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Donostia/San Sebastián is a city concentrated into little more than 60 km2, where its 186,000 inhabitants 
take full advantage of the opportunities offered by its landscape and its culture. Opportunities also 
taken advantage of by those it welcomes throughout the year, and which make a small city like Donostia 
a lively place with infrastructures and a cultural activity on a par with those of the big cities. 

Not just a great place to live in, but also to come and enjoy the landscape, gastronomy, culture, nature, 
peace and quiet, tendencies... 
Because San Sebastián is much more than just La Concha and the Film Festival, the most first and 
foremost examples of what the city has to offer. It is also its beaches, its restaurants, the sports practiced 
by its locals, its festivals, its streets, and its character. 

This is a city with an unbeatable panoply of foodie options. Not only for being the second city with 
most Michelin stars per m2 in the world, but also for its immense variety of bars, restaurants, societies, 
and markets. Innovative restaurants contast with private locales with decades of tradition and long-es-
tablished pintxo bars.

In Donostia you can do all sorts of sports, a situation favoured by its privileged geographic location and 
its endless natural resources. The city is perfect for walking or running along its seaside promenades, 
doing water sports (surfing, canoeing, yachting, swimming...) and outdoor activities including 
hillwalking, biking and rock climbing in the surrounding hills and mountains.

You can also watch or participate in more traditional sports, such as Basque pelota or rowing.

This city, which was born as a fishing village, developed until becoming a commercial hub and military 
stronghold against Napoleon’s troops. It was destroyed in 1813 by English and Portuguese armies and, 
years later, was reborn as a city offering services and tourism thanks to the members of the royal court 
who chose San Sebastián as their holiday destination. Queen María Cristina designated the Miramar 
Palace as her summer home in 1893.

Its majestic buildings and eclectic nature, reflecting the tastes of the royalty and bourgeoisie of the 
day, lend the city a stately air and an elegance that has kept abreast with the different times.

Few cities witness as many festivals as San Sebastián does every year. Jazz, literature, cinema (of all 
kinds), gastronomy... all forms of art and culture have their place in the city’s festivals, in its museums 
and its calendar of events.  
For all these reasons, and for so many more just waiting for the visitor to discover them, it’s obvious 
that Donostia is a city well worth getting to know. 

SAN SEBASTIAN - DONOSTIA, THE CITY





I too, as a Donostiarra, want to pay homage to Donosti. this homage will be the Wind Comb, 
which will comb the north-west before it enters our city. this project includes work on the final 
part of the Tennis Club promenade; the architect Peña Ganchegui and myself would do it. our 
wish is to create a place to contemplate the sea; i hope we will be allowed to do it.

Speech given on 
the occasion of the homage to the sculptor in San Sebastián. Circa 1968
Eduardo Chillida Arch
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Dear Madam / Sir, 

As Mayor of the city of San Sebastian, it is my pleasure to welcome 
the INTERNATIONAL CONFERENCE ON CONSERVATIVE 
MANAGEMENT OF SPINAL DEFORMITIES. It is a great honour for 
the city to host this prestigious meeting of the SOSORT society. I am 
pleased to extend a warm welcome to all those gathered in our city, 
San Sebastian.

A city of science, research and innovation, San Sebastian gathers many 
renowned research centres that makes our city among the 200 main 
scientific cities in the world and 4th in Spain. 

I am sure the programme will fulfil all your expectations. The greatest 
eminences and relevant professionals in the scoliosis treatment will 
meet in the Kursaal Congress Palace: surgeons, doctors, rehabilitators, 
physiotherapists, orthopaedists, psychologist and researcher.

The city of San Sebastian with its beautiful landscape and coast, quality 
services, cosmopolitan character and gastronomic culture, will offer a 
unique setting for this congress, where participants and companions 
will be able to enjoy our city's traditional assets.

I extend my best wishes for a memorable event and future success.

Eneko Goia
Mayor of Donostia / San Sebastián

SAN SEBASTIAN CITY MAYOR
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Welcom to San Sebastian

It’s a very big pleasure for me to help you to visit my city when 
you arrive. You will experience many surprises and emotions during 
your trip. 

San Sebastian has the honor to be the host of the SOSORT meeting 
in 2022. Last year we had everything ready to receive you, and now, 
having had one more year, paying even more attention to details, 
your days with us will be even more unforgettable.

Located in the north part of Spain, specifically in the Basque Region, at 20 km from the French border, 
San Sebastian is a small city, with 3 fantastic beaches and surrounded by mountains. 

With under than 200.000 inhabitants is very easy to go from the Kursaal Congress Palace, our Venue 
in front of the Zurriola beach, to your hotel, to the old town or to the beach. 
In 2017 and 2018 San Sebastian has been the Best European Destination. 
Now it is your opportunity to enjoy, for example, the world-famous gastronomy. It’s one of the best food 
destinations with the highest concentration in the world of Chefs with Michelin Stars, four restaurants, 
among the 4 Chefs they have 11 Michelin Stars. Make your reservation and surprise your senses in their 
company. 
The Basque Culture is millenary and has a very strong relationship with nature, old traditions and rural 
activities. 
Our native language is called Euskera. Do you want to learn the Basque language?

         English               Euskera

    San Sebastian              Donostia
           Hello                        Kaixo
    Good morning   Egun on
        Good bye                 Agur

Coming from your city you can have stopovers/connecting flights in the most important European 
airports, Heathrow, Charles de Gaulle, Amsterdam, Germany or Turkey. And then arrive at one of the 
three airports close to San Sebastian: Bilbao is the most famous one and with more flights than the 
others. From the airports you have a bus to go directly to the Center of San Sebastian. 

The City is waiting for you with open arms and hearts. All the organizing team is developing a moving 
experience for you, your family and your friends. 

San Sebastian is waiting for you….
… you’ll never forget it!!!!

ORGANIZING COMMITTEE
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Dear friends, 

Welcome to the 17th SOSORT meeting in San Sebastian.

After two years of a global pandemic and after two years of virtual 
meetings, I have the pleasure and honour to present the abstract 
book of this congress. 
Finally, after three years, we will be together again and I am really 
looking forward to welcoming you and to discussing again with 
colleagues and friends about basic science and non-operative 
treatment of scoliosis and spinal disorders. 

In these years I have been lucky enough to see this society growing 
and I had the opportunity to grow with it, but the best thing is that 
our team has continued to grow despite the pandemic preventing us 
to travel and meet over the past 2 years

The last few years have been tough for everyone but SOSORT has 
continued its mission, thanks to the support of active members, 
Board members and the entire SOSORT membership, we have been 
able to organise two online meetings (eSOSORT) but, above all, we 
organised educational webinars. 

The final masterpiece was done by the local host, Garikoitz Aristegui; 
who, with steadfastness, courage and a bit of spirit of adventure, 
carried out the organisation of this meeting despite the uncertainties 
and unexpected change of plan needed. 

In San Sebastian, I will complete part of my journey with SOSORT; 
I reached the top of the mountain. From this altitude, I can clearly 
see that our society has grown in quality and especially in its human 
component.

I have had the privilege to see different specialists confront each 
other, accepting different ideas, with the only purpose of building 
something together. For this reason a special thanks should be given 
to my dear friends of the SOSORT Board of Directors: Jim Wynne, 
Eric Parent, Sabrina Donzelli, Andrea Lebel, Suncica Bulat Würsching, 
Larry Cohen, Lori Dolan, Hagit Berdishevsky and Sanja Schreiber. 
However, I cannot forget all the committees that worked to support 
SOSORT. 

Now I will descend from the top of this mountain, but I am proud to 
leave my position to Jim who has already started his work to make 
SOSORT greater.

Warmest regards and best wishes for a great meeting!

Angelo Gabriele Aulisa
SOSORT President 2021-2022
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Welcome to SOSORT 2022,

On behalf of the SOSORT Board of Directors, we wish to welcome all 
of you back to a SOSORT in-person congress.  It has been a trying few 
years for all of us, and we look forward to a healthy and bright future 
together. 

To current members of SOSORT, welcome back and thank you for your 
continued efforts on behalf of the society. To all joining us for the 
first time, or perhaps returning and considering membership, we look 
forward to your contributions during our meeting. Be engaged, ask 
questions, help us all become better providers. 

Earlier this week, the SOSORT Board of Directors, some members of 
the Advisory Committee, and committee chairs met to discuss the 
future of SOSORT and develop our plan for the future – our Strategic 
Plan. The commitment, dedication and diversity of our members are 
the driving force of SOSORT, and we wanted to open an even better 
dialog between and among us. That is why I’d like to thank all of you 
that responded to the membership survey which played an important 
role in helping to shape the new strategic plan of SOSORT. 

The cornerstone for any society are its Mission and Vision statements. 
They are the driving force behind all we do and want to accomplish as 
a society. Take the time to read these statements, and reflect on their 
meaning. 
 

Mission:
         To advance the most appropriate care for people with scoliosis 
and other structural spine changes, with an emphasis on non-operative 
management. 
Vision: 
       A world where multidisciplinary collaboration among people with 
scoliosis and other structural spine changes, their families, healthcare 
professionals, and scientists, exists to ensure optimal outcomes. 

The future of SOSORT is strong. We must work together, share our 
experiences and research for the betterment of all.  Let’s commit to 
being fully engaged not only this week, but in the weeks ahead.  All of 
us together are smarter than any one of us.  We can accomplish great 
things by working together. 

Looking forward to an interactive, thought provoking congress.

Sincerely, 

James H. Wynne, CPO
President Elect 1
SOSORT
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Dear SOSORT family, 

I'm thrilled to be reuniting with the SOSORT family after a lengthy 
time of isolation caused by the pandemic, which kept us caged up 
in front of computers. The fact that this meeting will be held in the 
lovely city of San Sebastian further adds to my excitement. On behalf 
of  the SRS's leadership, I express you my best wishes for a successful 
meeting.

In it’s more than half-century history, SRS has set it as a mission to 
foster the optimal care of all patients with spinal deformities. SRS is 
committed to providing the best possible care to all patients suffering 
from structural spine changes, regardless of age, method, or etiology. 
Although surgeons make up the majority of its members, SRS is a 
group of people who want to prevent structural spine changes if at 
all possible, treat them without having to go to the operating room if 
they can't be prevented, and solve them in a way that minimizes the 
patient's loss of quality of life if not prevented. Although SOSORT 
initially focused mainly on the non-surgical treatment of idiopathic 
scoliosis, we know that over the years, structural spine changes have 
come into focus from all ages and all etiological backgrounds. The 
clearest evidence of this evolution is that this year's pre-meeting 
course that focuse on ASD.

What could be more rational than joining forces and working together 
of  these two organizations whose interests and educational audiences 
largely overlap? Considering SOSORT as a sister organization since 
the day it was founded, SRS has enthusiastically supported any 
initiative to increase this cooperation, especially in recent years. The 
fact that the majority of SRS non-operative committee members are 
also SOSORT leaders, plays a very facilitating role in this process. 
The worldwide interest in joint activities such as webinars, position 
statements, scientific articles, etc., which are realized as a result of this 
cooperation, proves beyond any doubt that this cooperation is the 
right decision. We recognize the significance of inviting SRS presidents 
to SOSORT congresses and giving them the opportunity to address to 
the attendees in recent years, and we appreciate this.

As the leadership of the SRS, we wish you a scientifically productive 
and socially memorable congress. We are confident that this will be 
accomplished. We'll meet up at San Sebastian.

Muharrem Yazici, MD, PHD
SRS Past-president
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Dear colleagues,

I want to start by thanking you for the invitation to participate in your 
Congress as the highest representative of the GEER. The driving 
force of progress is the collaboration between the different ways of 
approaching the problems that arise in spinal deformities. We have 
the common challenge of studying this pathology from basic research 
to the conservative and surgical approach. In this congress we are 
going to ask ourselves the questions that deserve to be studied and 
discussed in common to have a global vision of spinal deformities to 
help our patients as much as possible. 

In my lecture I will comment on epigenetic aspects involved in spinal 
deformity. I consider this to be of utmost importance because we 
cannot miss out on advances in molecular biology in order to have a 
precise approach to the problems that arise in our patients.

Theresa Bas
President of the GEER
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It is a pleasure for me to announce the celebration of congress SOSORT 
From MAY 4 to 7, 2022, the Society On Scoliosis Orthopaedic and 
Rehabilitation Treatment that will be held in San Sebastian.
 
This next edition we are once again betting on face-to-face so that 
we can share professional experiences as well as be a meeting point 
of reference for members of society and professionals in the specialty. 
In addition there will be the possibility of online assistance with the 
hybrid format that is now so popular.

San Sebastian , due to its congress infrastructure and its heritage 
beauty, is an ideal city for the organization this Congress. 

Sure that it seek to perpetuate the scientific success of previous 
editions, through the contribution of our different areas of knowledge 
in research, technological development, training and its transfer, as 
well as innovations in the different management strategies, healthcare 
organization and citizen participation. 

On behalf of the SERMEF Board, I encourage you to register and 
actively participate in the congress by attending both round tables, 
conferences and educational course.  

I hope to see you soon at this SOSORT  Congress  and we give you a 
cordial welcome. 

Thanks for joining us.

Carolina de Miguel, 
MD, PhD
President of the SERMEF
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Members and friends, 

I welcome you to the 2022 meeting in San Sebastián, Spain!

It will be so good to see so many of you in person this year after 
such a long period of COVID restrictions.  The Scientific Committee 
received over one hundred abstracts to consider this year, and they 
selected an excellent group for podium presentation and poster 
display.  We hope that you will learn many new things about the 
treatment of scoliosis.

The scientific program will conclude with the presentation of the 
SOSORT Award Nomination abstracts, and the selection of the final 
award winners.  We believe that these are truly excellent research 
projects that you will enjoy.

Thank you to everyone who submitted an abstract.  Your work will 
make this meeting a big success.

Sincerely,

Patrick Knott, PhD, PA-C
Professor
Rosalind Franklin University of Medicine and Science
Chicago, USA

I welcome you to the 2022 meeting in San Sabastian, Spain! 
The scientific committee hopes that you are encouraged to present 
your scientific work, as we are all very excited to meet again but this 
time in person. 
The participation and the level of scientific rigor in the virtual meeting 
2021 was excellent and we believe that this year we will get over 
sure!!

The experience in San Sabastian will not leave you indifferent, since 
it is not only a city with a lot of charm, but also a place where its food 
and drink is recognized worldwide. We are sure that you will establish 
good friendships and excellent professional relationships. And the 
best, a gathering full of excellent scientific presentations, speakers 
and activities.

Do not hesitate and go raising your scientific work and reserving your 
tickets.
We will be waiting for you with open arms!

Best regards,

Judith Sanchez Raya, MD, PhD
Scientific Committee Co-Chair

SCIENTIFIC COMMITTEE
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The Education Committee (EC) is an important part of SOSORT, 
consisting of chairs and a sub-committee. Our main goal is creating, 
promoting, and delivering specific up-to-date and well-grounded 
educational material to professionals involved in the care of patients 
with spine structural changes and to the public. We do this through 
yearly courses during the annual SOSORT conferences, quarterly 
webinars, and through publishing relevant educational content on our 
website (sosort.org).  

This year, after 2 years of meeting online, we are meeting in beautiful 
San Sebastian, to deliver the educational course titled: 

Adult Spinal Deformity (ASD) – From Biomechanical to Best Treatment Options

According to United Nations reports, with decreased natality and improved longevity, there is an 
accelerating global shift toward an older population, such so that by 2050, there will be more than 2 
billion people over the age of 60. With that, the world population will face an increasing burden of 
musculoskeletal diseases, particularly low back pain (LBP) for which the lifetime prevalence has been 
estimated to account to 84%. One of the common causes of LBP is adult spinal deformity.

Adult spinal deformity or adult scoliosis is a complex spinal disorder that can broadly be categorized 
into a continuation of childhood scoliosis and degenerative (de novo) scoliosis with an onset in 
adulthood. Degenerative changes may also affect the pre-existent childhood scoliosis that could 
lead to a progression and decreased health related quality of life (HRQL). The prevalence of ASD has 
been estimated at 68% in those over the age of 70. If symptomatic, ASD profoundly affects HRQL, 
including debilitating pain, disability, and neurological problems. Several classifications of ASD have 
been developed based on etiology as well as correlation between radiological and HRQL outcomes. 

Biomechanically, ASD presents differently than adolescent idiopathic scoliosis, and it has a higher rate 
of progression. Appropriate clinical and radiological assessment, as well as the risk of progression 
estimation of individuals with ASD is paramount to assure the optimal therapeutic intervention that 
should involve multidisciplinary teamwork. 

Join us for the Educational Precourse, where we will explore topics relating to ASD with prominent 
speakers who significantly contributed to this field!

We look forward to welcoming you to SOSORT 2022 in beautiful San Sebastian! 

On behalf of Education and Scientific Committee, 

Sanja Schreiber PhD, 
SOSORT Education Committee Chair
SOSORT Board Member
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SCIENTIFIC COMMITTEE

Patrick Knott, USA (Scientific Committee Chair)
Judith Sanchez Raya, Spain (Scientific Committee Co-Chair)
Jeb McAviney, Australia
Nikos Karavidas, Greece
Angelo Aulisa, Italy
Nigel Price, USA
Dariesuz Czaprowski, Poland
Aynur Metin Terzibasioglu, Turkey
Michael Mendelow, USA
Sabrina Donzelli, Italy
Lukasz Stolinski, Poland
James Wynne, USA
Larry Cohen, Australia
Patricia Mentges, Brasil
Tony Betts, UK
Fabio Zaina, Italy
Arnold Wong, Hong Kong
Oznur Buyukturan, Turkey

EDUCATION COMMITTEE

Sanja Schreiber. PhD (Education Committee Chair)

LOCAL ORGANIZING COMMITTEE

Garikoitz Aristegui, PhD, PT, OT (Chair SOSORT 2022)
Monika Blasco (Technical Secretary, laOriginal Communication)
Helen Fages (Technical Secretary, laOriginal Communication)
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SCHEDULE 
PRE CONFERENCE DAY 

4TH OF MAY
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ADULT SPINAL DEFORMITY – FROM BIOMECHANICAL TO BEST 
TREATMENT OPTIONS

PRE-CONFERENCE DAY – WEDNESDAY, 4TH OF MAY

TIME TOPIC

 8:00-8:05          Opening remarks
Sanja Schreiber
Educational Committee Chair

 8:05-8:30          
Overview of Adult Spinal Deformity classification, and how it is 
differing from AIS
Fabio Zaina
MD, PhD

 8:30-8:55          ASD prevalence
Sabrina Donzelli
MD, PhD

 8:55-9:15 Discussion

 9:15-9:40          Patho-Biomechanics of Adult Spinal Deformity
Jean Claude De Mauroy
MD, PhD

 9:40-10:05      Clinical and Radiological Assessment
Manuel Rigo
MD, PhD

 10:05-10:25 Discussion

 10:25-10:55 Coffee Break

Pain and disability in patients with ASD
Joan Bago
MD, PhD

 11:00-11:25
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PRE-CONFERENCE DAY – WEDNESDAY, 4TH OF MAY

TIME TOPIC

Psychological aspects of ASD (Pain, Body image, fear of the future, 
QOL)
Elisabetta D’Agatta
Psychologist, PhD

Evidence of Braces for ASD, who can benefit, and the 
biomechanics of bracing
Jeb McAviney
Chiropractor, PhD

From a patient perspective
Joe O’Brien

Discussion

Coffee Break

Prehabilitation before spine surgery
Judith Sanchez Raya
MD, PhD

 11:50-12:10 Discussion

 12:10-13:10 Lunch

 11:25-11:50

Evidence on Adult and PSSE and treatment goals
Eric Parent
PT, PhD

 13:15-13:40

 13:40-14:05

 14:05-14:30

 14:30-14:50

 14:50-15:20

 15:20-15:45

When surgery is an option for ASD
Ferran Pellisé
MD, PhD

 15:45-16:10

EDUCATIONAL COURSE
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PRE-CONFERENCE DAY – WEDNESDAY, 4TH OF MAY

TIME TOPIC

ASD: interdisciplinary work: PT, OT, MD
Ana Lersundi
San Sebastian Surgery Head

Discussion

Closing remarks

Welcolme Cocktail
Kursaal Palace

 16:40-17:00 Discussion

 16:15-16:40

ASD treatment case studies by members representing PSSE schools 
that have evidence and bracing members who provide bracing for 
adults (6 min/case)
• Standardized presentations describing assessment, clinical 
decision making process and treatment
Interdisciplinary Presentation PSSE:
• Schroth: Sanja Schreiber
• Rigo Concept BSPTS: Monica Villagrasa
• SEAS: Michelle Romano
Interdisciplinary Presentation Brace:
• WRC: Grant Wood
• Lyon: Jean Claude de Mauroy
• Scolibrace: Jeb McAviney

 17:00-17:45

 17:45-17:55

 17:55-18:00

 19:30

EDUCATIONAL COURSE





SAN SEBASTIAN SOSORT CONGRESS30

SOSORT CONGRESS 2022  



SCHEDULE 
SOSORT CONGRESS 2022

5TH, 6TH, 7TH OF MAY
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THURSDAY, 5TH OF MAY

TIME TOPIC

 8:00-8:10          
SOSORT 2022: Welcome & Announcements
Garikoitz Aristegui
San Sebastian Host Chair

 8:10-8:20          
SOSORT History
What is SOSORT? Mission, vision and goals
James Wynne
CPO

 8:20-8:44          

Block One: Etiology of Spinal Abnormalities
1. Menarche in scoliotic and non-scoliotic Balkan girls and relation 
between menarche and laterality of scoliosis curves. Samra Pjanic, Nikola 
Jevtic, Theodoros B Grivas. 
2. IMU-based assessment of motor control in a population of young subjects 
with idiopathic scoliosis: preliminary results from the MOTOR-CHILD study. 
Maria Grazia Benedetti, G M G Farella, F. Vanzini, R. Tedeschi, MC Bisi, R. Stagni. 
3. Relationship between back pain intensity and clinical and psychosocial 
factors in patients with idiopathic scoliosis. Judith Sanchez-Raya, J Salat-Batlle, 
C Figueras Sanroman, A Matamalas Adrover, F Pellise, J Bagó. 
4. The connection between head position and perception of subjective 
visual vertical in patients with idiopathic scoliosis. Klara Kucerova, M Šafářová, 
S Dvořáčková, O Čakrt.

 8:52-9:18          

Block Two: Etiology of Spinal Abnormalities
1. Movement deficit in normal children: implications for scoliosis 
screening. Filip Lazic, B Raskovic, B Obradovic, Nikola Jevtic, S Pjanic, P Walker, 
N Chockalingam, R Needham.
2. Understanding the daily schedule of adolescent idiopathic scoliosis (AIS) 
patients as a reflection of the amount of time spent in habitual posture. 
Avis Leung, Swansea Mo.
3. Iliac Rotational Asymmetry, a compensatory mechanism in Idiopathic 
Scoliosis. Manuel Rigo, A U Molinuevo Auzmendi.

Discussion 9:18-9:24

Block Three: Genetic Investigations
1. Profile of circulating miRNAs as a new potential tool in the diagnosis of 
limb-girdle muscular dystrophies. Miguel Bovea, R Zaragoza, A I Avilés-Alía, JL 
García Giménez, F V Pallardo, E R García Trevijano, J R Viña, T Bas.
2. Genetic risk score based on single nucleotide polymorphisms as a 
diagnostic and prognostic tool in Adolescent Idiopathic Scoliosis. German 
Casabo-Valles, J Martínez Romeu, P Bas Hermida, JL Bas Hermida, J Morales 
Valencia, M Bovea Marco, P Rubio Belmar, S Mena Molla, T Bas Hermida, G Perez 
Machado. 

Discussion 8:44-8:52

 9:24-9:36
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THURSDAY, 5TH OF MAY

TIME TOPIC

Block Four: Etiology of Spinal Abnormalities 
1. Is there a relationship between myofascial pain syndrome and sagittal 
and coronal alignment in adolescent idiopathic scoliosis? Merve Damia 
Korkmaz, Murat Korkmaz.
2. The Relationship of Lumbar and Sacral Torsion Angles with the Degree 
of Pelvic Obliquity in Children with Neuromuscular Scoliosis Merve Damia 
Korkmaz, Murat Korkmaz.
3. An efficient deep learning model for early prediction of prognosis in 
adolescent idiopathic scoliosis. German Casabo-Valles, G García, J Silva 
Rodriguez, A Colomer, M J Garzón Garzón, T Alberola, S Mena Molla, J M 
Morales Valencia, P A Rubio Belmar, T Bas Hermida. 

SCIENTIFIC PROGRAM

Discussion 9:36-9:40

 9:40-10:00          Invited Lecture: Ana Lersundi, MD. Basque Health Department 
Ana Lersundi
San Sebastian Surgery Head, Osakidetza, Basque Health Department

Coffee Break, Poster session, comercial area 
Time to discuss with others, poster session and visit the stands 10:00-10:40

 10:40-11:06

Discussion 11:06-11:12

Block Five: Etiology of Spinal Abnormalities 
1. Geometric Morphometrics Method, a statistical approach to the 
predictive model of the 3D shape of the torso in patients with Adolescent 
Idiopathic Scoliosis. Jose Maria Gonzalex Ruiz, M I Perez, M D Garcia 
Alfaro, Markus Bastir. 
2. Sagittal Spinal Posture: Classification and Agreement of Three 
Radiographic Posture Analysis Models. Larry Cohen, M Simic, S Dennis, K 
Refshauge, E Pappas. 
3. Reproducibility of the angle of trunk rotation and stiffness scoliosis test 
measured using the smartphone. Isis Navarro, C Silva Braga, C Tarrago 
Candotti.
4. Measured body height versus arm span to calculate Body Mass Index in 
adolescents with idiopathic scoliosis. Katarzyna Politarczyk, M Kozinoga, L 
Stepniak, Tomasz Kotwicki.

 11:12-11:28

Discussion 11:28-11:36

Opening Ceremony
- Traditional Basque Dance by: Miren Zumeta and Andoni Zumeta
- Scoliosis Dance by Kulunka: Sara Arrizabalaga, Igor Baroja, Alaitz 
Izaga, Eva Pequerul, Lorea Santiago, Nahia Aristegui (guest)
- City Hall Mayor: Eneko Goia

 11:36-11:56

SOSORT Founders Recognition 11:56-12:00
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THURSDAY, 5TH OF MAY

TIME TOPIC

Block Six: Imaging of Spinal Abnormalities 
1. Validity and accuracy of the smartphone for the measurement of the ATR 
and SST. Isis Navarro, C Silva Braga, C Tarrago Candotti.
2. Clinical Evaluation, Imaging, and Management of Adult Scoliosis. Teresa 
Yelitza Martin Cid, B Palomino Aguado, E B Villalobos Baeza, N M Villa 
Santiago, L Morga Marchal, B Alonso Alvarez. 
3. Radiological evaluation of the horizontal plane of scoliosis without 
and with brace from EOS system 3D spine reconstruction. Jean Claude 
Bernard, F Berne, M P Charrat, N Lebedel, S Verdun, C Vergari. 
4. Exploring the effectiveness of an intensive treatment of Physiotherapy 
Scoliosis Specific Exercise (PSSE) on improving Thoracic Apical Spine 
Deviation in patients with Idiopathic Scoliosis (IS) using a Formetric 
Scanner’. Georgina Frere, C Impey, M Oldfield, M Nastase, E Maude, D 
Lui, G Frere. 

 13:30-13:54

Discussion 13:54-14:02

Block Seven: Imaging of Spinal Abnormalities 
1. Inter-evaluator Reliability of Sagittal and Rotational Spinal Measurements 
from 3D Ultrasound Imaging of Healthy Female Controls in Standing with 
Varying Arm Positions. Aislinn Ganci, M Qazizada, B Fehr, S Bruha, A 
Vucenovic, E Lou, E Parent.
2. Comparison of the possibilities of scoliosis diagnostics during screening 
of schoolchildren by computer optical topography and video rasterstereo-
graphy using TODP and Formetric systems. Vladimir Sarnadskly, D Batarov, 
O Shchuchkina.
3. Detection of changes on back surface topography in patients with 
scoliosis after intensive 10-day Schroth treatment. Nikola Jevtic, S Pajnic, 
N Chockalingam, T Shannon.
4. Neural Network Multiclass Classification of Curve Severity in Adolescent 
Idiopathic Scoliosis Using 3D Surface Topography. Isaiah Wong, Q Mei, E 
Parent, T Burke, R Andrade, L Westover. 

 14:22-14:22

Lunch 12:00-13:30

Discussion 14:22-14:30

 14:30-15:15

Block Eight: Imaging of Spinal Abnormalities 
1. The Transitional Point/Central Sacral Line Offset, a radiological value 
to confirm the clinical type in the Rigo Classification. Manuel Rigo, A U 
Molinuevo Auzmendi.
2. Ambispective observational study to validate the early diagnostic and 
prognostic role of the ScoliPro® kit with AIS patients. Ester Berenguer, G 
Perez Machado, S El Fadalí, S Ibañez Cabellos, E Garcia Lopez, J L Garcia 
Gimenez, C Aguado Muñoz, M Bovea Marco, P Rubio, T Bas Hermida.
3. The assessment of the threshold of clinically relevant symmetry deviation 
in 3D scans of the body. Katarzyna Smolka, W Kurzydlo, K Now. 

 15:15-15:39

Coffee Break, Poster session, comercial area 
Time to discuss with others, poster session and visit the stands
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SCIENTIFIC PROGRAM

Block Eight: Imaging of Spinal Abnormalities 
4. Usefulness of Sanders Maturity Scale for skeletal maturity assessment in 
Idiopathic Scoliosis. Jedrzej Tschuri, W Napiontek, T Kotwicki. Usefulness 
of Sanders Maturity Scale for skeletal maturity assessment in Idiopathic 
Scoliosis

 15:15-15:39

Discussion 15:39-15:47

Block Nine: Imaging of Spinal Abnormalities 
1. The effect of arm positions used during radiography on frontal and 
sagittal spinal parameters in healthy populations. Brianna Fehr. 
2. Novel 3D Surface Topographic Measurements Reliably Measure Global 
Spine Range of Motion in Adolescent Idiopathic Scoliosis Patients. Kira 
Page, A Thakur, B Groisser, H Hillstom, M Cunnigham, M Hresko, H 
Otremski, K Morse, Don Li, R Widmann.
3. Reliable and Fully Automated 3D Surface Topographic Measurements 
are Highly Correlated with the Trunk Appearance Perception Scale in 
Adolescent Idiopathic Scoliosis Patients. Ankush Thakur, B Groisser, H 
Hillstrom, M Cunningham, T Hresko, H Otremski, K Morse, K Page, A Wolf, 
R Widmann. 
4. Asymmetry of Twisting and Range of Motion in the Transverse Plane: A 
Fully Automated 3D Surface Topographic Measurement of AIS Patients. 
Kira Page, E Wong, B Groisser, H Hillstrom, M Cunningham, T Hresko, H 
Otremski, K Morse, A Wolf, Don Li, R Widmann.

 15:47-16:11

Discussion 16:11-16:19

Block Ten: Imaging of Spinal Abnormalities 
1. The results of bracing after surgical treatment of congenital isolated 
anomalies of vertebrae development. Ignatiy Redchenko, I Paulov, G Leinn. 
2. Frailty in spine surgery in patients older than 80 years older. Adrian 
Alonso Caravaca, T Bas Hermida, MA Castillo Soriano, A Ortega Yago, M 
de Pedro Abascal, P Bas Hermida, JL Bas Hermida, P A Rubio Belmar, J M 
Morales Valencia, S Perez Vergara. 

 16:19-16:31

Discussion 16:31-16:35

Lifetime Avhievement Award: Joan Bago, MD 
Joan Bago
MD, PhD

 16:35-17:00

Adjournment 17:00

Pintxo Tour
Let’s go t o visit Old Town tasting pintxos with fresh txakoli

18:00
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FRIDAY, 6TH OF MAY

TIME TOPIC

Block One: Imaging of Spinal Abnormalities 
1. Development of Reliable Fully Automated Surface Topographic 
Measurements to Assess Shoulder Asymmetry in Adolescent Idiopathic 
Scoliosis Patients. Ankush Thakur, B Groisser, H Hillstrom, M Cunningham, 
T Hresko, H Otremski, K Morse, K Page, R Kimmel, R Widmann. 
2. First experience with the ultrasonographic measurement of curvature 
angle in children with idiopathic scoliosis. Marek Tomaszewski, D Pikulska, 
P Janusz, T Kotwicki.
3. Asymmetry assessment using 3D scans in daily clinical practice-sear-
ching for solution. Katarzyna Smolka, W Kurzydlo, K Nowak. 
4. Relationships between x-ray images and clinical examination in the 
assessment of the lumbar spine in the sagittal plane - pilot study. Andrzej 
M’hango, I Blicharska-Kubiś, M Bialek, E Bialek-Kucharska.

Discussion

Block Two: Brace Design 
1. Could trochanteric pelvic stabilization be removed from the AIS brace? 
A prospective pilot study. Matthieu de Seze.
2. Early US Experience with a Posterior Dynamic Deformity Correction 
Device for Adolescent Idiopathic Scoliosis Treatment. Michael Albert, A 
Jones, G Chan, G Haft, A. N Larson, T Milbrandt, T Oswald, B Lonner. 
3. Rigid juvenile thoracic curve orthopedic treatment using elongation - 
derogation - lateral flexion technique with plaster cast in suspension and 
subsequent swain brace: statistical analysis. Nathaly Villa Santiago, B 
Palomino Aguado, T Y Martin Cid.

SOSORT 2022: Welcome & Announcements8:00-8:10

8:10-8:34

8:34-8:42

8:42-9:02

Discussion

Block Three: Brace Outcomes 
1. The effects of soft orthosis on kyphotic posture. Şabo Kesler, S Ozdemır 
Gorgu.
2. Night-time bracing improves back pain in patients with painful scoliosis: 
six months results of a retrospective controlled study. Fabio Zaina, F Di 
Felice, S Donzelli, M Poggio, S Negrini.

9:02-9:08

9:08-9:20

SRS President 2021: Yazici Muharrem, MD, PhD 
The SRS perspective on the non-operative management of spinal 
deformities
Yazici Muharrem, MD, PhD
SRS

9:25-9:40

Discussion9:20-9:25
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SOSORT President: Angelo Aulisa, MD, PhD 
SOSORT Presidential Address
Angelo Aulisa, MD, PhD
SOSORT President

FRIDAY, 6TH OF MAY

TIME TOPIC

9:40-10:00

Coffee Break, Poster session, comercial area 
Time to discuss with others, poster session and visit the stands 10:00-10:40

Block Four: Physical Therapy design and theory 
1. A comparison of the effects of supervised versus home Schroth exercise 
programs to motion analysis and life quality with adolescent idiopathic 
scoliosis. Kadriye Tombak, I Yuksel, U Özsoy, Y Yildirim, S Karasin.
2. Adolescent Idiopathic Scoliosis (AIS) Girls might have Higher Metabolic 
Cost during Modified High-Intensity Interval Training (HIIT). Rufina Lau, J 
Cheng, S Hui, T Lam.
3. Schroth therapy for adolescents with idiopathic scoliosis: Schroth 
therapists combine other methods of PSSE and non-PSSE to treat patient. 
Rosemary Marchese, V Pacey, E Ilhan.
4. Structural Validity and reliability of the Patient Perception of Scolio-
sis-specific Physical Therapy (Physio-IS) Questionnaire. Laura Bastianel, C 
Tarragô, L Menghin. 
5. Schroth Physiotherapeutic Scoliosis Specific Exercise (PSSE) Trials – 
Descriptive Analysis and Recommendations for Future Research. Sanja 
Schreiber, D Whibley, E Somers.

Discussion

Block Five: Physical Therapy Outcomes 
1. Complete non-operative treatment with brace and scoliosis specific 
exercises can be effective for severe scoliotic curves exceeding 40º at peak 
of growth. Nikos Karavidas.
2. The relationship between compliance of physiotherapeutic scoliosis 
specific exercises and curve regression with adolescent idiopathic scoliosis: 
a retrospective, age- and sex-matched case-control study. Yunli Charlene 
Fan, G Kuang, M To, J Cheung. 
3. Six-Month Results on Treatment Adherence, Physical Activity, Spinal 
Appearance, Spinal Deformity, and Quality of Life in an Ongoing 
Randomised Trial on Conservative Treatment for Adolescent Idiopathic 
Scoliosis (CONTRAIS). Marlene Dufvenberg, A Abbott. 
4. The relationship between the Angle of Trunk Rotation and Forced Vital 
Capacity in patients with Idiopathic Scoliosis after a Four-Week Intensive 
Physiotherapy Scoliosis Specific Exercise Programme, an update on the 
SOSORT Award Winner, 2017.  Georgina Frere, C Impey, M Oldfield, M 
Nastase, E Maude. 

