequence, the Scoliosis Research 
Society (SRS), changed their statement regarding the PSSE. Survey of SRS members conducted in 2015 showed 
that 22% of members recommend PSSE in conjunction with braces or for smaller curves, and 88% would fund 
the PSSE trials, as compared to the similar survey form 2002, in which the surveyed members of the SRS stated 
that formal physical therapy was unlikely to be recommended by the members. 

Since 2014, new strong evidence supporting the use of PSSE for AIS is rapidly emerging. Moreover, several new 
trials are underway, demonstrating the increased interest in the PSSE. In addition, more and more therapists 
are getting certified, and the treatment is becoming more accessible. With increased strong evidence of PSSE 
effectiveness, the Scoliosis Research Society (SRS) showed positive attitude toward PSSE. In conclusion, the 
evidence of PSSE is continuously growing, and getting stronger, thus becoming more and more accepted by the 
stakeholders and consumer
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Evidence on sport participation and AIS

Alessandra Negrini

The International Society on Scoliosis Orthopaedic and Rehabilitation Treatment (SOSORT) guidelines for the 
conservative treatment of scoliosis highlights the benefits of sports practice whereas stating that sport cannot 
be considered a treatment. Sport activities and Physiotherapic Scoliosis Specific Exercises (PSSE) have differ-
ent aims. While PSSE were developed to specifically target scoliosis deformity, postural control and functional 
impairments, sport activities have a more general aim targeted at improving overall fitness and wellness (1). 

The association between sport and spine deformities is still controversial, with some studies reporting association 
between sport type and the prevalence of scoliosis and/or trunk asymmetries (2–8)"ISSN":"0278-5919","note":"P-
MID: 3512101","journalAbbreviation":"Clin Sports Med","language":"eng","author":[{"family":"Becker","-
given":"T. J."}],"issued":{"date-parts":[["1986",1]]}}},{"id":3896,"uris":["http://zotero.org/users/1989127/items/
ZK6RU5XF"],"uri":["http://zotero.org/users/1989127/items/ZK6RU5XF"],"itemData":{"id":3896,"type":"arti-
cle-journal","title":"Swimming and Spinal Deformities: A Cross-Sectional Study","container-title":"Journal of 
Pediatrics","page":"163-7","volume":"166","issue":"1","abstract":"Objective\nTo compare the prevalence of 
spinal deformities and low back pain (LBP and others showing similar trunk asymmetries and AIS prevalence in 
athletes and non-athletes (9–12)girls: 1210, mean age: 13.4 years. 

Previous studies focused on various sports, mainly investigating the prevalence of scoliosis or trunk asym-
metries in athletes performing specific sports like swimming (2,3), tennis (10,13), ballet (4,7)"container-ti-
tle":"The New England Journal of Medicine","page":"1348-1353","volume":"314","issue":"21","abstract":"In 
a survey of 75 dancers (mean age, 24.3 years, volleyball (5,6)but its causative factors have not been investi-
gated.\nMETHODS: We compared the incidence, type and magnitude of scoliotic curves in volleyball players 
with those in the non-player population. One hundred sixteen adolescent volleyball players were grouped for 
selective screening. Data regarding their playing duration, handedness, age, height, and menarchal status 
(in girls, rhythmic (8) or artistic gymnastic (13,14), wrestling (13), soccer (13) and comparing them with data 
from normal controls. 

For what concerns the relationship between specific sports and spine deformities or trunk asymmetries, the 
results are still controversial. For instance, some studies found an association between swimming and trunk 
asymmetries (2,3) while Boldori and Bielec did not (12,15)with the intervention group additionally participating 
in swimming class once a week for 2 years. Anthropometric variables were recorded in both groups 3 times 
between autumn 2006 and 2008, and a clinical examination was conducted twice during this same period of 
time. Students from the intervention group had lower body mass than their peers in the control group at the end 
of the course (ANOVA, P < 0.05with the intervention group additionally participating in swimming class once a 
week for 2 years. Anthropometric variables were recorded in both groups 3 times between autumn 2006 and 
2008, and a clinical examination was conducted twice during this same period of time. Students from the in-
tervention group had lower body mass than their peers in the control group at the end of the course (ANOVA, 
P < 0.05. MacMaster (16) found that subjects who never performed any type of gymnastics had 5.1 times the 
odds of having AIS compared with those who participated in these activities. Conversely, Hellstrom (13) and 
Trexler (14) found a higher prevalence of scoliosis in gymnasts. 

Most of these studies have a cross-sectional design which does not allow a causal-effect relation, therefore 
results should be interpreted with caution. 

However, there is a common trend: in most studies, agonistic athletes or professional dancers, that is subjects 
engaged in high-intensity sport training, presented more frequently trunk asymmetries and scoliosis than con-
trols (2–4,8,13,14). Conversely, athletes performing low-intensity sport activity showed a better trend.

No study verified pros and cons to participation in sport activities, physical education classes and agonistic sport 
in IS braced patients and after surgery for IS, so it is not possible to know what to encourage and what to ban 
to such patients. 
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Bracing: Indications, Concepts and Goals

Luke Stikeleather

Bracing scoliosis has been an established treatment practice from the ancient Egyptians and Greeks trough the 
centuries into our modern era. In the past fifty years a quest for evidence supporting the efficacy of bracing in 
AIS prompted numerous retrospective and prospective studies with varying conclusions. Consequently, with a 
lack of strong evidence, there has tended to be “believers and non-believers” until 2013, when B’rAIST, the first 
level one, randomized controlled trial, conclusively validated the effectiveness of bracing. 

