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1. WYKAZ STOSOWANYCH SKROTOW

JH
JHS

IS

AIS
LPI
MMP-3
IL-6

Joint Hypermobility

Joint Hypermobility Syndrome
Idiopathic Scoliosis
Adolescent Idiopathic Scoliosis
Lateral Preference Inventory
Matrix Metalloproteinase-3
Interleukin-6

nadruchomos¢ stawow

zespoOt nadruchomosci stawow
skolioza idiopatyczna

mtodziencza skolioza idiopatyczna
inwentarz lateralizacji czynno$ciowej
metaloproteinaza matrycowa-3

interleukina- 6



2. STRESZCZENIE

Wprowadzenie: Skolioza idiopatyczna (I/diopathic Scoliosis - 1S) jest radiologicznie

potwierdzonym trojwymiarowym znieksztatceniem krggostupa. Jako mozliwe przyczyny
IS wymienia si¢ migdzy innymi brak stabilnosci stawow kregostupa oraz asymetryczne
obcigzenie kregostupa. Nadruchomos$¢ stawow (Joint Hypermobility - JH) mozna rozpozna¢ w
przypadku zwigkszonego zakresu ruchomosci stawdéw i braku choréb uktadowych. Badanie
JH jest proste i opiera si¢ zwykle na skali Beightona. Preferencja stronna moze by¢ rowniez
ustalona orientacyjnie poprzez szybkie i proste badanie. Nie mozna jednak wskaza¢ jednego,
preferowanego wsérod badaczy narzedzia oceniajacego lateralizacj¢. Prostota wykonania tych
badan sprzyja szybkiej diagnozie JH oraz okresleniu cech lateralizacji i moze wspomoc proces

identyfikacji dzieci z potencjalnie podwyzszonym ryzykiem rozwoju IS.

Cel: Celem pracy byla ocena czestosci wystgpowania JH u dzieci ze IS, analiza
wspotwystepowania JH, wiasciwosci IS, wieku, pici 1 dojrzatosci kostnej u dzieci i mtodziezy

oraz ocena czy cechy lateralnosci moga by¢ zwigzane z czestszym wystepowaniem IS.

Metody: Do badania zakwalifikowano 125 dzieci w wieku 7-18 lat ($rednia 13,2 £ 2); zakres
kata Cobba 10°-53° ($rednia 24,3 + 11,7), u ktorych rozpoznano IS. Do okreslenia
JH wykorzystano skale Beightona. Grupe kontrolng stanowito 83 ochotnikow. Sprawdzono
zwiazek JH z IS. W kolejnym etapie podsumowano czestos¢ wystepowania JH w zalezno$ci
od wieku, plci, cigzkosci skrzywienia, liczby tukéw skrzywienia bocznego kregostupa
i zaawansowania objawu Rissera. Inwentarz Preferencji Czynnosciowej (LPI- Lateral
Preference Inventory) wypeito 59 pacjentow z radiologicznie potwierdzong IS ($redni wiek
13 lat, 41 dziewczynek i1 18 chtopcow) oraz 55 dzieci i mtodziezy z grupy kontrolnej (Sredni
wiek 10,5 roku, 38 dziewczynek i 17 chlopcow). Uzyskano informacje o kierunku, sile
1 jednorodno$ci dominacji stronne;.

Dane cigglte porownywano za pomocg testu t-Studenta lub testu U Manna-Whitneya. Dane
kategoryczne poréwnywano testem chi-kwadrat lub testem Fishera. Wartos¢ p <0,05 uznawano

za istotng statystycznie.

Wyniki: Nadruchomo$¢ stawowo-wigzadlowa rozpoznano u 64 (51,2%) pacjentow
z rozpoznang IS 1 u 34 (41%) dzieci z grupy kontrolnej. Stwierdzona réznica nie byta istotna

statystycznie (p = 0,148). Nie stwierdzono istotnych réznic w poréwnywanych podgrupach



grupy pacjentow z IS pod wzglegdem punktu odciecia wielkosci skrzywienia bocznego
wynoszacym 20 stopni, skrzywienia bocznego jedno/dwulukowego, ptci meskiej/zenskiej,
punktu odcigcia wieku wynoszacym 13,2 lat oraz wyniku testu Rissera 0-2/3-5.

Grupy w badaniu lateralizacji réznity si¢ istotnie pod wzglegdem wieku (p < 0,001) oraz
zmiennych zaleznych: wzrostu (p < 0,001) 1 wagi (p < 0,001). Analiza statystyczna zwigzku
cech lateralizacji z IS wykazata pewne tendencje, ale uzyskane wyniki nie byly istotne

statystycznie, zaro6wno dla kierunku, intensywnosci jaki i spojnosci lateralizacji.

Whioski: W niniejszej pracy wykazano, ze dzieci z cechami JH nie majg statystycznie istotnie
zwigkszonego ryzyka wystepowania IS niz populacja. Zwigzek miedzy IS a lateralnos$cig nie

jest prostym zwigzkiem przyczynowym. Obie zalezno$ci wymagaja dalszych badan.



3. SUMMARY

Background: Idiopathic scoliosis (IS) is radiologically diagnosed tridimensional deviation
of the spine. Lack of stability of the spinal joints and asymmetrical spinal load are mentioned
as potential causes of IS. Joint hypermobility (JH) can be diagnosed in the case of increased
range of joint mobility and the absence of systemic diseases. Hypermobility examination
is simple and based typically on Beighton score. Lateral preference may also be obtained by
quick and simple survey. Simplicity of those examinations could potentially help identify

children at higher risk of developing IS.

Objectives: The aim of this study was to assess JH prevalence in children with IS and to analyze
coincidence of JH with scoliosis features, age, gender, and bone maturity and to assess

the hypothesis that functional laterality features are associated with IS incidence.

Methods: The study enrolled 125 children aged 7—18 years (mean 13.2 + 2; Cobb angle range
10 °=53 °; mean 24.3 = 11.7) diagnosed with IS. The Beighton scale was used to determine JH.
The control group included 83 volunteers. The relationship between JH and IS was assessed.
Secondly, JH prevalence according to age, gender, curve severity, number of curvatures
and Risser sign in IS group was summarized. The Lateral Preference Inventory survey
was performed by 59 patients with radiologically confirmed idiopathic scoliosis (mean age 13
years, 41 girls and 18 boys) and 55 controls (mean age 10.5 years, 38 girls and 17 boys).
Direction, strength, and consistency of lateral dominance was obtained.

Continuous data were compared by Student’s t-test or U Mann-Whitney test where appropriate.
Categorical data were compared by chi-squared test and Fisher’s exact test. Value p <0.05 was

considered statistically significant.

Results: JH was diagnosed in 64 (51.2%) IS patients and in 34 (41%) control group children.
The difference found was not statistically significant (p = 0.148). No significant difference was
found comparing IS subgroups with curve size cut-off point from 20 degrees, single/double
curve scoliosis, male/female gender, age cut- off point 13,2 years of age, and Risser test score
0-2/3-5. Laterality groups were significantly different in terms of age (p < 0.001)
and dependent variables: height (p < 0.001) and weight (p <0.001). Statistical analysis showed
some trends, but the results obtained were not statistically significant for all: direction, strength,

and consistency of lateralization.