Discussion

 10:40-11:12

 11:12-11:22

 11:22-11:46

 11:46-11:54

SCIENTIFIC PROGRAM
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TIME TOPIC

Invited Lecture: Epigenetics as a key contributor in the spine 
deformity 
Teresa Bas, MD, PhD
GEER President

 12:30-13:45

SERMEF President: Carolina de Miguel, MD, PhD 
SOSORT Presidential Address
Carolina de Miguel, MD, PhD
SERMEF President

 11:54-12:10

 12:10-12:30

Lunch

Block Six: Physical Therapy Outcomes 
1. Exploring the effectiveness of an intensive treatment of Physiotherapy 
Scoliosis Specific Exercise (PSSE) on improving Pelvic Obliquity (PO) in 
patients with Idiopathic Scoliosis (IS). Georgina Frere, C Impey, M Oldfield, 
M Nastase, E Maude.
2. Are sessions of short period of time Schroth treatment sufficient to alter 
the pulmonary function in patients with severe scoliosis?. Nikola Jevtic, S 
Pjanic, D Ljubojevic, A Ilic, N Chockalingam, T Grivas. 
3. Exercises for adolescent idiopathic scoliosis: Updated Cochrane Review.  
Michele Romano, A Negrini, S Negrini. 
4. Effects of a postural reeducation intervention compared to standard 
care on scoliosis progression and health determinants in adolescent: study 
protocol for a randomized controlled trial. Carole Fortin, M Martin, O 
Chémaly, H Labelle, S Parent, P Larouche, P Mercier, J Roy, M Simoneau. 

Discussion

 13:45-14:09

 14:09-14:17

Block Seven: Physical Therapy Outcomes 
1. Comparison of Spinal Reposition Sense in Adolescent Idiopathic 
Scoliosis and Healthy Peers: Pilot Study. Ayse Zengin Alpozgen, E Akyurek, 
T Akgul, B Kara Kaya.
2. Impact of posture training with adolescent idiopathic scoliosis 
(AIS) patients: differences in body symmetry between habitual and 
Schroth-concept conscious postures when compared using posterior trunk 
symmetry index (POTSI). Avis Leung, S Mo. 
3. The effect of 3-Dimensional Posture Correction Exercise Program 
Incorporating PNF Respiratory Muscle Strengthening Exercise on the 
Spinal Alignment and the Trunk Expansion in Patients with Idiopathic 
Scoliosis. Sungyoung Yoon, H Seok, J Her, S Lee.
4. Effect of an Intervention program with S4D Specific Exercises by 
Telerehabilitation in Adolescents with Idiopathic Scoliosis. Rodrigo 
Mantelatto Andrade, B Gomes Santana, A Verttú Schmidt, M Callegari 
Ferreira, C Barsotti, M Pegoraro Baroni, B Tirotti Saragiotto, A Ribeiro.

Discussion

 14:17-14:42

 14:42-14:50
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Coffee Break, Poster session, comercial area 
Time to discuss with others, poster session and visit the stands 14:50-15:40

FRIDAY, 6TH OF MAY

TIME TOPIC

SOSORT Business Meeting (Members only)
Please download Kahoot App for the vote process

 15:40-17:00

Adjournment 17:00

Gala Dinner
Miramar Palace

19:00
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Coffee Break, Poster session, comercial area 
Time to discuss with others, poster session and visit the stands

SATURDAY, 7TH OF MAY

TIME TOPIC

Block One: Combination Brace and PT Outcomes 
1. Investigation of Short-Term Recovery in Three Planes After Brace Removal 
on Individuals with Adolescent İdiopathic Scoliosis. Merve Karatel, E B 
Kahya, O Söyler, Y Yakut,.
2. Treatment with Schroth therapy and Cheneau brace can reduce Cobb 
angle in AIS patients even when starting with late skeletal maturity. Janine 
Kerstholt, N Kogo.
3. Results of treatment of adult patients with idiopathic scoliosis. Ivan 
Pavlov, G Lein, Z Roman. 

Discussion

SOSORT 2022: Welcome & Announcements8:00-8:10

8:10-8:28

8:28-8:34

Block Two: Quality of Life Issues 
1. Cross-cultural French-Canadian Adaptation and Metrologic Assessment 
of the Italian Spine Youth Quality of Life (ISYQOL) Questionnaire. Carole 
Fortin, C Forest, E Parent, O Chémaly, S Barchi, S Donzelli, S Negrini.
2. Difference in the assessment of the trunk appearance assessed with TAPS 
by children with idiopathic scoliosis versus their parents and its impact on 
the quality of life assessed with SRS-22. Mateusz Kozinoga, J Szerląg, K 
Politarczyk, T Kotwicki. 
3. Can a Therapeutic Patient Education Program improve the quality of life 
of adolescents wearing a brace? Isabelle Courtois, A Briot, M Perrier. 
4. Exploring the effectiveness of online Physiotherapy Scoliosis Specific 
Exercise (PSSE) in improving health related quality of life (HRQoL) in 
patients with Idiopathic Scoliosis (IS): A comparison between online and 
face-to-face (F2F) treatment’. Georgina Frere, C Impey, J Griffiths, M 
Oldfield, M Nastase, E Maude. 

Discussion

8:34-8:58

8:58-9:06

Block Three: Quality of Life Issues 
1. Quality of life in young adults with idiopathic scoliosis assessed with the 
ISYQOL-PL questionnaire with a minimum period of 8 years of follow-up 
from the end of brace treatment. Krzysztof Korbel, E Kinel, D Czaprowski, 
M Kozinoga, K Politarczyk, T Kotwicki. 
2. Health-related quality of life and pain in adolescents with idiopathic 
scoliosis: the Slovenian experience. Marina Rojc, K Groleger Sršen, J 
Mohar, G Vidmar.
3. Investigation of Factors Affecting Brace Satisfaction: A Qualitative Study. 
Hasan Isci, S Özdemir Görgü.

9:06-9:34

Discussion9:34-9:40

9:40-10:25
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SATURDAY, 7TH OF MAY

TIME TOPIC

SOSORT Award Nominees Group One 
1. Predicting Surgery: Accuracy of the BrAIST Endpoint Definitions at 
2-Year Follow-up. Lori Dolan, S Weinstein. 
2. Prediction of Future Curve Angle using Prior Visit Information in 
Previously Untreated Idiopathic Scoliosis: Natural History in Patients under 
26 Years Old with Prior Radiographs. Eric Parent, S Donzelli, M Yaskina, A 
Negrini, G Rebagliati, C Cordani, S Negrini. 
3. Is surface topography useful in the diagnosis of scoliosis? : Validation of 
the Biometrical Holistic Of Human Body (BHOHB). Angelo Gabriele Aulisa, 
D Bandinelli, F Falciglia, M Giordano, R Toniolo. 

Discussion

SOSORT Award Nominees Group Two 
1. Splitting Growth into 3 Phases with Cut-offs at Pubertal Spurt and 
Risser 3 Facilitates Prediction of Progression. A Study of Natural History of 
Idiopathic Scoliosis Patients from age 6 to End of Growth. Stefano Negrini, 
M Yaskina, S Donzelli, A Negrini, G Rebagliati, C Cordani, E Parent. 
2. Clinical utility of ultrasonography for the assessment of skeletal maturity 
based on the Sanders radiological classification in patients with juvenile 
idiopathic scoliosis. Laiz Bello, J Morales, T Bas, M Ortega, C Villanueva, 
Miquel Boveda.
3. Association of the LBX 1 Gene Promoter Methylation in Deep Paraspinal 
Muscles of Patients with Idiopathic Scoliosis with Disease Severity. Piotr 
Janusz, M Tokłowicz, M Andrusiewicz, M Kotwicka, T Kotwicki. 

Discussion

SOSORT Award Announcements

10:25-10:55

10:55-11:05

Closing Remarks & Closing Ceremony

11:05-11:35

11:35-11:45

11:45-12:00

12:00

San Sebastian Tour and Dinner in a Cider House 

Visit with us the Wind Comb, take your personal picture of San 
Sebastian from the Igeldo Mountain and finish in Astarbe Cider 
House testing one of the best meat you will eat in your life.

17:00
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MENARCHE IN SCOLIOTIC AND NON-SCOLIOTIC BALKAN GIRLS AND RELATION 
BETWEEN MENARCHE AND LATERALITY OF SCOLIOTIC CURVES

Samra Pjanic1, Nikola Jevtic2, Theodoros B Grivas3 

1) Institute for physical and rehabilitation medicine "dr Miroslav Zotovic", Banja Luka, Bosnia and Herzegovina. 
2) Scoliocentar, Novi Sad, Serbia 3) “Tzaneio” General Hospital of Piraeus, Piraeus, Greece.

Introduction
Menarche as an important parameter in assessment of scoliosis progression in girls is considered to be 
even more reliable than a Risser sign and it is proven to be dependent on geographical latitude. To our 
knowledge, there is no data about age of menarche in scoliotic and non-scoliotic girls in Balkan countries.
Research Question
The aim of the study was to determine whether the age of menarche differs in scoliotic and non-scoliotic 
Balkan girls and the relation between menarche and the laterality of scoliotic curves.
Methods
Retrospective study based on prospectively collected clinical data in Bosnia&Herzegovina and Serbia. The 
participants were selected among 2000 patients in the Institute “Dr Miroslav Zotovic” in Banja Luka (B&H) 
and healthy girls during screening in sport clubs in Novi Sad (Serbia). The patients’ data collection and 
analysis was approved by the Ethical committee of the Institute. Three groups were defined according to 
presence of asymmetry or verified scoliosis: scoliotic group, non-scoliotic group and control group. The 
scoliotic group consisted of 494 patients, mean age 12,57 ± 2,4 and average Cobb angle 20,44±10,88°. 
Scoliosis was considered as Cobb angle ≥10° on AP standing radiograph. The non-scoliotic group consisted 
of 523 patients, mean age 11,51±2,71 and average Cobb angle 6,71±1,76°. Exclusion of scoliosis was 
defined as Cobb angle <10°.  The control group consisted of 86 healthy girls, mean age 13,63±1,54, 
without any asymmetry or spinal deformity, who are engaged in sport training up to 4 times a week. The 
statistical analysis in program SPSS 24 included Student T-test and One-way ANOVA to compare different 
groups. Statistical significance was defined as p<0,05.
Results
• In scoliotic group,281 girls (56,88%), mean age 14,04±1,69 were postmenarchal (mean age at menarche 
12,18±1,22), while 213 girls(43,12%),mean age 10,63±1,95 were premenarchal.
• In non-scoliotic group, 218 girls (41,68%), mean age 13,92±1,69 were postmenarchal (mean age at 
menarche 12,18±1,22), while 305 girls (58, 32%) mean age 9,78 ±1,85 were premenarchal.  
• In control group, 69 girls (80,23%), mean age 14,07±1,28 (interval 12-17) were postmenarchal (mean age 
at menarche 12,26±1,28).
• No statistically significant difference was found in age of menarche between the groups (p=0,472).
• In scoliotic postmenarchal group, primary right curve was dominant in 54,80%, while in scoliotic 
premenarchal group primary left curve was dominant 60,09% (p<0,01).
Conclusions
In Bosnia&Herzegovina and Serbia Balkan girls, there was no significant difference in age of menarche 
between scoliotic and non-scoliotic girls. A significant difference was found in laterality of primary curve in 
premenarchal and postmenarchal scoliotic girls.
Discussion
These results confirm the findings from Greece, where also no significant difference in age of menarche was 
found between scoliotic and non-scoliotic girls. This can be explained by almost similar geographical latitude 
of the countries (Serbia 44, Bosnia and Herzegovina 43,9 and Greece 39,07 degrees North respectively) 
and supports the findings that the distance from equator affects the age of menarche. The difference in the 
laterality of scoliotic curves in premenarchal and postmenarchal scoliotic girls was statistically significant 
and is in accordance with previously published results. The dominance of left curves in premenarcheal girls 
resembles that of infantile IS in boys where the left curves dominate, yet it is a finding that needs to be 
further investigated in context of scoliogeny.
Disclosures (any Conflicts of Interest)
There is no conflict of interest.  
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IMU-BASED ASSESSMENT OF MOTOR CONTROL IN A POPULATION OF YOUNG 
SUBJECTS WITH IDIOPATHIC SCOLIOSIS: PRELIMINARY RESULTS FROM THE 

MOTOR-CHILD STUDY

Giuseppina Maria Grazia Farella1, Federico Vanzini1, Roberto Tedeschi1, Maria Grazia Benedetti1, Maria Cristina Bisi2, Rita 
Stagni2 

1) Physical Medicine and Rehabilitation Unit, RCCS- Istituto Ortopedico Rizzoli 2) Department of Electric, Electronic and 
Information Engineering “Guglielmo Marconi” – DEI, University of Bologna, Italy

Introduction
Motor development is an adaptive process occurring within a self-organizing system and influenced 
by several factors. While evidence exists for motor control in severe pathologies (cerebral palsy), minor 
musculoskeletal conditions, such as scoliosis, have never been explored. Clinical-functional tests used for the 
analysis of motor control (Movement ABC-2 or TGMD-2) are time-consuming, hindering their applicability to 
large populations. In recent years wearable Inertial Measurement Units (IMUs) were introduced for low-cost 
ambulatory quantitative assessment allowing the estimation of temporal gait parameters and of dynamics 
of motor control through nonlinear metrics.
Research Question
The aim of this work was to assess motor control alterations in children affected by idiopathic scoliosis using 
clinical-functional tests and IMU-based metrics related to motor control.
Methods
34 children aged between 6 and 16 years with scoliosis (ATR ≥ 5 ° or  Cobb ≥ 10°) were included. They 
underwent MovementABC-2 for clinical assessment of motor competence. Three tri-axial IMUs (MetamotionR, 
mbient-Lab, USA) were attached on the lower back and on the shanks of each child. 3D acceleration and 
angular velocity data were recorded at 200Hz while the participants walked at self-selected speed back 
and forth, two times in normal (NW) and once in tandem walking (TW) along a 15m path. Stride (StrideT, 
seconds), stance (StanceT, % of StrideT), and double support time (DS, % of StrideT) were calculated from 
foot contact events. Temporal parameter variability was calculated as standard deviation. MSE (T from 1 to 
6), related to complexity and automaticity, and RQA, related to pattern regularity, were calculated on trunk 
acceleration data along the 3 directions. Data were compared to those of matched healthy peers.
Results
Movement ABC-2 test: 12 patients received scores above the 50th percentile (35.3%) and 22 below (64.7%). 
No significant correlation was observed with the degree of scoliosis (Cobb angle) or the degrees of torsion 
(ATR). Temporal parameters: subjects resulted slower during NW (longer StrideT), with larger dispersion of 
StanceT and DS than healthy peers. During TW, subjects above 12 years of age resulted slower, with longer 
StanceT and longer DS for increasing age as compared to their healthy peers. Non-linear metrics: subjects 
showed larger MSE during NW for lower values of T (1 to 3) in the ML and V direction and reduced RQA in 
AP direction for increasing age as compared to healthy peers; during TW, reduced MSE for lower values of 
T (1 to 3) in the V and AP direction and increased RQA in AP direction.
Conclusions
Children affected by idiopathic scoliosis showed alterations of motor control. In particular, temporal 
parameters highlighted a slower and less stable gait, more evident for increasing age as related to TW. 
Lower stability is also related to a less mature motor control with a delay in the development of the 
automaticity characterizing healthy peers, and a reduced development of the motor complexity required 
for more demanding locomotor tasks.
Discussion
These preliminary data suggest that idiopathic scoliosis affects motor control in the developing population. 
IMU-derived metrics demonstrated their effectiveness in complementing clinical assessment.
Disclosures (any Conflicts of Interest)
The authors declare that they have no conflicts of interest.



SAN SEBASTIAN SOSORT CONGRESS48

SOSORT CONGRESS 2022  THURSDAY 5TH OF MAY    ORAL PRESENTATION
BLOCK ONE: ETIOLOGY OF SPINAL ABNORMALITIES

RELATIONSHIP BETWEEN BACK PAIN INTENSITY AND CLINICAL AND 
PSYCHOSOCIAL FACTORS IN PATIENTS WITH IDIOPATHIC SCOLIOSIS

Judith Sánchez-Raya 1, Judith Salat-Batlle 1,2, Clara Figueras Sanroman 2,3, Antonia Matamalas Adrover3, Ferran Pellise Urquiza 
3, Juan Bagó Granell 3 

1) Physical Medicine and Rehabilitation Service, Hospital Universitari Vall d’Hebron 2) Vall D’Hebron Research Institute (VHIR) 
3) Spine Unit, Orthopaedic Surgery Department, Hospital Universitari Vall d’Hebron