Clearly, brace treatment is a complex art and science, with great variability among orthotist and physicians in 
practice and protocol. Since its Inception in 2005, SOSORT has worked to expand the knowledge and under-
standing of the condition and promoted “best practice” guidelines. This presentation will provide a brief overview 
of current indications for bracing, concepts used in bracing, and the goals for bracing.

Indications are the “who”, “what”, “where”, “when”, “why” of accepted practice standards as described by the 
Scoliosis Research Society (SRS) and expanded by SOSORT in its consensus guidelines. The intent is to appro-
priately assess and address patients’ needs…. neither over-treating nor under-treating them. Specific guidelines 
can be found on the SOSORT and SRS website.

Concepts for bracing are the general knowledge, principles, and methods of applying biomechanics to the 
design, construction, and use of a brace to effect curve stability. In practice, the application of braces is quite 
variable as are bracing outcomes. Not all designs, approaches, or the orthotists using them are equally effec-
tive. SOSORT guidelines advocate orthotists and all members of the treatment team should have a high level of 
training and expertise. 

The goals of bracing in AIS are universally known and accepted with the primary objective to stop curve progres-
sion and avoid spinal fusion. A well-designed brace in conjunction with the proper treatment plan and compliant 
patient can improve body posture, coronal/ sagittal balance, and Angle of trunk rotation (ATR). 

Ultimately, effective bracing is the primary method of non-operative scoliosis management in AIS. Orthotists 
who properly and expertly design and manage the bracing process following established SOSORT guidelines, 
frequently achieve successful outcomes.
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Idiopathic Scoliosis Bracing: Evidence

Angelo Gabriele Aulisa

Idiopathic scoliosis is a three-dimensional deformity of the spine characterized by a lateral curvature of the 
spine with a Cobb angle of more than 10 degrees and vertebral rotation. The most common form is diagnosed 
in adolescence and it can worse during growth. 

Bracing is currently the primary method for treating moderate idiopathic scoliosis during growth. There are many 
different brace designs, but with all of them, the objective is to restore the normal contours and alignment of 
the spine by means of external forces and, in some designs, the stimulation of active correction as the patient 
moves the spine away from pressures within the brace. 

In the old literature, several studies have suggested that bracing decreases the risk of curve progression. However, 
the role of bracing was questioned because many studies were observational and the prospective study enrolled 
only patients who underwent bracing. But in last year’s trial study have provided a high level of evidence and may 
have convinced most of those who were doubtful. In particular there is a RCT (BrAIST) comparing bracing with 
observation which reports 72% of treatment success after bracing, as compared with 48% after observation. 

Another important paper about the bracing is the Cochrane on “Braces for idiopathic scoliosis in adolescents”. 
It showed that bracing prevented curve progression, but the Cochrane underlined that further research is very 
likely to have an impact on our confidence in the estimate of effect, due to the strength of evidence (from low 
to very low quality). 

To overcome these limits both The Scoliosis Research Society (SRS) and the SOSORT established criteria to 
allow for improved AIS research and to guarantee a minimum level of expertise for MDs and CPOs involved in 
brace treatment.

In conclusion, considering all the issues above, there might be no doubt that we can conclude brace is an al-
ternative effective treatment for AIS.
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Spine surgery, when is it time for it?

Tomislav Đapić

There are multiple factors in play when deciding on surgical treatment of spine deformities: etiology of scolio-
sis/kyphosis, patient age, extent of deformity, progression potential, overall health and the aesthetic component 
every deformity carries with it. Surgical treatment of spine deformities is one of the most challenging areas of 
spinal surgery, and should be performed in a highly specialized centre with experienced surgeons and anes-
thesiologists, adequate preoperative preparation, high quality intraoperative monitoring and postoperative care.

The procedures in controlling spinal deformity can roughly be placed in two groups:

1. Methods of growth modulation and control

2. Spondylodesis

1.  The procedures comprising the first group are used in children who are still growing, and a definite spinal 
fusion would significantly affect their truncal growth and thoracic volume as well as cause a potential crank-
shaft effect. These methods usually employ tethers on one side of the deformity, allowing it to correct itself 
through growth, and growing rods which elongate either manually or through a magnetic motor attached to 
the rod itself.

2.  Spondylodesis procedures can be performed through an anterior or posterior approach, or a combination of 
both. It consists of correction of deformity and fusion of all included segments. Anteriorly it can be done through 
a thoracotomy or a thoraco-phreno-lumbotomy. In the anterior approach the intervertebral disks are taken 
out, the end plates are destroyed and morcellized cancellous bone graft is utilized to promote bony fusion. 
In the posterior approach, through a midline incision on the back the paravertebral musculature is peeled off 
of the spine and various anchoring points (screws, hooks, clamps, wires) are used to gain control of the seg-
ment we wish to fuse. A three-dimensional correction of the deformity is performed and then kept in check 
by rods attached to the anchoring points. The main principle in scoliosis surgery is to achieve the maximum 
correction and fusion using a minimal number of vertebral segments.