Conclusions: This study shows that children with JH features do not have a statistically
significant increased risk of IS co-diagnosis. The relationship between scoliosis and laterality

is not a simple causal relationship. Both relations need further investigation.



4. WSTEP

4.1. Skrzywienie boczne kregoshupa- skolioza idiopatyczna.

Skrzywienie boczne kregostupa jest definiowane jako trojwymiarowe znieksztatcenie
kregostupa. Ta trojwymiarowos¢ zawiera w sobie skrzywienie boczne z katem Cobba 10 stopni
lub wyzszym, rotacj¢ osiowg i zaburzenie fizjologicznych krzywizn kregostupa. Do cech
charakterystycznych tego zaburzenia nalezy takze znieksztatcenie kregéw (1,2). Deformacja
moze by¢ okreslona jako wtérna, gdy jest zwigzana ze znanym problemem medycznym takim
jak wady wrodzone kregostupa, zeber czy zaburzenia wytwarzania kolagenu lub idiopatyczna
(Idiopathic Scoliosis - 1S), gdy nie ma zdefiniowanej przyczyny u poza tym wzglednie
zdrowych 0s6b (2). Czestos¢ wystepowania miodzienczej skoliozy idiopatycznej (Adolescent
Idiopathic Scoliosis - AlS), czyli IS po raz pierwszy wykrytej u mtodziezy 10-18 lat ma szeroki
zakres 0od 0,93 do 12%, z wartoscig od 2 do 3% jako najcze$ciej powtarzajaca si¢ (2). IS czesciej
wystepuje u dziewczat (z wyjatkiem niemowlecej IS, gdzie dominuje pte¢ meska), przy czym
stosunek ten wzrasta od 1,4:1 przy kacie Cobba pomigdzy 10 a 20 stopni skrzywienia do 7,2:1
dla wartosci tego kata powyzej 30 (3). Etiopatogeneza IS jest wcigz tematem poszukiwan.
Rodzinne wystepowanie sugeruje etiologi¢ genetyczng. Wérdd mozliwych przyczyn wymienia
si¢ nieprawidlowosci w strukturze 1 funkcji receptora estrogenowego, syntezy
mukopolisacharydéw, lipoprotein, melatoniny oraz wspotistniejgce zaburzenia funkcji ptytek
krwi 1 kolagenu. Najnowsze badania wskazuja na kalmodulinge jako biatko, ktére nalezy
dogtebniej zbadac, gdyz taczy ona AIS, poziom melatoniny i funkcje ptytek krwi. Inni badacze
sugeruja, ze polimorfizmy promotora MMP-3 (Matrix Metalloproteinase-3- metaloproteinaza
matrycowa-3) i IL-6 (Interleukin-6 - interleukina- 6) lub zwickszona ekspresja niektorych
gendw kodujacych biatko palca cynkowego moglyby by¢ potencjalnymi markerami
genetycznymi dla IS (2).

Poza czynnikami genetycznymi badacze od zawsze dopatrywali si¢ wsrod przyczyn
powstawania IS takze nieprawidlowosci dotyczacych biomechaniki krggostupa czy stawow
obwodowych, a takze asymetrii obcigzen i aktywnosci fizycznej (2). Nadruchomo$¢ stawow,
opoznione dojrzewanie, asymetryczne obcigzenie kregostupa, ustawienie kregostupa
piersiowego w pozycji lordotycznej, czynniki zwigzane ze wzrostem (wigksza wysoko$¢ ciata
i predkos¢ wzrostu powyzej 2 cm na rok) oraz niski wskaznik masy ciata sg podejrzewane
o odgrywanie roli w rozwoju skoliozy (4). W badaniach retrospektywnych Fadzan i wsp.

podsumowali, ze czgsto$¢ wystepowania skolioz jest wigksza u mtodziezy uczestniczace]
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w zajeciach sportowych, takich jak taniec, balet, ptywanie, tenis, tenis stotowy, hurling, rzut

oszczepem, siatkdwka i gimnastyka (4).

4.2 Nadruchomos¢ stawowo- wiezadlowa

Hipermobilno$¢ stawoéw (Joint Hypermobility - JH) z zalozenia nie powinna by¢
traktowana jako problem medyczny. Jest to cecha osobnicza, gdzie zakres ruchu stawow
przekracza norme¢ dla wieku, ptci 1 pochodzenia etnicznego przy braku choroby systemowe;j
uzasadniajacej takg ceche (5). Nadruchomos$¢ stawow moze by¢ uznana za korzystna, gdyz jest
pozytywnym czynnikiem selekcyjnym dla wielu aktywnosci, takich jak trening baletu,
gimnastyki, akrobatyki czy jogi. Jest rowniez korzystna dla muzykoéw, graczy w krykieta,
plotkarzy, ptywakow 1 nurkéw (6). Cechy patologii towarzyszace JH obejmujace dolegliwosci
mig$niowo-szkieletowe oraz dolegliwosci z innych uktadow bez spetnienia kryteriow choroby
ogolnoustrojowej, pozwalaja rozpoznac zespot hipermobilnosci stawow (Joint Hypermobility
Syndrome- JHS) (7).

Czestos¢ wystepowania JH waha si¢ od 2% do 57% w zaleznos$ci od wieku, pici,
pochodzenia etnicznego 1 rasy. Czesciej wystepuje u osoéb miodych, kobiet i u osob
pochodzenia azjatyckiego (8, 9). W populacjach dzieci europejskich czestos¢ wystgpowania
JH oscyluje w granicach od 15 do 20% (9).

Wystepowanie JH koreluje pozytywnie z bdlami stawowymi (gtownie kolan, stop
1 kregostupa), zaburzeniami postawy 1 stopami ptasko-koslawymi. W badaniach stwierdzono
czegstsze wystgpowanie JH u dzieci i mlodziezy ze IS (10).

Do weryfikacji obecnosci JH powszechnie uzywana jest skala Beightona (Beighton
Score - BS) ktora ocenia zdolno$¢ do wykonywania przez badanego wybranych manewrow
roznych stawow przekraczajacych typowy zakres ruchomosci (11). Maksymalna do uzyskania
ilos¢ punktow w tej skali to 9. Wartos¢ 4 punkty lub wiecej jest uwazana za pozytywna dla JH.
Niejednokrotnie badacze probowali zmienia¢ warto§¢ punktowa odciecia pozytywnego
rozpoznania JH u dzieci (zwlaszcza dziewczynek), podnoszac ja do wartosci 5, 6 lub nawet
7 punktow. Naukowcy badajacy JH potwierdzaja, ze skala Beightona jest wlasciwym

narz¢dziem do stosowania u dzieci w przypadku, gdy uzywany jest goniometr (12).
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4.3 Lateralizacja stronna

Cialo cztowieka zbudowane jest na zasadzie symetrii bocznej. Istniejg wyjatki od tej
zasady zarowno w budowie ciata, jak 1 w funkcjach poszczegdlnych narzadéw. Zazwyczaj
wystepuje wyrazny podziat funkcji pomiedzy stronami ciata. Lateralnoscig lub dominacjg
stronng okresla si¢ wyrazng przewage jednej strony ciata nad druga w zakresie uzytecznosci,
precyzji 1 koordynacji (13).