Introduction
Although back pain is not an inherent characteristic of adolescent idiopathic scoliosis (AIS), it is not 
uncommon. Different studies have indicated that the frequency of back pain in these patients is significantly 
higher than in the non-scoliotic population and the reported prevalence in patients with AIS ranges from 
27.5% to 72%. No relationship has been found between spinal pain and different radiological parameters. 
These findings suggest that the pain would not be related to the scoliosis itself.
Research Question
To analyse psychosocial and quality of life differences in patients with idiopathic scoliosis (IS) according to 
pain intensity.
Methods
Prospective, multi-centric, cross-sectional study. Patients with IE, without previous surgery, magnitude ≥ 
30° and age 12-40 years were included. They reported pain intensity numerical rating scale (NRS) and 
completed the TSK-11, SRS-22r, HADS, COMI item 7 and family APGAR questionnaires. An analysis of 
covariance was performed to compare means between the two groups controlling for the effect of age and 
the magnitude of the curve.
Results
272 patients were divided into PAIN Group (NRS > 3): 101 patients, 83.4% female, mean NRS 5.3 and NON 
PAIN Group (NRS ≤ 3): 171 patients, 83.4% female, mean NRS 1.1.
The PAIN group had a higher Cobb (48.6° vs. 44.6°, p=0.025) and age (20.9 vs. 16.5, p=0.0001). They also 
had lower values for SRS-22 pain, mental health and subtotal. They showed higher levels of kinesophobia, 
anxiety, depression, absenteeism from work/school and impact of the environment. They did not differ in 
function or body image. The use of brace seems to have a protective effect against pain (OR = 0.37, p = 
0.01).
Conclusions
Pain intensity in IE patients is partially related to age and the magnitude of the curve. Independently, 
patients in the PAIN group show a higher degree of anxiety, depression, kinesophobia and poor adaptation 
to the environment. As a result, this group of patients has a significantly worse quality of life than the NON 
PAIN group. Finally, the protective effect of the brace on pain intensity requires further study.
Discussion
A high percentage of patients with IS report significant back pain without a proven relationship between 
pain and the presence of relevant radiological findings. 
The literature shows that the scores for pain, self-image/appearance, mental health, function/activity, and 
total score without satisfaction for untreated AIS patients were similar to those for brace-treated patients 
after intervention, while the score of satisfaction with management and total score for brace-treated AIS 
patients were significantly higher than those for the untreated-patients. In our study the patients with IS 
and a high level of pain constitute a group characterized by psychological, social, work/school, and family 
factors. In addition, they have a higher prevalence of comorbidities and a family history of nonspecific 
spinal pain, and are clearly distinguished from the group with low-level pain. In contrast, IS severity was not 
substantially different between groups. In general, this profile is remarkably similar to that seen in patients 
with nonspecific spinal pain.
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Introduction
Idiopathic scoliosis (IS) is one of the most common structural spinal deformities. Patients with idiopathic 
scoliosis have altered posture due to scoliosis which can affect also the position of the head. The etiology 
of IS still remains unknown. One of the hypotheses is that it can be caused by dysfunction of the vestibular 
system, which can cause the abnormal perception of subjective visual vertical (SVV).
Research Question
The aim of this study was to evaluate the position of the head in children with IS in comparison with control 
group of healthy children. The second aim was to evaluate the possible connection between position of 
the head and perception of SVV.
Methods
The position of the head was evaluated from digital photographs, where we compared the coronal head 
tilt and the coronal shoulder angle between the two groups. The measurement of perception of SVV was 
performed using the Bucket method. Both of these measurements were performed in 10 children with IS 
(age 12,2 ± 2,4, mean ± SD; Cobb angle 14,9ËÂ ± 8,8ËÂ  SD) and the group of 10 healthy children (age 
13,9 ± 2,5).
Results
Head tilt values were 89.8Ë ± 3.5Ë SD in patients with IS, and 89.3ËÂ ± 2.2ËÂ SD in healthy children. The 
values for the inclination of the shoulders ranged were 91.2ËÂ ± 3ËÂ SD in patients with IS and 90ËÂ ± 
2.4ËÂSD. There was a significantly greater variance in values in children with IS than in healthy children. 
There was no correlation between the position of the head and perception of SVV in patients with IS.
Conclusions
There was no significant difference between head tilt and between the perception of SVV in children with 
IS and healthy children in our study. Also, there was no correlation between the side of the head tilt and 
the side of the deviation of SVV. However, there were differences in the results of children with IS. These 
patients had different time from the diagnosis. The results could be affected by the length of rehabilitation 
and degree of compensation. 
Discussion
Our study did not find any significant difference between head tilt in patients with IS and healthy children. 
Anyway, there was a greater variance of values in children with IS due to a small sample of patients. Although 
these results were not significant, in the perception of subjective visual vertical, there were greater errors 
from geophysical vertical in patients with IS, confirmed by previous studies. Abnormal perception of SVV 
can be caused by dysfunction of the vestibular system. In our study, the side of head tilt and perception of 
SVV was not the same; on the contrary, it was the opposite. The result can be the compensation effect of 
head tilt on the perception of SVV, and it can also depend on the previous physiotherapy. 
Disclosures (any Conflicts of Interest)
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Introduction
Although various clinical assessment methods can be employed with early detection and monitoring of 
AIS, there is still a need for simple, validated non-invasive assessment for monitoring nonsurgical treatment 
to prevent further deformity progression. Currently, within physical activity interventions, there is a need 
for greater awareness of the importance of the pre-participation examination, including musculoskeletal 
screening and functional performance tests as part of a multidisciplinary approach in order to improve 
the condition and reduce the risk of injury. Pre-participation musculoskeletal screening and functional 
performance tests should assess fundamental movement qualities and establish a motor deficit throughout 
the kinetic chain with an emphasis on lower extremity force characteristics, specifically eccentric loading 
tasks. 
Research Question
Therefore, the purpose of this observational study is to perform pre-participatory screening of the 
musculoskeletal system and functional performance tests in adolescents that can be used as a framework 
for detecting and rehabilitating scoliosis, as well as for determining the standardized norms of postural 
status in adolescence.
Methods
After necessary ethical approval, this study recruited healthy adolescents from Novi Sad who are actively 
involved in sports, most often: basketball, volleyball, football, athletics, as a part of a wider study. A total of 
119 participants aged 10-16 years of which 71 males (59.7%) and 48 females (40.3%), complted the tests to 
assess motor deficit. The mean age of the sample was  13.29 years (SD: ± 1.41) for males and 13.95 years 
(SD: ± 1.64) for females. In addition, they performed functional tests, where we measured the positions of 
individual body segments using a goniometer, scoliometer, somatometry and somatoscopy.
Results
The results show that musculoskeletal screening gives reliable results compared to other tests. No 
statistically significant differences were observed in the results of scoliometry of adolescents between 
sports, as determined by one-way ANOVA test, except in the variables: sitting scoliometry L2 (F(2,116)= 
3.853, p= 0.024 and sagittal plane T12 (F(2,116)=3.089, p= 0.049. 
We also found statistically significant differences in the use of goniometers to estimate range of motion, 
indicating that the digital goniometer is more applicable and can be used on all body segments, including 
the spine, using paired samples t test in variables: thomas test L1 – L2 : t (88 ) = 1,779, p = 0.000*, thomas 
test D1-D2: t(88) = 18.866 , p= 0.000*. 
Conclusions
Standardized norms and musculoskeletal screening, is possible and can contribute to the rational, early 
detection of deformities scoliosis, which could be resolved by non-surgical treatment.
Discussion
The analysis of the obtained results can determine the standards for further monitoring of the postural 
status of adolescents, as well as early detection of deformities. The origin of weakness can be dysfunction of 
muscles, neuromuscular junction, peripheral nerve or central nervous system. Usually, movement problems 
occur as a result of insufficient muscle strength. Observed results leads us to conclude that the motor 
deficit represents a deficiency of coordination of the intersegmental task due to the lack of time and order 
of one segment in relation to another.   Deficiency of movement represents reduced motor function and is 
associated with slowness in performing movements, which occurs as a consequence of insufficient physical 
activity or hypokinesia.
Disclosures (any Conflicts of Interest)
The authors declare there is no conflict of interest.
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Introduction
Habitual posture in AIS is a curve-specific posture induced by their scoliosis. Patients may not be aware 
of their faulty postures and instead feel comfortable in these positions. This posture causes asymmetric 
loading on the spine, increasing the risk of curve progression. Therapists have little knowledge of the 
actual amount of time spent in habitual postures. If that information is obtained, it may assist with therapy 
planning and patient education.
Research Question
The objective of this study is to conduct a survey of the AIS patient population to understand how their time 
is allotted in school, including both classroom and extracurricular activities such as sports, music, and other 
clubs. From that information, more patient-specific activities of daily living (ADL) training and treatment 
planning can be conducted.
Methods
Fifteen AIS patients were included in this study. Inclusion criteria are patient age between 10-17 years old, 
cause of scoliosis to be idiopathic with no neurological involvement, and Cobb angle between 10⁰-45⁰. 
Patients were considered regardless of brace-wear and gender. Patient were asked to fill out a questionnaire 
reporting their extracurricular activities, school hours, time spent in school-related activities, and the amount 
of time spent doing therapist-prescribed exercises.
Results
The fifteen AIS patients that completed the survey are full-time students enrolled in a school system in 
the United States. On average, they spend 9.1 hours of their waking hours in school-related activities that 
require sitting, 1.3 hours in sports and physical education class, 1 hour in extracurricular activities that are 
in seated position, and 0.4 hours doing exercises prescribed by their therapists. The patients in our study 
average 7.9 hours of sleep every day and 16.1 hours awake. In calculating the proportion of waking hours 
spent during various activities, it was found that, they spend 57% of each day sitting in school-related 
activities. Only 2% of their waking hour are spent on specific correction exercises.  
Conclusions
AIS patients generally have busy schedules and spend prolonged time in relatively sedentary positions or 
activities, such as sitting in school, riding the school bus, or completing homework. Most of the AIS patients 
in this study are involved in sports, music, or after-school clubs. Of their more active hours, only a small 
fraction is spent performing therapist-prescribed exercises.
Discussion
This study shows the daily schedule of AIS patients in one particular geographic location. Without specific 
training from a therapist, we can assume that all hours spent seated in school-related activities are spent 
in habitual postures.  This study brings awareness of the importance of including ADL posture training in 
patients’ treatment plan, to prevent or slow the progression of scoliosis. 
Disclosures (any Conflicts of Interest)
The authors have no potential conflict of interest to report.
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Introduction
Idiopathic Scoliosis can be described as a torsional deformity of the spine and the trunk. Asymmetries in 
other structures of the body have been reported. The author described in 1996 the BiSacro-Iliac-Ischiatic 
angle (BSIIA) and the BSIIA Difference to assess the relative ante-versed/retro-versed position comparing 
both hemi-pelvic structures. The BSIIA Difference might be interpreted as an indirect radiological sign 
of Iliac Rotational Asymmetry (IRA). To our knowledge, the presence of IRA has not been investigated in 
scoliosis, in relationship with the clinical or radiological type.
Research Question
The purpose of this study was to investigate the presence of IRA in different clinical-radiological types of 
scoliosis. 
Methods
Ninety-nine AP/PA consecutive radiographs were assessed from the radiograph database (Non operated 
Idiopathic scoliosis including adolescents and adults). The BSSIA was measured following a previously 
described method and its difference calculated. Other assessed radiological parameters were: thoracic 
Cobb, lumbar/tl Cobb, apical lumbar/tl rotation, relative lumbar/tl rotation (apical rotation/number of 
vertebrae in the curve), T1CSL offset, TPCSL offset (named alfa angle), L3 tilting, L4 tilting, L5 tilting, L3-L4 
counter-tilting, L4-L5 counter-tilting, BiSacro-Iliac line tilting, Bisial-Hips line tilting, BSI-BH counter-tilting. A 
statistical analysis was made for the whole sample as well as for the different groups formed in accordance 
to the Rigo Classification.
Results
In the whole sample, the BSIIA in the concave thoracic side was significantly higher (mean 26.7º) in 
comparison with the BSIIA in the convex thoracic side (mean 24,5º) (p<0.001). The difference of the BSIIA 
comparing both sides was significant in Rigo Types B (p<0.01) and C (p<0.005), and indicated a relative 
ante-version in the convex thoracic side/relative retro-version in the concave thoracic side. The direction was 
the same in types A and E1 but not significant, while it was in the opposite direction in E2 (not significant). 
The BSIIA Difference correlated with the BSIIA in both sides as well as the BSI line tilting (r 0.56 p< .001) and 
the BSI-BH counter-tilting (r 0.66 p< .001). The BSIIA Difference also correlated with L3 tilting (r – 0.74 p < 
0.05) and L4-L5 counter-tilting (r -0.79 p <p 0.01) in A1 type, L4 in A2 (r 0.75 p < 0.05) and B2 (r -0.85 p < 
0.05) types, and L5 (r 0.83 p < 0.05). It was also observed a strong correlation between BSIIA Difference and 
apical rotation (r 0.84 p < 0.01) and relative rotation (r 0.89 p < 0.01) in single lumbar/tl (E1 and E2 types), 
and a weak correlation (r 0.26 p < 0.01) with relative rotation in the whole sample.
Conclusions
These results suggest that IRA is a compensatory torsional mechanism in IS. 
Discussion
Iliac Rotational Asymmetry is a common feature in IS, it has a typical direction in most of the curve patterns, 
with the hemi-pelvis of the convex thoracic/concave lumbar side in relative ante-version and the hemi-pelvis 
of the concave thoracic/convex lumbar side in relative retro-version. 
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Introduction
Limb girdle muscular dystrophy (LGMD, ORPHA 263) is a genetically and clinically heterogeneous group of 
rare muscular dystrophies, caused by autosomal dominant or recessive gene mutations. Although each of 
LGMDs disorders presents a specific muscle gene deregulated, that leads to the onset and progression of 
disease, all of them share common phenotypes and clinical features. LGMD is characterized by progressive 
muscle weakness with dystrophic muscle pathology and currently has no known cure or treatment. For 
the clinical diagnosis of LGMD, a comprehensive approach is needed, including clinic evaluation, serum 
creatine kinase levels, genetic testing, and muscle biopsy. 
Keywords: LGMD, rare disease, muscular dystrophy, myopathy, myomiR
Research Question
Our main goal was to elucidate some of these common factors in LGMDs and the molecular mechanisms 
underlying the disease. Since most likely there are several cell types being involved (myoblasts, osteoblasts, 
and platelets), a broad approach is needed. Therefore, epigenetic factors such as miRs affecting osteoblasts 
and myoblasts transcriptomes have been studied.
Methods
Using Next-Generation Sequencing, a series of circulating miRNAs were identified in peripheral blood 
samples from LGMD patients and healthy controls. These miRs were analyzed using bioinformatics 
applications to determine the biological processes in which they were involved. Subsequently, a larger 
number of samples was used as a validation cohort of those miRs that were differentially expressed.
Results
The miRnome showed several miRs differentially represented in both experimental groups (control vs. 
LGMD). Hierarchical clustering analysis was able to identify both groups in the datasets. Gender was found 
to be irrelevant in this clustering. (Figure 1)
Therefore, it seems that there are clear candidates miRs to differentiate between the two clinical groups 
(Table 1). The functional KEGG or GO analysis showed a proliferative and differentiation pathway-enrich-
ment for the differentially represented miRs. Some of these miRs were already described in other muscular 
and scoliotic pathologies, reinforcing the relevance and specificity of our findings. Furthermore, miR-206 
found to be up-regulated in LGMD group, is defined as a “myomiR” and can be easily measured in serum 
or plasma samples of patients.
Conclusions
All these results suggest that there is a myomiR signature that could be used as potential biomarker in 
several LGMDs and other muscular dystrophies.
Discussion
miRs are involved in many biological processes that can epigenetically regulate cellular development and 
differentiation. In any case, further studies of the different pathogenic mechanisms underlying LGMDs are 
essential for helping us understand the many elusive functions of myomiRs in the skeletal muscle.
Grants: Fundación R Areces (OTR-2019-19499INVES/VIÑA RIBES, J.) to JRV.
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Introduction
Adolescent idiopathic scoliosis (AIS) is the most common form of pediatric scoliosis. It’s a diagnosis of 
exclusion of other forms of scoliosis. Up today, there is no identifiable cause for AIS. Theories include 
hormonal causes, asymmetric growth, muscle imbalance, and genetic factors.The recognition of polygenic 
components in the complex etiology of AIS has been increasing in recent decades along with the interest 
in studying the variations of single nucleotide polymorphisms (SNP) as markers of diagnosis, prognosis and 
monitoring of AIS. However, there is no good prediction tool for AIS prognosis at present. Development of 
a predicting tool for the onset and progression of AIS has been expected in the clinical setting.
Research Question
We aimed to identify a series of AIS related SNPs, to set a Polygenic Genetic Risk Score (PRS) that weights the 
SNPs contribution to AIS´s development risk based on association’s effect degree and the allelic frequency 
in the general population, and to evaluate in a cohort of patients and controls the ability of the SNPs panel 
and the PRS to AIS diagnose and prognosis.
Methods
We searched for AIS-related SNPs and selected those with the highest robustness and reproducibility in 
cohorts of different ethnicities. These SNPs were sequenced using a directed amplicon-based approach 
(TAS) on Illumina’s MiSeq platform and genotyped using bioinformatics tools. A PRS of susceptibility to AIS 
was developed and machine learning models were built up for the prediction of the evolution of AIS.
Results
We identified 1387 AIS-related SNPs within 10 studies of GWAS, highlighting variants in the genes BNC2, 
PAX1, LBX1, MATN1, ESR1, ESR2, IL6, among others. A total of 24 SNPs were sequenced and genotyped. 
The PRS alone demonstrated an AUROC of 0.82 for AIS susceptibility, with a sensibility of 0.73 and a 
specificity of 0.86, and an AUROC of 0.79 for the prognosis, with a sensibility of 0.78 and specificity of 
0.84. Machine learning models including PRS and SNPs genotypes rendered an AUROC of 0.86 for the 
prognosis, with a sensibility of 0.61 and specificity of 0.86.
Conclusions
Genotyping of AIS-related SNPs and the estimation of a PRS are useful tools for the early diagnosis and 
prognosis of AIS.
Discussion
Although several loci that have been associated with AIS are informative about the polygenic architecture 
of AIS, their practical value for clinical use is still quite challenging. Hence, we combined SNPs with relevant 
functional annotation for AIS into a PRS, as a tool to predict AIS onset. In spite of the current study having 
limitations related to the fact that only a modest number of subjects from the Caucasian population were 
evaluated, the clinical performance revealed PRS was beneficial for predicting the onset and severity of 
AIS, being this approach promising to consider for early intervention from the standpoint of preventive 
medicine.
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Introduction
The aim of the study was to evaluate the relationship between lumbar (LTA) and sacral torsion angles (STA) 
and the degree of pelvic obliquity in patients with neuromuscular scoliosis (NMS). 
Treatment of patients with NMS is a very difficult and long-term process. One of the reasons that complicate 
the treatment and cause significant limitations in daily life in these patients is the increase in pelvic obliquity 
(1). This study is important in terms of considering the correction of lumbar and sacral torsion in the treatment 
to stop or slow the progression of pelvic obliquity.
Research Question
Is there a relationship between the degree of pelvic obliquity and lumbar and sacral torsion angles in 
neuromuscular scoliosis? 
Methods
This was a retrospective study. Twenty-two patients with Cerebral Palsy and scoliosis with Gross Motor 
Function Classification Level (KMFSS) IV-V who applied to the Physical Medicine and Rehabilitation Clinic 
of Kanuni Sultan Süleyman Training and Research Hospital were included in the study. LTA and STA of the 
patients were evaluated with a scoliometer. The degree of pelvic obliquity was measured radiographically 
in the horizontal plane using the AP radiography of scoliosis involving the pelvis.
Results
A total of 22 participants (9 girls and 13 boys) were included in the study. The mean age of the participants 
was 10.13 ± 2.56 years. The mean STA value of the participants was 3.72±4.90 degrees, the mean LTA 
value was 7.27±6.34 degrees, and the mean degree of pelvic obliquity was 6.60±4.44. The relationship 
between STA, LTA and the degree of pelvic obliquity was evaluated with the Pearson correlation coefficient 
and a positive correlation was observed between the values (r=0.446 and r=0.449, p=0.038 and 0.036, 
respectively).
Conclusions
According to the current study, there was a relationship between the angle of spinal torsion in the sacral and 
lumbar regions and the degree of pelvic obliquity. 
Discussion
Pelvic obliquity is an important factor in the formation of spinal asymmetry in the spine (1,2). Pelvic obliquity 
progression and the degree of spinal rotation are closely related to the development of scoliosis (3). 
According to the study results, there was a significant increase between the angle of spinal torsion in the 
sacral and lumbar regions and the degree of pelvic obliquity. The relationship between these parameters 
should definitely be considered in the treatment of neuromuscular scoliosis. 
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Introduction
The aim of the study is to investigate the prevalence of myofascial pain syndrome (MPS) in adolescent 
idiopathic scoliosis (AIS), and the relationship between coronal/sagittal alignment and presence of MPS in 
children with AIS.
Research Question
Is there a relationship between myofascial pain syndrome and sagittal and coronal alignment in adolescent 
idiopathic scoliosis?
Methods
Participants with AIS aged 10-18 years who were admitted to the Scoliosis Outpatient clinic in Physical 
Medicine and Rehabilitation Department were included in the study. The inclusion criteria were (1) being 
within 10-18 years of age, and (2) having been diagnosed with AIS. The participants who had neurological 
deficits, secondary scoliosis, other causes of pain except MPS (radicular pain, spondylolysis, spondylolis-
thesis, neuropathic pain, etc.), and history of the operation due to scoliosis were excluded. Participants 
were evaluated and diagnosed for MPS based on the criteria described by Travell&Simons(1). Participants 
were randomized into two groups according to the presence of MPS: MPS group and non-MPS group.  
Cobb angle, coronal balance, sagittal spinopelvic parameters (cervical lordosis (CL), thoracic kyphosis (TK), 
lumbar lordosis (LL), sagittal vertical axis (SVA), pelvic tilt (PT), pelvic incidence (PI), and sacral slope(SS)) of 
the participants were measured by using the Surgimap software program. the study protocol was approved 
by the Clinical Research Ethical Board (KAEK/2020.07.128). This study was registered at Clinicaltrials.gov 
(ID number: NCT05185050).
Results
A total of 256 participants were evaluated, and 152 of them were included in the study. The mean age of 
the participants was 14.9±2.2 years. 108 of the participants (71.1%) were female, and 44 of them (28.9%) 
were male. The demographic and clinical characteristics of the participants are in Table 1. 95 participants 
(62.5%) were diagnosed with MPS. The mean VAS value of them was 4.5±1.7. The mean Cobb angle 
(p=0.036), LL angle (p=0.005), and TK angle (p=0.033) were significantly increased, and CL angle (p=0.023) 
was significantly decreased in the MPS group. There were no significant differences in pelvic parameters, 
SVA, and coronal balance between both groups (Table 2). 
Conclusions
Increased Cobb angle, TK and LL angle, and decreased CL angle were found to be associated with the 
presence of MPS in AIS patients. Contrarily, pelvic parameters, SVA, and coronal balance had no effect on 
MPS in AIS. A large study population is needed for further research.
Discussion
As far as we know, this is the first study to evaluate the prevalence of MPS in AIS patients. Back pain in 
children with AIS is commonly benign and self-limited(2). According to Weinstein’ study, back pain in AIS 
may arise regardless of curve size or location(3). In the present study, the mean Cobb angle was found 
higher in MPS group than non-MPS group. This result may be related to the investigation of the MPS which 
is a specific diagnosis of pain.  Teles et al. reported that low back pain was associated with lower LL(4). In the 
current study, similarly, sagittal spinal parameters were found to be associated with the presence of MPS.
Disclosures (any Conflicts of Interest)
The authors declare that there is no conflict of interest.
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Introduction
Adolescent idiopathic scoliosis (AIS) is the most common spinal deformity affecting up to 3% of the 
population. The conventional treatment for AIS is using a corset aimed at preventing surgery. However, 
bracing implies physical and psychological problems in teens, who must wear a corset for 12-23 hours a 
day for a period of 2 to 4 years. On top of this, currently, 30% of patients using the corset ends up being 
operated on as well.
Research Question
Is it possible for an early and accurate prediction of bracing treatment’s success in AIS to prevent excessive 
irradiation of the patient? We propose artificial intelligence (AI) algorithms for the early prediction of brace 
treatment success. In this way, if bracing is successful, we can ensure the usefulness of the treatment by 
significantly reducing the irradiation of the patient. In contrast, if bracing is not successful, the patient can 
be operated on, avoiding the complications derived from the prolonged use of the corset.
Methods
To determine the success of bracing treatment, we present a retrospective study using as ground truth the 
information about whether patients were or not finally underwent surgery. To provide an early prediction of 
the patient prognosis, we only used two chest radiographs per subject: an X-ray before bracing (pre-corset) 
and the first X-ray after bracing (post-corset). The proposed end-to-end system consists of two-step 
learning tasks. First, a refined UNet architecture performs an automatic spine segmentation from the pre 
and post-corset X-rays. Then, the outputs corresponding to the cropped spines are input to a classification 
stage (Figure 1). At this point, a hybrid deep learning network combining fine-tuned architectures with 
attention modules was responsible for recognising patterns between the pre and post-corset spine images 
to determine the bracing treatment’s success (Figure 2).
Results
We used sensitivity, precision, f-score and accuracy metrics to compare the predictions of the proposed 
model with the ground truth. To find out how promising the results reached by the proposed model 
were, three experienced surgeons analysed the spine evolution between the pre and post-corset X-rays 
independently. The comparison among experts resulted in an agreement degree lower than 71%. In 
addition, the most accurate surgeon reached a success rate of 64.52% in predicting the patients’ prognosis, 
whereas the proposed deep learning model achieved an accuracy of 87.10%. Our system also surpassed 
by 40.91%, 22.37% and 31.16% the recall, precision and f-score metrics, respectively, concerning the most 
successful surgeon. 
Conclusions
The proposed AI system provides significant added value in the early prediction of the bracing treatment’ 
success for patients suffering from AIS.
Discussion
Findings from the comparison of surgeons’ predictions evidence the high discordance rate among experts 
in determining the spine evolution from the pre and post-corset images. Additionally, the poor performance 
of each independent surgeon to predict the patient prognosis demonstrates that they need more X-rays to 
conclude if the bracing treatment is successful. Contrarily, the proposed deep learning system allows for an 
accurate prediction without incurring additional irradiation on the patient by outperforming by 22.58% the 
forecast of the most precise surgeon.
Disclosures (any Conflicts of Interest)
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Introduction
Adolescent idiopathic scoliosis (AIS) had been described as a result of developmental instabilities during 
growth since 1990´s. However, the methods used to measure the developmental instability biomarker, 
which is fluctuating asymmetry (FA), have experienced an improvement in the last years thanks to Geometric 
morphometrics methods (GMM).
Research Question
We aimed to use the GMM to test the developmental instability hypothesis in a 3D study of the surface 
shape of the torso. Additionally, we set the objective of developing a shape predictive model of the torso 
using FA as independent variable that potentially may affect final acquisition of scoliotic phenotype.
Methods
24 patients with AIS and 24 controls were surface scanned and digitized twice to measure FA using a 
Procrustes ANOVA analysis. A total of 89 surface scans were finally included in the analyses (due to a loss 
of 5 AIS individuals and 2 controls in the second measurement). Then, a t-test of the FA scores was used 
to estimate differences between both groups and a multivariate multiple regression of the asymmetric 
component of the 3D shape was done to study the covariation of the 3D surface shape of the torso with 
FA in the AIS group.
Results
The mean FA score was significantly higher (p-value < 0.0001) in the AIS group (0.0297 ± 0.0067) than in 
the control group (0.0233 ± 0.0063). The group of females with AIS (n = 39) showed a significant regression 
between the asymmetric component of the 3D shape and the FA score (p-value = 0.0026; R^2 = 0.117). 
The effect of FA on 3D shape is shown with different scale factors in figure 1.
Conclusions
The GMM was useful to study hypotheses of developmental instability, as in the case of AIS. Besides, they 
served as a mathematical predictive model of the 3D shape of the torso in these patients.
Discussion
FA is not a trait exclusive of AIS group but of controls too. This finding supports the hypotheses of AIS 
as a result of developmental instability, and may suggest a biological definition of AIS, that could be an 
increment in the range of variability of FA in an individual. On the other hand, it is possible to predict shape 
changes in AIS patients in correlation with independent variables affecting scoliotic phenotype, and this line 
must be explored in the future to enhance our clinical prognosis.
Disclosures (any Conflicts of Interest)
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Introduction
Sagittal spinal alignment is associated with back pain and poor quality of life. Three common radiographic
methods for classifying spinal alignment are the Legaye, SRS-Schwab and GAP Score methods. They
include threshold ranges for spinal alignent and pelvic compensatory patterns and are used for the planning 
and follow up of spinal surgery to restore sagittal alignment. These systems may be able to contribute to 
physical therapy practice for scoliosis as well as back pain, but they have not been assessed for agreement.
Research Question
Our aim was to compare the agreement of the Legaye, SRS-Schwab and GAP sagittal alignment classification 
systems.
Methods
We conducted an ethics approved, cross-sectional retrospective EOS radiographic analysis of sagittal 
balance and pelvic parameters in 107 adult participants (53 years (SD=19), 52% female) with no history of 
spinal surgery or neurological conditions. We assessed trunk alignment, pelvic version, lumbar lordosis and 
a composite of compensation alignment subgroups with the three classification systems. Agreement was 
measured by ICC 2(k) and Cohen’s Kappa.
Results
The agreement for raw values of lumbar lordosis among all three systems (ICC(2,k), 0.895; 95%CI 
0.615-0.956), and pelvic version between Legaye and GAP score (ICC(2,k) 0.979; 95%CI 0.944-0.989) was 
excellent. Agreement for lumbar lordosis classification was rated poor between Legaye and SRS-Schwab 
(K=0.164) and GAP (K=0.349) to moderate between SRS-Schwab to GAP (K=0.492). There was moderate 
agreement (K=0.49) between the SRS-Schwab and GAP for sagittal balance thresholds. Agreement for pelvic 
version classification was substantial between Legaye and GAP (K=0.66), and moderate between Legaye 
and SRS-Schwab (K=0.48) and SRS-Schwab and GAP (K=0.50). Both SRS-Schwab and GAP classified 13% 
of the participants as uncompensated imbalanced but there was poor agreement (K=0.03) in identifying 
this sub-group.
Conclusions
The SRS-Schwab classification system currently appears the most appropriate for physical therapy practice, 
but limitations to this classification system should be recognsied and additional work to explore the 
development of a physical therapy-specific classification system is encouraged. 
Discussion
Despite excellent agreement for raw values of lumbar lordosis, the moderate to poor agreement for the 
classification of lumbar lordosis subgroups highlights the difficulty of recognising ideal lumbar lordosis 
curves, despite the benefit of the variable, pelvic incidence. The lack of agreement may be due to differences 
in sample population and methods to develop the classificicatoin system thresholds and raises a concern 
with regard to surgical planning targets for lumbar lordosis restoration. 
Disclosures (any Conflicts of Interest)
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Introduction
Scoliosis is a three-dimensional condition which requires assessment and measurements in all the three 
planes. The reliability of the tools used in the evaluation and monitoring of these patients is an important 
aspect. New or alternative devices and techniques should always pass through the scientific procedures.
Research Question
Is there reproducibility of the angle of trunk rotation (ATR) and stiffness scoliosis test (SST) measured using 
the smartphone applied with a simple external device (paper clips) when the scoliometer is the reference? 
Can the experience of the rater affect these results?
Methods
This cross-sectional study was conducted in a private clinic in the south of Brazil, between May and December 
2021.  All study procedures were approved by the Research Ethics Committee of the Universidade Federal 
do Rio Grande do Sul. The sample size calculation resulted in a sample of 22 subjects. The exclusion criteria 
were spinal surgical treatment, any diagnosable cause of scoliosis and amputation of lower or upper limbs. 
Each participant was evaluated by two raters by means of a scoliometer and a smartphone (applied using 
a very simple external device - paper clips). The sequence of the two consecutive procedures of evaluation 
and the two raters were randomly chosen. For the intrarater analysis, the second evaluation was performed 
within a time interval of 2 to 10 days. For statistical purpose, the Intraclass correlation coefficient (ICC), the 
standard error of measurement (SEM) and the minimal detectable change (MDC) were conducted (p< .05).
Results
The sample was composed by 38 subjects with 50 gibbosities, 74% were females (n= 28) and 26% males 
(n=10), with an average age of 13.4±2.5 years, weight 48.9±11 kg, height 158±9 cm and BMI 19.4±3.1 
kg/m². The interrater analysis for ATR showed an excellent ICC=.83 with very low values of SEM (0,2°) and 
MDC (0,5°).  For the interrater analysis of SST and intrarater analysis of ATR and SST the ICC was moderate 
(0.68, 0.64 and 0.70), with equally low values of SEM (0,5°, 0,3° AND 0,3°) and MDC (1,1°, 0,7° and 1,1°), 
respectively.
Conclusions
The smartphone is reproducible for the inter and intrarater analysis, with ICC values raging from moderate 
to excellent and with very low values of SEM and MDC. The experience of the rater can affect the results, 
a more experienced rater is preferable when using the smartphone for the measurement of ATR and SST.
Discussion
The use of a simple and reliable tool for the measurement of clinical variables can help more professionals 
in their daily clinical practice. However, in our sample we had some influence of the immediate effect of 
the treatment. Some patients underwent the second round of evaluations just after their physiotherapeutic 
scoliosis exercises, which could really affect the measurements related to the shape of the body (ATR) and 
the flexibility of the curve (SST).
Disclosures (any Conflicts of Interest)
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Introduction
One of the variables used to calculate Body Mass Index (BMI) is body height. In patients with idiopathic 
scoliosis (IS), loss of body height is observed, and it may influence the results of the BMI calculations.
Research Question
The study aimed to analyze BMI values in adolescents with idiopathic scoliosis in relation to the measured 
body height versus the arm span.
Methods
The study group consisted of 76 patients (56 girls and 20 boys) randomly chosen from a cohort of patients 
admitted for surgical treatment due to idiopathic scoliosis. The median age of the patients was 15 y.o. 
(14-17). The median of the Cobb angle of the major thoracic curve was  65° (57°-76°). Body height was 
measured in standing position, and the arm span was measured in sitting position to the nearest 0.5 cm. 
Patients’ body weight was measured to the nearest 0.5 kg.
BMI was calculated by dividing body weight [kg] by the measured body height or the arm span [m] squared. 
The BMI values calculated for measured body height and arm span were referred to the BMI percentile nets 
dedicated to Polish adolescents. Results within 25th and 75th percentile were considered normal.
Results
The mean measured body height was 163.8±7.7 cm (range 147-184 cm). The mean arm span was 169.3±5.1 
cm (144-186 cm). The mean difference between measured body height versus arm span was 5.5±5.1 cm 
(range -6-18 cm, p<0.001). The median of the body mass was 53 kg (47-57). The BMI value calculated for 
the arm span was significantly lower than the one calculated for the measured body height (BMI median 
17.9 kg/m2 vs. 19.5 kg/m2, p<0.01).
 When BMI was calculated for the measured body height, 31.6% of patients were below the 25th percentile, 
48.7% was within 25th and 75th percentile, 19.7% of patients were over 75th percentile, however when BMI 
was calculated based on arm span, 53.9% patients were below the 25th percentile, 34.3% was within 25th 
and 75th percentile, 11.8% of patients were over 75th percentile.
Conclusions
Using BMI calculated based on arm span instead of the measured body height may influence the evaluation 
of the nutritional status of adolescents with idiopathic scoliosis.
Discussion
In healthy adolescents, body height and arm span are similar. However, in adolescents with IS, arm span 
can be used as a substitute for falsely low body height due to spine curvature to calculate, e.g., pulmonary 
parameters [1]. Also, using arm span instead of the measured body height to calculate BMI may reveal that 
the patients are slimmer than predicted.
1. Miller M.R., Crapo R., Hankinson J., Brusasco V., Burgos F., Casaburi R., Coates A., Enright P., van der 
Grinten C.P.M., Gustafsson P., Jensen R., Johnson D.C., MacIntyre N., McKay R., Navajas D., Pedersen O.F., 
Pellegrino R., Viegi G., Wanger J. General considerations for lung function testing. Eur Respir J 2005, 26, 
153–161
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Introduction
Although the scoliometer is widely used as a screening toll and to identify the flexibility of the curve, it is 
not easily found in Brazil, and it is expensive.
Research Question
Is there validity and accuracy of the angle of trunk rotation (ATR) and the stiffness scoliosis test (SST) 
measured using the smartphone applied with a simple external device (paper clips) when the scoliometer 
is the reference? Can the experience of the rater affect these results?
Methods
This cross-sectional study was conducted in a private clinic in the south of Brazil, between May and December 
2021.  All study procedures were approved by the Research Ethics Committee of the Universidade Federal 
do Rio Grande do Sul. The sample size calculation resulted in a sample of 50 measurements. The exclusion 
criteria were spinal surgical treatment, any diagnosable cause of scoliosis and amputation of lower or upper 
limbs. Each participant was evaluated by two raters by means of a scoliometer and a smartphone (applied 
using a very simple external device - paper clips). The sequence of the two consecutive procedures of 
evaluation and the two raters were randomly chosen. For statistical purpose, the Spearman’s and Pearson’s 
correlation test, the root mean square (RMS) error, the Bland-Altman graphic analysis and the ROC curve 
analysis were conducted (p<.05).
Results
The sample was composed by 50 gibbosities from 38 subjects, 74% were females (n= 28) and 26% males 
(n=10), with an average age of 13.4±2.5. The average ATR and SST was 8.5°, 8.5°, -6.7° and -6.3° for the 
scoliometer and smartphone, respectively. For the ATR, the correlation between the scoliometer and the 
smartphone was strong for both raters (Rt 1 p=.90 and Rt 2 p=.91; RMS error = 2°; n=50) which presented 
0.04° and 0.32° of mean difference in the Bland-Altman analysis, respectively (See graph 1 and 2). For 
the SST the correlation was strong for the rater 2 (r=.86; RMS error 3°; n=50) and moderate for rater 
1 (r=.69; RMS error 6°: n=50) which presented 0.04° and 1.24° of mean difference in the Bland-Altman 
analysis, respectively (See graph 3 and 4). The cut-off point for the scoliometer was established as ATR 
>5° for subjects with scoliosis. The ROC curve analysis showed a significant area under the curve (AUC) of 
95% (p<0.001), ranging between 89% and 100%. The cut-off point for the presence of scoliosis using the 
smartphone was 5.5° (sensitivity 94% and specificity 82%). 
Conclusions
The smartphone is valid and accurate for measuring the ATR and SST. The experience of the rater can affect 
the result.
Discussion
The use of the smartphone applied with a simple external tool can help more professionals in using this 
measurement for the screening and monitoring of scoliotic patients. However, the experience of the 
rater can affect the results. A more experienced rater is preferable when using the smartphone for the 
measurements. The SST was proposed recently, and its use is more complex when using the smartphone, 
considering the high sensitivity of the digital measurement and the movements involved in the test.
Disclosures (any Conflicts of Interest)
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Introduction
Adult Scoliosis can be defined and classified in different ways and includes both de novo Scoliosis (Type I), 
resulting from a progressive degeneration of the vertebral elements in adulthood in a previously straight 
spine, and Type II in which the deformity is observed in childhood or adolescence, progressing later after 
skeletal maturity.
It has been found that the variables that have the greatest impact on scoliosis disability in adults are: Sagittal 
imbalance, the angular value of the curve, lateral vertebral listesis and other factors such as the lordosis 
angle. This translates clinically into lumbar or radiating pain and may also be associated with neurological 
pathology.
Research Question
The purpose of this study is to analyze which clinical and radiological features of adult scoliosis correlate 
with disability, as assessed by the SRS-22 scale.
Methods
Retrospective descriptive study in 34 adult patients diagnosed with Scoliosis (types I and II) seen in the 
Rehabilitation consultations of the Hospital Ramón y Cajal from 2016 to the present.
Epidemiological (age, gender), curve characteristics (location, degree of severity), radiological (lateral 
listesis, pelvic tilt, pelvic incidence, coronal and sagittal imbalances) and treatment received (observation, 
both plaster and thermoplastic orthoses) were analyzed in order to correlate these parameters with the 
SRS-22 questionnaire.
The results were correlated using SPSS software.
Results
A statistically significant correlation has been found between imbalance (sagittal and coronal) and lumbar 
lordosis with the Pain and Function domains of the SRS-22.
Likewise, patients with more severe scoliosis presented greater consumption of analgesics, the need for 
multiple treatments and worse results on this questionnaire.
Conclusions
We agree with other authors that the most disabling findings in Adult Scoliosis are lateral listesis and 
alteration of the sagittal and coronal planes.
The role of the rehabilitation physician is fundamental to the clinical management of most patients with 
conservative alternatives.
Discussion
The SRS-22 is a very useful instrument for measuring Adult Scoliosis that can help us decide between 
different therapeutic alternatives.
In the management of patients with Adult Scoliosis, it is essential to have an in-depth knowledge of the 
clinical and radiological aspects defined above, as well as to bear in mind that the SRS22 Questionnaire can 
be a very useful measurement tool in daily clinical practice.
Disclosures (any Conflicts of Interest)
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Introduction
Scoliosis is a three-dimensional deformation of the spine but the superposition of frontal and sagittal 
deformation, i.e., the upper view is not easily accessible in clinical practice.
X-ray acquisition by EOS® is the current reference method with many advantages over conventional 
radiographs:
- Simultaneous acquisition of front and profile images.
- Possibility of three-dimensional (3D) reconstructions of the spine and pelvis
in order to analyse the horizontal plane.
- Limitation of EOS low dose stereoradiography irradiation.
Research Question
The main objective of this study is to assess the impact of different braces on the horizontal plane of scoliosis. 
The Secondary objective is to study the link between the parameters of the horizontal plane and the Cobb 
angle without brace.
Methods
This presentation is a retrospective study of 30 patients:
- Children over 10 years
- European Risser 0, 1 or 2
- First orthopedic treatment by Lyonnais Brace or CMCR or 3 points 
Find Patient Data
-> 3D reconstruction on sterEOS without brace and with brace
-> Recovery of 3D parameters:
*Apical Vertebral Rotation (AVR)
* Intervertebral Rotation at the upper and lower neutral Zone
* Torsion index (Steib) 
-> Statistical analyses 
Results
This study involves 39 curvatures ( 5 Lumbar, 19 Thoracic, 18 Thoraco-lumbar).
The results on the 3D parameters without and with brace are:
Without Brace: Cobb Angle (29.9° +/-10.1°), AVR (9.6° +/-5.9°) , Upper IAR ( 6.4°+/-3°), Lower IAR 
(5.2°+/-2.6°), Torsion (8.3°+/- 4.9°).
With Brace: Cobb Angle (16.3°+/-10.2°), AVR (7°+/- 4.3°) , Upper IAR (4.9°+/-3.3° ), Lower IAR (4°+/-2.3°), 
Torsion (6.1°+/-3.6°).
Conclusions
The different braces have an efficiency on the horizontal plane. But the question is to know the objectives 
for the correction of the horizontal plane? the percentage of correction to have effective scoliosis correction 
over the long term?
Discussion
The link between the parameters for example there are correlations between torsion and Cobb angle and 
between AVR and Cobb angle. The analysis of the horizontal plane is fundamental:
- to study scoliosis: to differentiate the importance of a curvature/ to the other; to know which action must 
be taken as a priority.
- to treat scoliosis: draw the brace according to the importance of AVR rather than the Cobb angle ; to obtain 
a correction of the junctional zones and/or AVR which are the guarantors of a long-term stability of the result.
In the futur,  it,s important to improve the accuracy and accessibility to 3D reconstruction of the spine but 
also of the chest and study the junctional zones especially when pain appears. 
Disclosures (any Conflicts of Interest)
No conflicts of interest for this presentation.
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Introduction
Scoliosis is a three-dimensional condition that causes deformity of the spine in the coronal, transverse and 
sagittal planes. The coronal shift of the spine has become increasingly prominent in the study of scoliosis, 
with the most coronal vertebrae from the VP-DM midline named as the maximal apical deviation. Apical 
deviation is important in pre-operative assessment and post-operative outcomes. Pre-operatively the focus 
is on determining fusion segments whereas post-operatively the focus is achieving a balanced, central 
fusion mass without compromising the lumbar motion segments. The relationship between Cobb Angle 
and PSSE has been well documented; however, there is no research that has explored the effect of PSSE 
on apical deviation.
Research Question
The aim of this retrospective cohort study was to determine the effectiveness of PSSE in reducing thoracic 
apical deviation in patients with IS.