Curves greater than 45° in a growing skeleton and 50° in an adult should be surgically treated. Scheuermann 
kyphosis curves greater than 80° require surgical treatment.

Spinal deformity surgery is burdened with serious complications, such as neurological events (paraplegia, tet-
raplegia, peripheral nerve damage), vascular complications, infections, etc. Neuromuscular scoliosis patients 
are more prone to complications. 
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Non operative treatment:  
The patient’s perspective

Joe O'Brien 

INTRODUCTION
Patient care in medicine is a central focus of the various oaths taken by physicians throughout the world as they 
complete their education and embark on their career. 

For example, the oaths and declarations in The Hippocratic Oath 1 and The Declaration of Geneva 2 call the 
medical and healthcare professional to maintain their priority on the patient, and provide safe and appropriate 
treatments within the boundaries of their knowledge, skills, and resources. 

The responsibilities and commitments to professional ethics are masterfully reflected within the stated mission 
of the Scoliosis Research Society (SRS); 3

• To Foster Optimal Care for All Patients with Spinal Deformities. 

These oaths are also embodied in the statutes of the Society on Scoliosis Orthopedic & Rehabilitative Treatment 
(SOSORT); 4

•  To Foster the Best Conservative Management of Scoliosis and Other Spinal Deformities; including Early Detec-
tion, Prevention, Patient Care, Education & Information and Encourage Multidisciplinary Team Work -including 
Scientists, Medical and Healthcare Professionals, Patients and their Families.

The key questions addressed in this presentation are;

•  Why is non operative care important to the scoliosis patient and family?

•  What is Optimal Care today? What is Best Conservative Management? Are they mutually exclusive?

•  How are scoliosis patients’ needs best addressed?
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Adult Scoliosis: Presentation, Clinical  
Features and Treatment Indications

Fabio Zaina

Scoliosis has been estimated to affect up to 68% of the population over 60, and it’s frequently associated with 
a reduced quality of life. The impact of scoliosis during adulthood is correlated with two main parameters: the 
frontal curve and the sagittal profile. The Cobb angle, measured in the frontal plane, is associated with the 
risk of progression of the deformity, this being negligible for curves below 30° Cobb, and very high for curves 
over 50° Cobb. The Cobb angle is also predictive for respiratory restrictive syndrome when it exceeds 70°. The 
impairment of the sagittal profile is predictive of back pain and disability, and evaluation of this impairment 
has become more relevant for both the surgical and conservative approach. For scoliosis patients with chronic 
low back pain, the main approach according to current practice is the surgical one, aimed at both preventing 
progression and improving pain and quality of life. Unfortunately surgery has quite frequent complications, 
and is not appropriate for patients with certain comorbidities; moreover some patients simply do not want to 
undergo surgery. 

Despite these issues there is scant literature about conservative treatments for adult patients with scoliosis so 
far. Recently some papers appeared reporting about bracing and exercises reporting the chance to effectively 
reduce pain, increase quality of life and prevent or stop progression.
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Maturity, Its Relationship to Scoliosis 
and Its Assessment

Jim Sanders

Scoliosis progression is associated with the adolescent growth spurt and appears independent of curve etiology. 
Maturity, curve pattern and magnitude are the major prognostic factors in children.

Timing relative to the adolescent growth spurt appears the most important maturity dimension. Age has wide 
variability relative to the growth spurt, and Tanner staging is not practical or appropriate in most settings. Men-
arche only occurs in girls, and occurs too late for the most important prognostic information. Fortunately, skeletal 
maturity is very closely related to the growth spurt and hence to scoliosis progression.

Any skeletal region is a potential area for maturity assessment. The most commonly used are the Risser sign, 
elbow maturity including the Sauvegrain and DiMeglio scales, and the hand. The Risser sign, by far the most 
commonly used, has the benefit of being present on scoliosis x-rays, but is too inconsistent after triradiate car-
tilage closure for accurate prognosis. The elbow is very good during the early growth spurt but matures before 
spinal growth completes. The hand has a number of growth plates, and its maturity correlates very well with 
spinal growth and scoliosis progression.

Sanders, et al, developed a system for the hand correlated with scoliosis behavior. The epiphyses go from uncov-
ered, to covered, to capped, to fusing, and to fused which are usually readily distinguished. The Sanders stages 
have been criticized for difficulty particularly in describing the stage 2 versus stage 3, and recent modifications 
appear to have improved this.

The stages are: 

1 – any digits not covered. Thumb sesamoid absent.

2 – all digits are covered, and some, but not most may be capped. The thumb sesamoid forming.

3A – all or nearly all digits are capped, but the distal radius is not. The thumb sesamoid is fully formed.

3B – all of the digits and the distal radius ] capped

4 –distal phalanges are fusing

5 – the distal phalanges fused

6 – other digits fusing

7 – only distal radius unfused

8 - distal radius fused
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The Bracing in Adolescent Idiopathic Scoliosis 
Trial (BrAIST): Summary and Implications

Lori A. Dolan

The BrAIST clinical trial ended in 2013 but work continues. To date, only the findings related to the primary aim 
have been published. To recap, BrAIST was a partially-randomized multicenter trial comparing bracing to ob-
servation. We found a significant reduction in the incidence of progression to 50°in braced subjects relative to 
those who were untreated. A significant dose-response curve indicated increasing benefit with increased wear. 
Health-related quality of life did not differ between the braced and untreated subjects. Key components of this 
study (e.g. multiple centers, blinded assessment, patient input, multi-faceted assessment) can and should be 
incorporated into all clinical studies. 