Lateralno$¢ jest cecha, ktéra rozwija si¢ stopniowo wraz z wiekiem i ogélnym rozwojem
motorycznym. Ostateczna dominacja strony sensorycznej 1 motorycznej ustala si¢ okoto 7 roku
zycia (13). Czestos¢ wystepowania leworecznos$ci okreslana jest od 1 do 30% w zaleznosci
od wieku, plci, sposobu okreslania rgcznosci 1 cech socjogeograficznych badanej grupy (14).

Badanie preferencji lateralnych jest posrednim sposobem poznania organizacji
potkulowej oraz asymetrii funkcji poznawczych i czuciowo-ruchowych (15).

Nauka wymaga precyzji w definiowaniu zjawisk oraz aktualnych i sprawdzonych
narzedzi badawczych. Istnieje wiele definicji lateralnosci, a czgsto nawet pojedyncza definicja
pozostawia pole do pewnych interpretacji (14). Dlatego w mojej pracy staralam si¢ uwzglednic
wickszo§¢, jesli nie wszystkie sposoby rozumienia lateralnosci. Rekomendacje
migdzynarodowe mowiag o przewadze narzedzi wieloelementowych zawierajacych kategorie
»prawo”, ,lewo”, ,.bez preferencji”’. Inwentarz Lateralizacji Czynnos$ciowej (Lateral Preference
Inventory - LPI) wybrany do tego badania spetnia wspomniane kryteria (16-17).

Asymetryczne obcigzenie kregostupa zwigzane z preferencjg stronng jest czesto
podkreslane jako pasywny czynnik przyczyniajacy si¢ do patogenezy IS (2), cho¢ nie ma
zgodnosci co do tego, czy wystepowanie IS jest bezposrednio zwigzane ze strong i silg
dominacji stronnej (18-24). Ponadto brak jest literatury dotyczacej zwigzku pomiedzy
skrzyzowang lateralnos$cig a IS. Skrzyzowang lateralno$¢ mozna rozpoznaé u osob, u ktorych
dominujace konczyny lub narzady zmystu znajduja si¢ po przeciwnych stronach ciata (13).
Wiasciwos¢ ta wymaga intensywnej wspotpracy mi¢dzy potkulami mozgu i moze przyczyniad

si¢ do zaburzen rownowagi funkcjonalnej (13).

4.4. Osiagniecie naukowe na tle dotychczasowego stanu wiedzy i nowatorski aspekt

badania

Praca doktorska spetnia nowatorskie aspekty w zakresie:

(1) metodyki badania
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Niniejsze badanie jest pierwszym badaniem oceniajgcym wzajemng zalezno$¢ cech
osobniczych takich jak obecno$¢ nadruchomos$ci stawowo-wigzadlowe] oraz lateralizacji
stronnej z wystgpowaniem potwierdzonej radiologicznie skoliozy. Jest to rowniez jedyne
badanie oceniajgce lateralnos¢ konczyny goérnej, konczyny dolnej, wzroku i stuchu za pomoca
kwestionariusza wieloelementowego. Ponadto nowatorskim aspektem badania jest takze ocena

wplywu skrzyzowania lateralizacji na powstanie IS.

(1) interdyscyplinarnego charakteru badania

Badanie ma w zamysle pomoc w uzyskaniu wiedzy przydatnej dla wielu specjalistow
pracujacych z dzie¢mi. Zaré6wno lekarze réznych specjalno$ci: rehabilitacji medyczne;,
ortopedii, pediatrii czy medycyny rodzinnej jak i fizjoterapeuci, terapeuci zajeciowi, czy
psycholodzy majacy kontakt z dzie¢mi w poradniach psychologiczno- pedagogicznych moga
by¢ zainteresowani wynikami tej pracy. Dla kazdego z wymienionych specjalistow mozliwo$¢
stosunkowo prostego zaszeregowania dzieci do grupy bardziej narazonej na rozwdj
IS utatwilaby wczesng identyfikacje i1 pilniejsza obserwacj¢ grupy ryzyka. Wskazanie cech
osobniczych korelujagcych pozytywnie z czestoScia wystgpowania IS umozliwiloby
wprowadzenie ewentualnych zindywidualizowanych dzialan prewencyjnych 1 racjonalizacje

wykorzystania §rodkoéw finansowych w ramach programéw profilaktyki wad postawy.

4.5 Uzasadnienie polaczenia wskazanych publikacji w jeden cykl

Cechy osobnicze mogace mie¢ wpltyw na czgsto$¢ pojawiania si¢ zmian w postawie
dzieci analizowane w moich badaniach to nadruchomo$¢ stawowo-wiezadtowa oraz cechy
lateralizacji stronnej. Zarowno obecno$¢ JH jak i niestandardowe cechy lateralizacji stronne;j
u dzieci 1 mtodziezy w obserwacji klinicznej 1 teoretycznych rozwazaniach moze wplywac
na pojawienie si¢ zaburzenia réwnowagi biomechanicznej i tym samym na zwigkszenie
czestosci wystepowania wad postawy i IS. Aby zobiektywizowac te obserwacje konieczne byto
przeprowadzenie badan umozliwiajacych weryfikacje tych teorii.

Badania ujete w cyklu publikacji sa czg$cig jednego projektu badawczego
poglebiajacego wiedze o czynnikach mogacych wptywaé¢ na czestos¢ wystepowania wad

postawy i IS u dzieci i mlodziezy.
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5. CEL PRACY

Celami przeprowadzonego oryginalnego badania bylo uzyskanie odpowiedzi
na nastgpujace pytania:
(1) Czy u pacjentéw ze skoliozg mozna zaobserwowacé wieksza czestos¢ nadruchomosci
stawowo-wig¢zadlowej, niz w populacji ogolnej?
(i) Czy u pacjentow ze skolioza mozna dopatrywac si¢ innych cech dotyczacych

lateralizacji stronnej, niz w populacji ogdlnej?
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I Abstract
Introduction and Objective. Joint hypermobility (JH) can be diagnosed in the case of increased range of joint mobility and
the absence of systemic diseases. Lack of stability of the spinal joints is mentioned as one of the possible causes of scoliosis.
Simplicity of hypermobility examination could help identify children at higher risk of developing scoliosis. The aim of this
study was to assess JH prevalence in children with idiopathic scoliosis and to analyse coincidence of joint hypermobility,
scoliosis features, age, gender and bone maturity.
Materials and method. The case-control study enrolled 125 children aged 7-18 years (mean 13.2+2; Cobb angle range
10°-53 % mean 24.3 + 11.7) diagnosed with idiopathic scoliosis. The control group included 83 volunteers. The Beighton scale
was used to determine joint hypermobility. The relationship between joint hypermobility and scoliosis was tested. Secondly,
hypermobility prevalence according to age, gender, curve severity, number of curvatures and Risser sign in scoliosis group
was summarised. Data were compared by Student’s t-test, U Mann-Whitney, chi-square test or Fisher’s exact test where
appropriate. P <0.05 was considered statistically significant.
Results. JH was diagnosed in 64 (51.2%) scoliotic patients and in 34 (41%) control group children. The difference found was
not statistically significant (p = 0.148). No significant difference was found comparing scoliosis subgroups with curve size
cut-off point from 20 degrees, single/double curve scoliosis, male/female gender, age cut- off point 13,2 years of age, and
Risser test score 0-2/3-5.
Conclusions. This study shows that children with JH features do not have a statistically significant increased risk of scoliosis

co-diagnosis.