Methods
100 consecutive IS patients with right-sided thoracic curvatures, who completed an intensive course of PSSE 
over a 4-week timeframe were included in the study. Data was collected between April 2019 and December 
2021. All patients were routinely scanned using the DIERS Formetric Scanner pre- and post-treatment. The 
maximum thoracic Apical Deviation (MTAD), measured in millimetres, was documented and analysed.
Results
The ages in the sample ranged from 8 to 81 with a median age of 15 years old. Of the sample set, 59 were 
children (<18) and 41 were adults. 88% were female. In the total sample, the average MTAD significantly 
changed by 15% from 26.7mm pre-treatment (SD = 16.0) to 23.2mm (SD = 13.00) post-treatment (p<0.005). 
In adults, the average MTAD significantly changed by 11.4% from 27.4mm (SD =17.5) pre-treatment to 
24.6mm (SD = 14.0) post-treatment (p<0.005). In children the average MTAD significantly changed by 
18.5% from 26.3mm (SD = 15.0) pre-treatment and 22.2mm (SD = 12.2) post-treatment (p<0.05). 
Conclusions
The results of this study show that an intensive course of PSSE treatment can significantly improve MTAD 
in patients with IS. 
Discussion
Apical deviation is used as a surgical assessment tool and by improving it before surgery, PSSE may aid in 
enhancing surgical outcomes.
Disclosures (any Conflicts of Interest)
Not applicable
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Introduction
Reliable measurements are needed to identify the ideal arm position for spinal X-Rays in the scoliosis 
populations. Sagittal spinal curves and axial vertebral rotation (AVR) can be assessed non-invasively, in 
standing with varying arm positions, using 3D Ultrasound imaging (3DUS). Inter-rater reliability of 3DUS 
measurements has been tested in natural standing and prone lying, but not in other arm positions.
Research Question
The study objective was to determine the inter-evaluator reliability of sagittal curve angle and AVR from 
3DUS images of the spine of healthy females in two arm positions typically used to capture spinal X-rays.
Methods
Ten healthy female volunteers over 10 years old were recruited from emailed advertisements on campus. 
The spine (C7-S1) was imaged during a single session in two standing positions using a 3DUS imager with 
orientation tracking. The CHIN position, commonly used for stereoradiography imaging, consisted of raising 
the arms forward and placing the proximal phalanges to the chin. The abduction (ABD) position consisted 
of placing open hands on either side of the head, with the middle finger touching the ear and the thumb 
touching the deltoid. The 3DUS images were measured using the center of lamina (COL) method with 
custom software. AVRTwist was defined as the difference between the largest AVR value of the three most 
rotated vertebrae to the right and to the left. Mean AVRTwist was defined by taking the difference between 
the mean AVR of the three most rotated vertebrae to the right and to the left. Whole thoracic kyphosis, 
T4-T12 kyphosis and lordosis measurements were extracted in both positions. Two evaluators measured 
10 scans each for inter-evaluator reliability (Intra-class correlation coefficient ICC2,1). Standard error of 
measurements (SEMs) and Bland-Altman bias and 95% limits of agreement (LOA) were also calculated. 
ICC2,1 >0.70 were deemed adequate for research use.
Results
Participants had a mean age of 21±2 years old (18-25 years), a mean height of 166±5cm and a mean weight 
of 61±9kg. The inter-evaluator reliability ICC2,1 of the sagittal curve angles ranged from 0.82-0.92, with 
SEMs ranging from 2.5-6.7°. (Table 1) The inter-evaluator reliability ICC2,1 for the AVRTwist were ≤0.17. 
However, SEMs were ≤2.3°. (Table 1) The inter-evaluator reliability ICC2,1 for the mean AVRTwist were 
better at ≤0.21, with SEMs of 1.1°. (Table 1) The Bland-Altman bias and LOA for mean AVRTwist in the CHIN 
and ABD positions were 0.7° [-2.4:3.9] and 1.2° [-1.7:4.2], respectively. (Figures 1 and 2)
Conclusions
The inter-evaluator reliability of novice evaluators for both positions were adequate for research and did not 
differ significantly. Measurement error for all sagittal measurements ranged between 3-7°. While the ICCs 
for AVRTwist were poorer, the error estimates were small and within the acceptable range (< 2.5°).
Discussion
AVRTwist ICC2,1 in both positions were not adequate for research use. This may be the result of restriction 
on the range of the observed values in this healthy sample and/or the sensitivity of COL location digitization. 
However, the SEMs and Bland-Altman error estimates for mean AVRTwist were deemed adequate.
Disclosures (any Conflicts of Interest)
No conflict of interest to declare.
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Introduction
Schoolchildren screening for scoliosis using the Adam’s test was initiated in the USA in the mid-60s, and 
in the 80s it became widespread due to the moiré topography proposed by Takasaki. However, due to 
the large number of false positives and the need for X-ray verification in many countries it was abandoned 
now, which led to a decrease in the effectiveness of conservative scoliosis’s treatment. Since the mid-80s, 
computer systems for surface topography appeared, which opened up new possibilities for solving 
screening problems. Since 1996, topographic screening using TODP has been carried out in many Russian 
cities (about 600000 examination)  has demonstrated in practice its high efficiency in organizing, and most 
importantly, it has proved the reliability and accuracy of the scoliosis diagnostic in comarision with X-ray. 
Since mid-90s Formetric has been widely used in Europe for the control of the scoliosis’s patients treatment 
and has recently been used for screening also.
Research Question
Comparison of the results of scoliosis diagnostics during screening by two topographic systems TODP 
(Russia) and Diers Formetric III 4D (Germany).
Methods
364 schoolchildren were examined (197 girls and 167 boys, age 8.9±1.9), they were divided into 3 groups 
by age: “6-8 years” (135, age 7.2±0.7), “8-10 years” (134, age 8.9±0.6); “10-12 years” (95, age 11.4±1.6). 
Schoolchildren of 2 preliminary schools (Dimitrovgrad, Russia) were examined in turn on two topographs: 
TODP (produced in 2021 with WTOPO 5.4-2021 software) and Formetric 4D (produced in 2015 with 
DICAM2.6.4 software). For TODP, 3 standard screening poses were used, as for Formetric - one natural 
pose with an average of 12 frames. Parents has signed the informed consent for topographic examination.
Results
The obtained distribution for all 364 schoolchildren of the topographic analog of Cobb angle of the main 
scoliosis curve showed a significant difference in the number of cases for specified angle ranges (TODP/
Formetric): 0-5° - 50/4.1%; 5-7° - 33.8/9.3%; 7-9° - 12.4/17.9%; 9-15° - 3.8/51.6%; 15-25° - 0/16.2%; 25-50° 
- 0/0.8%. (Fig.1). The clinically significant scoliosis (9° or more) revealed by TODP/Formetric: 3.7/71.1%, 
2.2/70.1%, 6.6/63.2% in age groups. Fig.2 shows a general view of the comparison of the revealed scoliosis 
angles for TODP and Formetric and also demonstrates a significant discrepancy in the results of two 
topographs. The possible reason was the incorrect forming of the spine model, which did not correspond 
to the reconstructed 3D model of the dorsal surface as shown on Fig.3.
Conclusions
TODP has confirmed its effectiveness for schoolchildren screening, but Formetric system cannot be 
recommended for this purpose, due to overdiagnosis of healthy children examination and low reliability 
and accuracy of the assessment of the initial forms of scoliosis.
Discussion
Scoliosis statistics from different countries show the prevalence of scoliosis from 0.6 to 3.5% (10° or more). 
According to the TODP data, matching statistics were obtained, and the Formetric data exceeded this 
statistics by several times. TODP may be an alternative to X-ray for yearly and middle scoliosis forms for 
screening and monitoring.
Disclosures (any Conflicts of Interest)
V.N.Sarnadskiy is the author of the method “Computer optical topography”. 
D.Y.Batorov, O.A.Shchuchkina have been used Formetric system in a clinic for several years.
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Introduction
Back Surface topography (ST) enables objective clinical assessment of scoliosis. Due to its radiation-free 
feature, it is suitable for continuous monitoring of the effects of therapeutic intervention. Although short-term 
therapy effects can be detected with clinical parameters measured by the clinician, these measurements are 
rather subjective. Detection of clinical changes on ST can give the professionals a more realistic insight into 
therapy effects or possible progression.   
Research Question
The study aimed to determine whether ST using depth cameras can detect clinical changes after intensive 
10-day treatment by Schroth method in scoliotic patients. 
Methods
After necessary ethical approval, patients from the Institute for physical and rehabilitation medicine „dr 
Miroslav Zotovic“ in Banja Luka (B&H) with mild structural idiopathic scoliosis, who were referred to intensive 
10-day treatment by Schroth method were recruited to participate in this study.   Structural scoliosis was 
defined as Cobb angle ≥10°. 
Patient assessment included the recording of clinical parameters (scoliometer measurement, coronal 
disbalance with plumbline) measured by the therapist, AP standing radiograph and ST parameters (trunk 
rotation, coronal disbalance). Correlation between clinical and ST parameters was measured in regards to 
the primary scoliotic curve. These parameters were measured before and after the treatment. Pearson’s 
correlation and a student T-test were completed using SPSS 24 (IBM®, UK). Statistical significance was 
defined as p<0,05.
Results
As shown in the table, the sample consisted of 12 patients, 9 girls and 3 boys, mean age 13.67±2.07 and 
average Cobb angle 15,75±4,59°.
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In terms of the clinical parameters, the difference between scoliometer measurements before and after 
treatment was statistically significant (t(11)=3,223; p<0,01), as well as the difference in coronal disbalance 
(p<0,05). However, there was no statistically significant difference in ST trunk rotation before and after 
treatment (p=0,232), as well as in coronal disbalance (p=0,286). There is a good correlation between 
scoliometer measurement and ST trunk rotation before treatment (r=0,504), while correlation is weaker after 
the treatment (r=0,324). Also, there is a moderate correlation between coronal disbalance and ST coronal 
disbalance (r=0,442) before the treatment, while the correlation is better after the treatment (r=0,566).
Conclusions
Our results indicate that clinical changes captured on surface topography before and after the intensive 
Schroth treatment correlate with clinical changes measured by the therapist. This suggests that depth 
cameras with appropriate assessment algorithms can be used for monitoring therapy effects in scoliotic 
patients. 
Discussion
There is an overall moderate to good correlation between clinical parameters measured by the therapist and 
ST parameters. This suggests that surface topography using depth cameras can be used for the detection 
of therapy effects in scoliotic patients. Unlike measurements performed by a therapist, measurements 
produced by the algorithm are uniform and more objective.
Disclosures (any Conflicts of Interest)
The authors declare there is no conflict of interest.
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Introduction
Adolescent Idiopathic Scoliosis (AIS) is characterized by curvature and rotation of the spine. 3D surface 
topography (ST) can assess the severity of AIS with the goal of reducing the reliance on radiographs. 
Previous studies have primarily been limited to binary classifiers, predicting only two ranges of Cobb angle 
severity (mild vs moderate/severe). This investigation aimed to expand the prediction capacity to three 
categories while maintaining accuracy by applying neural network machine learning (ML).
Research Question
To develop and evaluate neural network models for the multiclass classification of curve severity based on 
3D surface topography (ST) asymmetry for AIS.
Methods
Prediction models were generated from 521 ST scans and radiographs of AIS patients previously collected 
from two clinics; 369 scans using 910 laser scanners (KONICA MINOLTA Sensing Inc.) and 152 scans using 
Structure Pro sensors (Occipital Inc.). Mean Cobb angles were 30±13o (8° and 97°) with a mean age of 
14±2 years. An asymmetry analysis compared the torso with its reflection in a deviation map (Figure 1a). A 
standard artificial neural network (ANN) was trained using patch parameters derived from the asymmetry 
analysis, including root-mean-square deviation, maximum deviation, surface area, and centroid location 
(Figure 1b). The asymmetry analysis was also transformed into a dual-channel pseudo-image format to train 
a convolutional neural network (CNN) (Figure 1c). One channel contained depth data, while the second 
stored deviation data of the torso’s back. Parameters were not specified in this approach. For each method, 
20 training (n = 312) and validation (n = 209) sets were resampled to classify if the largest curve was mild 
(Cobb < 25°), moderate (25°≤ Cobb < 40°) or severe (Cobb > 40°). The average classification accuracy over 
20 runs is reported for each approach.
Results
Descriptives of the asymmetry parameters are reported (Table 1). The ANN accuracies for mild, moderate, 
and severe were 64.5%, 33.6%, and 61.9%, respectively. The corresponding accuracies using the CNN 
method were 75.4%, 41.4%, and 65.9% (Table 2).
Conclusions
It is feasible to use ANN and CNN ML for ST-based multiclass classification for scoliosis severity. A CNN model 
using all asymmetry deviations outperformed the ANN model using only asymmetry patch information by 
accessing the entire back surface of the torso and providing spatial context. ST-based screening methods 
assisted by ML may have the potential to reduce X-ray exposure in AIS.
Discussion
The CNN approach increased accuracy by 10.9%, 7.8%, and 4.0% for the mild, moderate, and severe 
categories. This indicates that patch parameters used in the ANN may not fully represent the asymmetry of 
the torso. The CNN may benefit from the additional spatial information, such as the patch shape. With this 
method, accuracy was greatest for the mild severity. This is desired as AIS patients who are pre-screened 
to have a mild curve would be spared from a radiograph.  A larger dataset may improve neural network 
learning. The torso’s front may also be included to wholly capture the patient’s asymmetry.
Disclosures (any Conflicts of Interest)
Funding was provided by the Canadian Institutes for Health Research (CIHR) and the Women and Children’s 
Health Research Institute (WCHRI).
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Introduction
The Rigo classification differentiates 4 basic clinical types (A, B, C, E) with a modifier for the presence of a 
proximal thoracic structural curve (D modifier). The two main radiological criteria to confirm the observed 
clinical type are the Transitional Point/Central Sacral Line offset (TPCSL offset) and the curve pattern 
compatibility (using SRS terminology).
Research Question
A new TPCSL angle (named alfa angle) has been defined to assess the TPCSL offset in order to analyze its 
capability discriminating between the different clinical types in the Rigo classification.
Methods
Ninety-nine AP/PA consecutive radiographs were assessed from the radiograph database (Non operated 
Idiopathic scoliosis including adolescents and adults). The measured parameters were:  the new TPCSL 
alfa angle, the thoracic Cobb angle, lumbar/tl Cobb angle, apical lumbar/tl rotation, relative Lumbar/tl 
rotation (apical rotation/number of vertebrae in the curve), CSLT1 offset, L3 tilting, L4 tilting and L4-L5 
counter-tilting. A statistical analysis was made for the whole sample as well as for the different groups 
formed in accordance to the Rigo Classification (A, B, C and E).
Results
In the whole sample, the TPCSL alfa angle showed a moderate to strong correlation with L3 tilting (r 0.84 
p< 0.001), L4 tilting (r 0.61 p< 0.001) and the L4-L5 counter-tilting (r 0.74 p< 0.001). TPCSL alfa angle also 
showed a significant correlation with the axial lumbar/tl rotation and the T1CSL offset. The TPCSL offset to 
the convex thoracic side defined the A type (alfa > 4º 100% type A). TPCSL + balanced (alfa between 4º 
to the convex thoracic side and 1º to the concave thoracic side) defines the C type (94.6% C and 5.4% A). 
TPCSL offset to the concave thoracic side defines the B and E types (alfa > 1º to the concave thoracic side 
100% are B or E types). In A1 and A2 sub-types (no lumbar/tl structural compensatory curve), the alfa angle 
correlated with the Cobb angle of the thoracic curve (r 0.72 p< 0.05 and r 0.91 p< 0.005, respectively) and 
in B type with the Cobb angle of the lumbar/tl curve (r 0.58 p< 0.05) only when the L/TL curve was the 
major one.
Conclusions
The TPCSL offset -measured with the alfa angle-  is a good radiological value to discriminate between the 
different clinical types in the Rigo Classification.  
Discussion
These results confirm that the TPCSL offset is a good criteria to discriminate between the different clinical 
types in the Rigo classification and confirms a relationship between the spinal imbalance to the convex 
thoracic side and the Cobb angle of the thoracic curve and the inclination of L3 –when there is not a 
secondary structural lumbar/tl curve- as well as the relationship between the spinal imbalance to the 
concave thoracic side and the Cobb angle and rotation of the lumbar/tl curve and also the inclination of of 
L3, L4 and the L4-L5 counter-tilting.
Disclosures (any Conflicts of Interest)
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Introduction
Adolescent idiopathic scoliosis (AIS) is a three-dimensional deformity of the spine in which the etiology is 
yet unknown. The diagnosis and follow-up of AIS is based on X-ray analysis of the spinal curvature. This 
technique is considered the gold standard however it has no prognostic value and carries risks associated 
with irradiation. The role of genetic factors involved in AIS is widely accepted but epigenetics may also 
contribute to AIS progression. The miRNAs, epigenetic signaling molecules that contribute to bone 
metabolism, may become new and useful biomarkers for the diagnosis/prognosis of this disease.
Research Question
The development of a new IVD (In vitro diagnostic) test, named ScoliPro®, based on a miRNA signature 
(miR-122-5p, miR-223-5p y miR-1306-3p) can improve the management for AIS by being used as a diagnostic 
and disease prognostic tool.
Methods
To develop the test prototype, specific primers and Taqman probes was designed to measure the miRNA 
signature by RT-qPCR on the LightCycler480II platform (Roche). Analytical sensitivity and specificity were 
evaluated using synthetic miRNAs. The diagnostic/prognostic performance of the ScoliPro® was tested 
in plasma samples from 40 patients with AIS recruited at “Hospital Universitario y Politécnico La Fe” 
(Valencia, Spain) and plasma samples from 20 healthy controls from IBSP-CV Biobank (“Biobanco para la 
Investigación Biomédica y en Salud Pública de la Comunidad Valenciana”). Anthropometric variables and 
miRNA expression levels was used to evaluate the diagnostic/prognostic ability of ScoliPro® kit.
Results
RT-qPCR was optimized and the ScoliPro® kit was designed and manufactured. The miRNAs miR-122-5p 
(Cut off value 1.89, p < 0.0001) and miR-1306-3p (Cut off value 2.02, p <0.0001) from AIS patients showed 
differential expression compared to healthy controls. Significant differences were observed in miR-1306-3p 
(Cut off value 3.46, p < 0.05) when comparing the group of AIS patients progressing to more severe 
scoliosis with the group that did not progress, demonstrating the prognostic role of the test. The technical 
file to obtain the CE Mark are currently being prepared.
Conclusions
miR-122-5p and miR-1306-3p evaluated with the ScoliPro® kit in EIA provides a new tool for early diagnosis 
and prognosis of AIS.
Discussion
The involvement of miR-122-5p and miR-1306-3p in the modulation of the genetic background of AIS 
patients is a breakthrough to clarify the molecular mechanisms underlying this disease. 
Disclosures (any Conflicts of Interest)
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Introduction
Scoliosis has traditionally been assessed and quantified using standing radiographs during the growth 
period in AIS patients. There is a need for the development of a trustworthy, objective, yet uninvasive 
method of assessment of the progression or deceleration of the spine deformity. 3D scanning of the body 
is a relatively new tool in imaging the change in body shape  in  scoliotic patients.
Research Question
3D scans are taken in a habitual standing position which may vary due to factors like fatigue or respiratory 
movements. The purpose of this study was to determine the repeatability of 3D topographic trunk 
parameters acquired for patients with spine deformities and controls and determine the threshold deviation 
of symmetry above which we can predict an actual change in the symmetry of the trunk due to structural 
changes in scoliotic patients.
Methods
A pilot study on 28 adult volunteers without known history of scoliosis was conducted to assess the  
repeatability of the assessment of  symmetry of the trunk in 3D scans of the body.   For this study we used 
a scanner based on three 3D light cameras that are moved around the patient  for a full 360 degree view 
of the body. Cloud compare software was used for the analysis. Each patient was scanned five times, with 
a short walk between the consecutive scans. The  scans were mirrored and superposed. The segmentation 
grid was applied on the torso and the scan was analysed  for asymmetry in five segments of the grid by 
manually indicating the point of greatest asymmetry in each segment by one researcher. In the next step, 
the five scans of each patient were computer matched to the first scan. The deviation from symmetry and 
the differences between the scans of every individual for each  segment were assessed.  27 AIS patients 
(22F, 5M) with the mean age of 13,2 (±3,2), with the mean Cobb angle of the major curve 22,75 (15,22) 
degrees were enrolled in the main study. The same  scanning and analysis protocol was maintained.
Results
The differences between scans were analysed for each segment. The standard deviation from symmetry was 
calculated for each segment. The average standard deviation for all the segments in the pilot group was 
2,0 mm (±1,08) and for  the AIS group was 2,15 mm (±1,03).  The mean difference between the computer 
matched  scans for all the segments was 4,41 (0,44-18,43) in the pilot group and 4,23mm ( 0,06- 11,59) for 
the AIS group.
Conclusions
The 3D scanner demonstrated to be highly repeatable for assessing the asymmetry of the trunk both in 
patients with scoliosis and controls, which makes it a promising tool for routine curve progression monitoring  
in AIS patients in clinical practice.
Discussion
Our results on the threshold level between normal and abnormal deviation are consistent with earlier 
research, which was set by Komeili et el at 3mm. Further investigation is needed on the assessment of the 
horizontal and sagittal plane on a larger group of patients.
Disclosures (any Conflicts of Interest)
We have no Conflicts of Interest to disclose.
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Introduction
Skeletal maturity assessment in Idiopathic Scoliosis (IS) is used for evaluation of the deformation progression 
risk, as well as selecting the method of treatment. Sanders Maturity Scale (SMS) is based on the ossification 
of phalanges, metacarpal bones and radius rated on AP radiograms of the left hand. Radiograms are 
classified as one of eight types of maturation.
Research Question
This retrospective study aimed to compare SMS to other, used in daily practice, skeletal maturity assessment 
methods.
Methods
33 female patients with IS diagnosis were included. The mean age of patients was 12 years and 8 months 
(min. 7 years and 6 months; max. 15 years and 10 months). Left hand AP radiograms were evaluated with 
both the SMS and the Greulich and Pyle (GP) methods. Patients were classified as types 1 through 7 SMS. 
At the AP radiogram of the pelvis, the Risser sign and the presence of triradiate cartilage were assessed.
Results
The majority of patients, 13 of 33 (39.4 %) were classified as type 3 (adolescent rapid – early). Reliability 
among observers was strong (the value of Kappa was above 0.8 for all pairs of observers). All the patients 
rated as type 1 or 2 SMS presented open triradiate cartilage. All the patients rated as types 4,5,6 and 7 
presented closed triradiate cartilage. Assessment of the presence of the triradiate cartilage in patients 
rated as type 3 in SMS was inconclusive (23% - open, 46%  - closed, 31 % - difficult to assess). None of the 
patients was rated as type 8 (mature).  Bone age evaluated with GP for type 1 and 2 SMS did not exceed 
10 years; for type 3 patients were assessed from 11 to 13 years; for type 4 – 13 years; for type 5 - 13 years 
and 6 months; for type 6 – from 13 years and 6 months to 14 years; and for type 7 – 15 years. Bone age 
evaluation with GP was inconclusive in 9 cases (27 %).
Conclusions
Sanders Maturity Scale enhances the accuracy of the bone age assessment.
Discussion
Sanders Maturity Scale presented several advantages: evaluation of skeletal maturity was fast; it was easier 
for the observers than bone age assessment with the radiographic atlas. The Risser 0 stage, which is crucial 
for progression risk assessment, corresponded with as many as 4 SMS stages, which enhances the accuracy 
of skeletal maturity evaluation.
Disclosures (any Conflicts of Interest)
The authors declare no conflict of interest.
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Introduction
Clinicians detect progressive scoliosis using radiographs every 6 months during growth. Many centers 
recently acquired low-dose stereo-radiographic systems to simultaneously acquire a frontal and a sagittal 
image to model the spine in 3D. The arms must be elevated when capturing the sagittal view to visualize 
the vertebrae. It is unclear which arm positions lead to sagittal measurements that are representative of 
the habitual posture and whether such positions could allow scoring skeletal maturity by exposing the 
hands. Spinal alignment can be quantified repetitively using non-invasive 3D ultrasound (3DUS) imaging to 
propose the most accurate arm position for radiography.
Research Question
Which arm positions which could be used to acquire simultaneous frontal and lateral  radiographs best 
represent habitual standing posture as measured using the angle of vertebral rotation (AVR), frontal and 
sagittal curve angles extracted from 3DUS images; and do any of the positions simultaneously allow for 
skeletal maturity assessment in healthy populations?
Methods
Healthy participants over 10 years old were recruited from emailed ads on campus. Participants were 
excluded if they had a history of spine surgery, back or lower-extremity injury, secondary scoliosis, and 
pregnant or gave birth in the last two years. Their spines (C7-S1) were scanned in standing via 3DUS 
imaging in 10 arm positions: habitual standing, arms supported anteriorly at 60o flexion, fingers to each 
of four landmarks (clavicle, chin, cheeks, and eyebrows), arms abducted 90o, hands on wall, on blocks, 
and hands unsupported. The hands are exposed above the shoulders in the last four positions. A trained 
evaluator digitized the center of the lamina using custom software to measure AVR differences (AVR twist), 
frontal curve angles and sagittal curves (whole thoracic Kyphosis, T4T5 to T11T12 kyphosis, and lordosis). 
AVR twist is the difference between the vertebra most rotated to the right and to the left, respectively. 
Repeated measures ANOVAs with Bonferroni post-hoc tests compared positions.
Results
Thirty healthy female participants were included with a mean age, height, and weight of 21±5 years, 
154±6cm, and 59±11kg, respectively. When comparing the 10 arm positions using all participants, there 
were no significant differences found for AVR twist, maximum frontal curve angle, whole thoracic kyphosis, 
T4T5 to T11T12 kyphosis, or lordosis measurements (p>0.05) (Table 1). After excluding two participants due 
to discovering they presented hyperkyphosis (>60o), a significant increase was detected in mean lordosis 
angles during hands unsupported (40±17o) compared to habitual standing (27±11o) (p<0.05) (Figure 1).  
Conclusions
In healthy participants varying in age, the 10 arm positions evaluated did not have significant effects on 
transverse, frontal and sagittal spinal parameters. Unsupported positions that raise the hands above the 
shoulders may significantly increase the lordosis angles compared to habitual standing.
Discussion
Given that most arm positions do not significantly alter spinal parameters in healthy participants, our results 
can reassure clinicians that measurements obtained with patients in different positions can be compared. 
Clinicians therefore have options when choosing a position for obtaining the most accurate radiograph 
however given wide confidence interval, standardizing positions would still be desirable. Still, exposing the 
hands above the shoulder will be possible without impacting spine measurements. Research is underway 
to examine this question in adolescent females with scoliosis.
Disclosures (any Conflicts of Interest)
No conflicts of interest to declare.
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Introduction
Patients with adolescent idiopathic scoliosis (AIS) have abnormal structural alignment and functional spine 
movement that may be associated with their ability to perform certain activities, back pain, or respiratory 
dysfunction. Current methods to assess spine range of motion are time-consuming, unreliable or require 
ionizing radiation. The goal of this study is to establish the reliability of a rapid, fully automcated and 
reliable tool for measurement of global spine ROM utilizing an optical surface scanning system.
Research Question
3D topographic measures of spine range of motion, in lateral and forward bending positions, will be reliable 
and capable of distinguishing between AIS patients and controls.
Methods
Informed consent was obtained from patients with spinal deformity and matched controls to undergo 3D 
topographic scans. A finger to floor scan was performed after positioning the patient in Adam’s forward 
bending posture whereby they were instructetd to reach for the floor to their maximum extent. As lateral 
bending scan was performed after positioning the subjects in A-pose (arms positioned to the sides at a 45 
degree angle). The subject was asked to bend to the left to their maximum extent and then bend to the 
right to their maximum extent while reaching their fingers to the floor. An analysis of covariance (ANCOVA) 
was used to test the hypothesis that AIS patients and controls would exhibit differences in eight bending 
parameters. ICCs were calculated for each novel topographic measure to determine reliability.
Results
58 AIS patients (curve ≥ 25°) and 37 controls were included in this ANCOVA of four lateral (coronal plane) 
bending measures and four forward (sagittal plane) bending measures. 45 subjects were included in the 
reliability analysis. ICC values, ANCOVA p-values, and defintions of each measurement are summarized in 
Table 1. The ANCOVA test showed significant differences between patients and controls in Finger to Floor 
Asymmetry, Acromia Asymmetry, Coronal Angle Asymmetry, and Acromia Average to Floor (highlighted in 
yellow).
Conclusions
3D topographic scanning of the trunk during bending reliably distinguishes differences in range of motion 
between AIS lumbar patients and controls. 3D topographic scanning enables safe, efficient, and highly 
reliable measurements of global spine range of motion in adolescents.
Discussion
Historical methods of assessing spine range of motion are unreliable, invasice and inaccurate. These results 
show promising evidence towards establishing a new tool to assess spine range of motion in AIS patients. 
This could have profound clinical implications such as changes in surgicial indications or improvement 
of outcome prediction. Additionally, angular measures proved to be more reliable than linear measures, 
offering evidence for increased use of such methods.
Disclosures (any Conflicts of Interest)
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Introduction
Adolescent Idiopathic Scoliosis (AIS) is often assessed using radiographic measurements including Cobb 
angle, which have demonstrated correlation with patient reported outcome measures (PROMs) such as Trunk 
Appearance Perception Scale (TAPS). Several groups have demonstrated weak (R < 0.45) but significant 
(p< 0.05) correlations between specific ST measurements and PROMs (e.g., TAPS). This study’s purpose is 
to determine the reliability of ST measurements using a whole body scanner and correlations with TAPS 
self-image scores. 
Research Question
To determine if surface topographic (ST)  measurements are reliable (ICC > 0.7) and are significantly (p< 
0.05) correlated with TAPS scores.
Methods
A prospectively obtained cohort of 92 AIS patients (age 11-20) and 27 age-matched controls underwent 
standardized clinical assessment, whole-body surface scanning and completed TAPS PROMs. Repeated 
scans by two observers were obtained on a subset of this cohort (N=46). The AIS group also completed 
whole-body biplanar imaging studies that demonstrated Cobb angles ranging from 6.39 to 78.94 degrees. 
A series of trunk asymmetry measures were computed from ST scans using a markerless fully automated 
pipeline. Reliability was assessed for each of the ST measures, and linear regressions were fitted to predict 
TAPS outcomes. 
Results
ST measures of the trunk had good to excellent reliability with ICCs ranging from 0.83 to 0.92. ST 
measurements including Principal Axis, Posterior Rib Prominence volume, and Chest Volume Asymmetry 
all demonstrated significant correlation with TAPS (0.53< R< 0.63; p< 0.001). Maximum Cobb angle also 
demonstrated significant correlation with TAPS (R=0.73, p< 0.001). Multivariate linear regression using all 
three ST measures resulted in R=0.75 (p< 0.001) for correlation of topographic parameters with TAPS.  
Conclusion
ST measurements can be obtained rapidly using a markerless workflow and fully automated algorithms to 
provide objective analysis of symmetry, body shape and changes over time in a clinical setting without the 
use of ionizing radiation. In this large prospective registry, 3D topographic measures correlate as closely 
with self-image (TAPS) as standard radiographic measures (Cobb angle). 
Discussion
This study presents a fully automated, objective, and reliable measurement tool to assess patient appearance 
that correlates with patient reported outcomes. 
Disclosures (any Conflicts of Interest)
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Introduction
Surface topographic scanning has limited use in orthopedics to date.  Adolescent Idiopathic scoliosis 
(AIS) may be a potential application for 3D surface topographic scanning in pediatric orthopedics.  Two 
topographic parameters, the asymmetry of twisting and ROM in the transverse plane have received limited 
attention in the literature although scoliosis is considered a triplanar deformity. The purpose of this study is 
to determine the feasibility of using asymmetry of twisting and ROM in the transverse plane to distinguish 
AIS patients from healthy controls.
Research Question
Will AIS subjects will have a higher asymmetry index compared to controls when measuring maximum 
axial twisting angles about the trunk in the clockwise and counterclockwise directions. ASItwist (%) 
= [2|(θCW-θCCW)|/( θCW+θCCW)] x 100 where θCW = the maximum clockwise rotation, θCCW = the 
maximum counter clockwise rotation?
Methods
A prospectively obtained cohort of 96 patients with AIS patients between 11 to 21 years of age and 29 
age-matched controls underwent whole-body surface scanning. Each AIS patient and control subject was 
asked to rotate clockwise maximally and then counter-clockwise maximally about the long axis of their body 
while standing upright with their shoulders abducted to 90 degrees and their elbows flexed to 90 degrees. 
The asymmetry index for twisting (ASItwisting(%)) was computed as well as the total ROM in the transverse 
plane for each subject.
Results
The ASItwisting(%) resulted in a mean(sdv) of 16.60(8.96) for controls and 23.99(25.59) for AIS patients 
(p=0.13).  The transverse plane ROM(deg) was 92.90(26.92) for controls and 81.54(27.44) for AIS patients 
(p=0.031).
Conclusions
Transverse plane ROM was significantly reduced in AIS patients compared with controls.  ASItwisting(%) was 
not significantly different between AIS patients and controls, most likely a function of the large standard 
deviation in AIS patients due to the diversity of their curve severities.  
Discussion
Interest in both parameters remains from this initial analysis and will be followed by psychometric analyses. 
AIS patients demonstrated differences in transverse plane movements compared with controls using a 3D 
topographic measurement that has a fully automated workflow and does not employ ionizing radiation.
Disclosures (any Conflicts of Interest)
Roger Widmann, serves on the editorial board of the Journal of Children’s Orthopedics and the Spinal 
Deformity Journal, consult for Medtronic Spine and OrthoPediatrics. Howard Hillstrom, Benjamin Groisser, 
and Roger Widmann have submitted patents related to topographic scanning.



SAN SEBASTIAN SOSORT CONGRESS91

SOSORT CONGRESS 2022  THURSDAY 5TH OF MAY    ORAL PRESENTATION
BLOCK TEN: IMAGING OF SPINAL ABNORMALITIES 

THE RESULTS OF BRACING AFTER SURGICAL TREATMENT OF CONGENITAL 
ISOLATED ANOMALIES OF VERTEBRAE DEVELOPMENT

Ignatiy Redchenko1 , Ivan Pavlov1 , Grigoriy Lein1 

1) Scoliologic.ru

Introduction
In the surgical treatment of congenital spinal deformity on the congenital isolated abnormally developed 
vertebrae, the problem of progression of unfixed segments of the spine located below or above the installed 
metal implants arises, especially in cases where there was a congenital spinal deformity with the presence 
of a compensatory curve before surgical treatment.
Research Question
To evaluate the results of bracing the patients after hemivertebra extirpation in the thoracic or lumbar spine 
with the presence of a compensatory curve in the lumbar or thoracic spine within 36 months.
Methods
Since 2017 to 2022 under our supervision there were 274 patients with congenital spinal deformity, of 
which 137 people underwent surgery on, and according to the data necessary for the research (patients 
had only one hemivertebra and had surgery for this deformity) - 44 patients were selected for the study. 
19 children with a compensatory thoracic curve and 25 children with a compensatory lumbar curve, who 
received standard surgical treatment - hemivertebra extirpation and fixation with metal parts – have been 
under supervision within 36 months. 5-7 days after the surgery, all children received a functional corrective 
brace with an effect on the compensatory curve. The magnitude of the curve correction was controlled by 
X-ray examination after surgery, and within 3-year period of using the brace (brace fixing on the 5-7 day 
after surgery, at the periods of 12, 24 and 36 months of brace using).
Results
The results of bracing of compensatory thoracic curves and compensatory lumbar curves after the surgery 
were controlled at the periods of 12, 24 and 36 months, X-ray images were taken without a brace. The 
comparison of the results of bracing with functional corrective braces in postoperative patients with thoracic 
compensatory curves right after the surgery and in 36 months, shows a positive dynamic beside the initial 
data. Since after the surgery the average degree of the compensatory curve was 15.5±4.5° (p=0.001), then 
at the time of 36 months of using the brace, its degree reduced up to 7.6±4.3 (p=0.002). Patients with 
lumbar curves also showed a positive dynamic - initial average degree was 11.2 ± 4.5°, and in 36 months 
on an X-ray image without an orthosis – it was 8.0 ± 4.1° (p = 0.212).
Conclusions
Thus, bracing of patients with compensatory curves with functional corrective braces can be assessed as a 
sufficiently effective method of comprehensive treatment, by the comparison of the periods at the time of 
initial bracing and in 36 months without a brace.
Discussion
Considering that the most significant dynamics in both groups of patients (thoracic and lumbar compensatory 
curves) is observed within the first 12 months, it is possible to reduce the period of bracing for operated 
patients with congenital spinal deformity in the form of hemivertebrae and compensatory curve from 36 
months up to 24 months with 3 to 5 years follow-up.
Disclosures (any Conflicts of Interest)
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Introduction
World population is exponentially growing so as life expectancy, for that reason elderly is prone to develop 
more pathologies and more susceptible to undergo surgery of all kinds. As older people are fragile, diverse 
scales have been created to stratify risk of perioperative complications but also to address and predict 
mortality. Age itself is considered as contraindication for surgery for some authors, so it is important to know 
when we should operate or not.
Research Question
The objective of this study is to address the characteristics of elder patients and analyse their frailty based 
on different scales, but also evaluate relations with outcomes in spine surgery.
Methods
Data from 66 patients older than 80 years old who receive spine surgery between February 2015 and 
February 2020, was extracted retrospectively from hospital data bases. A follow up of the clinical history 
was made for 12 months. Description of data and statistical inference was made, analysing between other 
variables, 6 and 12-months mortality, ASA classification, Charlson Comorbity Infex (CCI), modified Fried 
Failty Index (mFFI-11) and mFFI-5 (with 5 variables).
Results
72.7% were women. Kyphoplasty was performed in 69.7% of patients, being of traumatic etiology almost 
half (48.7%; and a total of 63.6% in our sample). Only 16.7% received open surgery, of which arthrodesis 
was the most frequent procedure (54.6% with degenerative etiology). The most frequent pathologies were 
fractures of the lumbar (39.4%) and thoracic region (37.9%). Mean surgical time and hospital stay were 
138.4 minutes and 12.5 days respectively. Postoperative complications were present in 27.3% of patients, 
being 58.0% of grade-3 severity in the SAVES scale 30-days readmission was present in 12.1% of patients. 
13.6% of patients died within the first 6 months, and 3.5% during the following 6 (total annual mortality 
was 16.6%). Mean values for frailty scores were 1.8 for mFFI-11, 1.2 for mFF-5, and 5.5 for CCI. A mean 
ASA value of 2.6 was obtained. There was no relation between frailty and mortality or readmission. Patients 
suffering from complications obtained higher values of mFFI-11 (p=0.001) and CCI (p=0.021), but also had 
registered higher surgical time (p=0.002).
Conclusions
Kyphoplasty is a safe intervention, broadly used in elder patients which are more susceptible to traumatic 
injuries Almost one third of patients suffered from complications, but they were mostly mild. Mortality was 
slightly higher in our study than in the consulted bibliography. There was a significant relation between 
complications, frailty, and surgical time.
Discussion
Our higher mortality could be explained because of their traumatic etiology. Also, our lower rate of 
complications, when compared with the bibliography may be due to bias in the collection of data. In 
the literature, ASA grade is better to explain perioperative complications, but it has been demonstrated 
that the scales included in our study also serve to address the risk of complications. In the elderly, new 
non-invasive procedures, and anaesthetic technics, may improve results.
Disclosures (any Conflicts of Interest)
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Introduction
Adolescent idiopathic scoliosis (AIS) is a deformity related to the spine that affects the patient’s trunk 
appearance. Shoulder asymmetry is an important concern for AIS patients, but there is a need for objective, 
validated measurements to describe this aspect of trunk deformity. Traditional radiographic and clinical 
evaluations (e.g. acromion height) correlate poorly with patient reported outcomes. The purpose of this 
study is to develop novel surface topographic tools for objective quantification of shoulder asymmetry 
measurements and to investigate correlations with the Trunk Appearance Perception Scale (TAPS) 
questionnaire.
Research Question
To determine if surface topographic measurement of shoulder asymmetry in AIS patients and controls will 
exhibit good reliability (ICC>0.7) and be significantly (p< 0.05) correlated with TAPS scores. 
Methods
Topographic scans were captured with a whole-body surface scanner on a cohort of 92 patients with AIS and 
27 controls ages 11 to 20 years. All subjects underwent standardized clinical assessment and completed 
TAPS questionnaires, while a subset (N=46) underwent repeated scanning with multiple researchers for 
reliability analysis. The AIS group also completed whole-body biplanar imaging studies (Cobb angle range 
6.39 to 78.94 degrees). A markerless automated algorithmic pipeline was used to compute volumetric and 
angular measures of shoulder asymmetry. Intraclass correlations (ICCs) were computed for each of the ST 
measures, and linear regressions were fitted to model correlation with TAPS.
Results
Shoulder ST measurements exhibited good to excellent reliability with inter-rater ICCs ranging from 0.84 
to 0.9 (Table 1). Shoulder asymmetry topographic measures were all significantly correlated with TAPS (p< 
0.01).
Conclusions
Shoulder ST measurements are reliable, and demonstrate correlation with TAPS, suggesting significant 
contributions to overall patient perception of trunk deformity. This work presents an automated, objective, 
reliable tool for surface and volumetric evaluation of shoulder balance. These measurements provide 
reliable shoulder asymmetry measurements useful for management of AIS patients.
Discussion
This work presents an automated, objective, reliable tool for surface and volumetric evaluation of shoulder 
balance. These measurements provide reliable shoulder asymmetry measurements useful for management 
of AIS patients. 
Disclosures (any Conflicts of Interest)
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Introduction
The standard examination for the patients with idiopathic scoliosis is periodic x-rays. One way to avoid the 
problem of radiation in children may be to use ultrasonographic examination and measurement.
Research Question
The objective of this study was to assess of the correlation between ultrasonographic scoliosis angle and 
radiographic angle.
Methods
21 patients (14 girls and 7 boys) aged 9 to 17 years (13±3 years) were examined. Height ranged from 
136 to 185cm (162cm±14.7cm), weight ranged from 27 to 77kg (48.3±13.7 kg), BMI ranged from 11.5 
to 23.8 (18.1±2.78). A dedicated Scolioscan device was used for the study. The examination started with 
the patient positioning, facing the chest and hip board with supporters located at the level of the anterior 
superior iliac spines and infraclavicular fossa to ensure a stable posture. Scanning was performed from the 
sacrum proximally to C7. The software processed and displayed a 2D image of the spine and calculated the 
angle of curvature. Also, the ultrasonographic scoliosis angle can be determined manually for each curve. 
On the day of the ultrasound examination, the patients had a standard radiograph of the spine in the ap 
projection in the standing position.
Results
The study could be performed in patients regardless of gender and age; it lasted approximately 15 minutes. 
The examination was technically difficult in patients with significant trunk rotation, making scanning with the 
ultrasound probe difficult, and in children with tactile hypersensitivity. Angles measured by ultrasonography 
ranged from 6.7º to 34.5º (19.2º±9.2º) and by radiography (Cobb angle) ranged from 8º to 65º (28.4º±14.5º), 
R Pearson’s Correlation Coefficient =0.81, p=0.0001. The ultrasonographic scoliosis angles were smaller 
than the Cobb angles measured on radiographs; the difference between the parameters increased with the 
Cobb angle increase. 
Conclusions
The ultrasonographic scoliosis angle correlates well with the radiographic angle, and its values are smaller; 
and the difference is particularly evident in large scoliosis. Ultrasound technology opens up new possibilities 
for frequent, non-invasive examination of children with scoliosis, allowing the evaluation of the treatment 
with reduced x-ray radiation.
Discussion
The correlation of the Cobb angle with the ultrasonographic scoliosis angle is consistent with the report of 
Zheng et al (2016), Zhou et al (2017) and Wong et al (2019). The ultrasonographic examination underestimated 
the spinal angle in comparison with Cobb angle, and this result is consistent with the observation made 
by Zheng (2016), which is also described by Wong et al (2019). According to the indications of Scolioscan 
use, the examination results for patients with curvatures above 50º of Cobb angle may be distorted and 
unreliable, which is also shown by the outlier result of the above study.
Disclosures (any Conflicts of Interest)
The all authors have no conflicts of interest relevant to this article.
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Introduction
Standing radiographs are the standard examination during the growth period in AIS patients. There is 
however a need for an alternative, trustworthy non-invasive method of assessment of the change of the 
spine deformity in clinical practice. 3D scanning of the body may be an easy way to observe and record 
changes in the body shape in AIS patient. It might be used on a day-to-day basis by the PT’S during  PSSE 
sessions. Lack of change in body shape may help avoid unnecessary control radiographs in non-progressive 
cases.
Research Question
The purpose of this study was to determine the usefulness of 3D scanning in assessing the change of the 
spine deformity  in AIS patients in clinical practice.
Methods
40  AIS patients were enrolled in the study. Each patient had a baseline standing radiograph and 3D scan 
of the body. The follow up 3D scan and radiograph are performed at 6 months. The Cobb angles are 
measured by the same doctor. A scanner based on three 3D light cameras that are moved around the 
patient for a full 360 degree view of the body is used. Cloud compare software is used for the analysis. 
The  scans are mirrored and superposed. The segmentation grid is applied and the scans are analysed  for 
asymmetry by the same physiotherapist. In our previous study we found that the threshold for abnormal 
asymmetry in AIS is 2,15 mm (±1,03), thus deviations above the threshold of 3 mm were considered. In this 
study we focused on the segment of the major curve. We looked for the correlation between the change 
in asymmetry and Cobb angle.  In this preliminary report we present the results of the first 7 AIS patients 
(F:6, M:1) with the mean age 15,4 yrs, with an average major curve Cobb angle of 30,71 degrees who have 
completed the study. The average change in Cobb angle was 5,71 degrees.
Results
The average  standard deviation of asymmetry in the segment of the major curve in our group of patients 
was 5,02 mm(±2,20). Due to the small number of participants the results were not statistically analysed yet. 
During our further studies with the increase of sample size the results may vary and it will also be possible 
to observe the effect of the curve pattern on the correlation between the Cobb angle and the measured 
change in asymmetry.
Conclusions
The preliminary results are promising. We observed visible change in the deviation of asymmetry of the 
trunk even though the average change of the Cobb angle in the group was below 6 degrees.
Discussion
Further investigation is needed on the methodology of the assessment of asymmetry of the 3D scans. 
Even though the procedure od 3D body scanning is very quick ( 2-3 minutes) and simple, the academic 
approach to analysis of the scan is time-consuming. It seems that the search for specific points of the 
greatest asymmetry in the segments of the grid is impossible to implement in day-to-day practise and the 
development of  colour scales for heat maps for deviation thresholds to assess asymmetry visually would 
make 3D scanning a useful clinical tool in the PT practice.
Disclosures (any Conflicts of Interest)
We have no Conflicts of Interest to disclose. 