Data from a recent survey of Scoliosis Research Society indicates BrAIST greatly increased the confidence with 
which members prescribe bracing. However, there is also evidence that the dose-response curve has been mis-
interpreted leading to a “one size fits all” approach to recommended hours of wear. 

Since 2013, we have been using BrAIST data to create and test prognostic models to be used by families and 
clinicians to inform treatment decisions. Through our work with these models, we are also evaluating the relative 
utility of the Risser sign, RisserPlus system and the Sanders maturity stages as predictors of scoliosis progression. 

Other current work includes a minimum 2-year follow-up of BrAIST subjects (n=199, 73% follow-up) to calculate 
curve progression and incidence of surgery in the immediate period following skeletal maturity. 

We are using findings from BrAIST, the predictive models, other research and input from families and clinicians 
to develop a patient decision aid. The goal of the aid is to promote a 2-way conversation between families and 
clinicians leading to evidence-based, individualized treatment decisions. Family input is critical to the projects: 
families told us the question is not whether to treat, but which treatment to chose. They want information about 
all facets of AIS, including natural history, the relative effectiveness of treatment options, and practical information 
about the bracing process. They highly valued the individualized risk predictions from the models. The prototype 
is currently under review by patients and families at 5 sites around the United States. 
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Evaluation of Sagittal Plane

Ahmet Alanay MD

Restoration of normal sagittal alignment is a critical goal in adult spinal deformity surgery to achieve favorable 
outcomes and prevent mechanical complications. There is a growing interest for preserving or restoring sag-
ittal plane in AIS patients, for both conservative and surgical treatment modalities. Schwab’s sagittal modifiers 
have been accepted as targets for appropriate alignment but addressing these does not always prevent high 
mechanical complication/revision rates. This may be because the linear absolute numerical parameters do not 
cover the whole pelvic incidence (PI) spectrum, and the distribution of lordosis, pelvic anteversion and negative 
malalignment are not considered as potential causes of failure. Roussoly’s sagittal plane shape philosophy is 
difficult to understand and also interpret for the treatment of spinal deformities. Moreover, The shapes are also 
based on average values of the population and is not a individualized analysis method. Therefore, there is a 
need for a more compact new personalized sagittal plane evaluation approach including all critical components 
of sagittal plane. We have developed a new approach based on PI-based proportional parameters to evaluate 
personalized sagittal global alignment and shape on adult population..

222 patients(168 women, 54 men) who had undergone ≥4 levels posterior fusion with ≥2 years follow-up were 
included to develop Global alignment and proportion (GAP) score. GAP score parameters comprised Relative Pelvic 
Version (Measured minus Ideal Sacral Slope), Relative Lumbar Lordosis (Measured minus Ideal Lumbar Lordosis), 
Lordosis Distribution Index (L4-S1 lordosis/L1-S1 lordosisx100), Relative Spinopelvic Alignment (Measured mi-
nus Ideal Global Tilt) and age factor. GAP categories were proportioned (Score 0-2), moderately-disproportioned 
(score3-7) and severely disproportioned (score 8-13) 

Postoperatively GAP proportioned patients had a mechanical complication rate of 6.1%, while GAP moderate-
ly-disproportioned and severely-disproportioned patients had rates of 47.4% and 95.5%, respectively. GAP score 
predicted the mechanical complications with an AUC of 92%. 

GAP Score is a new PI-based proportional method of analyzing the sagittal plane that predicts mechanical com-
plications in adult spinal deformity surgery. Setting surgical goals according to the GAP Score may decrease the 
incidence of mechanical complications. In our clinical practice, we use GAP score also for planning of sagittal 
plane in AIS patients successfully.
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50% In-Brace Correction:  
Fact or Fiction

Manuel Rigo MD, PhD
Barcelona

Bracing is considered an effective treatment. The BrAIST study concluded that ‘bracing significantly decreased 
the progression of high-risk curves to the threshold for surgery and that there is a significant association be-
tween hours of brace wear and brace success’. Thus, compliance is a well-recognized predictive factor of brace 
success. Recently, some biological factors have been also associated to brace success or failure. Nevertheless, 
one of the most classical factors predicting short term as well as long term end results is In-Brace correction. 
In-Brace correction is mostly referred to the Cobb angle using frontal plane projection standard radiograph, and 
it is defined as the percentage of reduction of the Cobb angle measured while wearing the brace in relationship 
with the Cobb angle measured out the brace as a reference just before starting the treatment (In-brace correc-
tion = Cobb angle out-brace – Cobb angle in-brace/ Cobb angle out-brace %). In-Brace correction depends on 
both Brace Quality and Patient Quality.

Patient Quality
-  Curve flexibility: Flexible curves are associated with higher percentage of In-Brace Correction in comparison 

with more rigid curves. In-brace correction can be predicted by assessing curve flexibility using supine-side 
bending or supine radiographs.

-  Curve pattern: It is not clear whether curve pattern by itself is a factor affecting In-Brace correction. 

-  BMI: Overweight patients respond worse to bracing due to both poor compliance and poor In-Brace correction. 
Also patients with low BMI respond worse to bracing but this seems to be independent of the In-Brace correction.