1 Key words

joint instability, joint laxity, Beighton score, posture, spinal curvatures

INTRODUCTION AND OBJECTIVE

Jointhypermobility (JH) should not be considered as a medical
problem. It is a condition in which joint range of motion
exceeds normal for age, gender, and ethnic background in
the absence of any systemic disease [1]. To emphasize the
difference, the condition in which the musculoskeletal and
non-musculoskeletal complaints without systemic disease
occur is known as joint hypermobility syndrome (JHS)
[2]. The reported prevalence of JH varies between 2%-57%
depending on age, gender, ethnicity, and race. It is more
common in young women and of Asian descent. In Europe,
the prevalence of JH in children fluctuates around 15-20%
[3].

JH is commonly diagnosed with the Beighton score that
evaluates the ability to perform a selection of joint manoeuvers
[4], with a maximum total of 9 points. A value of 4 or more is
typically considered positive for JH. Researchers studying JH
confirm, that the Beighton score is a valid instrument to be
used in children [5]. JH occurrence correlates with articular
pain (mainly knee, foot and spine), postural disorders and
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planovalgus feet. Previous studies found that JH was more
frequent in children and adolescents with idiopathic scoliosis
[6,7].

Scoliosis is defined as 3-dimensional deviation of the
spine (lateral with Cobb angle of 10 degrees or higher) and
axial rotation [8, 9]. Scoliosis can be defined as secondary
(when associated with known medical problem) or idiopathic
(without defined cause in other-wise healthy children) [10].
Prevalence of idiopathic scoliosis (IS) have a wide range of
0.93-12%, with value of 2-3% as most often repeated [10].
It is more common in girls (except for infantile idiopathic
scoliosis) with the ratio increasing from 1.4:1 with Cobb
angle between 10°-20° to 7.2:1 for above 30° [11, 12]. In
retrospective studies, Fadzan et al. summarized that the
prevalence of scoliosis is higher in adolescents participating
in sports activities, such as dancing, ballet, swimming, tennis,
table tennis, hurling, javelin, volleyball, and gymnastics [13].

Understanding of IS etiopathogenesis is still limited.
There is a pattern of familial occurrence of IS suggesting
genetic etiology. Researchers noted that IS may be connected
to disorder of estrogen receptor structure and function,
mucopolysaccharide and lipoprotein synthesis, melatonin
synthesis and co-existent disorders of blood platelet and
collagen function. Latest studies point for calmodulin as a
protein connecting IS, melatonin level and platelet’s function.
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Other researchers suggest that MMP-3 and IL-6 promoter
polymorphisms or increased BNC2 expression could possibly
be genetic markers for IS [10].

There are many risk factors that may predispose to spinal
instability. Joint hypermobility, delayed puberty, asymmetric
spinal load, placing the thoracic spine in a lordotic position,
growth-related factors (greater body height and growth
velocity of more than 2 cm per year), low body mass index
and abnormal levels of leptin are also suspected to play a
role in scoliosis development [13]. Finding the association
of JH with the development of IS is an important part of
medical care for children and adolescents especially from
rural regions where diagnostic imaging and therapeutic
intervention may be delayed due to reduced accessibility [14,
15]. 'The diagnosis of joint hypermobility during a simple
physical examination could identify children at higher risk
of developing scoliosis.

MATERIALS AND METHOD

Patients were recruited in the Orthopaedic and Rehabilitation
Centre for Children and Youth in Konstancin-Jeziorna,
Mazowiecki Province, Poland, from 01.2018-07.2019.
Admitted patients were pre-screened to generate lists
of potential study subjects. The patients and their legal
guardians were then approached and both provided informed
written consent. Inclusion criteria: age 7-18; IS diagnosis
based on anteroposterior radiogram with Cobb angle
>10° and vertebral rotation, exclusion criteria: secondary
scoliosis, connective tissue disease in medical interview.
Controi group inciuded chiidren and adoiescence voiunteers
examined from April-June 2019. To minimize confounding
of gender and age, which are known to affect the Beighton
score, the group was matched by average age and gender
ratio. Inclusion criteria: age range 7-18, exclusion criteria:
previously diagnosed incorrect posture (irregularities in the
shape of the spine with suggestion of a dedicated therapeutic
intervention) and connective tissue disorder in medical
interview. The following information was collected from the
medical records: medical history, age and gender. Maximum
lateral spinal curve size was measured by BDK (intra-rater
reliability 0,941 wirh 2° error range) using the Cobb method
[16]. Number of curves and the US Risser sign [17] were also
determined on anteroposterior radiograph of whole spine.
Classification of IS depending on angle of lateral deviation
used in this study was excerpted from SOSORT guidelines
and adopted (Tab. 1) [10].

Joint mobility was examined by BDK using the Beighton
score (between 0-9) via the Beighton Scale (Tab. 2) [4].
Transparent plastic goniometer (Saehan Plastic Goniometer
08-030111, Masan, Korea) was used to assess knees and
elbow hyperextension >10°. The side of the body on which
the bilateral measurements were made first was selected at
random. Patient with result of 4 or more was identified as
hypermobile.

Statistical analysis. Continuous data were presented as a
mean value and standard deviation (SD). Categorical data
were presented as a percentage. Normal distribution was
verified by Kolmogorov-Smirnov test. Continuous data
were compared by Student’s t-test or U Mann-Whitney test
where appropriate. Categorical data were compared by chi-

Table 1. Classification of scoliosis depending on angular deviation (Cobb)

Original classification Adaptation
Low <20° Low <20°
Moderate 21°-35° Moderate 21°-35°
Moderate to severe 36°-40°
Severe 36°-50°
Severe 41°-50"
Severe to very 51°_55°
severe Very severe >51°
Very severe 256"
Table 2. The Beighton score
The Beighton Score
R L
Passive dorsiflexion of the little finger beyond 90° 1 1

Passive apposition of the thumb to the flexor aspect of the forearm 1 1

Hyperextension of the elbow beyond 10° 1 1

Hyperextension of the knee beyond 10° 1 1

Forward flexion of the trunk, with knees straight, so that the palms
of the hands rested easily on the floor

Total 0-9

square test and Fisher’s exact test. P value less than 0.05
was considered statistically significant. Data were analyzed
using IBM SPSS Statistics for Windows, v21 ( IBM Corp.,
Armonk, NY, USA)

RESULTS

Basic statistics of the studied groups. The study group
consisted of 125 patients with idiopathic scoliosis and the
control group of 83 children and adolescents [16]. Girls
statistically more often showed hypermobility in all examined
cases (p=0.01) and the control group alone (p=0.01), but not

Table 3. Basic parameters of the study and control groups

Study group Control group
(n=125) (n=83) pualue
Age (years) 13220 13230 0.750
Male gender (%) 33 (26.4) 22(26.5) 0.986

in the study group (p=0.24). Basic parameters comparing
both groups are shown in Table 3.

Cobb angle range was 10°-61°, mean 21.85°+ 11.99. The
quantitative division due to the angular size of the IS
curvature is typical and presented in Figure 1.

Comparative analysis of hypermobility in the study
group and control group. The differences found between
patients and controls for JH were not statistically significant
considering all used cut-off points.