SOSORT CONGRESS 2022  FRIDAY 6TH OF MAY    ORAL PRESENTATION

SAN SEBASTIAN SOSORT CONGRESS96

BLOCK ONE: IMAGING OF SPINAL ABNORMALITIES 

ASYMMETRY ASSESSMENT USING 3D SCANS IN DAILY CLINICAL 
PRACTICE-SEARCHING FOR SOLUTIONS

Katarzyna Smółka1 , Wojciech Kurzydło2 , Karolina Nowak1 

1) Medical Center Dr Smółka, Chrzanów, Poland 2) Faculty of Health Sciences, Jagiellonian University Medical College. 
Kraków, Poland



SOSORT CONGRESS 2022  FRIDAY 6TH OF MAY    ORAL PRESENTATION

SAN SEBASTIAN SOSORT CONGRESS97

BLOCK ONE: IMAGING OF SPINAL ABNORMALITIES 

RELATIONSHIPS BETWEEN X-RAY IMAGES AND CLINICAL EXAMINATION IN THE 
ASSESSMENT OF THE LUMBAR SPINE IN THE SAGITTAL PLANE - PILOT STUDY

Andrzej M’hango1,2 , Irmina Blicharska-Kubiś1,2 , Marianna Białek2 , Ewelina Białek-Kucharska2 

1) Terapeuta Plus 2) FITS Method

Introduction
Disturbance of spinal curvature in the sagittal plane is an important factor in the pathomechanics of scoliosis. 
In the literature, norms of values for the lumbar lordosis can be found in clinical examination as well as in 
radiological assessment, but they differ depending on the author and the measurement tool used.
Research Question
The aim of the study is to show whether there is a correlation in the assessment of the value of lumbar lordosis 
between the clinical examination and the radiological assessment in patients with adolescent idiopathic 
scoliosis. Also to answer which examination (radiological or clinical) should be used in the selection of 
movement patterns according to the FITS Method.
Methods
Twenty-five subjects of both sexes, diagnosed with adolescent idiopathic scoliosis, aged 12.6 ± 2.2 years, 
were enrolled in the study. Based on x-rays taken in the anteroposterior and lateral projection, the Cobb’s 
angle for thoracolumbar scoliosis averaged 23.3° ± 12.5, and for lumbar scoliosis 18.5° ± 7.8. The mean 
angular value of lumbar lordosis measured by x-ray was 50.0° ± 10.3, while sacral alignment was 34.5° ± 
8.4. The angle of trunk rotation measured by Bunnell’s scoliometer averaged 6.0° ± 5.2 for thoracolumbar 
scoliosis and 3.4° ± 3.1 for lumbar scoliosis. The mean angular value of the spine in the sagittal plane 
measured with a Sanders inclinometer for lumbar lordosis was 29.3° ± 8.8, while sacral bone alignment was 
22.4° ± 6.3. For the analysis we used measurements taken before conservative treatment according to the 
FITS Method. 
Results
There was no correlation between the amount of lordosis and the Cobb’s angle of lumbar or thoracolumbar 
curvature R=0.106, p=0.65. However, there was a correlation between the value of lumbar lordosis measured 
by inclinometer and measured on X-ray R=0.47 p=0.016.
Conclusions
Measurement of lumbar lordosis with a Sanders inclinometer should be used as a standard in the clinical 
examination of scoliosis because of the existing correlation with sagittal plane measurement on X-ray.
Discussion
The therapy of patients diagnosed with scoliosis, recommended excercises should contain correction of 
sagittal plane.  Not always physiotherapists can assess correctly aligment of sagittal profile without Xray 
pictures. Due to the multitude of measuring tools, standards, they decide to subjective assesment.  Different 
authors have examined different ethnicities, using different parameters at various vertebral levels.
The main limitation of our study is the low number of individuals but we continue our research.  
Disclosures (any Conflicts of Interest)
The authors declare that they have no conflicts of interest.
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Introduction
Idiopathic scoliosis is the most common musculoskeletal deformity in children. There is a dose-response 
relationship between compliance and improvement in scoliosis. The literature revealed that esthetic 
considerations have negative consequences on the quality of life (Qol) of patients and consequently on 
wearing-time of the brace. 
Research Question
In order to minimize esthetic problems and then increase Qol and wearing time, we proposed a new relay 
brace named “corset collerette” without pelvic trochanterian base.
Methods
A prospective cohort study was conducted. All patients consulting for AIS in the rehabilitation department 
of Bordeaux University Hospital signed an informed consent and were registered in a prospective hospital 
database.  The patients expressing unwillingness to wear the usual brace or who had decreasing compliance 
were offered the “corset collerette” and were included in a 3 months follow-up. Outcome measures assessed 
at baseline and at three months were SRS 22, wearing time. and Cobb angles evolution since the start of 
bracing was also collected. Primary end point was the QoL assed by SRS 22 scale at 3 months of follow-up.
Results
The first thirty-eight patients agreeing the “corset collerette” were included in the study, with a mean age 
of 15 ±2.7 years and 89% of female. The Qol assessed by the SRS-22 was significantly improved with the 
“collerette corset” (p <0.05). All SRS-22 sub-scores were improved, except the “body image” item. There 
was no significant increase in wearing time and thoracic Cobb’s angles between baseline and follow-up (p> 
0.05). Lumbar Cobb angle improved not significantly between baseline and follow-up (p>0.05).
Conclusions
The “corset Collerette” allowed an improvement in the Qol of the patients, avoided a decrease in compliance 
with wearing the brace despite the expression of an unwillingness to the usual brace, and maintain the 
same in-brace Cobb’s angles.
Discussion
Limits:longer study is necessary to konw if the cobb correction at dthe end of the treatment will be improved 
by this relay with collerette brace.
Disclosures (any Conflicts of Interest)
No conflict of inetrest.
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Introduction
This study evaluates a Posterior Dynamic Deformity Correction Device (PDDC) for use in adolescent idiopathic 
scoliosis patients with Lenke 1 or 5 curves, having a Cobb angle of 35° to 60°, with correction on lateral bend 
to less than or equal to 30°, and thoracic kyphosis less than 55°. The objective is to summarize short-term 
safety and perioperative results as well as Cobb angle correction.
Research Question
Does PDDC provide a safe and effective option in fusionless surgery for adolescent idiopathic scoliosis?
Methods
All subjects enrolled in the study are included in an international pediatric spine registry. Reported outcomes 
data are standardized. Radiological measurements are performed by an independent evaluator of the registry 
per a predefined protocol. The PDDC being evaluated in this study received United States FDA approval as 
a humanitarian use device in August 2019. All sites have obtained approval from their respective Institutional 
Research Boards.
Results
This study effectiveness sample includes 72 patients with an average radiological data follow up of 4 months 
(0.5-12 months). The average age of patients was 15 years (range 10.5-19.5), 75% were females. 47 cases 
were Lenke 1 and 25 cases were Lenke 5 with an average Risser grade of 2.7 (range 0-5).  The average 
pre-op/post-op measurements:
Pre-Op:
AP  Major Curve    46°  (31°-63°)  Secondary Curve  29°  (14°-45°)
Lateral  Kyphosis   23°  ( 2°-63°)  Lordosis   58°  (34°- 86°)
Post-Op:
AP  Major Curve   19°  (1°-41°)  Secondary Curve  18°  (1°-37°)
Lateral  Kyphosis  32° (9°-58°)   Lordosis  56°   (31°-85°)
Pre-op lateral bending x-rays reduced the major curve to 16° (Range 3°-30°). Post-op, 76% of major curves 
reduced to below 25°, and 92% below 30°. The study safety sample included 90 patients. 2 patients were 
admitted to the ICU for 1 night, and the average patient hospitalization was 1.3 days (range 1-4). No neurologic 
complications were reported. Two patients had implant failure, and one patient had a distal screw pullout.
One implant failure was revised to a fusion and the other implant failure had a device replacement. The 
distal screw pullout patient was revised without fusion. No deep infections occurred, but one patient had a 
superficial wound dehiscence that resolved with oral antibiotics.
Conclusions
Short-term results of PDDC show early improvement in Cobb angles, operative times, and length of hospital 
stays with minimal complications and a low rate of revision surgery despite using a motion sparing device.
Discussion
PDDC offers an option for those patients that fail or are noncompliant with brace treatment, do not meet 
criteria for standard fusion options, or are seeking a fusionless treatment technique. This preliminary study 
demonstrated no acute neurologic complications and no deep wound infections. Operative time and blood 
loss is lower than other fusionless techniques. Revision rates are low but follow up is short.
Disclosures (any Conflicts of Interest)
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Introduction
Juvenile rigid thoracic hyperkyphosis is diagnosed by rigids Cobb’s angle over 40-45°angle. If there are a 
minimum of 3 vertebrae in a wedging shape at least 5° angle, it is described as Scheuermann’s disease, 
contrary to that it is idiopathic. In both cases, stiffness and ache might be presented. The conservative 
treatment guidelines with orthosis is stiffness. Not treated patients  seem to have greater pain as adults. 
Moreover, hyperkyphosis might imbalance the sagittal plane which is related to a worsening health condition.
Research Question
To assess the modified angle and percent of improvement of Cobb’s angle and sagittal imbalance after 
following orthopedic plaster cast treatment applying EDF, and later Swain brace on inmature patients with 
rigid juvenile hyperkyphosis.
Methods
A restrospective descriptive study at H. Ramon y Cajal, Madrid, Spain. 73 inmatures patients with rigid 
hyperkyphosis over 40° angle were included with and without Scheuermann’s radiological criteria, originally 
treated with correction plaster cast in suspension and sitting («Elongation; Derotation, lateral flexion») (EDF) 
(Picture1) within 6 weeks, afterwards wearing a Swain brace 23 hours a day until adulthood, Starting on 
january 2012 until may 2016. Scoliosis, neuromuscular disorders and those not comply with orthopedic 
treatment were not included. Collected variables: age, sex, Risser, Cobb’s angle (T4 – T12), sagittal imbalance 
(plumb line C7) initial then cast and Swain brace. To statically analyze the study data SPSS statistic 25, was 
utilized through applying the Wilcoxon test for related samples. Moreover, descriptive statistical analysis 
was used including medians and ranges.
Results
Due to the lack of radiological data, 19 men and 6 women were left at the end. Eight of them fulfilled 
Scheuermann’s requirements. 64% started treatment with Risser 0. The median starting age is 13 years old 
(11-17). Median month of treatment was 26 (12-120). Cobb’s angle median initial was 46° (40° – 61°). The 
median modified angle and percentage of enhace with Cobb wearing a cast was 7° (-2 – 23°) and 14.28% 
(-3.77 – 38.98%) respectively ; subsequently to cast correction and Swain, 9° (2 - 31°) and 22,41% (5 -52, 
54%) (Figure1). Both with a significance diference to Wilcoxon test (p< 0.05). The percentage of initial 
imbalance and by the end of treatment was 28%.
Conclusions
The study remarks a significantly radiological correcting enhancement patients curves with rigid juvenile 
hyperkyphosis treated with cast based on EDF and continue with Swain brace until adulthood. We will 
expand the study with a largest sample size.
Discussion
The study shows, a percentage of improvement in Cobb’s angle using a cast (through EDF) and follow 
along with Swain by 22% ( 5 – 52%). Similar studies with Milwaukee, the curve improve by 35 – 50%; with 
modified Boston a 27%. Our Treatment mean timeframe (36 months) was superior. Some studies describe 
improvement even until 15°. It is widely accepted that brace treatment in hyperkyphosis inmature patients  
is succesful, although there’s not further conclusions regarding the best brace. Other studies like ours 
discuss the possibility of improvement in sagittal plane without any significant conclusions yet.
Disclosures (any Conflicts of Interest)
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Introduction
Upper and lower back pain which affects 70-80% of population. Leading causes of Upper and lower pain 
include the defects on vertebral colon and incorrect postural habits. Jewelers (or similar professions) whose 
work demands long periods of sitting (8+ hours a day) develop problems on their spine or muscle-skeleton 
system since sitting position doubles loading on intervertebral discs. In the literature, there are few clinical 
studies on orthotic treatment that can prevent/reduce upper/lower back pain and kyphotic posture. Aim of 
this study, analyze the effects of soft orthosis have on functionality, kyphotic posture, upper and lower back 
pain.
Research Question
Is soft thoracolumbar orthosis usage effective on postural defects and upper and lower back pain of jewelers 
who work in sitting position for a long time?
Methods
40 jewelers who met the inclusion criteria are divided into two groups: the brace and the control group. The 
brace group used soft orthosis during work hours (8 hours on average) for 6 weeks, while no adjustments 
were made on the control group. Results are analyzed through pre and post-tests at the end of 6 weeks; 
thoracic kyphosis angles (TKA) are analyzed flexicurve, head and shoulder protrusion angle (HPA and 
SPA) are analyzed photogrammetric measure, upper and lower back pain value (UBPV/LBPV) is analyzed 
numerical pain rating scale.
Results
Normality check of continuous variables is analyzed through Shapiro Wilk test. Parametric methods 
were used for those who showed compliance with the normal distribution, and non-parametric methods 
were used for those who did not. Student’s t test and Mann Whitney U test were used in comparisons of 
continuous variables between the two groups, and Paired t test and Wilcoxon test were used in comparisons 
of continuous variables between pre and post-test. The comparison of participants’ pre and post-tests at 
the end of 6 weeks reveals no statistically significant difference (SSD) between the groups in terms of 
pre-test TKA, HPA and SPA angles, UBPV and LBPV (p>0.05); while post-test shows SSD in terms of TKA, 
HPA, UBPV and LBPV (p<0.001; p=0.019; p=0.002; p=0.015, respectively). SSD were found for TKA, HPA, 
UBPV and LBPV between pre and post-test in the brace group (p<0.001), while no SSD were found in the 
control group (p>0.05).
Conclusions
While there was a statistically significant improvement in the TKA, HPA, UBPV and LBPV of the brace group, 
no significant change was observed in the control group. No statistically significant change was observed 
in SPA in either group.
Discussion
Literature shows no standard treatment protocol to correct the angle of thoracic kyphosis and no study 
on the effectiveness of soft thoracolumbar orthosis applications in increased thoracic kyphosis in special 
occupational groups. Usage of soft orthoses for an average of 8 hours in individuals who work in sitting 
position for a long time seems to be effective in reducing upper and lower back pain with postural correction.
Disclosures (any Conflicts of Interest)
The authors declared no potential conflicts of interest with respect to the research.
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Introduction
Adult scoliosis is sometimes associated to back pain and severe curves can progress over time. The main 
approach for these patients is the surgical one, however surgery is not appropriate for all patients, and some 
do not accept surgery. Despite scoliosis has been estimated to affect up to 68% of the population over 60, 
there is scant literature about conservative treatment for adult scoliosis. Bracing is a quite common approach 
in such patients, but only a few papers are available to assess their efficacy. Bracing is usually applied during 
the day to improve pain and function, but some evidence showed a role for night-time bracing to prevent 
progression in most severe curves. Since some years we started using this approach in our patients, but so 
far, no information is available about the role of night-time bracing to improve pain and function.
Research Question
To test the effectiveness of a custom-made brace in reducing pain and improving function in adult scoliosis 
patients at six months with respect to a prefabricated brace worn 2-4 hours during the day.
Methods
Design: retrospective controlled study. Population: study group: 9 adults (age 57.0±5.0, curve 56.1±18.1° 
Cobb) who were treated with a custom-made brace for scoliosis at night. Control group: 20 adults (age 
67.8±10.5, curve 61.9±12.6° Cobb) coming from a previous study from our group. Inclusion criteria: Adults 
affected by Idiopathic scoliosis of 30° Cobb or more and chronic low back pain (cLBP). Exclusion criteria: 
secondary scoliosis. Sample size: no calculation was made; we included all the patients fulfilling inclusion 
criteria treated with a night-brace. Outcome measures: GRS, Oswestry Disability Index (ODI), COMI. Statistical 
analysis: paired t-test and non-parametric tests. Protocol: patients were evaluated at baseline immediately 
and 6 months after they started wearing their brace. The dosage was night-time for the study group and 2-4 
hours daytime for the control group.
Results
All patients from both groups reported a good compliance with bracing. At six months, worst pain and back 
pain were significantly improved in both groups, while leg pain and COMI reached a statistically significant 
improvement only in the control group. For ODI, no relevant changes were noted.
Conclusions
Night time bracing can help patients with scoliosis and LBP improve pain at six months follow up to the same 
extent as a brace worn 2-4 hours during daytime.
Discussion
Night-time bracing with a custom-made brace showed being as effective as using prefabricated for 2-4 hours 
during daytime on worst pain and back pain. Results were not significant for leg pain and disability in the 
study group, and this could depend on the sample included, eventually too small to detect such a change. 
Achieving a good pain control with night-time bracing could be very important in order to help patients 
without impacting their ability to actively support their trunk. We consider these as preliminary data that will 
justify further research to better understand the role of night-time bracing in adults with scoliosis and low 
back pain.
Disclosures (any Conflicts of Interest)
Nothing to disclose.
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A COMPARISON OF THE EFFECTS OF SUPERVISED VERSUS HOME SCHROTH 
EXERCISE PROGRAMS TO MOTION ANALYSIS AND LIFE QUALITY WITH 

ADOLESCENT IDIOPATHIC SCOLIOSIS
Kadriye Tombak1 , Inci Yuksel2 , Umut Özsoy1 , Yilmaz Yildirim1 , Sezen Karasin1 

1) Akdeniz University 2) Eastern Mediterranean University

Introduction
Clinical studies have shown that Schroth exercise can reduce the deformity of the spine, improve the motion 
and life quality  of patients with adolescent idiopathic scoliosis (AIS). This study aimed to compare the 
effects of the three-dimensional Schroth exercise method given under the supervision of a physiotherapist 
against a home program on central sacral line, scapula positions arm swing duruind the normal walking 
and Schroth gait. The other aim of the study compare the quality of life, and body image in patients with 
adolescent idiopathic scoliosis.
Research Question
How effective are the Schroth exercises when applied as home exercise compared to the supervised group?
Methods
Thirty-seven patients diagnosed with AIS, aged 10 to 16 years, were randomly assigned to the Supervised 
(n = 19) or the Home-based Schroth Exercise Group (n = 18) twice a week with supervised physiotherapy 
and home exercise program; The Schroth Home Exercise Group was followed up with only a home exercise 
program during the same period.Both groups were treated for seven days a week over 12 weeks. Before and 
after treatment motion analysis was done with the BTS Smart DX100 device. Quality of life was evaluated 
with Scoliosis Research Society-22 (SRS-22) and cosmetic deformity perception with the Walter Reed Visual 
Assessment Scale (WRVAS).
Results
Motion analysis measurement data were obtained during normal and Schroth gait and .While the change 
in normal walking results between both groups was only the mean maximum-minimum left arm swing 
and the left arm swing number was significant (p < 0,05), no difference was found in other parameters 
(p>0,05).In the results of Schroth gait, the C7-S2 mean minimum sub-parameter was found to be statistically 
significant in both groups (p< 0,05), while no statistically significant difference was found in any of the other 
sub-parameters (p>0,05).
While the change of SRS-22 and WRVAS variables in each group over time was significant (p< 0,05), the 
difference between the groups was not statistically significant (p>0,05).
Conclusions
As a result, it has been observed that physiotherapist-supervised and home Schroth exercise programs 
have similar effects in improving main motion and symetri parametres (central sacral line, scapula positions 
and arm swings) and  the quality of life, and body image in individuals with AIS.
Discussion
The gait has a dynamic movement pattern, not a static one. It also has an important place in daily life 
activities. In a three-dimensional deformity such as scoliosis, longer-term treatments may be needed to 
show positive changes in all parameters of this complex movement chain. Changes in quality of life and 
body image changed significantly in both groups, supporting the literature. 9. The pandemic, which affects 
the history of humanity and is observed on average once every century, unfortunately affected the whole 
world as Covid-19 in 2020. This study has also given the foresight that some physiotherapy approaches 
that cannot be performed face-to-face for different reasons can be carried out in the form of individualized, 
supervised home exercise programs. Comprehensive home programs, in which families and patients are 
informed, tailored to the individual and supported by visuals, may be preferred in the treatment of scoliosis 
with the Schroth method in terms of saving time for both patients and physiotherapists.
Disclosures (any Conflicts of Interest)
There is no conflict of interest.
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ADOLESCENT IDIOPATHIC SCOLIOSIS (AIS) GIRLS MIGHT HAVE HIGHER METABOLIC 
COST DURING MODIFIED HIGH-INTENSITY INTERVAL TRAINING (HIIT) 
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Introduction
Adolescent idiopathic scoliosis (AIS) patients are found to have lower level of physical activity and are 
associated with poorer bone and muscle health. Results from our previous study showed benefits of modified 
high-intensity interval training (HIIT) to improve musculoskeletal health and psychological well-beings in AIS 
girls. It is important to understand the metabolic demand in AIS patients so that exercise can be prescribed 
at appropriate intensity level to optimize training effects. This prospective case-control study aimed to 
investigate the metabolic demand in AIS girls when performing modified HIIT.
Research Question
Would the metabolic demand for AIS girls performing modified HITT behave in the same way as compared 
to healthy controls?
Methods
Twenty-two girls (10 AIS girls with Cobb angle of 15° to 39°  and 12 gender-matched healthy controls) aged 
between 10 to 16 were recruited. Subjects were instructed to perform two trials of a 7-min modified HIIT with 
10-min rest in-between. Demographic data and clinical features of AIS were obtained. Body composition 
parameters were measured by bioelectrical impedance analyzer. Breath-by breath gas exchange parameters 
including oxygen consumption (VO2) and heart rate (HR) were measured using telemetric portable gas 
analyzer system (COSMED K5, Italy). Rate of perceived exertion (RPE) was obtained during exercise. 
Metabolic demand between AIS and controls was compared using MANOVA with covariates adjustment.
Results
AIS had earlier onset of menarche  (p=0.01), higher visceral adipose tissue (p=0.04) and percentage body 
fat (p=0.03) as compared to controls. Predicted VO2 peak in both groups showed no significant difference. 
With covariates adjusted, AIS showed significantly higher VO2 average in both trials (p=0.014 and p=0.11 
respectively), and highest measured VO2 peak in the 2nd trial (p=0.004) as compared to controls.  AIS 
showed a drop in HR peak and average during the 2nd trial with a numerically higher RPE. AIS also exercised 
at a similar percentage of VO2 maximum than controls (64.26% vs 63.60%).
Conclusions
AIS girls performed the modified HIIT at an average of 64.33% VO2 maximum which is considered to 
be an appropriate moderate exercise intensity level. However, they were found to have higher oxygen 
consumption indicating a higher metabolic cost when performing modified HIIT. AIS also had a numerically 
higher RPE in both trials indicating that they might be easier and quicker to get fatigue than that of controls.
Discussion
The current findings showed that AIS girls had a higher metabolic cost than controls when performing 
modified HIIT. Modifications of exercise programme catered for AIS could include slower exercise rhythm, 
frequent exercise breaks and using more cueing to avoid easy fatigue and exercising at moderate intensity 
level to optimise exercise benefits.
Disclosures (any Conflicts of Interest)
This study is supported by the School Research Grant, Tung Wah College, Hong Kong SAR, China (Project 
number: 2019-02-52-SRG190201).
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Introduction
Schroth therapy is a conservative treatment option for adolescents with idiopathic scoliosis (AIS). Physiothe-
rapeutic scoliosis specific exercises (PSSE) are designed to address the 3D nature of scoliosis (1). One school 
of PSSE therapy includes the Schroth method (2). Schroth principles and practices can be implemented in 
various ways from the several schools. There is no data to explain how Schroth therapists are integrating 
Schroth into clinical practice to treat AIS. 
Research Question
To describe the methods of PSSE and non-PSSE used by Schroth therapists globally to treat AIS.
Methods
“Schroth therapists”, defined as being certified by 1) International Schroth 3D Scoliosis Therapy according 
to Asklepios – Katharina Schroth (ISST), and/or 2) the Barcelona Scoliosis Physical Therapy School 
(BSPTS), were eligible to participate in this cross-sectional observational study if they were 1) registered 
and listed on their respective school’s websites, 2) proficient in English, and 3) currently treating AIS. The 
survey asked about demographic characteristics, certified training, clinical experience, prescription of 
Schroth therapy exercises, and how PSSE and non-PSSE methods were integrated. Data was analysed 
descriptively based on the percentage of responses.   
Results
Out of 173 participants who were eligible and completed the survey, 96% worked primarily 
as physiotherapists, 64% registered in North America or Europe (32% each), and 60% worked in multidis-
ciplinary teams. We found that 72% used a combination of the BSPTS and ISST methods, but 22% only 
used BSPTS and 6% only used ISST. Furthermore, 77% completed advanced Schroth training (i.e., level 1 
training of ISST, BSPTS or both). Less than half (40%) of participants were also trained in other methods of 
scoliosis conservative treatment including Scientific Exercise Approach to Scoliosis (SEAS), which was the 
most popular form of PSSE that was ‘often’ or ‘always’ implemented (22%), followed by Side Shift (10%), 
Lyon (4%), Dobomed (4%) and Functional Individual Therapy of Scoliosis (FITS) (1.8%). Participants ‘never’ 
used the following PSSE forms: Dobomed (92%), FITS (86%), Lyon (86%), and Side shift (80%). Popular 
non-PSSE exercises integrated with Schroth were Pilates (23%) and yoga (12%). Of those participants, 
Pilates and yoga were encouraged ‘often’ or ‘always’ in 36% and 12% of Schroth therapists respectively. 
Other non-PSSE forms of exercise (e.g., core stabilisation, traditional exercises) were integrated with Schroth 
by 34% of participants. Finally, 46% of participants use massage or other soft tissue therapy and 9% use 
electrostimulation, as an adjunct.  
Conclusions
Schroth therapy for AIS varies considerably world-wide. Most Schroth therapists combine principles from 
BSPTS and ISST and other forms of PSSE, notably SEAS, more than non-PSSE therapies, such as Pilates. 
Almost half supplement Schroth therapy with soft tissue techniques.  
Discussion
The application of Schroth varies, which suggests that treatment outcomes for AIS varies. Future research 
must explore clinical decision-making by Schroth therapists and whether effectiveness of Schroth differs 
based on the integration of other forms of therapy in the management of AIS. 
Disclosures (any Conflicts of Interest)
No disclosures.  
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Introduction
Adolescent idiopathic scoliosis (AIS) is a three-dimensional condition of the spine that causes physical, 
emotional and functional impairments. Treatments seek to reduce scoliotic curve progression and improve 
psychological emotional well-being, aesthetics and quality of life. The questionnaires used to assess patients 
with AIS do not include important questions about physiotherapeutic scoliosis-specific exercises (PSSE). 
Adopting a multidimensional perspective, the Patient Perception of Scoliosis-specific Physical Therapy 
(Physio-IS) Questionnaire was created to address this gap. Its content validity has been proven. 
Research Question
Any new instrument must undergo rigorous validation and reliability checks to enable its safe use1. This 
study asks the following question: Is the Physio-IS questionnaire valid and reliable?
Methods
This study followed the “Consensus-based standards for the selection of health measurement instruments 
(COSMIN)” Consecutively, 52 adolescents with AIS were invited to answer the Physio-IS questionnaire. 
Structural validity was tested through exploratory factor analysis using the principal components method. 
The domains were named based on the common content of the questions. The internal consistency and 
reliability of each domain was determined using the Cronbach’s Alpha.
Results
Regarding structural validity, factor analysis identified four domains: (1) specific knowledge, (2) social impact, 
(3) pain and (4) associated concern, which together explain 68.2% of the accumulated variance. Regarding 
reliability, the internal consistency was proven. The Cronbach’s Alpha for each domain were: 0,77 (specific 
knowledge); 0,84 (social impact) 0,92 (pain) and 0,84 (associated concern).  
Conclusions
The Physio-IS questionnaire has structural validity and reliability for the assessment of patients with AIS who 
undergo PSSE. 
Discussion
With a cumulative explained variance of 68.2%, the Physio-IS has higher values than other questionnaires 
for patients with AIS2–4. The Cronbach’s alpha ranged from 0.77 to 0.92, other instruments for patients with 
IS show similar values5–7.
Disclosures (any Conflicts of Interest)
The authors report no conflict of interest.
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Introduction
The Schroth method has been shown to improve pain and objective measures of posture, body image, 
pulmonary function, curve severity and quality of life in persons with scoliosis and kyphosis. Accordingly, it 
constitutes an important part of non-surgical management and an adjunct to bracing. Evidence supporting 
Schroth is rapidly increasing, and methodologic standardization and rigor are crucial.
Research Question
To systematically review methods of published Schroth PSSE controlled trials and provide guidance for future 
research.
Methods
We searched six databases for the term “Schroth” (PubMed, Embase, Scopus, CINAHL, SPORTDiscus 
PEDro). Two independent reviewers screened titles/abstracts and full texts based on predefined criteria. We 
included randomized (RCT) and controlled trials (CCT) that investigated the effect of Schroth in pediatric or 
adult populations with scoliosis or kyphosis.
General characteristics, methodological approaches, and treatment protocols were extracted into 55 domains 
and compared.
Risk of bias was assessed using an adapted Cochrane RoB2 tool for RCTs (domains in Table 1). Studies were 
classified as short-term (≤4 weeks), intermediate (4 weeks to 1 year) and long-term (≥1 year) per Cochrane 
Back and Neck group recommendation.
Results
Seven studies were eligible. Five used the Schroth method, and two used the Barcelona-Scoliosis-Physi-
cal-Therapy-School approach. One studied patients with Scheuermann’s kyphosis and 6 with AIS.
Studies were conducted in Turkey (2), USA (1), Republic of Korea (1), Egypt (1), Israel (1), and Canada (1). 
Intervention periods were long-term (2), and intermediate (5).
The primary outcome for all studies was Cobb angle (6 measured by x-ray, 1 used surface topography). 
Other outcomes: quality of life, incidence of progression, brace prescription, angle of trunk rotation, static 
plantar pressure distribution, functional capacity, muscle endurance, waist asymmetry, weight distribution, 
pain, body image perception, surface topography measurements and spinal mobility.
Compliance was explicitly monitored in 3 and performance in 2 studies. Exercise progression was reported 
in 2 studies. Exercise prescription according to the Schroth curve type was reported in 1 trial. Stratified 
randomization by curve type was reported in 1 study. Three studies reported using certified Schroth therapists.
Four studies did not register their protocols, 2 registered after study completion, and 1 after the study 
commenced but before completion. One study provided sufficient information in the published protocol 
to support replication. One study was determined to be of appropriate quality, while all others scored 
sub-optimally on multiple domains.
Conclusions
We recommend authors follow minimum standards for reporting of Schroth PSSE trials, including prospectively 
registering detailed study protocols, providing appropriate PSSE labelling, utilizing the Schroth classification 
and Schroth therapists, naming, and describing specific exercises per curve type, providing therapy dosages, 
prescription methods and adherence. This will strengthen the evidence base for Schroth PSSE.
Discussion
Our analysis showed that Schroth PSSE trials currently lack methodological rigor. Authors commonly do 
not provide sufficient information to replicate the study or treatment protocols, and they typically do not 
report classifying participants into a specific Schroth classification, which is essential as it guides the therapy 
prescription.  
Disclosures (any Conflicts of Interest)
SS is a Schroth instructor, owns a private physiotherapy clinic, and is the author of one of the included trials. 
SS did not assess or extract data relating to that study. ES and DW have nothing to disclose.
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Introduction
According to Scoliosis Research Society (SRS) surgical indication for Adolescent Idiopathic Scoliosis (AIS) is 
above 40º. Our purpose was to investigate the efficacy of a combined therapy with brace and Physiothera-
peutic Scoliosis Specific Exercises (PSSE) in severe scoliosis.
Research Question
Can conservative treatment be an alternative treatment option for scoliotic curves at surgical range during 
the peak of growth?
Methods
Ongoing prospective study with intention to treat analysis. 48 patients (47 females and 1 male) received 
treatment by Cheneau type brace and Schroth based exercises. Our inclusion criteria were at least one 
structural curve with Cobb angle >40º, Risser stage 0-2, age > 10 years, less than 1 year after first menstruation 
and no prior treatment. Average Cobb angle was 55.3º for thoracic curves (41º – 85º) and 52.6º (40º – 78º) 
for lumbar curves, mean Risser 0.6 and age 12.4 years. 10 curves were single and 38 double. Compliance 
was classified as A for full-compliance, B for partial compliance and C for low or non-compliance. Outcome 
parameters were Cobb angle post-treatment, Angle Trunk Rotation (ATR), TRACE scale and SRS-22 
questionnaire score. Mean follow-up was 36.3 months. Statistical analysis performed by paired t-test.
Results
Totally, 24 (50%) subjects remained stable, 13 (27.1%) improved > 5º and 11 (22.9%) progressed > 5º. 
Cobb angle post-treatment significantly improved (52.8º, p=0.05 for thoracic and 47.4º, p= 0.02 for lumbar 
curves). A statistically significant reduction was reported for ATR, thoracic reduced from 12.8º to 10.3º 
(p=0.01) and lumbar from 11.6º to 9.7º (p=0.02). TRACE scale also significantly decreased from 8.4 to 6.2 
(p=0.008) and SRS-22 total score improved from 73.4 to 79.6 (p=0.004). Mean in-brace correction (IBC) was 
32.3% for thoracic and 27.4% for lumbar curves. In progressed cases was 13.5% for thoracic and 23.6% for 
lumbar, while in improved cases 49.3% and 32.7% respectively. A curve type analysis revealed statistically 
significant better in-brace correction and Cobb angle post-intervention for single compared to double 
structural curves. IBC in single curves was 49.9% for thoracic and 50.9% for lumbar and 27.2% for thoracic 
(p=0.0002) and 25.5% for lumbar (p=0.0004) in double curves. In double curves progression rate was 28.9% 
and in single curves 0% (p=0.0003).
Conclusions
Non-operative treatment by bracing and PSSE can effectively treat severe scoliosis. The results were 
significantly better in single than double curves.
Discussion
Conservative treatment achieved a success rate of 77.1% in scoliotic curves above 40º in a group with a 
high risk of progression at the peak of growth. A significant improvement was detected for trunk rotation 
(ATR), body symmetry measured by TRACE scale and quality of life measured by SRS-22 questionnaire. 
Single curves have better prognosis than double and adherence to treatment protocol was a positive 
prognostic factor.
Disclosures (any Conflicts of Interest)
Nothing to disclose and no conflict of interest.
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Introduction
Physiotherapeutic scoliosis specific exercise (PSSE) reduces Cobb angles of patients with mild to moderate 
adolescent idiopathic scoliosis (AIS) through an appropriate exercise compliance (EC), but avoiding 
overtreatment is crucial.
Research Question
To determine the requisite EC of PSSE for achieving curve regression; to analyze whether the apical 
translation (AT), apical wedging (AW), and apical rotation (AR) of the major curve improve with regression 
effect.
Methods
Between 2019 and 2021, a total of 2072 patients with AIS were treated with either bracing or PSSE at 
our scoliosis clinic. Of those, 763 patients undertook only PSSE for a consecutive 6-month. This resulted 
426 patients, namely 213 with curve regression and 213 age- / sex-matched with curve stabilization/
deterioration at the 6-month, were eligible for regression analysis to detect the relationship between EC 
and regression effect at the 6-month; receiver operating characteristic (ROC) curve analysis and Youden’s 
index were applied to identify the threshold of EC leading to curve regression at the 6-month. The AT, AW, 
and AR of the major curve were compared before and after 6-month PSSE to investigate the radiographic 
parameters that improved with regression effect. 
Results
EC was correlated with regression effect (odds ratio: 19.9, 95% confidence interval: 11.3–35.0, p < 0.001) 
and the cutoff threshold of EC was 4.4 h/week for 6 months to realize such an effect. AT was improved by 
47.6% with curve regression, in which 152 cases remained curve regression whereas 61 cases presented 
curve stabilization and no case progressed into the operative threshold at the 1.5-year follow-up.
Conclusions
A 6-month PSSE protocol of 4.4 hours per week was potentially leading to curve regression in treating mild 
to moderate scoliosis. An improvement in AT of the major curve was observed with the regression effect.
Discussion
Studies demonstrated the ability of PSSE to reduce the Cobb angle; it is thus crucial to determine the 
EC realizes such a reduction. In addition, the effects of PSSE in changing vertebral monography remain 
unknown, understanding these effects can help researchers discover how PSSE remodels deformed 
vertebrae. This study defined the cutoff threshold of EC leading to curve regression and revealed that AT 
improved with the curve regression.
Disclosures (any Conflicts of Interest)
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Introduction
Adolescents with idiopathic scoliosis (AIS) often receive conservative treatments aiming to prevent 
progression of the spinal deformity during puberty.
Research Question
To explore patient adherence and secondary outcomes during the first 6 months in an ongoing randomised 
controlled trial of three treatment interventions.
Methods
Interventions consisted of physical activity combined with either hypercorrective Boston brace night shift 
(NB), scoliosis-specific exercise (SSE), or physical activity alone (PA). Measures at baseline and 6 months 
included angle of trunk rotation (ATR), Cobb angle, International Physical Activity Questionnaire short form 
(IPAQ-SF), pictorial Spinal Appearance Questionnaire (pSAQ), Scoliosis Research Society (SRS-22r), EuroQol 
5-Dimensions Youth (EQ-5D-Y) and Visual Analogue Scale (EQ-VAS). Patient adherence, motivation, and 
capability in performing the intervention were reported at 6 months.
Results
The study included 135 patients (111 females) with AIS and >1-year estimated remaining growth, mean 
age 12.7 (1.4) years, and mean Cobb angle 31 (±5.3). At 6 months, the proportion of patients in the groups 
reporting high to very high adherence ranged between 72 and 95%, while motivation ranged between 
65 and 92%, with the highest proportion seen in the NB group (p = 0.014, p = 0.002). IPAQ-SF displayed 
significant between group main effects regarding moderate activity (F = 5.7; p =0.004; ηp2 = 0.10), with 
a medium-sized increase favouring the SSE group compared to NB. Walking showed significant between 
group main effects, as did metabolic equivalent (MET-min/week), with medium (F = 6.8, p = 0.002; ηp2= 
0.11), and large (F = 8.3, p = < 0.001, ηp2= 0.14) increases, respectively, for the SSE and PA groups 
compared to NB. From baseline to 6 months, ATR showed significant between group medium-sized main 
effects (F = 1.2, p = 0.019, ηp2= 0.007) favouring the NB group compared to PA, but not clinically relevant.
Conclusions
Patients reported high adherence and motivation to treatment, especially in the NB group. Patients in 
the SSE and PA groups increased their physical activity levels without other clinically relevant differences 
between groups in other clinical measures or patient-reported outcomes. The results suggest that the 
prescribed treatments are viable first-step options during the first 6 months.
Discussion
This RCT was successfully carried out within the context of the Swedish public health care system. The 
present study’s results highlight that differences exist in adherence and patient reported outcomes after 
a 6-month period of either NB, SSE, or PA treatments for AIS. Overall, high adherence, motivation, and 
capability regarding treatments can be attained with initial health care provider guidance and 6-month 
follow-up at clinic to enable patient´s self-care ability which can be important for maintaining adherence 
to long-term interventions. Forthcoming publications will analyse treatment effects on spine deformity and 
health outcomes over time until treatment end-point (>6 degrees of Cobb angle progression or reaching 
skeletal maturity).
Disclosures (any Conflicts of Interest)
The authors declare no conflict of interest.
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Introduction
Scoliosis causes deformity in the coronal, transverse and sagittal planes. Pulmonary function has been 
widely documented as a factor that can be affected by scoliosis, with an elevated risk of respiratory failure 
in more severe cases. The relationship between Cobb angle and respiratory function is well documented 
however, there has been less research that has examined pulmonary function in relation to deformity due 
to scoliosis in the transverse plane, and more specifically, little to no research has examined the effects of 
Physiotherapy Scoliosis Specific Exercise (PSSE) treatment in improving pulmonary function.
Research Question
The aim of this retrospective cohort study was to determine the relationship between Angle of Trunk 
Rotation (ATR) and lung function in patients with Idiopathic Scoliosis (IS) before and after an intensive 
course of PSSE treatment. 
Methods
626 patients with thoracic IS were included in the study. The patients completed an intensive course of PSSE 
over a 4-week timeframe. The data was collected during routine assessment of all patients between January 
2015 to June 2019. ATR and Forced Vital Capacity (FVC) were measured before and after treatment. ATR 
was measured in degrees using Bunnell’s Scoliometer. The patients’ lung function was measured using FVC 
using CareFusion Spirometry PC Software. A regression model was used to determine the relationship 
between the ATR and patients’ percentage of predicted FVC (PPFVC) values which was calculated using 
a formula and normal reference values derived by Falaschetti et al. (2004). Further paired samples T-tests 
were administered to determine the effect of treatment on ATR and FVC individually, and an ANOVA was 
used to determine the effects of age group.
Results
The ages in the sample ranged from 6 to 83 with a median age of 16 years old. Of the sample set, 82% of 
patients were female. 62% were children (<18) and 38% were adults.
Prior to treatment the average ATR was 7.52° and the PPFVC was 82.3%. There was a significant negative 
relationship between ATR and PPFVC, r (1214) = -0.31 (p<0.05). This meant that a decrease in thoracic ATR 
led to an increase in PPFVC, R2 = .096, F (1, 1214) = 129.9 (p<0.05).   
In the full sample, the average ATR was 7.40° (SD=4.13) pre-treatment and 6.20° (SD=3.87) post-treatment 
(p<0.05). The average PPFVC was 82.4% pre-treatment (SD=14.0) and 83.6% post-treatment (SD=13.3) 
(p<0.05). In the adult group, the average ATR pre-treatment was 6.92° (SD=4.08) and 5.80° (SD=3.70) 
post-treatment (p<0.05). The average PPFVC was 86.8% pre-treatment (SD=13.4) and 87.5% (SD=13.1) 
post-treatment (p<0.05). In the children, the average ATR pre-treatment was 7.78° (SD=4.14) and 6.52° 
post-treatment (SD=3.97) (p<0.05). The average PPFVC was 79.3% (SD=12.2) pre-treatment and 79.9% 
(SD=11.6) post-treatment (p<0.05).
Conclusions
There was a strong relationship between ATR and PPFVC in patients prior to treatment. Patients with higher 
ATR values tended to have lower PPFVC compared to their predicted FVC in the general population. It was 
also observed that a reduction in ATR directly resulted in an increase in FVC. 
Discussion
It was shown that an intensive course of PSSE can result in an improvement of trunk rotation and, therefore, 
pulmonary function in patients with IS.
Disclosures (any Conflicts of Interest)
No applicable.
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Introduction
Scoliosis is a three-dimensional condition that causes deformity of the spine in the coronal, transverse and 
sagittal planes. Scoliosis can cause apparent cosmetic asymmetries that have been shown to affect the 
psychosocial well-being of the patient. A common symptom of scoliosis and well-documented complaint 
is an asymmetry of the waistline which is contributed by the pelvis being elevated on the concave aspect 
of the lumbar curvature, PO. PO also contributes to altered gait patterns, leading to asymmetrical loading, 
an increase in muscular work, and the lumbar muscles being activated for longer durations. It has been 
highlighted as a risk factor for persistent post-operative coronal decompensation. As far as we are aware, 
there have been no studies that have looked at the effects of an intensive course of PSSE treatment on PO. 
Research Question
The aim of this retrospective cohort study was to determine the effects of an intensive course of PSSE in 
improving the PO in patients with IS. 
Methods
129 consecutive patients with IS completing an intensive course of PSSE over a 4-week timeframe were 
included in the study. Data was collected between April 2019 and December 2021. All patients were routinely 
scanned using the DIERS Formetric Scanner pre- and post-treatment. The PO, expressed in millimetres, was 
documented and analysed.
Results
The ages in the sample ranged from 8 to 81 with a median age of 16 years old. Of the sample set, 68 were 
children (<18) and 61 were adults. 85% of patients were female. In the full sample, the average PO was 
5.49mm (SD = 6.75) pre-treatment and 4.05mm (SD = 3.31) post-treatment. This change of 35.6% was 
statistically significant (p<0.05). In the adult group, the average PO before treatment was 6.18mm (SD=7.29) 
and 4.18mm post-treatment (SD=3.78). This change of 47.8% was statistically significant (p<0.05). In the 
children, the average PO was 4.87 (SD=6.21) pre-treatment and 3.93 (SD=2.85) post-treatment. The change 
of 23.9% was statistically significant (p<0.05). 
Conclusions
An intensive course of PSSE has shown to improve PO in patients with IS.
Discussion
This can contribute to improving the patients’ self-image and therefore health-related quality of life.
Disclosures (any Conflicts of Interest)
Not applicable.
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Introduction
Idiopathic scoliosis (IS) has been associated with destructive changes in the thoracic cavity which affect 
the pulmonary function. Physiotherapeutic scoliosis-specific exercises (PSSE) by Schroth method with 3D 
correction, including de-rotational breathing have been used as treatment for scoliosis correction and 
improvement of pulmonary function.
Research Question
The aim of the study is to determine whether there is difference in pulmonary function between adolescents 
with and without scoliosis. In addition, we wanted to examine if there is a possibility of pulmonary function 
improvement in scoliotic patients after intensive 7-day Schroth physical treatment.
Methods
This was a retrospective study after necessary approvals. It included 20 adolescents who had parent/
guardian permission.  The adolescents were divided into two groups, according to the presence of scoliosis. 
The IS group consisted of adolescents in Schroth camps in Serbia and Bulgaria. Scoliosis was defined 
as Cobb angle≥10° on standing radiograph. The non-scoliotic group consisted of health adolescents 
without spinal deformity from screening in sport clubs in Serbia. Spirolab Portable (MIR, Italy), Desktop and 
PC-Based Spirometer, with Oximetry Option was used to assess the pulmonary function. A standardized 
protocol following the manufacturers guidance was employed. Following parameters were measured: Vital 
Capacity(VC), Forced Vital Capacity (FVC) and Forced Expiratory Volume in 1 second (FEV1). In addition to 
the baseline measurements, the IS group had further assessment after the treatment. A student T-test was 
used to compare the two groups. Statistical significance was set at p<0,05.
Results
There were 10 patients with AIS, mean age 14.2±2.04 and 10 non-scoliotic children, mean age 13.30 ± 
1.57. Mean Cobb angle of thoracic curves was 54.50 ± 11.13°. There was a statistically significant difference 
in all three spirometric parameters (p<0,05) between the two groups.  However, no statistically significant 
difference was found in the IS group before and after the treatment (FVC p=0,452, FVC p=0,398, FEV1 
p=0,900).  
Conclusions
Results of our study confirm that severe IS causes pulmonary function impairement. However, in order to 
significantly improve the pulmonary function, longer Schroth treatment is required.
Discussion
Our results show that severe IS causes impairements in pulmonary function. As expected, healthy adolescents 
of the same age have significantly better pulmonary function than scoliotic adolescents.  Although previous 
studies showed that 6 to 8 weeks of Schroth treatment made a significant difference in pulmonary function 
in scoliotic patients, the current study indicated that Schroth 7-day intensive treatment was not sufficient to 
show statistically significant changes in pulmonary function in patients with severe IS. 
Disclosures (any Conflicts of Interest)
The authors declare there is no conflict of interest.