Brace Quality
There are many different brace concepts and different mechanisms of action. The classical paper published 
by Carr et al (1980) suggested that an initial In-Brace correction of 50% was a predictive factor for a signifi-
cant and permanent final correction. Also, initial In-Brace correction reported by first papers on Boston brace 
concept was higher (50-60%) that reported by first papers on Chêneau type brace 30-40%). However, same 
authors reporting about In-Brace correction using Chêneau type brace earlier and later (45-55%) in time, 
showed that improved brace quality was strongly related with higher In-Brace correction. Nowadays, many 
orthopedic surgeons, recently converted from non-believers to believers, use to demand ‘pushing more’ to 
get better In-Brace correction, when 50% is not reached. Brace quality is very important indeed, but although 
related to the brace design, adjustment and fitting, its inter-relationship with patient quality (flexibility) is un-
questionable ‘Best Possible Correction’ is the objective but not reaching 50%. On the other hand, Idiopathic 
Scoliosis is not just a lateral curvature of the spine but a 3D deformity of the spine and trunk, so hypotheti-
cally, although it is clear the relationship between In-Brace correction of the Cobb angle and the end result 
looking also at the Cobb angle, we do not know, from evidence, which is the cost of this in terms of long term 
3D stability and long term QoL.
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Sagittal Balance and Pelvis Control in 
Adolescent Idiopathic Scoliosis Bracing

Stefano Negrini

This lecture will focus on sagittal balance and pelvis control in adolescent idiopathic scoliosis bracing. After a 
few notes about what is the sagittal balance, focusing the concepts of Pelvic Incidence (PI), Sacral Slope (SS) 
and Pelvic Tilt (PT), the sagittal balance concept will be focused during growth and not in adults. 

The Roussouly Classification on 4 sagittal balance types has shown not to be correctly distributed in the growing 
age. In fact pelvis grows with age and the sagittal plane correlations increase with age. In children the spinal 
sagittal balance concept is less consistent (more compensatory mechanisms ? more elasticity ?). For this rea-
son it is possible that the classification should be based on anatomy (PI) and not on position (SS). Moreover, the 
classificatory thresholds must be age specific. A new anatomical classification (Negrini) is proposed to answer 
these problems. 

The application in clinics of the sagittal balance concept opens a series of questions and the first proposed ap-
plications should be refined. In normal children kyphosis is not correlated with both Roussouly and Negrini clas-
sifications, while PT is better described by the Negrini classification. In pathology there are correlations with the 
classifications: for spondylolisthesis with both, for scoliosis mainly with the new Negrini classification

For what the sagittal plane in actual braces is concerned, a mismatch between the two classifications describes 
a potential adaptation mechanism: instantaneous due to postural needs and/or permanent due to the pathology. 
The anatomical classification (Negrini) should be correlated to the ideal (theoretical) position of the spine, while 
the positional classification (Roussouly) should be better correlated to the instantaneous position of the lordosis 
(postural and/or due to pathology), but less with the ideal position

Practical proposals for brace construction, to be tested in future studies, are presented.
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Sagittal Plane Considerations in the Management 
of Adolescent Idiopathic Scoliosis and Adult 
Spinal Deformity in Relation to Physical Therapy

Larry Cohen

The sagittal plane has been identified as one of the most (even more than coronal plane) important contributors 
to back pain and quality of life standards in the ageing population, affecting approximately 60% of the popula-
tion above 60 years of age. The increased energy utilization of maintaining upright posture (28%-60% increase 
in resting VO2 with 25° to 50° anterior trunk inclination) confirms Jean Dubosset's "cone of economy" principle 
and partially explains why symptomatic adult spine deformity has a, distinct from back pain, similar detrimental 
impact on the population as cancer, lung disease and heart disease.

Our surgical colleagues, in their work on sagittal balance and pelvic parameters, have provided us with a frame-
work in which to define and describe sagittal alignment and have proposed classification systems to guide sag-
ittal profile corrective targets in both magnitude and direction. However, we need to recognize that there is low 
to moderate agreement (Kappa 0.15 to 0.52) between the major classification systems and therefore, currently, 
no universally acceptable system. Furthermore, recent research has identified that the previously thought FIXED 
pelvic incidence increases from adolescence to adulthood and often continues to increase with age and following 
spinal instrumentation. Although this suggests that the often identified, but not always, ASD contributory lumbar 
lordosis mismatch is a progressive condition, distinction should be made between morphological increases in 
pelvic incidence and pathological increases in pelvic incidence. 

There is strong suspicion that progressive AIS is associated with localized thoracic hypokyphosis and we see an-
ecdotal and finite element modelling to support this however a recent systematic literature review did not identify 
sagittal parameters as a significant contributor to AIS progression. This might be explained by the low correlation 
between pelvic incidence and thoracic kyphosis magnitude in both the normal adolescent and the AIS population. 
Likewise, there is insufficient evidence to confirm a correlation between sagittal balance, sacral slope and pel-
vic tilt in progressing De Novo degenerative lumbar scoliosis (DDLS) but strong evidence that lumbar lordosis is 
NOT associated with progression in DDLS. This reinforces the recognition that whilst coronal curve stabilization 
is important, we should focus on sagittal alignment which IS associated with quality of life outcomes.