Individual comparison of almost all tested manoeuvres
in the groups did not show statistical significance. The only
exception to this observation was the measurement of left
knee hyperextension (Tab. 4).

Scoliosis intra-group analysis. The division of the AIS
group into subgroups considering the features of scoliosis,
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Figure 1. Angular size of scoliosis in study group (Cobb)

Table 4. Hypermobility prevalence considering different cut-off points
for Beighton score and separate manoeuvres in inter-groups comparison

Scoliosis Control
Group Group p
n=125 n=83 value
(100%) (100%)

R 52(416) 33(39.8) 0791
Passive dorsiflexion of the little finger

L 56 (44.8) 37(44.6) 0975

R 64(51.2) 36(43.4) 0.269
Passive apposition of thumb to forearm

L 65(52.0) 38(45.8) 0.380

R 36(288) 26(313) 0697
Elbow hyperextension

L 30(24.0) 25(30.7) 0327

R 37(29.6) 16(19.3) 0.094
Knee hyperextension

& 38(304) 15(18.)  0.046
Forward flexion 28(22.4) 24(289) 0288
Total 3.2+26 3.0+23 0.495
Hypermobility >4 Beighton score 64(51.2) 34(41.0) 0.148
Hypermobility 25 Beighton score 38(304) 25(30.1) 0323
Hypermobility =6 Beighton score 20(16.0) 11(133) 0209
Hypermobility =7 Beighton score 16(12.8) 7(8.4) 0.325

bone maturity or demographic characteristics, allowed for
quantitative and statistical analysis.

Figure 2 shows a scatter plot of the relationship between the
scoliosis angle and the Beighton score. The trend line shows
a weak relationship consistent with the hipothesis made.
With the division considering the angular size of scoliosis,
patients with a curvature of more than 20 degrees more
often presented hypermobility, but the difference was not
statistically significant. Also, while comparing the subgroups
with single and double curve scoliosis, no statistically
significant difference was observed in the frequency of JH.
The study did not show a statistically significant difference in
the occurrence of hypermobility in the study group divided
into subgroups by gender and by age (cut-off point at the
median - 13.2 years), and no correlation with level of bone
maturity represented by the Risser Sign. Table 5 summarizes
the results and level of statistical significance.
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Figure 2. Beighton score — scoliosis angle values scatter plot

Table 5. Hypermobility prevalence in subjects with scoliosis divided
into specified subgroups

JHpresent-n (%) JHabsent-n(%) pvalue

Cobb 10°-20° n=73 36 (49%) 37 (51%)
p=0,62

Cobb >20° n=52 28 (54%) 24 (46%)

Single curve n=56 30 (54%) 26 (46%)
p=0,64

Double curve n=69 34 (49%) 35(51%)

Risser 0-2 n=63 34 (54%) 29 (46%)
p=0,54

Risser 3-5 =62 30 {48%) 32 (52%)

Age < 13.2 years n=66 38 (58%) 28 (42%)
p=0,13

Age 213.2 years n=59 26 (44%) 33 (56%)

Females n=92 50(54%) 42(46%)
p=0,24

Males n=33 14(42%) 19(58%)

JH - joint hypermobility

DISCUSSION

It is well known that joint hypermobility and scoliosis co-
occur in diseases involving connective tissue, especially the
Ehlers-Danlos and Marfan syndromes [19, 20]. This study
attempted to investigate whether the coexistence of these two
conditions is coincidental, or maybe they can also be seen in
apopulation without connective tissue disorder, and whether
JH might be a factor in the idiopathic scoliosis origin. Perhaps
the very existence of articular hypermobility, regardless of
its cause, promotes the occurrence of scoliosis. To the best
of the authors’ knowledge, this is the second-largest group
of IS patients examined in terms of JH, and the only study
comparing patients with scoliosis in terms of bone age denoted
by the Risser Sign. This topic has already been researched
by scientists. The earliest identified article addressing this
issue dates back to 1983. Mattson at al. examined 51 girls
with untreated scoliosis and 65 controls. The study showed
that patients with scoliosis had similar flexibility or were
even less flexible then healthy controls [21]. In the same year,
Veliskakis described a high incidence of JH in the families
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of children with AIS (adolescent idiopathic scoliosis) [22]. In
1988, Binns observed that girls with scoliosis had greater JH
defined by a shorter thumb-to-forearm distance in a wrist
bending test [23]. The study by Veldhuizen et al. confirmed
the observations of Mattson on 10 patients and 10 controls
concerning bending stiffness of the trunk — analysis did not
show a clear difference between patients and controls [24].
Compared to the presented study, none of those mentioned
above used the Beighton score to determine mobility, but
were based on different sets of flexibility measurements.

Studies with a similar methodology to the presented study
were published relatively recently. Czaprowski et al. renewed
the topic by publishing two papers in 2011 and 2014. The first,
including 70 patients and 58 controls, showed a statistically
significant (p = 0.00015) difference in the incidence of JH in
children with scoliosis (51%) compared to healthy control
group (19%). Even considering the lack of groups matching
in terms of gender additional calculations on the same-
gender subgroups, still showed a statistically significant
higher incidence of JH in the IS group [6]. The second study
repeated the results in a narrow population of Caucasian
girls with scoliosis, where JH (defined as Beighton score
=5), was found in 23.2% of 155 patients and 13.4% of 201
controls — a statistically significant result (p = 0.02) [7]. In
the latest study by Bozkurt at al. on a apopulation of 822
Turkish children, 43 of whom were diagnosed with AIS -
no significant correlation was found between scoliosis and
hypermobility occurrence [3].

In the current study, the incidence of JH was greater in the
group of IS patients, but the difference was not statistically
significant. In previous studies on healthy populations of
similar race, cuiture, and geographic location, the typical
JH (Beighton score 24) prevalence was 15-20%, the same as
in 2011 article by Czaprowski [3, 6, 7]. In the current study,
the incidence of JH in the control group was unusually
high. This may have been due to the inclusion of children
with previously undiagnosed posture defects in the control
group. Unfortunately, there are no studies of JH prevalence
in Polish children, adolescents and the general population.

In the presented study, the only measurements that were
statistically significantly different between the research and
control groups, were left knee hyperextension where the
results of both knee hyperextension measurements were at
the border of statistical significance. This may be a possible
direction for further research.

In terms of JH prevalence within the IS subgroups for
scoliosis features, the findings of the current study are
consistent with those of Czaprowski and Bozkut who found
no association between hypermobility and scoliosis curve
size or curve pattern. Demographic features compared (age,
gender) showed typical trends, with JH more common in
younger females, but without statistical significance (3, 6, 7].
Bone age seems to be even less related to the occurrence of JH
than the record age. Perhaps if the correlation between the
occurrence of scoliosis and hypermobility is poorly marked,
a subsequent study would require more numerous groups.
At the same time, various research methods and cut- off
points make it difficult to conduct a proper meta-analysis
of existing studies.

Limitations. The study was carried out on both first-time
and previously treated patients, which could have a positive
(stretching exercises) and negative (corset treatment) impact

on joint mobility. However, some of the earliest articles
examined the scoliosis treatment influence on joint mobility,
showing that only elbow hyperextension decreased [21].

CONCLUSIONS

As there is no statistically significant difference in the
incidence of JH in the scoliosis group compared to the control
group, special vigilance for IS detection in JH children seems
unnecessary.