SOSORT CONGRESS 2022  FRIDAY 6TH OF MAY    ORAL PRESENTATION

SAN SEBASTIAN SOSORT CONGRESS121

BLOCK SIX: PHYSICAL THERAPY OUTCOMES 

EXERCISES FOR ADOLESCENT IDIOPATHIC SCOLIOSIS: UPDATED COCHRANE 
REVIEW

Michele Romano1 , Alessandra Negrini1 , Stefano Negrini1 

1) ISICO (Italian Scientific Spine Institute)

Introduction
The topic of this presentation is the description of the new version of the Cochrane Review representing 
the update of the previously published in 2012 and entitled “Exercises for adolescent idiopathic scoliosis”. 
The title of the new version has been slightly changed to “Therapeutic exercises for idiopathic scoliosis 
in adolescents” to underline the difference between the two macro groups of Exercises defined in the 
Research Question.
Research Question
Evaluation of the effectiveness of Therapeutic Exercises, comparing Generic Therapeutic Exercises (GTE) 
and Physiotherapic Scoliosis Specific Exercises (PSSE) in treating adolescent idiopathic scoliosis.
Methods
We performed an extensive search in all main databases up to 15 December 2020 was done. We included 
randomized controlled trials (RCTs) that compare any therapeutic exercise as stand-alone or as an adjunctive 
therapy to controls or other non-surgical treatments. We also compared different types of exercises: 
Physiotherapic Scoliosis Specific Exercises (PSSE) versus generic therapeutic exercises (GTE). We did not 
include observational studies in this update as sufficient RCTs were found to meet our study objectives. We 
judged subjective but not objective outcomes as at high risk of performance and detection bias.
Results
The review included 9 RCTs (467 participants with a mean age of 13.3 years and a mean Cobb angle of 33.4° 
- range 19 ° to 66 °. 82% of the participants were women. Main results (with relative quality of evidence in 
brackets) are reported below. Any therapeutic exercise (only PSSE studies found) vs no treatment: Waist 
asymmetry was reduced (low), Quality of Life (QoL) improved (very low), and no differences in Cobb angle 
(very low), ATR (low),subjective measurement of self-image (very low). Therapeutic exercises plus other vs 
other: Cobb angle reduced in the comparisons PSSE plus bracing versus bracing (low), GTE plus other 
versus other (low); The remaining outcomes related PSSE bracing versus bracing with no differences for 
subjective measurement of self-image (very low) and QoL (very low). PSSE vs GTE: PSSE reduced Cobb 
angle (moderate), ATR (moderate), number of subjects with progression more than 5°Cobb (low); PSSE 
improved QoL (low)  and subjective measurement of self-image (low).
Conclusions
The results of this review are in line with the recommendations of current SOSORT clinical guidelines. 
Therapeutic exercises, particularly PSSE over GTE, can be proposed alone or during brace treatment to 
reduce Cobb angles. PSSE could also be an alternative to bracing in medium degree curves. Anyhow, more 
randomized controlled trials are needed to strengthen and better specify the current evidence and study 
other highly clinically relevant outcomes such as QoL, psychological and cosmetic issues, and back pain.
Discussion
We found now 9 systematic reviews, but they had different problems like the use of non-Cochrane 
methodology, the inclusion of studies of non-idiopathic (functional) scoliosis or with a non-standard outcome 
(bending radiographs). With the papers included in the new version of the review, it was possible to follow 
more rigorous methods to answer our clinical question.
Disclosures (any Conflicts of Interest)
The authors disclose any actual or potential conflicts of interest.
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Introduction
Adolescent idiopathic scoliosis (AIS) affects psychosocial and physical health and causes chronic pain in 50 to 
78% of adolescents. In North America, the standard of care (SC) is observation, with bracing when scoliosis 
progress. Bracing alone can impair quality of life and respiratory function while not necessarily effective 
on back pain and trunk sensorimotor control. Scoliosis-specific physiotherapy approaches such as Global 
Postural Re-education (GPR) are increasingly recommended for AIS. GPR consists of active muscular stretching 
and sensorimotor control exercises to regain back muscle symmetry and correct posture/movement. GPR 
showed good results in some musculoskeletal disorders, but no high-quality study has been conducted in 
AIS. 
Research Question
What will be the effect of a 12-month GPR intervention (added to SC) compared to SC with conventional 
physiotherapy on the Cobb angle (difference ≥5°) and health determinants (back pain; quality of life; posture; 
respiratory and muscular function) in adolescents with AIS?
Methods
This is a 2-arm multicenter randomized controlled trial. After evaluation, participant will be randomized to 
GPR or SC using blocked randomization by site, sex, Risser stage and bracing (no/yes). Participants: 166 
adolescents aged between 10-16 years old with AIS (Cobb angle: 15°-45°, Risser stage ≤3) will be recruited 
at two specialized Centers. Procedure: At baseline, 6- and 12-months evaluation, participants will complete 
self-report validated questionnaires to document back pain and quality of life followed by the assessment 
of posture and of respiratory and muscular function. The GPR group will receive sessions once a week for 
12 months (individual sessions between 0-6 months and alternating with telerehabilitation between 6-12 
months). The SC group will have home exercises program and follow-up once per three months. Outcome 
measures are: Cobb angle (primary outcome), back pain using the numerical pain rating scale (NPRS), quality 
of life using the French Italian Spine Youth Quality of Life questionnaire, trunk imbalance measured with a 
plumbline, diaphragm muscle excursion using ultrasound imaging and intermuscular coherence of trunk 
muscles using EMG. Statistical analysis: Intention-to-treat and per-protocol analyses will be conducted. 
Repeated measures ANCOVAs will be used for time (0, 6 and 12 months) and intervention (GPR, SC) with 
adjustment for site, sex, Risser stage and brace (no/yes). 
Results
Our preliminary 6-month results (n=23) show a superior mean reduction of the Cobb angle following GPR 
(-6±6°, n=7) compared to SC (0±4°, n=8) in compliant participants with higher clinically significant mean 
decrease of back pain (2 points on NPRS). 
Conclusions
Findings will strengthen evidence on the effect of an early rehabilitation program to prevent scoliosis 
progression and its impact on the psychosocial and physical wellness in adolescents with AIS.
Discussion
It is well documented that AIS affect quality of life, posture/appearance, muscular and respiratory function 
and cause chronic back pain. Over the years, GPR has been widely used by physiotherapists in AIS but only 
few low-evidence studies have reported its effects. Therefore, a high-quality study is needed to determine 
the effects of GPR intervention on scoliosis progression and other health determinants in adolescents with 
AIS. 
Disclosures (any Conflicts of Interest)
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Introduction
The proprioceptive system has an essential role in maintaining spinal alignment. Because of its importance, 
a considerable body of work has been devoted to its assessment. Proprioception is classically measured by 
two types of tests (position or movement sense). Since scoliosis is an alignment problem of the spine, it may 
be more related to a sense of position deficiency rather than a sense of movement.
It is stated that abnormal proprioceptive function develops in individuals with Adolescent Idiopathic 
Scoliosis (AIS) because of some neuromorphological and neurophysiological changes. Considering the 
changing proprioceptive mechanisms in scoliosis, the position sense of the spine is expected to be different 
from that of their healthy peers, even in mild AIS patients.
Research Question
Is thoracic and lumbar position sense different in patients with mild AIS than their healthy peers?
Methods
Female patients diagnosed with AIS (Cobb:10-24â°; Angle of Trunk Rotation (ATR):>5â°) (n=15) and 
age-matched healthy peers (ATR:< 5â° and Flexicurve Kyphosis Index≤13) (n=15) were included. 
Demographic information and Beighton score were recorded. Joint position sense is evaluated with the 
joint position reproduction (JR). Secondary outcome measurements were spinal pain assessment (Visual 
Analog Scale (VAS)) and physical activity level (Physical Activity Questionnaire for Older Children (PAQ-C)).
Results
The mean age was 13.33±1.62 years. The demographics were similar (p>0.05), but Beighton scores were 
different (AIS:5.66±1.39; Control:1.93±2.01; p≤0.001). Mean Cobb angles were 16.73±4.72â° (thoracal), 
18.66±3.53â° (lumbar). Mean thoracic and lumbar JR errors of AIS and healthy subjects were given in Table 
1. A significant difference was found between the groups for all JR error values (p< 0.05). There was no 
significant difference between VAS (AIS:1.73±2.15; control:0.53±1.12; p=0.066.) and PAQ-C scores (AIS: 
2.04±0.96; control:2.11±0.85; p=0.825).
Conclusions
It was concluded that the sense of thoracic and lumbar JR could be different in female adolescents compared 
to their healthy peers, even with mild curvatures. Therefore, these findings have been interpreted in inline 
with studies revealing the relationship between scoliosis and impairment of proprioception functions.
Discussion
JR is evaluated with the different devices. The dual inclinometer technique is highly valid and reliable in 
measuring spinal movements. Astfalck et all. investigated the lumbar spine JR of healthy adolescents, using 
the 3-Space Fastrak with a reported accuracy of 0.2°. Their findings for lumbar flexion and extension were 
similar to our results.
In studies, it was seen that proprioceptive information decreases because of postural control deteriorations 
in AIS.  Assaiante et al. concluded that the proprioceptive systems of individuals with AIS are more affected 
than their healthy peers. In line with the literature, in our study, thoracic and lumbar JR errors of adolescents 
diagnosed with scoliosis were statistically higher than their healthy peers.
Physical activity level would alter spinal position measurements because it is stated that exercise is an 
important element in augmenting JR sense. Also, pain intensity can alter JP sense. For these reasons, we 
also evaluated physical activity levels and pain intensity. Because the mean PAQ-C and VAS scores were 
similar between groups we think that these parameters can not affect our results directly.
Disclosures (any Conflicts of Interest)
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Introduction
AIS patients adopt a curve-induced habitual posture, which creates asymmetrically loads on the spine and 
increases the risk of curve progression. To correct this, therapists apply the Schroth concept of conscious 
posture to activities of daily living (ADL) to minimize curve progression. The purpose of this study is to 
document the difference between habitual and conscious postures using objective measurements. These 
differences can be utilized in patient education to enhance compliance for adopting conscious posture 
during ADLs.
Research Question
In a previous study to investigate the daily schedule of AIS patients, it was found that on average they spend 
57% of their awake hour in school related sitting activities. There is no information of how they actually sit at 
the desk when in school or at home doing homework, nor how far that posture is deviated from a more ideal 
posture. This study investigate that school posture deviation using a POTSI tool. The result was compared 
with the POTSI value of the achievable improved posture (conscious posture) instructed by their therapists.
Methods
Ten AIS patients were included in this study. Inclusion criteria are patient age between 10-17 years old, cause 
of scoliosis to be idiopathic with no neurological involvement, and Cobb angle between 10º-45º. Patients 
were considered regardless of brace-wear and gender. Patient assessment included two photographs taken 
from their posterior view. In the first picture, patients were asked to sit in their typical (habitual) posture 
at school. The second picture was taken after patients were guided to sit in Schroth-concept conscious 
posture. The two pictures were then uploaded to the POTSI application on the iPad. The application uses 
eight specific landmarks to calculate the Height Asymmetry index (HAI) and the Frontal Asymmetry Index 
(FAI). The POTSI index is generated as the sum of HAI and FAI. The ideal POTSI is zero, indicating full 
symmetry of the back. The higher the index value, the higher the asymmetry. 
Results
In static posture analysis, the average POTSI value in habitual seated posture was 32.23, with a range from 
12.13 to 66.67. When instructed to Schroth-concept conscious posture, the POTSI value decreased to an 
average of 15.88, with a range from 10.05 to 25.42.
Conclusions
From our previous study, it was found that AIS subjects spend an average of 10.1 hours a day in sitting 
from school-related and extracurricular activities, and only 0.4 hours daily on their Schroth exercises. If 
only habitual posture is used in school, valuable correction time is lost and full therapy benefits are not 
obtained. This study used the POTSI index to show the positive difference in trunk symmetry when adopting 
conscious posture. Frequent practice of this posture during ADLs should be encouraged to slow down 
curve progression.
Discussion
As AIS patients in this study spend 25 times longer in inactive sitting than in their therapists-prescribed home 
exercise program, therapy can be expanded many-fold when conscious posture is instructed, practiced, 
and encouraged to replace habitual posture during ADLs. Since this sample group also spend significant 
time daily in sports, physical education and music practice, the application of conscious posture in such 
dynamic activities can be beneficial as well. 
Disclosures (any Conflicts of Interest)
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Introduction
Idiopathic Scoliosis (IS) causes secondary problems due to 3-dimensional deformation of the spine and 
trunk. Such changes gradually alter the interactions of the torso leading to increased body instability 
thereby not only creating asymmetry of the musculoskeletal system including rib and trunk shape, but also 
limiting the expansion of the chest cage. Therefore, it is critical to take a 3-dimensional approach in scoliosis 
intervention. Proprioceptive neuromuscular facilitation(PNF) is a neurophysiological treatment designed to 
promote neuromuscular movement through stimulation of proprioceptive sensations in muscles and joints. 
In previous studies, breathing exercise using PNF was effective in improving the range of motion of the 
chest cage. However, there is a lack of the studies that examine the effectiveness of scoliosis intervention 
incorporating PNF respiratory muscle strengthening(RMS) in a 3-dimensional treatment approach. The 
purpose of this study is to investigate the effect of 3-dimensional posture correction(3DPC) exercise 
program incorporating PNF RMS exercise on spinal alignment and trunk expansion in patients with IS and 
the difference in the intervention effect by types of IS.
Research Question
What effect does 3DPC exercise program incorporating PNF RMS exercise have on the spinal alignment 
and trunk expansion in patients with IS? And the difference in the intervention effect by types of IS?
Methods
The subjects of this study were 29 subjects (5 males, 24 females; 8 3C, 8 4C, 7 N3N4, 6 Single L/TL) 
diagnosed with IS with a Cobb angle greater than 10 degrees and less than 45 degrees. A 3DPC exercise 
program incorporating PNF RMS exercise was conducted twice a week for 1 hour per session for 6 weeks, and 
Cobb angle, angle of trunk rotation, and trunk expansion were measured before and after the intervention. 
Comparative study using paired t-test and analysis of variance measures were conducted.
Results
After the intervention, Cobb angle and angle of trunk rotation showed a statistically significant decrease, 
and trunk expansion showed statistically significant increase(p<0.05). In the effect difference by type, there 
was statistically significant difference in the angle of trunk rotation of the thoracic in 3C and Single Lumbar/
thoracolumbar.
Conclusions
We found that 3DPC exercise program incorporating PNF RMS exercise can be effectively used in clinical 
practice to improve spinal alignment and trunk expansion in patients with IS. This study provides clinical 
data to set the direction of scoliosis intervention.
Discussion
It is thought that PNF RMS exercise improves the range of motion of the chest cage. It is considered that 
the exercise program of this study is not affected by the type of IS and has a positive effect on improvement 
when applied to all types.
Disclosures (any Conflicts of Interest)
Disclose Conflicts of Interest for all authors here or state “We have no Conflicts of Interest to disclose.”
A revised and supplemented from original article, Phys Ther Rehabil Sci 2021, 10(4), 430-437, Submitted 
with permission from the Korean Academy of Physical Therapy Rehabilitation Science.
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Introduction
SOSORT recommends therapeutic exercises to prevent the progression of Adolescent Idiopathic Scoliosis 
(AIS). Knowledge of the benefits of therapeutic exercises is established to minimize the scoliotic curvature 
in AIS by in-person physiotherapy. However, studies on the benefits of this intervention when applied by 
telerehabilitation have not yet been reported in the literature. Virtual care has become essential since the 
COVID-19 pandemic. In this context, studies are needed to understand the effects of remote delivery of 
common treatment approaches. SOSORT recommends therapeutic exercises to prevent the progression 
of Adolescent Idiopathic Scoliosis (AIS). Knowledge of the benefits of therapeutic exercises is established 
to minimize the scoliotic curvature in AIS by in-person physiotherapy. However, studies on the benefits of 
this intervention when applied by telerehabilitation have not yet been reported in the literature. Virtual care 
has become essential since the COVID-19 pandemic. In this context, studies are needed to understand the 
effects of remote delivery of common treatment approaches. 
Research Question
Are there difference between the effects of S4D specific exercises performed telerehabilitation or traditional 
(in-person) on scoliotic curvature in AIS? What is acceptability, appropriateness, and feasibility from patients 
and physiotherapists? 
To verify and compare the effects of S4D especific exercises by telerehabilitation or traditional (in-person) on 
the scoliotic curvature in AIS and in the implementation of the intervention by patients and physiotherapists. 
Methods
Retrospective study (between January and December 2020) with an implementation perspective. Sixty-six 
adolescents with idiopathic scoliosis were included and divided in intervention groups with S4D especific 
exercises: telerehabilitation (n=33) and traditional (in-person, n=33). Both groups received a thoracic-lum-
bar-sacral orthosis. The exercise program was carried out once a week for 60 minutes for six consecutive 
months, it was associated with the use of orthopedic appliance for 23 hours a day in both groups. Assessments 
were performed at baseline (T0) and after six months of the intervention protocol (T6). The Cobb angle was 
evaluated through radiographic examination. Implementation outcomes were included. 
Results
After six months of intervention, both groups improved the scoliotic curvature. The Risser sign, Nash and 
Moe score, and Cobb angle in thoracic and lumbar regions did not differ between groups at post-interven-
tion. Both groups of participants reported good acceptance and found the intervention appropriate. The 
acceptability from physiotherapists responsible for the treatment of was also high for both groups. 
Conclusions
S4D Specific exercises performed by telerehabilitation or traditional methods provided similar effects 
for reducing of scoliotic curvature in AIS. The intervention was acceptable, appropriate, and feasible by 
participants in both groups and for physiotherapists. 
Discussion
The rehabilitation of individuals with idiopathic scoliosis through specific exercises to control and reduce the 
scoliotic curve has already shown beneficial results in a face-to-face and individualized manner.
The differential of this study was to verify the effects of specific exercises individually through telerehabili-
tation, due to the current context of the COVID-19 pandemic, as there are still no studies evaluating their 
effects in the conservative treatment of scoliosis, however, the benefit of this route has been well reported 
for other musculoskeletal disorders.
Disclosures (any Conflicts of Interest)
No conflict of interest.
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Introduction
The DIERS formetric 4D system is used to surveillance the individuals with adolescent idiopathic scoliosis 
(AIS) with repeated measurements, in which classical radiographic imaging systems and measurement 
systems based on surface topography are compared.
Research Question
This study aims to investigate the short-term effect of brace in individuals with AIS with topographical 
measurements without the brace and after removing the brace in order to examine in three planes angular 
changes in spine biomechanics.
Methods
This study included 50 individuals with AIS who have moderate curves (20-45°) and used brace between 
the ages of 10 and 19 years. The surface topography measurements of the individuals after removing their 
braces repeatedly for 15-30-60 minutes were recorded in the DIERS 4D system and software program. The 
data was observed to be normally distributed with the Kolmogorov-Smirnov Test; the differences of data 
between without brace and after brace removal were compared using the Paired t-test.
Results
When the results without the brace and after removal brace were compared, there were differences in the 
Cobb angle after 15-30-60 minutes (respectively t=12.147, p< 0.001; t=11.809, p< 0.001; t=11.352, p< 
0.001), and the amount of vertebral rotation after 15-30 minutes (respectively t=4.942, p< 0.001; t=3.861, 
p< 0.001). There was no difference in the amount of vertebral rotation after 60 minutes of brace removal 
(t=0.375, p=0.709). Also, there were no differences in the angle of kyphosis between without brace and 
after 15-30-60 minutes (p>0.05).
Conclusions
It was concluded that short-term brace removal affected the Cobb angle after 15-30-60 minutes, the 
amount of vertebral rotation differenced after 15 and 30 minutes. However, there was no difference in 
kyphosis angles.
Discussion
It would be recommended to perform scoliosis-specific clinical evaluations at least 60 minutes after removing 
the brace since the effects of the brace continue in AIS.
Disclosures (any Conflicts of Interest)
No potential conflict of interest was reported by the authors.
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Introduction
In the Netherlands, it is common for patients with adolescent idiopathic scoliosis (AIS) to be observed 
by an orthopedic surgeon. This is also the case for patients with Risser 3 – 4 or Cobb angles above 45°. 
Conservative treatment is not often advised for this group of patients. Schroth therapy combined with 
Cheneau bracing have yielded promising results in other countries.
Research Question
1. What is the effect on the Cobb angle in children (Risser 0 - 4) with AIS, even with large curvatures, treated 
by the combination of Schroth therapy and Cheneau bracing?
2. What is the effect in the subgroup with Risser 3 - 4?
Methods
A retrospective observational study was conducted on a cohort of 40 patients with AIS. Patients underwent 
treatment with Schroth therapy combined with Cheneau bracing. Inclusion criteria were: 8 - 17year old 
patients with idiopathic scoliosis, both genders, all curve types, curves between 10 - 55°, Risser < 5. Patients 
with comorbidity or who had prior therapy before treatment were excluded. Age and the initial Risser 
score were (mean and standard error) 12.95±0.36 and 1.75±0.27. Schroth therapy consisted of a weekly 
individual or group therapy with a daily home exercise program. Patients wore Cheneau braces for 18-20 
hours a day until weaning procedure.
Results
Radiographic measurements of Sum of Curves (SoC) and Primary Curves (PC) before and after at least 2 
years of treatment were made. Results were categorized to “worsened” (change of angle>5° for PC, >10° 
for SoC), “improved” (< -5° for PC, < -10° for SoC) or “remained stable” (otherwise). Furthermore, patients 
were divided into early skeletal maturity (Risser 0 – 2, N=24) and late skeletal maturity (Risser 3 - 4, N=16) 
for further analyses. Mean SoC and PC of the whole patient group before the treatment were 59.83°±2.45 
and 36.28°±1.24, respectively. In the last measurement, they were 50.95°±2.50 and 30.23°±1.75, showing 
a significant effect of the treatment (p< .001, repeated-measures ANOVA). The treatment resulted in 
improvements of SoC and PC in 50.0% and 52.5% of the whole patients, respectively. In three cases 
(7.5%), PC and/or SoC values worsened. For patients with late skeletal maturity, mean SoC and PC were 
64.69°±3.18 and 38.69°±1.43 before treatment. In the last measurement, SoC and PC became 53.75°±2.94 
and 31.69°±1.50, with improvements of SoC and PC in 56.25% and 56.25%, respectively. None of the 
patients with late skeletal maturity worsened.
Conclusions
Treatment with Schroth therapy with Cheneau bracing reduced SoC and PC significantly even with large 
curvatures. Interestingly, the results showed significant reductions of SoC and PC in patients with late 
skeletal maturity, although group size was small. These results suggest the effectiveness of this treatment 
for AIS patients with late skeletal maturity. Further research is necessary.
Discussion
The treatment is effective even for children with Risser 3 – 4 with large curvatures. This contradicts the 
conventional view (”It is too late for these children”), and calls for re-examinations of possibility of this 
treatment to cure the patients with late skeletal maturity.
Disclosures (any Conflicts of Interest)
I declare no conflicts of interest
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Introduction
In the scientific literature are widely presented the results of treatment of adolescent patients with idiopathic 
scoliosis by various methods. Publications on the results of treatment of adult patients with idiopathic 
scoliosis in the scientific literature are rare and they are isolated fragmented reports.
Research Question
To evaluate the results of treatment of adult patients with idiopathic scoliosis. To determine optimal 
combination brace treatment and specific exercises.
Methods
For the study, 49 patients were selected from 153 people over the age of 18 at the time of the start of 
treatment, who were under our supervision for at least 24 months, and were divided into three groups. 
Patients were divided into groups according to combinations of specific exercises and brace wearing 
regime. The results were assessed by X-ray images of the spine at the time of the initial visit, at the time of 
the control examination after 3 months from the start of treatment in groups 1 and 2 in a brace, in group 3 
in the somersault correction position, then X-ray diagnostic was performed every 6 months. The dynamics 
of the aesthetic appearance of the back was assessed every 3 months. The assessment was carried out by: 
clinical method, by photographic method, by the comparison of 3D scans of patients.  The brace wearing 
time was controlled by special program Scoliologicbracecare.
Results
The best result was observed in the group in which a course of BSPTS therapy was previously carried out, 
followed by the appointment of a brace for at least 8 hours per day and the use of a somersault correction 
position in daily activity. In this group, 50% correction of Cobb’s angle and aesthetic result in 6% of cases 
were achieved, 25% correction was achieved in 67% of cases, 10% correction was achieved in 21% of 
cases, and in 6% of cases there was no X-ray correction. In the group with the simultaneous appointment 
of specific exercises and the Cheneau brace, the results as follows: 25% correction of Cobb’s angle and 
aesthetic were achieved in 43% of cases, 15% correction was achieved in 38% of cases, and there was no 
X-ray correction in 19% of cases. In the group in which the brace was not used, there were mediocre results 
in reducing Cobb’s angle, 10% correction was achieved in 47% of cases.
Conclusions
The best results were achieved by combining the brace and specific exercises, especially in cases when 
prior the brace appointment, it was recommended to have an intensive course of BSPTS.  The isolated use 
of gymnastics allows achieving aesthetic results in some patients.
Discussion
The group size is not sufficient to extrapolate to all adult patients with scoliosis. Prospective research is 
planned to study the following questions: what happens to the curvature after the removal of the brace, 
how long it is necessary to wear the brace to fix the result, when and whether it is possible to stop training 
the specific exercises.
Disclosures (any Conflicts of Interest)
We have no Conflicts of Interest to disclose.
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Introduction
Idiopathic scoliosis (IS) can significantly alter the quality of life of adolescents. Some questionnaires in French 
measuring the quality of life in this population show weak metrological properties. The newly developed 
Italian Spine Youth Quality of Life (ISYQOL) questionnaire promises better properties.
Research Question
What are the internal consistency, test-retest reliability, concurrent validity, and ceiling effects of the 
French-Canadian adaptation of the ISYQOL questionnaire (ISYQOL-F)?
Methods
The ISYQOL was translated into French using a forward-backward approach. The understanding of 
the translated items was then verified with two scoliosis experts and 10 adolescents. Afterwards, 111 
consecutive volunteers with IS (Cobb angle 28º±12º, range: 10-87º; 13.8 ± 1.8 years old) were recruited 
at the scoliosis clinic. Participants completed the ISYQOL on three occasions (before seeing the specialist, 
1 week and 2 weeks after). Cronbach’s alpha, intra-class (ICC) and Pearson correlation coefficients were 
used to respectively determine internal consistency, test-retest reliability, and concurrent validity with the 
SRS-22r and SF-12. The standard error of measurement (SEM) and 95% confidence minimal detectable 
change (MDC95) were also calculated. The ceiling effect was quantified as the percentage of participants 
who scored the maximum on ISYQOL-F, SRS-22r and SF-12.
Results
The ISYQOL-F showed good internal consistency with a Cronbach alpha of 0.81 and 0.85, respectively, for 
items 1 to 13 (n=55 without brace; ISYQOL-F mean score ± SD = 63.9±13.5) and 1 to 20 (n=56 with brace; 
ISYQOL-F mean score ± SD = 60.7±10.3). Test-retest reliability was excellent (ICC3,1 =0.94). The SEM is 
3.1 and the MDC95 is 8.6. Correlations between ISYQOL-F and SRS-22r and between ISYQOL-F and SF-12 
were moderate for total scores (r=0.56 and 0.50 respectively, p<0.001), but low for each domain (between 
0.20 and 0.48, p<0.05). No significant ceiling effects were observed for ISYQOL-F (≤2.5%) while ceiling 
effects ranged from 3.6 to 30.6% for SRS-22r and 0 to 68.5% for SF-12 depending on the domains.
Conclusions
The internal consistency and reliability of ISYQOL-F are good. The total score correlates moderately with 
the SRS-22r and SF-12. Unlike the SRS-22r, the ISYQOL-F did not present important ceiling effects.  The 
ISYQOL–F may thus be suitable to assess quality of life in a population of French-Canadian adolescents 
with IS.
Discussion
The test-retest reliability is similar to the one found in the validation study of ISYQOL adapted to 
Anglo-Canadian culture (ICC 0.90; 95% CI 0.81-0.95). Results for the concurrent validity showed a significant 
but insufficient correlation between ISYQOL-F and SRS-22r based on the COSMIN standards. Results were 
also lower than those reported for the Italian and English version of the ISYQOL despite similar scoliosis 
severity. The large proportion of participants wearing a brace part time or at night only (62.5%) may have 
affected the validity. The MDC95 value reported should help clinicians to determine improvement of quality 
of life of their patients with IS beyond measurement error of the instrument (ISYQOL–F score >8.6). Further 
studies are needed to assess the discriminative capacity and responsiveness of the ISYQOL-F to treatments 
or scoliosis progression on quality of life.
Disclosures (any Conflicts of Interest)
The authors have no conflict of interest. Two co-authors were part of the team proposing the original 
ISYQOL.
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Introduction
Treatment of idiopathic scoliosis (IS) may affect the self-perception of the patient [1]. The SRS-22 is a reliable 
tool to measure IS children’s Health-Related Quality of Life [2]. The Trunk Appearance Perception Scale 
(TAPS) is a valid instrument to assess self-perception of trunk deformity in scoliosis population [3]
Research Question
To determine the impact of the difference in the perception of trunk deformity between the patient and 
her/his parent on the patient’s quality of life.
Methods
A prospective study included 50 patients (37 F, 13 M) with idiopathic scoliosis (not surgically treated) 
attending the clinic with their parents. The mean age was 14 y ± 2.3. All patients completed the SRS-22 
and the TAPS questionnaires. Parents completed the TAPS assessing the trunk deformity of their children. 
Two groups were defined: (1) TAPS difference >0.3 points and (2) TAPS difference <0.3 points between a 
parent and a child. Statistical analysis was performed by using Statistica software.
Results
In general, the parents assessed the trunk of their child slightly better than the child herself/himself (p=0.06). 
In Group 1 (TAPS difference >0.3), results showed a negative correlation between the total SRS 22 and 
TAPS (p=0.02), especially in the self-image parameter (p<0.004). No correlation between SRS results and 
TAPS difference in Group 2 (TAPS difference <0.3) was found. Significant positive correlations were found: 
between patients’ TAPS and self-image and total SRS 22 and between parents’ TAPS and function, mental 
health, and total result in the SRS-22 in Group 1, but not in Group 2.
Conclusions
The perception of the patient’s trunk deformity by the patient and her/his parent is different and influence 
the result of the SRS-22.
Discussion
Rigo et al. [4] conclude that discrepancy in trunk shape perception between children and parents influences 
the SRS-22 of the children, which we confirm. 
Disclosures (any Conflicts of Interest)
No conflict.
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Introduction
All of us are concern by the impact wearing a brace for idiopathic scoliosis has on the quality of life of 
adolescents. Therapeutic Patient Education helps improve patient health and quality of life.
Research Question
Can a Therapeutic Patient Education Programme improve the quality of life of adolescents with idiopathic 
scoliosis wearing a brace?
Methods
TPE sessions consist of group of 8 to 10 adolescents. During these sessions, the patients can share their 
experience of bracing and speak about the impact of the traetment on their daily lives. The quality of life 
of wearing a brace is evaluated the french version of the Brace Questionnaire. This study is based on the 
analysis of 61 adolescents wearing a brace. The quality of life is evaluated at 6 months of treatment. A 
group of 31 patients with standard management is compared with a group of 30 patients who participated 
in TPE sessions. 
Results
The Brace Questionnaire result are significantly better (p=0.01) at 6 months for the group following the 
Therapeutic Patient Education program: 84,6 ±9 versus 78,6 ±10,1 for the group with  standard management. 
The improvements of quality of live are seen in 4 Brace Questionnaire domains : physical functioning 
(p=0.01), emotional functioning (p=0.02) Self-esteem and aesthetics (p=0.01) and pain (p<0.05). Moreover, 
within the Therapeutic Patient Education group only 7% of patients were non-compliant compared to 13% 
in the group without Therapeutic Patient Education. 
Conclusions
This preliminary study suggests we should develop therapeutic education in the field of brace treatment of 
adolescent scoliosis.
Discussion
Therapeutic education encourages the patient to be more involved in his treatment which leads to a better 
acceptance of the treatment and contributes to a better quality of life under brace.
Disclosures (any Conflicts of Interest)
No Conflicts of Interest.
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Introduction
Scoliosis is a three-dimensional condition that causes deformity of the spine in the coronal, transverse and 
sagittal planes. It has been well-documented that scoliosis can impact patients’ HRQoL including causing 
pain, impairments in self-image and function as well as have impacts on mental health, all of which have 
been shown to improve through PSSE treatment. With the emergence of the Covid-19 Pandemic, online 
physiotherapy treatment has become a popular alternative to F2F appointments; however, its approach has 
been adopted despite a lack of research into its efficacy. 
Research Question
The aim of this retrospective cohort study was to determine the effectiveness of online treatment by 
comparing it to patients completing their treatment F2F. 
Methods
108 consecutive patients with IS who completed an intensive course of PSSE were included in the study. 
14 patients completed their treatment online and 108 completed their treatment F2F. All patients filled out 
the SRS-22 questionnaire as well as the Spinal Appearance Questionnaire (SAQ) pre- and post-treatment. 
The data was collected during routine assessment of all patients between the periods of March 2020 to 
November 2021.
Results
With regards to the SRS-22 questionnaire, in patients completing F2F treatment, there was a significant 
improvement from 3.62 (SD=0.573) pre-treatment to 3.95 (SD=0.495) post-treatment in the total SRS-22 
score (p<0.05). In patients completing online therapy, there was an improvement from 3.61 (SD=0.605) 
pre-treatment to 3.93 (SD=0.518) post-treatment. There was no significant difference in results between 
F2F and online treatment (p>0.05). The domains of pain, self-image and mental health improved from 
pre- to post-treatment in F2F and online patients. There was no significant difference between F2F and 
online treatment for these domains (p>0.05). With regards to the SAQ questionnaire, there was a significant 
improvement from 2.69 (SD=0.636) pre-treatment to 2.49 (SD=0.657) post-treatment in patients completing 
F2F treatment (p<0.05). In patients completing online treatment, improvements were seen from 2.88 
(SD=0.472) pre-treatment to 2.58 (SD=0.359) post-treatment. There was no significant difference in results 
between F2F and online treatment (p>0.05).  
Conclusions
PSSE is a successful, non-invasive method of treatment for IS at improving HRQoL. It is evident that these 
improvements do not significantly change when the treatment is delivered online. 
Discussion
The modified Schroth technique (ScolioGold) shows improvement in both SRS-22 and SAQ scores when 
delivered in both F2F and online settings. 
Disclosures (any Conflicts of Interest)
Not applicable.
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Introduction
The quality of life and stress level of adolescents suffering from idiopathic scoliosis and submitted to brace 
treatment is the object of increasing interest of the professionals. Idiopathic scoliosis can be the cause of 
handicaps, a distinction should be made between physical and mental handicaps.
Research Question
The aim of the study was to evaluate the quality of life and stress level of young adults with idiopathic 
scoliosis who have minimum 8-years follow-up after the end of brace treatment.
Methods
It involved 48 adult women, age ranging between 22.0 and 35.0 years, all with Adolescent Idiopathic 
Scoliosis (AIS), with Cobb angle 25-50 degrees. All patients have been wearing the same kind of brace 
(Chêneau orthosis) for a mean period of 4.0±1.3 years with the intensity of at least 12h per day. One 
questionnaire was used: ISYQOL-PL. The ISYQOL-PL questionnaire is based on patients’ concerns and 
has been shown to be particularly appropriate for AIS patients undergoing non-surgical management. The 
analysis considered the correlation of the total score with age, Cobb angle, ATR-main angle and ATR-sum 
angle.
Results
The mean score for ISYQOL-PL was 4.38±0.47 points. The age was 26.04±2.9 years. The total score with 
age was (0.382). The Cobb angle was 37.5±10.6 degrees. The total score with Cobb angle was (0.092). 
The ATR-main angle was 9.8±3.8. The total score with ATR-main angle was (0.035) and ATR-sum angle was 
13.6±4.1 degrees. The total score with ATR-sum was (-0.113).
Conclusions
The young adults who had been under brace treatment in the past suffer moderate level of stress from the 
deformity.
Discussion
The young adults who had been under brace treatment in the past suffer moderate level of stress from the 
deformity.
Disclosures (any Conflicts of Interest)
We have no conflicts of interest. 
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Introduction
Back pain (BP) has often been associated with adolescent idiopathic scoliosis (AIS), a three-dimensional 
deviation of the vertebral column. Studies have reported that back pain is twice as prevalent in AIS patients 
compared with healthy patients. In adolescents, chronic pain appears to be a predictor of health care 
utilization and negatively impacts health-related quality of life (HRQoL), physical, psychological, and family 
well-being. In this population, BP tends to be persistent and may predict BP in adulthood. Evaluating 
HRQoL requires appropriate outcome measurements that are easy to administer, reliable, valid, responsive 
to change, and focused on the unique health issues related to IS. The Scoliosis Research Society-22 (SRS-22r) 
questionnaire is the most frequently used.
Research Question
To provide a reliable and valid translation of the Scoliosis Research Society-22 (SRS-22r) questionnaire and 
analyze the HRQoL and pain reported in the questionnaire of adolescents with idiopathic scoliosis (IS) in 
Slovenia.
Methods
A matched case-control study was performed to assess internal-consistency reliability, test-retest reliability, 
concurrent validity and discriminative validity. The questionnaire was returned by 25 adolescent IS patients 
(AdoIS), 25 adult IS patients (AduIS) and 25 healthy controls (HC).
Results
A ceiling effect was observed among the HC on the Function and Pain scales, among the AduIS patients on 
the Satisfaction Scale, and among AdoIS patients on the Function and Pain scales. Internal consistency was 
high for all four scales in the adult IS group but lower among the adolescent patients. Test-retest reliability 
of the SRS-22r was high to very high in both patient groups. SRS-22r domain scores were statistically 
significantly different between adult patients and healthy controls.
Conclusions
The study proved that the Slovenian translation of SRS-22r has the psychometric properties needed 
to measure HRQoL, which appears to be more reliable for adults than adolescents. When used with IS 
adolescents, SRS-22r is affected by a severe ceiling effect. Additionally, we identified some important issues 
that adolescents and adults are faced with such as no pain-management treatment-plan was documented 
in rehabilitation plans for adolescents. We did not find any published literature on participation limitations 
for adolescents with IS. We believe that focusing on participation of adolescents with IS and support to the 
families could have significant positive impact on HRQoL for adolescents and their families.
Discussion
The SRS-22r proved to be well-tailored to IS patients by addressing their physical changes according 
to treatment (surgical or conservative), psychological problems, and life expectations. However, studies 
using Rasch analysis flagged some important limitations of SRS-22r, which eventually prevents it from 
comprehensively HRQoL. A ceiling effect was observed in the AdoIS group for Function and Pain domains. 
Because all our patients were treated conservatively (the majority had mild IS), a relatively high percentage 
of high-score answers was expected. Pain is often associated with scoliosis in adults and the elderly and 
severe curves at skeletal maturity, so a less-pronounced ceiling effect is expected among those patients.
Disclosures (any Conflicts of Interest)
The authors have nothing to disclose.
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Introduction
Adolescent Idiopathic Scoliosis (AIS) is 3-dimensional deformity of spine seen between the ages of 10-17. 
Conservative and surgical methods are available for treatment. Brace treatment, which is conservative 
treatment, is widely applied. Brace treatment is rigid application that takes hours. Results of braces depend 
on primary wearing time. However, fact that it is a long and rigid application and that adolescents have 
difficulty in accepting use of brace adversely affect effectiveness of brace treatment, wearing times and 
quality of life.
Research Question
What problems do individuals with AIS encounter during their daily brace use?
Methods
Data of study included individuals who applied Istanbul Hedef Spine Clinic in Turkey between December 
2020 and February 2021. Ten individuals (10 women) with diagnosis of AIS, aged 10-17 years, who met the 
study criteria and had been using brace for at least 6 months, were included in study. Qualitative research 
was conducted to determine problems experienced by participants during use of braces. Qualitative 
research was conducted online using Zoom application due to pandemic. These interviews were held under 
supervision of parents and lasted average of 20 minutes.
Results
All participants reported sweating problem caused by braces as most important problem as result of 
individual interviews. Individuals who use braces between 8-18 months report that they have difficulties 
and sleep problems due to pain and various activities in daily life, while individuals who use braces for 6-7 
months have pain in chest and axillary region. They stated presence of numbness in axillary region during 
long-term activities. It was stated that plastazote material used for pads caused sweating and a bad smell, as 
well as causing redness, swelling and itching problems on their bodies. When asked about their satisfaction 
with physical features of their brace, they mostly complained about color of brace, all participants with 
white brace color preferred dark colors. When asked about difference between the use of braces during 
COVID-19 pandemic period (before the pandemic), participants who used brace for 8-18 months stated 
that they used a brace much more comfortably and fully complied with the planned brace times. New users 
stated that they didn’t comply with wearing time and mostly didn’t wear their braces.
Conclusions
While complaints about brace are especially high in new users, they decrease in long-term users. Brace 
treatment satisfaction varies according to physical characteristics of the individual and physical characteristics 
of brace. More research needs to be done on materials from which braces are produced so that adaptation 
process can be minimized
Discussion
In qualitative research conducted by Crepia et al., individuals with AIS who use braces stated that braces do 
not directly cause pain, but they are uncomfortable. In interviews, it was observed that complaints increased 
in individuals who had just started brace treatment. Due to these complaints, compliance with determined 
brace usage period decreases and effectiveness of brace treatment decreases. It can be concluded that 
informing individuals about problems they will experience at beginning of treatment may increase tolerance 
against complaints and decrease the effect on wearing time of brace.
Disclosures (any Conflicts of Interest)
We have no Conflicts of Interest to disclose.   
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PREDICTING SURGERY: ACCURACY OF THE BRAIST ENDPOINT DEFINITIONS AT 
2-YEAR FOLLOW-UP
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Introduction
BrAIST defined “success” as Risser 4+ and Sanders 7 with a Cobb angle of <50 degrees, at point where 
future surgery would be unlikely, whereas surgery was expected in the “failed” group (>50 degrees prior 
to maturity). The prognostic accuracy of these endpoints has been questioned, as curves may continue to 
progress and surgery may still occur post-maturity. Thus, this study evaluated the predictive value of the 
BrAIST endpoints via a minimum 2-year radiographic/surgical follow-up.
Research Question
What is the prognostic accuracy of the BrAIST definitions of success and failure?
Methods
The 272 subjects who completed BrAIST were eligible for follow-up if surgery occurred or at 2 years-post 
BrAIST. The 25 BrAIST sites located and consented their own subjects. A pre-op or follow-up film was 
submitted to the coordinating center for measurement. Progression was calculated as the difference 
between the maximum Cobb angle at BrAIST exit and at follow-up. The surgery rate, and the mean length 
of follow-up and curve progression were calculated. Prognostic accuracy was judged via the positive 
predictive value (PPV, % surgery in the “failed” group) and negative predictive value (NPV,% no surgery in 
the “success” group).
Results
Of 272 subjects, we obtained documentation of surgery (date only or pre-op x-ray) or a new x-ray for 
198(73%); 115 (85%)in the success group(SG)and 83(94%)in the failed group(FG). 15% of the SG group 
underwent surgery compared to 94% of the FG. X-rays were available for 108 patients in the SG; of 83 (78%) 
with no curve progression 8 had surgery; 25 curves progressed and 6 of these were operated on. The mean 
pre-op Cobb angle was 48.1(range 40-58). Surgery in the SG occurred at an average of 2.5 years (range 6 
mo to 4.2 years)after skeletal maturity. In this sample, the PPV was 94% (all but 6% of the FG had surgery) 
and the NPV was 85% (15% of the SG had surgery).  Overall, the BrAIST definitions predicted surgery 
correctly in 89% of subjects. 
Conclusions
BrAIST endpoints were set with future curve behavior in mind, yet surgery decisions not solely based on 
Cobb angles. Curves as small as 40 degrees were operated in this sample, but one at 63 degrees was not. 
Despite this variation, the BrAIST definitions of “success” and “failure” were correct for 89% of this sample 
at a minimum of 2-year follow-up.
Discussion
These endpoints therefore seem reasonable for use in future studies. 
Disclosures (any Conflicts of Interest)
The aurthors have no conflicts of interest related to this work.  The work was funded by the Joan and Phill 
Berger Charitable Fund. 
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Introduction
Treatment selection for idiopathic scoliosis is informed by the risk of curve progression if untreated. 
Previous models predicting curve progression were limited by lack of validation, not including the full 
growth spectrum or including treated patients.
Research Question
The objective was to develop and validate a model to predict future curve angles using clinical and 
radiographic data collected prior to an initial specialist consultation in idiopathic scoliosis.
Methods
This is an analysis from all 2317 patients with juvenile, adolescent or adult idiopathic scoliosis between 
6 and 25 years old who were previously untreated and presented with at least one prior radiograph in 
addition to the one captured when entered prospectively in the database (since 2003) at first consult. We 
excluded those previously treated using scoliosis-specific exercises, bracing or surgery. All radiographs 
were re-measured by evaluators blinded to the predicted outcome: the maximum Cobb angle on the last 
radiograph while untreated. Linear mixed-effect models with random effects (SAS procedure Mixed) and 
maximum likelihood estimate were used to examine the effect of age at the baseline visit, sex, maximum 
baseline Cobb angle, retrospective Max Cobb angle, time (from baseline to prediction), Risser, and curve 
type on Cobb angle outcome. Interactions of baseline angle with time, quadratic time, and cubic time; 
of time with sex and time with Risser were also tested. A variance components structure was used in the 
covariance matrix. The models accounting for repeated measures from the same patient were evaluated by 
the smallest Akaike and Bayesian Information Criterion.
Results
We included 2317 patients (83% were females) with 3255 total prior x-rays where 71% had 1, 21.1% had 2, 
5.6% had 3, and 1.9% had 4 or more (with maximum 8). Mean age was 13.9±2.2yrs and 81% had AIS. Curve 
type was: 50% Double, 26% Thoracolumbar-Lumbar, 16% Thoracic, and 8% other. Cobb angle at first x-ray 
was 20±10o (0-80) vs 29±13o (6-122) at the specialist visit. Time between the first x-ray and the outcome 
clinic visit was 28±22mths. In the best model (Table 1), larger values of the following variables predicted 
larger future curves: Max Cobb Angle at baseline, Retrospective Max Cobb angle (on a previous x-ray), time 
to the target prediction (in half-years), and time cubed. Larger values on the following variables predicted 
a smaller future Max Cobb angle: Time squared, Baseline Risser, Baseline Age, Time*Risser interaction, 
and time*female sex interaction. Ten-fold cross-validation found a median error of 4.5o (worst interquartile 
range limits 1.8-8.9o, 54.9% within prediction interval, 84% within 10o of observed value). (Figure 2 and 3)
Conclusions
A novel internally validated model predicted future Cobb angle with good accuracy in non-treated idiopathic 
scoliosis over the full growth spectrum.
Discussion
The model can help clinicians predict how much curves would progress without treatment at future 
timepoints of their choice using six simple variables. Predictions can inform treatment prescription or show 
families why no treatment is recommended. The non-linear effects of time account for the rapid increase in 
curve angle at the beginning of growth and the slowed progression after maturity. 
Disclosures (any Conflicts of Interest)
No relevant COI disclosures.