We have identified that only 20%-30% of a sample population from the general Australian population can demon-
strate knowledge of the correct profile of the sagittal spine and that this was associated with increased spinal 
pain and lumbar pain severity. Increasing health literacy, education and exercise have been shown to be more 
effective than exercise alone but this should be done through a framework of, if necessary, cognitive functional 
therapy and counteracting self-developed and iatrogenic nocebo effects. 

The aim of physiotherapy management is to work within a team to restore and maintain quality of life by ad-
dressing spine pathology and adult spine deformity. The ASD compensatory mechanism is well described and 
can be used in a framework to restore or increase the efficiency of coping with sagittal balance load. It can also 
be used to identify a failure in compensatory pattern such as in the anterior imbalanced, low pelvic tilt patient 
who exhibits significantly greater levels of pain and dysfunction than anterior imbalance high pelvic tilt patients. 
But caution should be applied when teaching compensatory posterior pelvic tilts to reduce posterior to anterior 
vectors on the femoral head. This has the further benefit of possibly enabling additional hip extension reserve 
to improve sagittal balance. 
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The Magnificent Seven

Michele Romano

Based on the original idea, the exercise schools indicated by SOSORT as effective, were those supported at least 
by one article published in PubMed. This is what has always been told but I am not sure that it corresponds to 
reality. Each school had presented its own approach and the young scientific society accepted the proposition 
without specific investigations.

Now SOSORT is more mature and in this new historical phase I think we need to review the criteria by which 
a scientific society supports a method of treatment only based on the information that the developers of the 
method provide. Based on my point of view, this procedure becomes mandatory to continue developing our re-
lationships with other health professions (mainly with the surgeons). The first criterion of this operation is the 
direct scientific evidence based on publications.

This procedure is not difficult, because even without the information that comes directly from the school, it is 
easy to collect this data thanks to the databases. Naturally, these studies should focus on modifying the primary 
and secondary objectives of our treatments and can be divided into at least two groups. The group of controlled 
studies (better if randomized) and those without control.

Unfortunately, we know that until now, few studies focused on the efficacity of our treatment have been pub-
lished. Without such evidence, the scientific society should have another task. Urge everyone, to strive to produce 
these papers (mainly those methods that have some theoretical strength).

Which are the theoretical strengths?

We know that in the scientific field, the opinion of experts is the lowest level of evidence. The lowest but it is 
there. Therefore, the first strength of a treatment method should be its diffusion among the operators who use 
this tool. Dissemination can be interpreted as the agreement. Another theoretical strength is the reasonable ex-
planation that underlies the method and its applicability.

Since its birth, SOSORT has collected a group of exercise methods describing them as effective. Over the last 
year, to start to understand better, I have asked the different leaders of these methods to send me some basic 
information to prepare a simple table that compares them. This comparison is certainly very superficial because 
in order to do an accurate job, we need much more time than that we have. This operation allows us only to 
have the ideas a little clearer.

I sent two tables to the contacts. In one I asked to insert some information related to the assessment and in the 
other to insert some simple information related to the specific exercises used. Reading the statements of the 
different leaders we can imagine that the different methods are almost the same.

Theoretically, everyone wants to realign the spine and stabilize the correction. We know that almost all the dif-
ferent methods are really different. We know very well that it is possible to use the same terms but these terms 
can be interpreted in a very different way. The reflections can help to evaluate the different methods. These re-
flections should be based on a series of questions:

•  Is there any evidence that the specific method improves outcomes? This is linked to the published studies

•  Does the specific method interests the medical field? A signal can be the dissemination. 

•  Is the specific method really applicable? A strong signal is the sufficient adherence of the patient.

The answer to the first two questions is quite easy. Published studies and dissemination are objectively assessable.

The answer to the third question is more difficult because I am not aware of studies on this topic. Without these 
studies, a non-objective evaluation can be based on the real difficulty of the requests made to the patient. One 
of my purpose for the next year will be the definitive conclusion of this investigation.
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Bio-Psycho-Social aspect of Scoliosis

Elisabetta D’Agata

The “Bio-psycho-social model” considers the complex relationship between mind and body in the state of health 
and assumes that human experience depends on but it cannot only be traced back to the laws of physiology. It 
creates the basis for a human scientific approach in medicine, guiding the application of medical knowledge to 
the patient’s needs. The Doctor-Patient’s relationship is the basis of the model and understanding the patient’s 
experience is considered essential for an accurate diagnosis and a human treatment.

It is a model of circular causality, not a linear model of causes and effects, coming from the systems theory, 
that is, the interdisciplinary study of systems. “All levels of an organization are linked to each other in a hierar-
chically relationship: a change in one affects change in the others” wrote the American psychiatrist Engel, who 
elaborated the model in 1977. 

The model is narrowly connected to the original definition of Health (WHO,1948) as “a state of complete physi-
cal, mental and social well-being and not merely the absence of disease”. The definition overcame a past deficit 
perspective related to morbidity or mortality and included the physical, mental and social domains. Currently, 
this definition has been improved from a state of utopian “complete well-being” to a more dynamic one and 
redefined by Huber et al. (2011) as “the ability to adapt and to self - manage, in the face of social, physical and 
emotional challenges”. In this sense, the attention is focused on what causes health as opposed to what caus-
es disease. Questions about how to enable people to live happy lives, with fun, love, passion, excitement are 
emerging in this context (Jadad, 2016). 