Population studies on the incidence of articular
hypermobility in Polish children and adolescents are needed.

Despite the lack of statistical significance of the results
of this study, the authors believe that the assessment of
joint mobility should be a permanent element of the child’s
examination as it affects the stability of the joints and
scoliosis treatment options. Hypermobility impact on the
scoliosis occurrence remains ambiguous.

Availability of data and materials.

The datasets [16] used and/or analyzed during the current
study are available from the corresponding author on
reasonable request.
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Abstrack The aim of this study was to assess the hypothesis that functional laterality features are
associated with sooliosis incidence. The study included 59 patients with radiclogically confirmed
idiopathic scoliosis (mean age 13 years, 41 girls and 18 boys) and 55 controls (mean age 10.5 years,
38 girls and 17 boys). Side dominance was determined by the Lateral Preference Inventory. Ditection,
strength, and consistency of lateral dominance was obtained. Contintious data were compared by
Student’s t-test or U Mann-Whitney test where appropriate. Categorical data were compared by
chi-squared test and Fisher’'s exact test. Groups were significantly different in terms of age {p < 0.001)
and dependent variables: height (p < 0.001) and weight (p < 0.001). Lateralization analysis showed
some trends, but the results obtained were not statistically significant. Statistical sighificance of
lateralization direction are respectively: for hand (p = 0.364); leg (p = 0.F7); eye (p = 0.804); ear
(F = 0.938); number of right,/ left sided participants p = 0.492; p = 0.374; p= 0.387; p = 0,839, and
rght/ mixed/left sided participants p = 0.930; p = 0.233; p = 0.691; p = (.804. For laterality consistency
depending on definition used, p = 0.105; p= 0.108; p = 0.330. The relationship between scoliosis and
laterality is not a simple causal relationship and needs further investigation.

Keywords: handedness; sidedness; brain asymmetry; children posture; side dominance

1. Introduction

The human body is built on the principle of lateral symmetry. There are exceptions
to this principle both in the structure of the body and in the functions of individual
organs. Typically, them is clear distribution of functions between sides. Laterality or side
dominance is described as a clear advantage of one side of the body over the other in terms
of usability, precision, and coordination [1]. Laterality is a characteristic that develops
gradually with age and general motor development. The final sensory and motor side
dominance is determined around the age of 7 [1,2]. A reliable and valid assessment of
laterality is important. There are many definitions of lateralization, and often even within a
single definition we may encounter several interpretations [3].

The current literature mainly uses three bty pes of lateralization assessment tools: perfor-
mance tasks, preference tasks, and self-report questionnaires. Performance tasks comparne
the quality of tasks performed with both left and right sides. Preference tasks are elici-
tation of motor responses as an indicator of laterality. Self-report questionnaires gather
information about preferences in various motor activities [3]. Due to the heterogeneity of ap-
proaches, no standardized examples of “best practices” for assessing laterality dominance
are available, nor is there a single definition of “laterality” [3]. Self-report questionnaires
are the easiest and most commonly used form of lateralization testing [3].

Asymmetrical spinal load associated with lateral preference is often highlighted as
passible contributing factor to scoliosis pathogenesis [4]. Scoliosis is a tri-planar deformity
of the spine with Cobb angle lateral curvature of at least 10 degrees (according to Cobb
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angle), rotation and deformation of the vertebrae. When no cause for the defect can be
identified, a diagnosis of idiopathic scoliosis (I5) is made. The baseline prevalence of IS is 2
to 3%. It is more commeon in girls (2:0°1.4:1 for angles 10-20° to 7.2:1 for angles »>30°) [4].
The etiopathogenesis of IS is still a topic of exploration. Familial incidence suggests a
genetic eticlogy. Among possible causes are abnormalities in estrogen receptor structure
and function, mucopeolysaccharide, lipoprotein, melatonin or calmodulin synthesis, ma-
trix metalloproteinase-3 {(MMP-3) and interleukin-6 {IL-6) promoter poly morphisms, and
increased expression of the basonuclin 2 (BNC2) gene [4].

Some prior investigations indicate a significant cormelation between direction of hand
preference, strength of the asymmetry direction or side preference consistency and incidence
of trunk asymmetry, scoliosis, or curve pattern of scoliosis convexity in children and
adolescents [5-10]. Others did not confirm these observations [11]. Furthermore, there is
no literature on the association between crossed laterality and seoliosis. Crossed laterality
can be identified in people who have dominant organs located on opposite sides of the
body [1]. This property requires intense cooperation between the hemispheres and can
contribute to functional imbalance [1].

This study was designed to try to answer the question: can a significantly different
leve] of lateralization traits (direction, strength and consistency ) be identified in children
with scoliosis?

2. Materials and Methods
2.1. Study and Control Group Background

The study group was recruited among patients of the Orthopedic and Rehabilitation
Centre for Children and Youth admitted between January 2018 and July 2019. The study
included children and adolescents aged 7-18 years. Patients with IS with Cobb angle =10°
and vertebral rotation on anteroposterior radiograph taken in the last 6 months without
connective tissue disorder in medical history and their legal guardians wene approached.
Informed writlen consent was obtained.

The control group aged 7-15 was recruited from volunteers from 5t. Francis School
in Warsaw, Poland and was examined from April to June 2019, Children with abnormal
posture diagnosed prior to study inclusion (abnormalities in spinal shape with suggestion of
therapeutic intervention) were excluded. The study protocol was approved by the Warsaw
Medical University Ethic Committee and was conducted in accordance with the Declaration
of Helsinki principles. Study and control groups were matched by sex ratio [5,9].

The demographic and medical data {including medical history, age, sex, weight, hight)
was collected from both groups.

No a priori sample estimation was performed.

2.2 Scoliosis Angular Value

To assess scoliosis in the study group, lateral spinal curve size was measured using
the Cobb method [12]. BDK, using the Radiant Dicom Viewer computer program, drew
lines parallel to the upper border of the upper vertebral body and the lower border of the
body of the lowest vertebra of the structural arch (the vertebra most deviated from vertical),
obtaining the angular value of the scolicsis,

2.3, Lateral Preference Inventory (LPI)

Side dominance was determined by the Lateral Preference Inventory (LPI) [13]. The
Polish version of LP] was translated by the first author and approved by the other authors.
The survey, which consists of items to assess hand, foot, eye, and ear preference was filled
by the subjects. Each item requires the msponse of “left”, “right”, or “either” [13].

2.3.1. Side Dominance Direction and Strength

To analyze the data from the study, we scored 1 for each “right”, “0" for “either”,
and “—1" for “left” answer, giving a score for each four-item scale from —4 to 4, with

21



Symmetey 2022, 14, 822

Jof7

—4 meaning consistent left-sidedness and 4 meaning consistent right-sidedness for any
index. Then, laterality data were categorized as a dichotomy (R/L; right/left), where R
is the number of “right” responses (1 to 4) and L is the number of “left” (0 to —4), and a
trichotomy (right/ mixed /left; R/ M/ L) where “R” describes consistent right laterality with
score of 4, “M"—mixed or weak laterality—from 3 to —3, and “L"—consistent left with
score of —4.