SATURDAY 7TH OF MAY    ORAL PRESENTATION

SAN SEBASTIAN SOSORT CONGRESS144

SOSORT CONGRESS 2022  
SOSORT AWARD NOMINEES GROUP ONE 

PREDICTION OF FUTURE CURVE ANGLE USING PRIOR VISIT INFORMATION IN 
PREVIOUSLY UNTREATED IDIOPATHIC SCOLIOSIS: NATURAL HISTORY IN PATIENTS 

UNDER 26 YEARS OLD WITH PRIOR RADIOGRAPHS
Eric Parent1 , Sabrina Donzelli2 , Maryna Yaskina5 , Alberto Negrini2 , Giulia Angela Antonela Rebagliati2 , Claudio Cordani3 , 
Stefano Negrini4 

1) Department of Physical Therapy, University of Alberta, Edmonton, Canada 2) ISICO (Italian Scientific Spine Institute), 
Milan, Italy 3) IRCCS Galeazzi Orthopaedic Institute, Milan, Italy 4) Department of Biomedical, Surgical and Dental Sciences, 
University of Milan, IRCCS Istituto Ortopedico Galeazzi, Milan , Milan,Italy 5) Women & Children Health Resarch Institute, 
University of Alberta, Edmonton, Canada



SATURDAY 7TH OF MAY    ORAL PRESENTATION

SAN SEBASTIAN SOSORT CONGRESS145

SOSORT CONGRESS 2022  
SOSORT AWARD NOMINEES GROUP ONE 

IS SURFACE TOPOGRAPHY USEFUL IN THE DIAGNOSIS OF SCOLIOSIS? : 
VALIDATION OF THE BIOMETRICAL HOLISTIC OF HUMAN BODY (BHOHB)
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Introduction
To date, the gold standard for scoliosis diagnosis and surveillance in children’s spinal deformity is standing 
full-column radiographs, but repeated exposure to X-rays motivates all physicians involved in scoliosis to 
find a new solution. One of them is the modern system of surface topography (ST).
Research Question
The aim of the study is to validate the new BHOHB technology for the diagnosis of scoliosis in children 
respect to radiographic examination and evaluate the reliability of intra-operator and inter-operator.
Methods
113 Consecutive patients affected by idiopathic Scoliosis were examinate in our study. Inclusion criteria were 
age 10-18; diagnosis of scoliosis measuring ≥10, positive adam’s test and no prior treatment with brace. 
Standing radiographs and back surfaces of the patients with the BHOHB (Banyan Technologies GmbH, 
Maestrale Information Technology SRL) were obtained on all patients. All patients were analysed, with 
BHOHB, twice by two independent operators (t0) and once again after 2/3 months (t1). The examination 
consisted in positioning the patient on a special platform after placing 11 markers in pre-set points of 
the trunk. The correlation between the measurements made with BHOHB and the gold standard was 
expressed by the Pearson correlation coefficient. The intra and inter-operator reliability was assessed using 
the intraclass correlation coefficient (ICC). The analysis was carried out with the GraphPad Prism 8 software.
Results
A total of 95 patients were enrolled. The mean age was 12.51 years. The scoliosis magnitude was 20.54 ± 
9 Cobb degrees. The measurements in Cobb degrees obtained at t0 with the BHOHB by the first operator 
were 20.87 ° (± 9.1 SD), while those of the second were 20.82 ° (± 8.67 SD). Instead at t1 were respectively 
20.23 ° (± 8.93 SD) and 19.90 ° (± 8.96 SD). The average hump measured with the humpmeter was 6.11 
mm (± 5.14 SD) while that measured with the BHOHB was 6.58 mm (± 4.94 SD) and the correlation was 
significant (r=0.94; p <0.0001). The correlations between the measurements made with the BHOHB and 
radiography showed a very good to excellent r for both the first and second operators. In particular:  X-rays 
vs 1st operator at t0 r = 0.9846; X-rays vs 2nd operator at t0 r = 0.9791; X-rays vs 1st operator at t1 r = 
0.9745; X-rays vs 2nd operator at t1 r = 0.9563. The intra-operator reliability was evaluated by ICC and 
was found to be very reliable for both the 1st operator r = 0.99 and the 2nd r = 0.936. The inter-operator 
reliability was also very reliable both at the first control r = 0.980 and at the second r = 0.961.
Conclusions
The results confirm that the BHOHB give results comparable to those obtained with radiography and these 
results are not influenced by the operator.
Discussion
We can affirm that even today the ST can be useful in the diagnosis and treatment of scoliosis, but the 
advice is to use it above all to evaluate the evolution of the curves, in this way it is possible to reduce the 
exposure of patients to X-rays.
Disclosures (any Conflicts of Interest)
I have no conflict of interest.
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Introduction
We developed a model to predict the curve progression in patients with idiopathic scoliosis starting from a 
dataset including 2317 previously untreated patients from age 6 to 25. We were able to predict only 55% of 
the observed values with adequate precision. Consequently, we decided to move to another data analysis, 
starting from Duval—Beaupère papers, which recognized 3 phases of progression: one up to the start of 
puberty, a second from puberty to Risser 3 and a third from Risser 3 to the end of growth.
Research Question
Are three age-specific prediction models able to predict idiopathic scoliosis evolution better than an overall 
model spanning from age 6 to the end of growth?
Methods
We tried two strategies to divide the age groups. Strategy 1. We searched the exact timing of the start of 
growth (Point P). We searched all patients with radiographs with Risser 1 stage (after point P) and one or 
more previous consultations with radiographs while untreated. We hypothesized point P (sudden height 
growth) as a consultation with 1 standard deviation above average pubertal growth and looked for the time 
distance (months) from Risser 1. Strategy 2. We looked at the percentage of patients who reached Risser 1 
in the different age groups.
We considered the following variables: Cobb angle at the baseline, time (squared and cubic too), Risser 
score, sex. A linear mixed-effect model analysis with random effects (SAS procedure MIXED) and maximum 
likelihood estimate was used to examine the effect of the different candidate variables on maximum Cobb 
angle accounting for repeated measures from the same patient. The data set was divided into subgroups 
for multiple-fold cross-validation. 
Results
Strategy 1 failed. With strategy 2 we found 1.3% Risser 1 up to age 9, 3.2% up to 10 and 10.2% up to 11. 
Consequently, we set the cut-off at age 11.
The prediction models we found were:
• A (up to age 10, n.342): 1.64 +1.09 Cobb +0.82 time (years) +0.73 time2 –0.08 time3
• B females (age 11 to Risser 2, n.916): –1.01 –1.85 (Risser 1) –2.53 (Risser 2) +1.12 Cobb +6.88 time -1.81 
time2 +0.35 time3
• C (Risser 3 to end of growth, n.469): 1.44 –2.04 (Risser 4) –1.44 (female) +1.03 Cobb +1.71 time –0.14 
time2
The cross-validation results for the percentage of observed values falling within the prediction interval ±5° 
were 63.9-76.9% for A, 61.1-71.3% for B-females and 85.9-88.2% for C. 
Conclusions
The preliminary results of a model based on 3 ages show better prediction than an overall model including 
all these ages. 
Discussion
Our results are promising and confirm that the pubertal period is the most difficult for prediction. Prognosis 
is a crucial part of idiopathic scoliosis evaluation and the development of accurate prediction models 
coming from natural history data is of great importance. This work is still in progress, but results will offer 
clinicians new tools to be used to decide on treatment together with patients, within a shared-decision 
making model of care.
Disclosures (any Conflicts of Interest)
SN-AN: ISICO stock
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Introduction
El grado de madurez esquelética es un factor clave en el pronóstico y tratamiento de la escoliosis 
idiopática del adolescente (EIA), puesto que su progresión se relaciona directamente con el crecimiento. 
La clasificación radiográfica de Sanders es, actualmente, la más extendida para determinar el grado de 
madurez esquelética. Sin embargo, el desarrollo y perfeccionamiento de la ecografía podría suponer un 
cambio de paradigma.
Research Question
El objetivo principal de este trabajo fue valorar si es posible determinar el grado de madurez esquelética 
mediante ecografía, tomando como referencia la clasificación radiográfica de Sanders. 
Methods
Se realizó un estudio de casos y controles. En el grupo de  casos se incluyeron a pacientes con EIA de entre 
10 y 16 años. El grupo control estuvo formado por pacientes del mismo grupo de edad sin diagnóstico 
relacionado con la EIA. Se realizó la clasificación de Sanders mediante radiografía y ecografía a cada 
paciente. Para controlar el sesgo interobservador, cada parámetro fue medido por cuatro investigadores. 
El análisis estadístico se realizó mediante el software IBM SPSS Statistics.
Results
Se obtuvo una muestra de 70 pacientes. No se observaron diferencias estadísticamente significativas entre 
grupos en cuanto a variables demográficas ni en relación con la clasificación de Sanders radiológica y 
ecográfica. Se obtuvo una concordancia excelente (coeficiente Kappa > 0,90) al valorar la variabilidad 
interobservador en la clasificación de Sanders ecográfica. 
Conclusions
Para medir el estado de madurez esquelética podemos utilizar la clasificación de Sanders tanto radiológica 
como ecográfica. Si bien se requiere una sistemática clara para realizar la clasificación de Sanders ecográfica, 
la curva de aprendizaje es pequeña y resulta fácilmente reproducible.  
Discussion
La ecografía está cada vez más integrada en la práctica clínica habitual. Aunque otras ramas de la medicina 
recurren a esta prueba complementaria de rutina, en la traumatología todavía queda márgen de desarrollo. 
El poder utilizar esta herramienta para valorar a tiempo real el grado de madurez esqulética podría suponer 
un gran avance no sólo en el ámbito de la traumatología, sino también en otro más remotoso como la 
medicina legal. Además, al ser una prueba inócua, disminuiría la cantidad de radiación a la que se exponen 
pacientes que están en pleno desarrollo. 
Disclosures (any Conflicts of Interest)
Los autores declaran no tener conflictos de intereses.
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ASSOCIATION OF THE LBX 1 GENE PROMOTER METHYLATION IN DEEP 
PARASPINAL MUSCLES OF PATIENTS WITH IDIOPATHIC SCOLIOSIS WITH DISEASE 

SEVERITY
Piotr Janusz1 , Małgorzata Tokłowicz2 , Mirosław Andrusiewicz2 , Małgorzata Kotwicka2 , Tomasz Kotwicki1 

1) Department of Spine Disorders and Pediatric Orthopedics, Poznan University of Medical Sciences 2) Department of Cell 
Biology, Poznan University of Medical Sciences

Introduction
Idiopathic scoliosis (IS) is a multifactorial disease with significant genetic background. The LBX1 gene 
polymorphisms are associated with IS. However the pathogenesis of this phenomenon is not established. 
Epigenetic modifications alter genes expression but do not change the DNA sequence. In recent years, the 
role of epigenetic factors in the etiopathogenesis of IS has been increasingly investigated.
Research Question
The aim of this study was to evaluate the association of the LBX1 promoter methylation level in deep 
paraspinal muscles of patients with idiopathic scoliosis with disease severity.
Methods
The study involved 57 girls (171 tissue samples from deep paravertebral muscles, both on the convex 
and the concave side of the curve and back superficial muscles) who underwent an operation due to IS. 
Patient subgroups were analyzed according to Cobb angle ≤70° (28 cases) vs. >70° (29 cases).  Level of 
methylation was evaluated in two promoter regions: proximal (28 CpG sites) and distal (23 CpG sites) using 
the pyrosequencing method.
Results
The methylation level within proximal promoter region was higher in patients with Cobb angle >70° than 
in patients with Cobb angle ≤ 70° in 22 of 28 analyzed CpGs (P < 0.05) at the convex side and in 1 of 28 
analyzed CpGs (P < 0.05) at the concave side.  There was no difference in superficial muscles between the 
groups. The methylation level within distal promoter region was higher in patients with Cobb angle >70° 
than in patients with Cobb angle ≤ 70° in 3 of 23 analyzed CpGs (P < 0.05) at the convex side, in 7 of 23 
analyzed CpGs (P < 0.05) at the concave side and in 7 of 23 analyzed CpGs (P < 0.05) at the superficial 
muscles.
Conclusions
The level of DNA methylation at the LBX1 promoter region in deep paravertebral muscle tissue may be 
associated with the severity of idiopathic scoliosis.
Discussion
The risk of developing scoliosis and curvature progression is the result of an additive effect of genetic 
and the impact of environmental factors. This study revealed a new factor associated with a tendency to 
scoliosis progression.
Disclosures (any Conflicts of Interest)
The authors declare that they have no competing interests. This study was supported by the National 
Science Centre grant 2016/23/D/NZ5/02606.
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SLEEP POSITION AND THE ETIOLOGY OF AIS? A NEW HYPOTHETICAL MODEL
Jarrett Grunstein1 , Theodoros Grivas2 

1) Grunstein Family Chiropractic Center 2) Orthopaedic and Traumatology Department at “Tzaneio” General Hospital of 
Piraeus, Greece

Introduction
The subject of sleep position and its potential involvement in the development of orthopedic conditions 
such as Adolescent Idiopathic Scoliosis (AIS) has yet to be thoroughly examined by the scientific community.  
A review of the literature on the topic of sleep position revealed that the majority of studies are primarily 
focused on sleep pathologies such as obstructive sleep apnea, sudden infant death syndrome, insomnia, 
as well as sleep system designs and ulcer prevention.  The hypothetical model presented herein will propel 
the AIS research community forward in exploring the potential relationship between sleep position and the 
development of the structural curvatures of the spine as seen in AIS.  We coined our model “The Nighttime 
Perfect Storm Hypothesis,” in order to state that the initiation and gradual development of the spinal 
curvatures seen in AIS occurs at night when the growing child, with a particular genetic predisposition, is 
asleep while her body is situated in one of the two Provocative Sleep Positions (PSP) during the REM stage 
of sleep. 
Research Question
Does sleep position participate in development of AIS?
Methods
Studied literature from all scientific fields and synthesized all of the data.
Results
No Results, as study is hypothetical in nature.
Conclusions
Evidence points to very real possibility that AIS is a condition that develops at night while children are 
asleep.
Discussion
Given the scope of the evidence that points to the relationship between sleep position and the etiology of 
AIS, further investgation is warranted.
Disclosures (any Conflicts of Interest)
NO Disclosueres or conflicts of interest.
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IMPROVEMENT OF PROGRESSIVE ADOLESCENT IDIOPATHIC SCOLIOSIS IN A 
14-YEAR-OLD FEMALE USING CHIROPRACTIC BIOPHYSICS® METHODS. A CASE 

REPORT

Joseph Betz1 

1) Private Practice, Modern Chiropractic Center, Boise, Idaho

Introduction
Progressive idiopathic scoliosis of adolescent onset (AIS) has been traditionally managed with surgery, 
and bracing alone and in combination with scoliosis specific exercises. The potential success of combined 
exercises with spinal traction is under reported in the literature. Chiropractic BioPhysics (CBP) is a treatment 
method that involves utilizing a combination of “Mirror-Image” exercises, traction and spinal adjustments 
all with the intent of improving biomechanical alignment of the spine and posture.
Research Question
Can Chiropractic BioPhysics technique system improve progressive adolescent idiopathic scoliosis?
Methods
A 14-year-old female presented to a private chiropractic clinic with a progressive, 33 degree thoracolumbar 
scoliosis (Figure 1B). Xrays taken 17 months prior showed a thoracolumbar frontal plane curvature of only 4.2 
degrees (Figure 1A). The patient was unable to get a prescribed thoracolumbosacral orthosis (ScoliBrace) for 
several months. Chiropractic BioPhysics (CBP) methods, including Mirror-Image scoliosis exercises, traction 
and manual spinal adjustments, were applied prior to the administration of the ScoliBrace for a period of 2 
months duration. The patient was seen 2-3 times a week for a total dosage of 24 visits until follow-up Xrays 
were obtained, which was 4 months after her previous Xrays. Follow-up Xrays were taken 8 days following 
her last treatment session.
Results
The initial 33 degree thoracolumbar scoliosis reduced to 10 degrees (Figure 1A-C). Coronal balance (C7 
relative to the Central Sacral Vertical Line) improved from 30.5 mm to 22 mm. 
Conclusions
Chiropractic Biophysics methods may be a viable alternative to watchful waiting and other scoliosis specific 
exercise systems while waiting for and in conjunction with TLSO application. CBP methods may compliment 
TLSO administration in the reduction of idiopathic scoliosis in the adolescent. Larger clinical studies are 
necessary to investigate the efficacy of utilizing CBP methods alone or in conjunction with TLSO application 
in AIS.
Discussion
There are numerous systems of nonsurgical management of scoliosis in the adolescent. While TLSO’s are 
the gold standard of such treatment, the addition of scoliosis specific rehabilitative methods has been 
shown to be an effective complimentary intervention. Chiropractic Biophysics methods have been used 
within the chiropractic profession to improve coronal and sagittal spine alignment for nearly 50 years. The 
addition of CBP methods to the non-surgical management of adolescent idiopathic scoliosis may be a 
viable option for practitioners.
Disclosures (any Conflicts of Interest)
Author reports no conflicts of interest.
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ASSESSMENT OF PLANTAR PRESSURE IN INDIVIDUALS WITH ADOLESCENT 
IDIOPATHIC SCOLIOSIS USING A BRACE WITH DIFFERENT CURVE PATTERNS: PILOT 

STUDY

Sena Özdemir Görgü1 , Merve Arslan1 

1) Istanbul Medipol University

Introduction
Adolescent idiopathic scoliosis (AIS) is term used for individuals with scoliosis ages of 10-19 without a 
certain etiology. One of conservative methods used in scoliosis Chêneau brace. 
Research Question
What is differences evaluating plantar pressure in individuals with AIS, who use Cheneau brace with different 
curve patterns?
Methods
40 individuals with AIS using Chêneau brace participated in the study. Total of 35 individuals with AIS 
included in the study depending on the inclusion criteria. According to curve patterns of 35 individuals with 
AIS, participants divided into two groups: main curvature area of first group being in lumbar (n=21) and 
second group being in thoracic (n=14). Direction of the curvature left in individuals main curvature area in 
is lumbar and right in individuals main curvature area is in thoracic.
X-ray analyses have been used for Cobb angle measurement of individuals with AIS, and Sensor 
Medica-FreeStep Pedobarography has been used for the plantar pressure analysis. Plantar pressure analysis 
has been evaluated with Chêneau brace, one week after use of the Chêneau brace.
Results
It has been seen that among main curvature was in left lumbar, 42.9% male and 57.1% female; and among 
main curvature was in thoracic, 28.6% male and 71.4% female (p>0.05). Observed that according to body 
mass index, among main curvature left lumbar; %42.9 underweight, 47.6% normal, and 9.5% obese; among 
main curvature thoracic, 50.0% underweight, 35.7% normal, and 14.3% obese (p>0.05). Age of individuals 
with lumbar main curvature (x ̄=13.048) was higher than thoracic curvature (x̄=11.929). Statistically significant 
difference has been observed between individuals’s main curvature area and their ages (p=0.030).
Among individuals with AIS, contact area of left foot total (p=0.024) and left forefoot (p=0.049) of main 
curvature left lumbar was significantly higher than of main curvature right thoracic. Statistically significant 
difference has been observed between two groups. However, no statistically significant difference has been 
found between contact areas of right foot total and right forefoot (p>0.05). Consequently, it has been found 
that when compared to main curvature right thoracic, contact area of left foot total and left forefoot of 
those, main curvature left lumbar, was wider as compared with right foot.
Conclusions
No statistically significant difference has been observed between two groups concerning he difference 
in the percentage of the right-left feet loading (p>0.05). However, it has been observed that there were 
numerical differences in the percentage of loading of right-left feet within the groups. These differences 
were higher for loading percentage of forefoot and rearfoot in the group curvature right thoracic when 
compared to group curvature left lumbar, and they were lower for the loading percentage of the midfoot.
Discussion
There is no study in literature on the evaluation of plantar pressure in individuals with AIS, who use Chêneau 
brace with different curve patterns. Therefore, study is still ongoing and more participants are planned to 
be included. As a result of analysis, differences in loading between right and left feet within groups suggest 
that short-term and long-term effects of the use of Chêneau brace should be examined. 
Disclosures (any Conflicts of Interest)
The author(s) declared no potential conflicts of interest with respect to the research.
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STATIC AND DYNAMIC CONCEPTS IN THE CORSET TREATMENT OF PATIENTS WITH 
SCOLIOSIS. WHICH APPROACH IS MOST EFFECTIVE?

Vitaly Levkov1 , Ilya Shavyrin2 

1) Russian National Research Medical University 2) Scientific and Practical Center of Specialized Medical Care for Children 
named after V.F. Voino-Yasenetsky

Introduction
From 2010 to 2021, the results of corset treatment of 136 patients (26 boys and 110 girls) suffering 
from idiopathic scoliosis were analyzed. The age of the patients ranged from 3 to 19 years, the angle of 
deformation ranged from 20 to 50 degrees according to Cobb on the frontal X-ray performed standing up.
Research Question
Improving the effectiveness of the use of corrective Chenault-type corsets manufactured using CAD/CAM 
technology in the treatment of idiopathic scoliosis in children and adolescents.
Methods
Patients underwent corset therapy according to the Chenault method in combination with regular physical 
therapy classes.
Results
The evaluation of the results was carried out according to the following parameters: the average time of 
adaptation to the corset, correction of the angle of deformation during corsetotherapy and after treatment, 
the results of scoliometry during and after treatment, the average service life of the corset.
The average time of adaptation (exit time for 18-21 hours / day) to the corset of group A patients was 21-28 
days, group B: 14-20 days. The average angle of deformation before treatment was 31 degrees Cobb 
(30.7° ± 5.5). The primary correction in the corset was carried out after the patient adapted to the orthosis 
(3 months after the appointment of the corset) and reached the wearing time per day of 18-21 hours 
according to the radiograph of the spine performed in the corset standing. The average correction in both 
group A and group B was 33% and 35% and allowed to reduce the average angle of deformation from 31 
to 20 degrees. The average angle of deformation after the removal of the corset (according to radiography 
of the spine in 6-9 months) was in group A: 27.7° ± 4.6 and 25.4° ± 3.8 in group B, reducing the primary 
(maximum) angle by 3.3 (10.6%) and 5.6 (18.1%), respectively.
Conclusions
According to the results of scoliometry in group A, the rotation of the vertebral vertebra was reduced by 4° 
during treatment and by 1° after the corset was removed. In group B, the rotation of the vertebral vertebra 
was reduced by 6° during treatment and by 3° after withdrawal. The average service life of the static corset 
was 7 ± 2 months, dynamic 14 ± 3 months.
Discussion
The use of dynamic Chenault corsets in the treatment of scoliosis allows you to adapt to the orthosis at an 
earlier time, carrying out more effective derotation during treatment with better indicators of the final result 
of the use of the corset. Corsets made using CAD/CAM technology have a longer service life.
Disclosures (any Conflicts of Interest)
The authors declare that they have no competing interests.
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GOOD AESTHETIC, BAD X-RAY - WHAT TO DO? 