In adolescent patients with scoliosis, the three systems – biological, psychological and social- are present and 
interconnected one another for the identity challenge. 

Health -care professionals have to consider the condition of  idiopathic scoliosis under the influence of  the con-
dition of adolescence. The present work describes the above mentioned bio-psycho-social model and its related 
devices to help professionals in managing these patients. 

Biological challenges
A healthy organism is able to maintain its physiological homeostasis under the pressure of a physiological stress. 
The biological system in adolescents includes the condition of idiopathic scoliosis and the hormonal changes 
that come down like a storm in their life. Professionals have to consider these recent changes and the delicacy 
of the situation when they ask them about her menarche or her/his pubertal changes. The sexual development 
of the body may carry a consequent behavior of shyness, embarrassment at showing their naked trunk in front 
of unknown people.

 Idiopathic scoliosis has to be explained to patients and their families through metaphors, normalizing the sit-
uation to avoid or reduce families’ anxiety, giving written information, avoiding the use of the word “deformity” 
in front of a patient, etc.

Psychological challenges
This domain includes cognitive and emotional changing aspects. In adolescence a real cerebral transformation 
is in process, with the creation of new neuronal connections and the removal of the older ones. Thoughts are 
more abstract and deeply focused on questions about identity. Patients are usually involved in school studies 
and all their life is busy with exams, homework and stress for their results. To consider this aspect while the 
professional is having a conversation with the patient may improve the relationship because it is perceived as 
a special interest towards him/her. Asking about his/her natural attitude and personal passion are stimulating 
questions for patients, giving a meaning to all their school efforts.The emotional area is also to be regarded. 
Difficulties in identifying and describing their own feelings (Misterska et al., 2014) added to a tendency to be in-
troverted (D’Agata et al., 2017) were assessed. Then, supporting patients and their families in order to let them 
feel helped and calm is hoped for. 
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Social challenges
In addition, social aspects have to be explored also towards the participation in social life. Adolescents are 
used to staying with other adolescents and to doing group life. They spend a lot of time talking with their 
peers and sharing experiences. They try to do the same things that others are doing, dressing as the others, 
etc. They don’t want to be “different”. They need to be like the others as they are separating slowly from their 
family and their friends represent an alternative reference group. Here the brace could be perceived as a big 
obstacle for this aim. It could be useful to find strategies to give them power on the brace, personalizing it, 
painting it, negotiating the hours of bracing. The brace has to be socialized, to enter social life, as everybody 
will discover it even if patients don’t mention its existence. In this manner, patient could also feel the support 
of their friends. 

So, all these life aspects have to be considered for a better understanding of the adolescent’s subjective ex-
perience and needs. As a biomedical diagnosis is only a part of the clinician’s task, the model stresses the 
importance of the “relationship” with the patient as an opportunity to give space to the patient in order to ex-
press his/her reality (concerns, expectations, …) that could be re-created through the social interaction with 
the physician. 
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Assessing Health Related Quality of Life in 
Patients with Adolescent Idiopathic Scoliosis 
receiving conservative treatment

Eric Parent

Quality of life (QOL) is an individual's perception of their position in life in relation to their culture, value systems 
and to their goals, expectations, standards and concerns. While Cobb angles dominate publications on inter-
ventions for Adolescent Idiopathic Scoliosis (AIS), the recent SRS-SOSORT recommendations on research on 
conservative treatments suggest focusing on patient-centered outcomes including, QOL, aesthetics, ahead of 
Cobb angle changes. 

The advantage of generic health-related QOL questionnaires is that their questions are relevant to everyone which 
allows comparing between conditions or between healthy populations. Generic tools are often insufficiently fo-
cused on issues affected by scoliosis. In contrast, disease-specific questionnaires capture how scoliosis affects 
the patients and therefore can determine if treatments lead to disease specific improvements. 

Scoliosis-related QOL gained popularity after the SRS instrument was introduced which became the SRS-22r. 
This most widely used tool is available in multiple languages and produces a total score and assesses 5 do-
mains: Function, Pain, Self-image, Mental Health and satisfaction. The SRS-22r has shown good measurement 
properties in those treated with surgery. Unfortunately, in milder scoliosis, the SRS-22r shows high ceiling effects 
and little impact until curves exceeds 45o. The Scoliosis Quality of Life Index was proposed to improve ease of 
understanding in young patients but also was limited by ceiling effects. The SRS-7 was Rasch scaling adapta-
tion of the SRS-22r but it continues to present limitations. 

The Spinal Appearance questionnaire (SAQ) was proposed for the emphasis on esthetics and presents a scoring 
strategy producing 9 scores and one with two scores. Some patients struggle with the SAQ to appraise how 
they look from behind as they usually do not see their appearance from behind. The Trunk Anterior Asymmetry 
Scoliosis Questionnaire has therefore been proposed to appraise anterior appearance. The Italian Spine Youth 
QOL scale (ISYQOL) was developed using concerns from families and clinicians using modern Rasch scaling 
techniques offering promise to improve the ability to detect changes. 