2.3.2. Side Dominance Consistency

To compare the prevalence of crossed laterality, study participants were grouped
based on using the opposite sides of the body while performing ditferent tasks with any
combination of hand, eye, foot, or ear [14]. We considered three used definitions of crossed
laterality. Consistent {absolute) crossed laterality with at least one score of consistent right
(=4), and at least one consistent left {score of —4). Secondly, we compared prevalence of
strong crossed laterality with at least one result of strong right (3/4 tests marked “1%) and
at least one strong laft (3/4 tests marked “—1") in both groups. Thirdly, simple (relative)
crossed laterality with at least one “R” (scored from 4 to 1) and one “L” {from 0 to —4} item
was compared between groups.

24, Statistics

For statistical analysis, mean value and standard deviation (SD) were used to present
continuous data. Categorical data wemne presented as a percentage. The Kolmogorov-
Smimov test was used to verify normal distribution. Continuous data were compared
by Student’s t-test or U Mann-Whitney test where appropriate. Categorical data were
compared by chi-squared test and Fisher's exact test. For statistical significance, p value
less than 0.05 was considered. The statistician used IBM SPSS Statistics for Windows, v21
{IBM Corp., Armonk, NY, USA)

G*Power software v.3.1.9.4 was used to determine the effect size and conduct a post
hoc analysis of the power of the study.

3. Results
3.1. Basic Statistics of the Studied Groups

The study group consisted of 59 patients with radiclogically confirmed IS {mean age
13 years, 41 girls and 18 boys). A control group with 55 subjects (mean age 10.5 years,
38 girls and 17 boys) participated in this study. Basic parameters comparing both groups
are shown in Table 1.

Table 1. Basic parameters of the study and the control grotips.

Study Group Control Group
(n= 59 {n = 55 p (<0.05)
Age (years) 130424 105 +£ 2.1 <0.01
Male sex (%) 15 (30.5) 17 (30.9) 0.953
Female sex (%) 41 (/9.5) 38 (89.1) 0.972
Weight (kg) 523+162 B5+104 «<0.001
Height {cm) 1603+ 139 14.3+133 <0.001

3.2 Comparative Analysis of D¥rection of Laterd ity between the Study Group and the Contral Group

Table 2 shows the comparison between the study group and the control group in terms
of laterality for each item and for the summed mean total numerical score (from —4 to 4)
for each four-item scale. In general, we can see a tendency to laterally shift to the left in the
study group for handedness and footedness. This effect did not reach the level of statistical
significance in our study. The only item with statistical significance (identifying the ear
with which the child would listen to the heartheat) indicates a less pronounced dominance
of the left ear in the scoliosis group.
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Table 2. Comparative analysis of LPI iterns and mean for each scale.

Lateral Prefe renice Study Group Control Group .
Inventory n = 59 (100%) = 55 (100%) pis0fe), EiaSee
1 0 -1 1 0 -1

Drawing 54915  1(17) 4(68)  51(927)  3(55) 1(1.8) 0.253
Hit a tatget 40(67.8) 15(254)  4(68)  43(FR2)  9(164) 3(55) 0446
Eraser 47797 6(10.2)  6(l02)  49(890)  2(36) 4(7.3) 0.316
Dealing cards 46 (7RO)  6(10.2)  T(LY) 41745 8(145  6(109) 0775

Handedness 28+138 31414 0.364 d=10.186
Kicking a ball 46 (7RO)  10(169)  3(51)  42(TE4)  B(145) 5(9.1) 0682
Pick up a pebble 20(492) 27458 451 (63 15(73)  3(E5) 0119
Stepping on a bug 33(559) 22(F3)  4(68)  36(55) 14255  5(1) 0,390
Stepping up 45 (76.3)  8(136)  6(10.2)  49(891)  1(L&) 5(8.1) 0062

Footedness 23+16 27+17 0.277 d=10.242
Telescope W@ER1) 9(153)  11(186) 3M(ELE  6(108)  15(73) 0492
Looking inta 35 (644)  B(136)  13(22.0) 41755 473 10(182) 0427
Keyhole 4746) A1) 12¢03)  3\ED 1018 16(290) 0392
Sighting a rifle 36 (6L0)  14(237) 9(153) 3IF(7.3)  6(109)  12(218) 0173

Eyedness 19+27 18+£31 ENTS d =10.034
Eavesdropping 33(559) 17(288  9(153) 35(636) 12(218)  B(145) 0657
Earphone a7 (E27)  17(W8)  5@ES5)  MELE  15(F3 6(109) 0,904
Heattheat M(57.6)  19(322)  6(02) 20527 1100 1573 0044
Clock it the box 7 (627)  14(237)  8(136) 42(764)  9(164) 4(7.3) 0.273
Earedness 19+19 19422 0,938 d = 0.000

In dichotomized groups R /L (Table 3), hand and foot dominance items tested showed
a trend to shift to the left in the study group, and eye and ear tended to shift to the right.
Again, these effects did not achieve statistical significance.

Table 3. Comparative analysis of direction of laterality.

y Study Grou Control Grou
Dot rics "= 5'; (100‘5*3; =55 ummp F
R L R L
Hand 53 (89.8) 6(10.2) 52 (94.5) 3(5.5) 0492
Leg 51(86.4) 8(13.6) 51(927) 473 0274
Eye 46 (75.0) 13(22.0) 39 (70.9) 16(29.1) 0387
Ear 46 (7E.0) 13{22.0) 12 (76.4) 13 {23.6) 0839

3.3. Comparative Analysis of Strength of Laterality between the Study Group and the Contrd Group
The influence of laterality strength on the occurrence of scoliosis was assessed. The
trichotomy R/M/ L considering patients with pure right or left laterality for hand, leg, eye,
or ear was analyzed. For all four subdomains, more subjects with weak laterality could be
found in the scoliosis group (Table 4), but the effect observed is not statistically significant.

Table 4. Comparative analysis of strength of laterality.

Study Grou Control Grou
Dominance i (1m%l; e ummp p (<0.05)
R M L R M L
Hand 28 (47 5) 0 (50.8) 1(17) 28 (50.9) 26(47.3) 1(1.8 0,930
Leg 15 (25.4) 43 729) 1(17) 21(38.2) 34{618) 0 {003 0,233
Eye 27 (45.8) 2 (4.1) 6 (10.2) 26 (50.9) 20(36.4) 7(12.7) 0,691
Ear 15 (25.4) 43 729) 1(L7) 17 (30.9) 7 (67.3) 1(1.8) 0,504
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3.4 Conparative Analysis of Crossed Laterality between the Study Group and the Control Group

When analyzing the consistency in preference, we can see a general rend towards
more frequent crossed laterality prevalence in the control group. This observation does not
have statistical significance (Table 5).

Table 5 Comparative analysis of crossed laterality.

Study Group Control Group

Fiomatil Latesaliy =59 (100%) = 55 (100%) p(<0.05)
Couistent 1017 59.1) 0.105
Stoig 8(13.6) 14 255) 0,108
Simple 21 (3586) 24 (436) 0.380

4. Discussion

To our knowledge, our study is the only one that examines the prevalence and charac-
teristics of not only hand and leg, but also eye and ear laterality using multi-item inventory
in radiologically confirmed scoliotic patients with a control group.