Grigorii Lein1 , Ivan Pavlov1 , Alexandr Enin1 

1) Ltd. Scoliologic.ru

Introduction
In our practice, there are often cases when we have an excellent clinical correction of the patient’s trunk and 
a very mediocre X-ray result. Why do we get such results and what to do?
Research Question
To find the correlation of the initial data (gender, age, M. Rigo deformity type, Risser’s test, deformity in 
degrees according to Cobb) for this category of patients, to determine the prognosis of treatment for future 
patients and the patterns of correction at the initial stages of treatment. 
Methods
The material for the study was a group of patients selected from patients who initially applied in the 
period from 01/01/2021 to 31/12/2021 - 937 patients with spinal deformity, of which 576 patients were 
diagnosed with idiopathic scoliosis, 343 patients met the requirements of the study. Then, 22 people were 
selected, aged 13–17 years, who had positive aesthetic dynamics and no radiological dynamics during the 
observation period (at least 12 months). All X-ray examinations were performed on the same X-ray machine 
and were evaluated automatically.  
The dynamics of the aesthetic appearance of the back was assessed at the same time as the radiological one. 
The assessment was performed: by a clinical method - collection of anthropometric data, spirometric data, 
evaluation of the Adams test. Photographic method - comparison of photographs of the back before the 
start of treatment and at the stages of treatment in a standing position and in the Adams test, comparison 
of 3D scans of patients - primary and at the stages of treatment.
Results
During the observation period, it was revealed: the absence of X-ray dynamics of the deformity according to 
Cobb’s angle, there were the X-ray and clinical dynamics of the form of spinal deformity in accordance with 
the classification of M. Rigo from decompensated forms to compensated forms in girls aged 13-17 years 
with a Risser Grade 3 [P1] and higher. Forms of scoliosis in accordance with the classification of M. Rigo at 
the time of the initial examination were distributed as follows: A2 - 30%, A3 - 14%, B1 - 14%, B2 - 12%, C1 - 
6, C2 - 10, E1 - 14%. Curve types A1, E2 were not found in this group. Forms of scoliosis in accordance with 
the classification of M. Rigo at the time of examination in 6 months were distributed as follows: A2 - 14%, 
C1 - 28%, C2 - 45%, E1 - 13%. Curve types А1, А3, В1, В2, Е2 were not found in this group. The Cobb’s 
angle was more than 35 degrees, the patients with a deformity of 40° – 55° are the most frequent. 
Conclusions
The most common such result was in patients at the age of 14 to 17 with a Cobb’s angle of more than 35° 
degrees, with a Risser sign 3 and higher. Absence of in-brace correction on x-ray sometimes don’t mean a 
bad result  even in primary case.
Discussion
The question about further treatment of patients with the above mentioned result remains open. How to 
understand better that brace really works? How can we evaluate prognosis in such cases? And will these 
patients need surgery in any case or not?
Disclosures (any Conflicts of Interest)
There is nothing to disclosure.
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CAN STRUCTURAL SCOLIOSIS BE DETECTED USING BACK SURFACE TOPOGRAPHY?

Samra Pjanic1 , Nikola Jevtic2 , Tom Shannon3 , Nachiappan Chockalingam3 

1) Institute for physical and rehabilitation medicine “dr Miroslav Zotovic”, Banja Luka, Bosnia and Herzegovina. 2) Scoliocentar, 
Novi Sad, Serbia 3) Centre for Biomechanics and Rehabilitation Technologies, Staffordshire University, Stoke on Trent, UK. 

Introduction
Back surface topography has been used for objective clinical assessment of scoliosis[1][2]. It has been 
postulated that it could replace repeated radiographs in scoliosis patients who need frequent follow-up 
during treatment. 
Research Question
Our study aimed to determine whether commercial depth camera(DC) based surface back topography can 
detect structural spinal deformity and be suitable for screening for patients with mild scoliosis.
Methods
Participants: Following ethical approval, patients in the Institute for physical and rehabilitation medicine 
„dr Miroslav Zotovic“ in Banja Luka with verified structural mild idiopathic scoliosis were recruited to 
partcipate. Structural scoliosis was defined as Cobb angle ≥10° on AP standing radiographs and mild 
scoliosis as Cobb angle ≤30°. Clinical assessment of every patient included (1) scoliometer measurements 
in forward bending test,(2) AP standing radiograph and (3) surface back topography using DC (KinectTM 
One, Microsoft Corporation, USA).
Methods: Correlation between scoliometer measurement, surface topography (ST) trunk rotation and 
Cobb angle was measured with a focus on the primary curve. Statistical analysis was completed using SPSS 
24 (IBM®, UK) and included the assessment of Pearson’s correlation (statistical significance was defined as 
p<0,05).
Results
There were 39 patients, 23 females and 16 males, mean age 12,74 ±2,27, mean Cobb angle 13,79±4,40° 
(range 10 to 30°). Correlation between ST rotation and Cobb angle was weak ( r=0,212, p>0,1), while 
correlaton between ST rotation and scoliometer is not present (r=-0,066, p>0,1). According to the gender 
and location of the curve, statistically significant correlation was in lumbar curves between ST trunk rotation 
and Cobb angle (r=0,466, p = 0,025). The gender and laterality of the primary curve results are shown in 
the following table:  

     
  

Conclusions
Although surface topography has a significant potential to benefit the patient and clinician when planning 
and monitoring treatment interventions, our results indicate that the current algorithms of surface topography 
need to be improved to make it suitable for smaller curves and screening.
References:
1. Shannon T et al., Spine J 2017;17:S329. doi:10.1016/J.SPINEE.2017.10.042
2. Shannon T et al., Stud Health Technol Inform 2021;280:302. doi:10.3233/SHTI210513
3. Krott NL et al., Eur Spine J 2020 299 2020;29:2392–401. doi:10.1007/S00586-020-06402-X
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Discussion
Previously published results indicate differences in the surface topography measures of the back between 
typically developed and scoliotic subjects, especially in moderate and severe scoliosis. Our findings showed 
that there is no universal relationship between underlying skeletal deformities and changes in back shape 
in patients with mild scoliosis. Although topography measurements have been reported to be reliable and 
reproducible [3], the clinical use of surface topography is still controversial.  This controversy focuses on the 
complexities of techniques and technologies involved. As shown in earlier studies[2], the technology used 
within this study is less expensive, easy to operate and reliable in detecting larger curves.
Disclosures (any Conflicts of Interest)
The authors declare that there is no conflict of interest. 
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INFLUENCE OF STABLE AND UNSTABLE SEATING BASE ON SAGITTAL ALIGNMENT 
IN THE CERVICAL REGION
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Introduction
Nowadays, sedentary work is considered prevalent in different parts of the world due to the rapid 
development of technology. Workers are exposed to prolonged static posture and spend long periods 
in front of a computer or at a desk. Many types of assistive devices are commercially available to help 
computer users maintain sagittal balance during sitting posture. Recently, forward head posture (FHP) has 
been commented upon as a common disorder of sagittal balance that likely causes discomfort and pain in 
this area.
Research Question
To investigate the effects of unstable seating on the maintenance of cervical sagittal balance for the 
prevention of forward head posture in employees who spend long periods in front of a computer or at a 
desk.
Methods
The study was conducted during the months of November and December 2021 in Bulgaria. An experimental 
design was used involving healthy subjects (n = 100) performing a typing task, in three baseline body 
postures: lateral upright standing while seated in an office chair with a dynamic and stable base. The 
TERABAND Stabiliti Disc (36 cm. Non-Latex Disc) was used for measurement during unstable sitting. Sagittal 
spine posture during computer typing was measured using digital photogrammetry. The photographs 
were then analyzed in MatLab. In order to test the hypothesis of equality of the arithmetic mean between 
the craniovertebral angle (CVA) measured during upright standing, stable sitting, and unstable sitting, a 
paired-samples Student’s t-test was performed using IBM SPSS.
Results
The mean CVA for body position in stable sitting was 41.97 (±9.22), for unstable sitting was 39.81 (±8.55), 
and for upright standing was 55.70 (±7.29). There was a statistically significant (p < 0.001) positive correlation 
between the mean values of the measured CVA in the three body positions. Between upright standing and 
unstable sitting was r = 0.487; between stable sitting and unstable sitting was r = 0.752 and between stable 
sitting and upright standing was r = 0.403.
Conclusions
The results obtained are probably not conclusive enough due to the short duration of application. This does 
not warrant us to make specific recommendations for or against the use of an unstable foundation when 
working behind a desk or computer.
Discussion
The topic of the influence of an unstable base during sitting on sagittal alignment, respectively on forward 
head posture. Longer lasting interventions need to be conducted.
Disclosures (any Conflicts of Interest)
No author has financial or personal conflicts of interest that could inappropriately influence their work.This 
work was supported by the Bulgarian National Science Found (BNSF), under grant project “Ergonomic 
research on work-related health problems by innovative models with a focus on the prevention of 
Musculoskeletal Disorders”, contract no. KP-06-N37/1.
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RECOVERY AND POSTOPERATIVE TREATMENT FOR IDIOPATHIC SCOLIOSIS. CASE 
REPORT

Mariana Popova1 
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Introduction
Surgical and conservative treatment center for scoliosis ACIBADEM CITY CLINIC – GENERAL HOSPITAL 
TOKUDA – SOFIA. We introduce our experience and results in the postoperative treatment and recovery of 
patients with idiopathic scoliosis. Presenting a case report.
Research Question
For the period 85 children and adults, aged between 10 and 28 years old, have been treated for idiopathic 
scoliosis with various degree of spinal deformity. Clinical indicators were researched – anthropometrical and 
scoliosis-related indicators, activity, balance and strength of the muscles, position of the body, posture and 
gait. The applied methodology is individual for each patient regarding type and duration and is suitable for 
their age and condition.
Methods
General approach. For conservative treatment of patients with idiopathic scoliosis and kyphosis in our 
center we use the Physiotherapeutic method of Katharina Schroth and the SEAS 3D method – three-di-
mensional therapy for correction of the spinal deformities and their consequences on the body. Since 2017 
we’ve applied modifications of the therapy not only for conservative treatment, but also for recovery in the 
post-operative period after curvature correction surgery in our patients.
Results
For the period of treatment in the patients an improvement was observed regarding the researched clinical 
indicators. The muscle balance recovered and the symmetry of the body returned, while the posture of 
the pelvis, shoulder girdle and thorax was corrected. This affected the overall position of the body, the 
correct posture and gait. There was improvement in the overall condition and self-esteem of the patients. 
Reporting a clinical case of a 17 year old female – long term rhythmic gymnastics competitor. She had an 
S – shaped scoliotic deformation and pre-operative clinical indicators – Cobb angle Th – 82º and L 56º 
and conducted long term conservative treatment with the Katharina Schroth method and brace treatment. 
On 20.05.2020 surgery was performed – posterior stabilization of the spine. The recovery period with a 
duration of one year was commenced with the abovementioned methods. Presenting the results.
Conclusions
The method of Katharina Schroth is well known in the worldwide practice as a main conservative method 
for treatment of patients with idiopathic scoliosis and kyphosis. Our experience shows the efficacy of the 
therapy even after surgical correction of the curvature and leads to an improvement in all researched clinical 
indicators and accelerates the complete treatment process.
Discussion
Effectiveness of the modified Shroth therapy in post-operative rehabilitaion and treatment of idiopathic 
scoliosis and kyphosis.
Disclosures (any Conflicts of Interest)
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A BIBLIOMETRIC STUDY OF SAGITTAL BALANCE CONCEPTS IN THE PHYSICAL 
THERAPY LITERATURE
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Introduction
Sagittal balance describes the veritical alignment of the spine and is associated with low back pain and 
poor quality of life.  Spine surgeons have long claimed that sagittal balance is related to the magnitude of 
spinal sagittal curves, which are, in turn, related to a measure of the morphology of the pelvis. They have 
integrated these relationships into classificatoin models to identify normal and by definition abnormal spinal 
posture and use these models to plan spine surgery procedures. In contrast to spine surgeons, the physical 
therapy profession has a less unified outlook on the relationship between spinal alignment (posture) and 
back pain and this may be due the lack of an objective method to measure and classify spinal posture. One 
possible explanation about the divide between spine surgeons and physical therapists may be that sagittal 
balance concepts described in the spine surgery literature  may not have been critically evaluated by the 
physical therapy world.
Research Question
To investigate the extent to which novel posture analysis methodology described in sagittal balance 
concepts are published in the physical therapy literature.
Methods
We conducted a bibliometric review of the The Web of Science database for all articles published from 
2000-2019. We compared two source datasets, a sagittal balance dataset (n=16,618) and a physical therapy 
dataset  (n=92,236), of peer reviewed articles.  We extracted articles present in both datasets (n=39) as 
evidence of knowledge bridging sagittal balance concepts and physical therapy domains. We then collected 
all records (n=661) from the physcial therapy dataset citing these 39 bridging articles for screening. These 
were screened by two independent reviewers for the presence of sagittal balance concepts. The reviewers 
identifed 29 articles containing sagittal balance concepts. The identified articles were classified, by three 
independent reviewers, according to journal or publication topic themes
Data Synthesis:  Bibliometric network and publication level maps were generated to graphically display 
keyword themes and publication impact.
Results
The 29 articles containing sagittal balance concepts contributed only 0.031% of the physical therapy dataset.  
Eight articles were classified as containing a rehabilitation focus, including one ‘orphaned’ 2009 review 
describing sagittal balance concepts aimed at a rehabilitation audience. The most frequently published 
keyword was low-back-pain and there was a recent trend, from 2018, exploring the relationship between 
spinal muscle morphology and sagittal balance.
Conclusions
Our study confirms that sagittal balance concepts, evolving over the last two decades in spinal surgery 
literature, have largely failed to percolate into physical therapy literature.
Discussion
Our study used bibliometric methodologies which are based on big data analytical techniques to compare 
two datasets of peer reviewed articles to explore for evidence of sagittal balance concepts within physical 
therapy domains. We identified only 29 articles in the physical therapy domain containing sagittal balance 
concepts (0.031%) and suggests that sagittal balance concepts developed over the last two decades within 
the spine surgery world are largely absent from physical therapy literature. 
Disclosures (any Conflicts of Interest)
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Introduction
Pectus excavatum is a common chest wall malformation and one of congenital anomalies. Since the 
beginning of this century, conservative treatment of the pectus excavatum with a vacuum bell has been 
another common alternative to a surgery. A patient with a smaller or moderate severity of deformity usually 
uses rehabilitation treatment with breathing exercises and with advantage a vacuum bell. The effect of 
the vacuum bell is to create a vacuum on outside chest wall thus correcting the deformity. Usually, the 
application is given for one hour a day or more (all cumulatively) for a number of months or several years. 
With an advantage accurate 3D scanning can be used to control the deformity, on the basis of which we can 
easily evaluate the immediate and long-term correction effect from transverse cuts, similar to CT or MRI.
Research Question
Vacuum bell treatment effect.
Methods
Since March 2021, our cooperating departments has been dealing with all its patients with pectus excavatum 
with an indication for conservative treatment using a vacuum bell. From March 2021 to December 2021, the 
group consists of more than 40 children and adolescents aged 6 - 18, of which 5 are girls. The deformity 
of each proband is 3D scanned before starting treatment. The next check by should be compared with 
the input scan after the year of treatment. Own system of vacuum bells was developed. Three sizes of 
round bells and one for girls, respectful breasts. An easily connectable manual battery vacuum pump is 
used to create a vacuum. Each bell has an adjustable pressure reducing valve, which has the advantage of 
individually setting a constant defined vacuum during the entire treatment. There was set own treatment 
methodology. For the first week, the requirement is to apply a vacuum bell 1 hour a day while lying down. 
For the second week of application, 2 hours a day are set, the third week 3 hours a day, and from the fourth 
week onwards, 4 hours a day. Everything is understood cumulatively for given that the skin needs to be 
allowed to relax. The application time is obtained from patient reports.
Results
Gradual data collection is expected during 2022 and beyond. The first scans during treatment show its 
success (November 2021, 3 probands). No negative effects were reported during 2021, and in several cases 
the reduced tightness of the system was detected which was solved. The evaluation of the project will take 
place gradually with the termination of the treatment of individual probands.
Conclusions
The first results of the conservative treatment of the group with pectus excavatum testify to a similar success, 
which is reported in the thematic scientific works. A number of problems were also mentioned in these 
works. Thanks to the design and use of a pressure reducing valve, our system not only minimizes some risk 
cases, but also ensures a defined vacuum.
Discussion
Possibility to modify Vacuum Bell.
Disclosures (any Conflicts of Interest)
No conflict of interest.
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Introduction
Orthotic treatment of adolescent idiopathic scoliosis aims to prevent progressive spinal deformity. Many 
types of braces can be proposed as the case. The hypercorrective nighttime brace was made to obtain a 
hypercorrection of the curvature in part-time bracing.
Research Question
The aim of the study is to assess the effectiveness of treatment of adolescent idiopathic scoliosis (AIS) with 
the hypercorrective nighttime brace.
Methods
This is a prospective descriptive and analytical study started on February 2017.
The inclusion criteria are.
• Idiopathic scoliosis confirmed by clinical examination and radiological assessment.
• Cobb angle between 12 and 45°
• Risser grade 4,
 Exclusion criteria:
• Upper thoracic scoliosis higher than T6
• Previous treatment with another type of brace
The brace is molded to measure by the same team of orthotics. Once the brace is ready, an in-brace 
radiograph ensured that the brace is well-suited.
Regular follow-up with clinical examination was carried out every 4-6 months and a radiological assessment 
every 12 months.
The primary outcome is: the progression of gibbosity and cobb angle
Results
So far, we have included 27 patients (24 girls and 3 boys), the median age is 14.2 years (13.1-14.9), the 
Risser grade was between 0 and 3 in 88, 9% (N=24) of patients. The median main cobb angle at the start 
of treatment was 27° (27°-34.5°). The seat of the curvature was thoraco-lumbar in 96.3% of patients (N=26), 
thoracic in one patient.
To date: 14.8% of patients (N=4) have completed their brace treatment successfully, 7.4% (N=2) have been 
referred for surgery, 48.1% (N=13) still followed up and 29.6 % (N=8) were lost to follow-up.
Conclusions
The hypercorrective nighttime brace seems to be an alternative for adolescent idiopathic scoliosis.
Our study will make it possible to objectify its effectiveness on the progression of the scoliotic curvature.
Discussion
-
Disclosures (any Conflicts of Interest)
the braces were carried out by an external service provider: the Proteor group which participates in the 
follow-up of patients.
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Introduction
Idiopathic scoliosis (IS) usually appears during adolescence due to the development of the spine during 
puberty. IS can have a negative impact on psychological wellbeing, quality of life, disability, and physical 
health status, so early detection and treatment are essential. Wearing a brace is a conservative treatment 
for IS that often helps avoid surgery, improves aesthetics, and increases quality of life. Brace adherence 
is, however, a challenge and also a key factor influencing its effectiveness. Traditionally, brace adherence 
has been explored retrospectively, which is often unreliable due to recall bias. Mobile devices might be 
useful alternatives for assessment in adolescents with IS (AIS). However, their feasibility and utility remain 
unexplored. The aim of this study is to present a new app-based, monitoring procedure to improve current 
management of AIS.
Research Question
Test the feasibility, clinical utility, and acceptability of the app-based methodology.
Methods
Participants will be 40 adolescents prescribed a brace for IS. They will daily respond to the app for 90 
days. The responses may generate clinical alarms that will be sent daily to the medical team. Data will be 
analysed using intention-to-treat principles. Descriptive data will be reported for all study variables, such as 
brace compliance and discomfort and compliance and perceived utility of the app.
Results
Primary outcomes will be app usability, acceptability, and response rates (i.e., compliance). Secondary 
outcomes will include brace adherence, the number of side effects reported, number and type of clinical 
alarms, stress, quality of life, perceived health status, and mood.
Conclusions
Recruitment is ongoing. Study results are expected by the end of 2022.
Discussion
If accepted by patients and clinicians, this new passive telemonitoring method could reduce the current 
burden on health care services, because physicians would only contact patients when necessary. 
Furthermore, alarms will occur at an individual level, thus enabling a rapid detection and personalized 
response to undesired events associated with the brace.
Disclosures (any Conflicts of Interest)
There aren’t conflicts of interest.
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Introduction
Magnetic resonance imaging (MRI) offers an ionizing radiation free possibility for diagnosing and monitoring 
the course of scoliosis. Real-time MRI/dynamic MRI recording /MRI film recording is applied for the 
morphological representation and movement of body structures in detail. But it is rare in clinical practice. 
Similarly designed sequences are used, for example, in spirometry or defects of the pelvic floor as well as 
filming the formation of the vocal tract. Physiotherapeutic scoliosis-specific exercises are used to achieve 
a self-correction of the spine and with this to change the body structure and function. The evaluation of 
therapy interventions and thus their influence on body structures, functions and activities are crucial for the 
physiotherapeutic process.
Research Question
Two single case studies were carried out to answer the question if Real-time MRI imaging can be useful for 
the evaluation of selected physiotherapeutic interventions for idiopathic scoliosis.
Methods
In these two cases we evaluated a physiotherapeutic intervention by using the basic exercise “the muscle 
cylinder” according to the Schroth concept via MRI. 
We used a T2 weighted turbo spin echo sequence for measurements in different exercise-positions as well 
as for a whole spine image. A T1-weighted flash sequence in CINE mode had been used to record movies 
while performing physiotherapeutic exercises. 
As usual for this basic exercise in starting position, a corrective cushion was placed underneath the lumbar 
convexity for forward derotation. While doing the CINE mode, rotational angular breathing was done, the 
lumbar region moved into end position of the exercise elongating the lumbar region while extending the 
leg of the concave lumbar side.
Results
Supine static MRI, with additional axial spine loading, can be a reliable variant for assessment and long-term 
evaluation of idiopathic scoliosis. With dynamic MRI, it is possible to visualize and analyze thorax and 
diaphragm movements during the breathing cycle, but also movements of vertebral segments during 
passive and active therapy.
It would be possible to use MRI not only to evaluate the long-term effects of physiotherapeutic interventions, 
also the activation of spine muscles and as a result the correction of spinal curvature during a scoliosis-spe-
cific exercise could be assessed.
Conclusions
The results lead to the promising conclusion , that Real-time MRI could be a qualified evaluation tool to 
assess physiotherapeutic treatments and their consequences. Especially the dynamic form seems to be 
suitable for physiotherapeutic purposes. Consequently, it would be possible to evaluate physiotherapeutic 
scoliosis-specific interventions with dynamic magnetic resonance imaging. The measurement of the entire 
spine also allows for determination of the COBB angle in starting and ending position of Schroth exercises.
Additionally, real time MRI is a radiation-free alternative for monitoring the course of idiopathic scoliosis in 
a physiotherapeutic setting and thus contributes significantly to the radiation protection of patients.
Discussion
Whether real time MRI is an alternative way of assessing the individual effects of selected scoliosis-specific 
exercises on the spine can only be clarified by carrying out the measurements on a larger patient cohort.
Disclosures (any Conflicts of Interest)
There are no Conflicts of Interest.
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Introduction
The Optimist is an international class, single-handed sailing dinghy  used for both learning and competing. 
Optimist sailors often start at the age of 8 till 15 and after growing optimist class sailors prefer laser class.
The purpose  this study is to assess the presence of scoliosis and postures of licensed optimist and laser 
class  sailors affiliated to the Istanbul Sailing Club.
Research Question
Is the incidence of scoliosis higher than normal among optimists and laser class sailors?
Methods
A total of 58 licensed optimist and laser class athletes affiliated to Istanbul Sailing Club (IYK) were included in 
the study. The sailors were examined by two physiatrists and a  physiotherapist. Demographic data, puberty 
age, age of menarche, Tanner scale, body type, Adam’s test, shoulder, scapula and lumbar asymmetry, 
scoliometer results, spine flexibility, chest deformity, dorsal kyphosis, lumbar lordosis, scoliosis,  leg length 
discrepancy, knee and ankle deformities, skinfold thickness were evaluated. In the descriptive statistics of 
the data, mean, standard deviation, median, lowest, highest, frequency and ratio values were calculated. 
Mann-Whitney U test and independent sampling T-test were used for the analysis of quantitative data. 
Chi-square test was used for the analysis of qualitative data.
Results
The mean age of the sailors was 12,6±2,0 years old .The ratio of the girls was 21%, while 79%  were 
boys. More than half  55% of sailors’ body type was mesomorphic, 26% of them was endomorphic and 
19% of them was ectomorphic. Adams test was positive in 3% of them. 5 out of 58 (8.6%)  had angle of 
trunk rotation (ATR) over 5, only 1 of them had over 7 degrees (1.7%)All of them were boys, suspected as 
scoliosis and referred for detailed examination.  Leg lenght discrepancy ratio was  2%.Head position was 
in normal position  in 86% of sailors, while 10% in right and  3% in left rotation. There was no shoulder 
asymmetry in 47% of them, whereas mild asymmetry in 43%, moderate in 8%, severe 2%.There was no 
scapula asymmetry in 47% whereas mild in 51% and severe in 2%.There was no waist asymmetry in 64%, 
whereas mild asymmetry in 22%, moderate in 12%, severe 2%. We evaluated anterior chest deformity in 
5%, lomber lordosis in  17% of  and thoracal kyphosis in 8% of the sailors. 
Conclusions
5 out of 58 sailors (8.6 %) with an ATR  ≥5  measured by scoliometer were evaluated as possible scoliosis. 
The ratio was greater than normal age matched population. For all the posture deformities,  sailors’ family 
and club were informed to be checked for detailed examination by a professional.
Discussion
In this sport a single-handed sailing dinghy is used and it may play a facilitating role in individuals predisposed 
to scoliosis. Athletes doing sailing should be careful about this issue and these adolescent children should 
be followed closely.
Disclosures (any Conflicts of Interest)
There is no conflict of interest.
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Introduction
At present, there is no convincing evidence to support the effectiveness of braces in adults in the treatment 
of idiopathic scoliosis. In general, the SRS does not recommend wearing braces for patients with scoliosis. 
However, in a study conducted in France, De Mauroy et al showed a positive effect of corseting an adult 
patient with a short corset, in combination with specific PSSE exercises. The Risser test, also cannot be 
considered an indicator of maturity, the work of Dolan et al, indicates in their study that with Risser 5, full 
bone maturity does not occur and it is more effective to use the Sanders scale.
Research Question
The purpose of this study is to evaluate the results of complex treatment of a patient (short Brace + PSSE) 
in an adult patient with the Risser 5.
Methods
A 17-year-old girl who had not previously received specific treatment, diagnosed scoliosis at the age of 
12, had a positive family history, first sought help with her problem. At the time of treatment: Cobb angle 
lumbar-45, thoracic–21, Risser 4, ATR–21. No pain, the main complaint: body imbalance and appearance. 
SRS 22 (Self-image-2.2/5, Satisfaction-2.5/5). After completing the intensive course, actively studied at 
home for 1 year. A year later, she entered the university, a corset was made to fix the result.The exercise 
regimen has changed to 1-2 times a week. At the moment, 2 years have passed and the cancellation of the 
braces begins.
A 17-year-old girl who had not previously received specific treatment, diagnosed scoliosis at the age of 12, 
had a positive family history, first sought help with her problem. At the time of treatment: Cobb angle lumbar 
- 45, thoracic – 21, Risser 4, ATR – 21. No pain, the main complaint: body imbalance and appearance. SRS 
22 (Self-image - 2.2/5, Satisfaction/dissatisfaction with management -2.5/5). After completing an intensive 
course, she was regularly observed by a BSPTS specialist and actively studied at home for 1 year. There 
was a decrease in rotation, the body became more balanced. A year later, she entered the university, and 
the patient lost the opportunity for intensive training, and a short corset with the RTRB mode was made to 
maintain the effect. On X-ray, there is a slight decrease in the Cobb angle of the lumbar - 41, thoracic - 21. 
Risser 5. The exercise regimen has changed to 1-2 times a week. At the moment, 2 years have passed and 
the cancellation of the braces begins.
Results
The use of BSPTS exercises using general and specific principal of correction in combination with a short 
corset showed restoration of body balance, improvement in appearance, as well as quality of life. SRS 22 
(Self-image-4.0/5, Satisfaction - 4.5/5)
Conclusions
Comprehensive treatment of scoliosis in adults (use of a short brace in combination with PSSE) helps in 
improving cosmetic problems, quality of life.
Discussion
The use of corsets in adults is a rather controversial issue. The described case is a borderline condition 
in orthotics. This topic should be further comprehensively studied in every possible way. The question of 
determining bone maturity and which Risser or Sanders scale is better to use for this also remains open.
Disclosures (any Conflicts of Interest)
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Introduction
Individuals with Adult Spinal Deformity (ASD) experience pain, deformity, and quality of life issues, 
including poor self-image.  In the literature, operative management is considered the optimal intervention 
for ASD for several reasons, including a positive effect on patient self-image due to improved sagittal and 
coronal alignment.  Physiotherapeutic scoliosis specific exercise (PSSE) is a non-operative option for ASD 
and its goals include improving pain/quality of life, slowing/halting curve progression, and optimizing 3-D 
alignment. Some individuals who participate in PSSE interpret these goals to mean they will experience 
a decrease in their Cobb angle and voice frustration when their curve remains unchanged, even though 
their standing alignment looks better.  It is important to determine if there are any other radiographic 
measures that are affected by ASD and improved with PSSE, which could be used to document successful 
improvement in these individuals.
Research Question
The purpose of this review is to present possible radiographic parameters besides Cobb angle that could 
be utilized to determine successful skeletal alignment changes for individuals with ASD participating in 
PSSE and to correlate these changes with changes in pain and self-image.
Methods
A retrospective review of full length scoliosis films in the sagittal and coronal plane of five adult individuals who 
had previously participated in PSSE at an academic medical center was performed.  Length of time between 
pre and post radiographs was at least 3 months post initiation of PSSE.  Radiographic measures, made in 
accordance with the SRS Radiographic Measurement Manual, included Cobb angle of the major curves, 
fractional lumbosacral curve, coronal balance, apical vertebral translation (AVT), and thoracic trunk shift in 
the coronal plane.  Sagittal measures included sagittal balance, kyphosis, and lordosis.  Pre-intervention 
radiographic measures of each individual were compared to their post-intervention measures to determine 
changes.  Radiographic changes were correlated with changes in the subject’s Oswestry Disability Index 
(ODI) and SRS-r22. 
Results
After undergoing PSSE, standing posture in patients with ASD visually improved.  Radiographic measures 
in both planes remained the same or improved, with the most noticeable changes in coronal and sagittal 
balance, and lateral trunk shift.  Positive changes were noted in ODI and SRS-r22, especially in pain and 
self-image subsections, and if changes in Cobb angles were seen, they were in long-term vs. short -term 
outcomes.  
Conclusions
Sagittal and coronal radiographic measures, other than Cobb angle, are not typically assessed during PSSE, 
but correlate with a patient’s static alignment. Imbalances in these measures can contribute to a patient’s 
poor self-image, and can ultimately progress the severity of pain and disability.  Documenting positive 
changes in these measures, could be tangible outcomes that better demonstrate successful musculoskeletal 
changes when using PSSE with adults with ASD.
Discussion
Important considerations for adequate management in patients with ASD include pain and patient 
self-image.  The results of these additional radiographic measures post PSSE and their relationship with ODI 
and the pain and self-image subsections of SRS-r22 support their consideration for use in ASD and might 
help explain the positive visual outcomes being seen, despite a lack of change in Cobb angles.
Disclosures (any Conflicts of Interest)
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Introduction
This short prospective case study shows the results of a number of 10 patients, both male and female 
diagnosed with idiopathic scoliosis that underwent a series of manual techniques applied in an assymetric 
non-conventional way, specific to curve pattern and taking into consideration the ammount of biomechanical 
changes of the body.
Research question
Can manual therapy be used as another non-operative approach to idiopathic scoliosis?
Objectives
The aim of this study was to evaluate the effectiveness of manual therapy in the management of patients 
with idiopathic scoliosis. It also presents a series of short-term results of using manual therapy techniques 
which can lead to the conclusion that soft tissue work can be implemented along with PSSE to have better 
outcomes.
Methods
Prospective case studies. 10 adolescents, 8 females and 2 males, mean age 15.5 years, mean Risser 4 were 
treated using spinal and rib mobilization, fascial release and assymetrical stretching. Spinal manipulation 
and hold relax techniques were also used. Half of the patients were currently wearing a Cheneau type brace. 
Height was measured before and after. FTF was also measured prior and after session. Patients were asked 
to interrupt wearing the brace with 24h prior to the manual therapy session and also not perform their daily 
routine of PSSE type exercises to have a better image of what may happen during and after a manual therapy 
session.
Results 
Improvement in mobility in the forward bending FTF test. The minimum height, that had increased post 
therapy sessions, was from 0.5cm up to 1.5cm. Improvement in clinical images were also observed. Every 
patient’s general condition after therapy had been improved, the feeling of relaxation and increase flexibility 
being the most frequent mentioned observations.
Conclusions
Manual therapy could possibly be used as a complementary technique for the better mobility and overall soft 
tissue release and as a conservative approach to idiopathic scoliosis. Better elasticity of the connective tissues 
has been proven through the case studies. It should be mentioned that manual therapy could not replace 
the potency of PSSE – proven to have had results in scoliosis management, or could not be considered an 
alternative to brace wearing when bracing is recommended. 
Discussion
Due to the small change in the results that appeared in the study, it is possible to admit that the use of 
assymetrical manual therapy performed prior to PSSE can facilitate the specific exercise session due to 
the fact that the patients that underwent the manual therapy sessions had an increase in awareness of the 
mobilized body regions. Further studies could be performed in the matter.
Disclosure
There was no conflict of interest.
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Introduction
Correct posture is important for optimal functional performance and is associated with many biomechanical, 
motor control, and performance variables. Deviation from healthy posture suggests the presence of 
neuromuscular imbalances and may be associated with certain musculoskeletal complaints such as neck 
pain. It is among the biggest causes of disability. Nowadays, the importance of this topic has been increased 
due to sedentary work due to the rapid development of technology and new lifestyles.
Research Question
To evaluate the relationship between cervical sagittal balance disorder and the severity and frequency of 
neck pain symptoms.
Methods
The study was conducted during the months of November and December 2021 in Bulgaria. The craniovertebral 
angle (CVA) of the spine was measured in 100 healthy adults who worked at a computer for more than two 
hours per day for more than two years. Postural angles are variables that can be measured to quantify 
posture. The frequency and severity of cervical pain symptoms was investigated using a questionnaire. 
Pearson’s correlation coefficient was used to measure the estimated linear relationship between the locus 
of discomfort or pain felt by the respondents and assumed to be due to prolonged computer use and 
self-reported degree of discomfort or pain. The relationship between CVA values measured in the standing 
and sitting positions was examined.
Results
The gender distribution was 64% (n=64) males and 36% (n=36) females. The mean age of the participants 
was 28.38 (± 11.19) years. The mean CVA for sitting body position was 41.97 (±9.22) and for standing body 
position was 55.70 (±7.29). There was a weak, positive, statistically significant linear relationship between 
the frequency of reported pain and the degree of pain (Pearson’s r= 0.246, p =0.014), and a moderate 
relationship with the measured CVA values for sitting and standing (r= 0.403, p =0.001). A greater frequency 
(at 72%) and severity (60%) of pain symptom was calculated in study participants who had a CVA measured 
above 55° from the standing position (p>0.05).
Conclusions
If work is done to improve the sagittal balance in the entire spine the cervical spine will be affected. This 
would help to reduce or prevent pain and discomfort.
Discussion
Effective cervical pain management is beneficial to clinicians and health care professionals involved in spinal 
rehabilitation. There, sagittal alignment rehabilitation can be added to other interventions for pain patients 
who have significant postural abnormalities.
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THE WOOD CHÊNEAU RIGO (WCR) BRACE for Treatment of Idiopathic Scoliosis since 1996

a.  Pre-brace (2013)
b. In-brace, after first fitting
c. Out-of-brace after 4 months
d. After 12 months, out-of-brace for 8 hours

e. End of treatment
f. 6 months post bracing
g. 19 months post bracing
h. 31 months post bracing (2018)

The WCR Brace is a thermoplastic scoliosis brace modeled on a mold of
the patient that has been corrected to the greatest amount that each
patient’s individual scoliosis and curve pattern will accept. This brace
provides correction in all three anatomical planes through the use of
significant pressure and expansion areas. Sagittal plane normalization
and derotation are achieved by elongation of the spine as well as ventral
and dorsal pressure systems.

The patient’s curve type is individually classified from the Classification of
Rigo using x-rays and clinical photos. Each WCR Brace is blueprinted by
Grant Wood using one of 594 individual possible corrections. The brace is
then both CAD (computer-aided design) and hand-modified by Grant
Wood and Raul Ferrera and fabricated in-house at Align Clinic. Dr.
Manuel Rigo acts as a medical advisor for Align Clinic as needed.

WCR Brace treatment is a multi-disciplinary approach using feedback
from the patient’s prescribing MD, Schroth physical therapist or
Barcelona Scoliosis Physical Therapy School (BSPTS) therapist, and the
orthotist. Subsequently, the measurements, x-rays, and clinical photos
are used to design and fabricate a custom-made WCR Brace.

The WCR Brace Certified Orthotists are highly trained orthotists (some
are dual qualified as a CPO and a PT) who train directly with the Align
Clinic team. They are mentored closely for one to two years and
subsequently are required to pass both written and practical exams prior
to certification.