Evaluative instruments must demonstrate adequate measurement properties. These properties will be discussed 
with a focus on ability to detect change in response to conservative treatments and what constitute clinically 
meaningful change. 
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Adult Spinal Deformity: Non-Operative 
Treatment New Perspectives

Background
Currently braces used in adult scoliosis are mostly immobilizing braces for analgesic purposes. The evolution 
of the technology with digital cast makes it possible for the first time to make corrective braces whatever the 
location of the scoliosis.

Method
Individual observational prospective cohort study from a database started in 1998, with selection of all 739 adult 
scoliosis patients for which conservative orthopaedic treatment has been proposed.

All patients can be grouped into five diagnosis: 1. Rotatory dislocation: 361 cases, age: 59.73 ± 13.52, 2. Instabil-
ity and disc disease: 150 cases, age: 46.03 ± 15.49, 3. Camptocormia: 68 cases, age: 69.78 ± 12.19, 4. Kypho-
sis thoraco-lumbar or Thoracic: 62 cases, age: 60.73 ± 15.51, 5. Disabling pain: 33 cases, age: 48.36 ± 13.73.

We selected a second cohort of 158 consecutive patients treated conservatively with the Lyon management and 
controlled minimum five years after brace fitting. Lyon management includes a plaster cast during 3 weeks before 
the lordosing bivalve polyethylene overlapping brace in association with specific physiotherapy. The brace can 
either be short under the breast or long with sterno-clavicular support when there is a high thoracic kyphosis. 
Since 2013 the plaster cast is replaced by a digital cast and the use of 3 mm ploycarbonate.

Results
The descriptive are: age ( m=56 years, SD=13), initial Cobb angulation ( m=40°, SD=17). Ratio Female/Male=0.91 
The angulation is stabilized at ( m=39.74°, SD=19.40), 8 years after the beginning of the treatment. 38 improve-
ments of more than 5°= 24 %; 88 stabilisations = 56 %; 32 worsening of more than 5° = 20% The rib hump 
improved by 3 mm. The occipital axis improved by more than 6 mm. The T1 plumb line distance is worsening by 
7 mm for the group before 2013. This disadvantage is corrected with the new management.

Conclusion
For the first time, the number of patients and follow up after 8 years allows to study the radiological progres-
sion of adult scoliosis rigid bracing. Stability or improvement of more than 5° in 80% may be an alternative to 
surgery. The accentuation of the thoracic kyphosis was the only negative element now corrected with the new 
Lyon management.
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Evaluation of Motor Skills and Patterns of 
Movements in Relation to the Physiotherapeutic 
Scoliosis Exercises

Dariusz Czaprowski

The ability to adopt and maintain the autocorrection in 3D (ASC) depends on patient's personality as well as 
knowledge and skills of a physiotherapist. However, there may be a group of factors which also impacts on adopt-
ing and maintaining ASC. These factors may be defined as motor skills: (1) soft tissues flexibility and strength 
/ strength endurance; (2) the efficiency of the nervous system composed of coordination, proprioception and 
kinesthetic sense and (3) the ability to properly activate muscles and the related ability to perform optimal pat-
terns of movements. 

From standpoint of physiotherapeutic scoliosis-specific exercises (PSSE) the evaluation of flexibility, coordina-
tion and strength endurance may be potentially usefull. Evaluation of flexibility may be perfmormed using e.g. 
side-bending of the trunk, finger tips to floor test and sit and reach test. This evaluation may be completed with 
manual assessment of scoliosis correctivity. In order to assess coordination flamingo balance test and single 
leg balance test may be used. The evaluation of strength endurance may be performed using eurofit sit up test 
and bent arm hang test.

In respect of children with scoliosis pattern of movements that should be especially taken into account may be: 
(1) trunk inclination in sitting, (2) trunk forward bend and (3) squat. 

Poor quality of the adoption and maintaining the ASC in activities of daily living does not necessarily result from 
low motivation of the child or physiotherapist’s skills but it can also be caused by soft tissue restrictions, poor 
proprioception or low level of strength endurance. On the ability to maintain corrected posture may also influ-
ence incorrect pattern of muscle activity which leads to high sensation of effort. Therefore, it worth thinking 
about adding to PSSE the evaluation and after that, exercises aimed at improvement of particular motor skills 
and patterns of movements. Especially, that the consequences of its improving are as follows:

a. making higher intensity and longer physical effort,

b. increasing in precision of movement,

c. redundant activation of additional muscle groups is eliminated,

d. proper relations of cooperating muscles leads to performing proper pattern of movements without fatigue.
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A CLASS MEDICINSKA TEHNOLOGIJA
Revolucionarna tehnologija, vrhunski tim medicinskih 
stručnjaka, ekskluzivni smještaj



Innovative, Effective,  
Attractive, Airy, Light
3DScolio brace - individual high-
tech solution in scoliosis treatment, 
custom-made for your individual needs.

House of Health (Kuća zdravlja)

•  modern and effective bracing and 
orthotic systems

•  custom-made solutions for individual 
patients, medical or technical 
professionals from all over the world

For professionals: co-operation, 
technology transfer, central-fabrication...
For patients: 3fold scoliosis treatment

bracing with 3DScolio brace, 3D physical 
therapy (according to Katharina Schroth) 
and coaching of patients for all-day 
scoliosis management.

www.3Dscolio.com www.kuca-zdravlja.com
Zagreb, Croatia

3D deformation of the spine 
+ 

3DScolio brace 
= 

correction of scoliosis 
in all 3 planes
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