The prevalence of left-handedness is reported between 1% and 30% depending on
age, sex, handedness testing method, nationality, and sociological characteristics [3]. In
our shudy, the frequency of left-handedness was 10.2% for the study group and 5.5% for
the control group (Table 3), but the difference was not statistically significant (p = 0.492).
The effect sizes of summed mean total numerical score for hand and leg laterality were
d=0.186and d = 0.242 (small effect) and for eye and ear d = 0.034 and d = 0.000 (neglectable
effect). Based on the values obtained, a post hoc analysis of the power of the study was
performed, giving values of ~0.75 for hand and leg and >0.85 for eye and ear.

The main issue may not be the direction of preference alone, but the strength of lateral-
ity. Dominance appears weaker lateralized among younger respondents [15-17]. Children
with clear hand dominance show less coordination problems than their poorly lateralized
peers [18]. Also, early development of strong dominance (regardless of dominating side)
correlate with better coordination [19]. In our study, children with pure laterality for all
items tested appeared more frequently in the control group, despite their younger age
(Table 4). Again, this observation was not supported by statistical significance and is
opposite to observation from the study of Goldberg and Dowling [5].

Crossed laterality is a topic that needs a closer look. Inconsistencies in any pair of
lateral preferences can be noted in 69.2% of healthy adults [15]. Consistency in preference
acroes different domains increases among older respondents [15-17].

In our study, more subjects with crossed laterality of any dominance pair can be
found in the contrel group, irrespective of the definition of crossed laterality adopted. This
tendency did not achieve statistical significance (Table 5).

Results should be considered, keeping in mind the age difference in our study. The
study group would be even more left lateralized and even less strongly lateralized when
considering a younger population. In turn, the lateralization intersection difference would
likely lose value when the groups were equalized by age.

There is no consensus in the literature whether the occurrence of scoliosis is directly
related to the side and strength of lateral dominance [5-11].

Grivas et al. examined 8245 children 6 to 18 years old. Significant correlation between
handedness and trunk asymmetry in the group of 2-7° mid-thoracic asymmetry was
noted [10]. Chiara et al. examined 1029 [talian children aged 11-14 years. The left-side
dominance was marked as a possible predictor of trunk asymmetry in thoracic and thoraco-
lumbar curves [9].

Milenkovic et al. investigated a group of 2546 children 11 to 14 years old. Co-occurrence
of left-handedne ss and scoliosis was statistically significant in girls [5]. Goldberg and Dowling
studied 254 girls for scoliosis convexity association with handedness. The correlation of
curve patternand handedness was noted in 82% of the cases and was statistically significant.
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However, in comparison to normal population proportion of left-handers among IS patients
was typical [6]. The bwo authors have continued the topic in 1991, examining 159 children
with IS using the questionnaire by Porac and Coren for hand and leg preference. They
concluded that scoliotic patients tend to be more strongly lateralized than healthy peers [5].
In 2006, they published large study of 1636 childwen, of whom 673 had IS. The work showed
a significant correlation between hand preference and scoliosis pattern [7].

All the papers mentioned differ from ours in terms of methodology. Some identify
scoliosis only in terms of an abnormal Adams test result [5-11] or lateral curvature in
radiogram as low as 5 degrees [6]. Such planning of the studies was probably aimed at
obtaining a larger study group without the burden of the radiological examination.

There is a possibility, that lefthanders trying to adapt to a right-handed world during
their daily activities at home, school, or in their social enwironment adopt incorrect postures
developing trunk asymmetries with abnormal Adams test, but this effect does not lead to
changes in bone structure of the spine [&].

Identification of dominant side is also inconsistent among studies. It could be caused
by multiplicity of diagnostic methods and the heterogeneity of nomenclature.

In most previous works, only dominant {or writing) hand was identified. The iden-
tification was typically based on a question to the child or parent of which hand is pre-
ferred [5-10]. In only two papers the authors used a survey questionnaire to determine
lateralization. [5,11]. This simplification allowed for larger study groups to be recruited.

In the recommendations, we can find a suggestion that multi-item inventory should
be used [15]. Also, response categories consisting of ‘right’, ‘left’, and ‘no preference’ are
considered sufficiently accurate for the assessment of lateral preferences [15]. LPI was the
only survey indicated to be reliable [15].

Limitations

The most important limitation of the study is the age difference between the two
groups because the mixed-siders are generally younger than both right- and left-siders [15],
but this trend is most mlevant when considering children under 7 years of age [15].

The age difference between the groups also explains the statistically significant differ-
ences in weight and height.

For this topic, sample size and survey power are challenging due to the high asymme-
try of the lateral preference itself and the skewed distributions of consistency and strength
of lateral preference. Cobb angle measurement for the study group was performed by one
researcher (BDK) in a single measurement. The intra-rater reliability for this investigator
was 0,706 when assuming a +1° range and 0.941 when assuming a £2° range.

There is a methodological problem across the studies—a lack of agreement for the
definition, instruments, and methods to assess lateral preference.

5 Conclusions
The relationship between radiclogically confirmed scoliosis and laterality is incondusive.
Our study, due to the lack of statistical significance of the observations made, does
not provide clinically relevant conclusions. However, it shows trends that require further
observation in larger study groups, from our calculations for 0.8 power of the study and
p=0.05 for hand and leg lateralization minimum 359 participants in each group, keeping
in mind the age difference in our study.
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7. PODSUMOWANIE I WNIOSKI

Badanie nie wykazato statystycznie istotnej rdznicy w czgstosci wystepowania
JHw grupie IS w poréwnaniu z grupg kontrolng, wobec powyzszego szczegdlna czujnosé
w zakresie wykrywania IS u dzieci z JH wydaje si¢ zbedna. Jednak pomimo braku istotnosci
statystycznej wynikow tego badania ocena nadruchomosci stawdéw powinna by¢ statym
elementem badania dziecka, poniewaz wplywa na stabilno$¢ aparatu ruchu i metodyke
prowadzenia terapii IS. Wptyw samej nadruchomosci na wystgpowanie IS pozostaje zatem
niejednoznaczny. Aby doglebnie zbada¢ ten temat wskazane wydaje si¢ by¢ prowadzenie
dalszych wieloosrodkowych i by¢ moze migedzynarodowych badan populacyjnych dotyczacych
czgstosci wystepowania JH u dzieci i miodziezy i ewentualnych zalezno$ci migdzy

JH a rozwojem IS, uwzgledniajacych by¢ moze inne dodatkowe czynniki lub skale.

Zwigzek pomiedzy potwierdzong radiologicznie IS a lateralnoscig jest rowniez
niejednoznaczny. Badanie, ze wzglgdu na brak istotnosci statystycznej poczynionych
obserwacji, nie dostarcza istotnych klinicznie wnioskow, pokazuje jednak trendy, ktore

wymagajg dalszej obserwacji na wigkszych wspomnianych wyzej grupach badawczych.
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8. OPINIA KOMISJI BIOETYCZNEJ

Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57-20-303 ul. Zwirki i Wigury nr 61
%{ ( Fax: 022/57-20-165 02-091 Warszawa
X U %
'7{(, 1309 \C\’:( e-mail: komisja.bioetyczna@wum.edu.pl
TT pubv www.komisja-bioetyczna.wum.edu.pl

Warszawa, dnia 19 listopada 2018 r
AKBE/ = /2018

Lek. Barbara Dobies-Krzes$niak
Klinika Rehabilitacji
ul. Stepinska 1,, 02-637 Warszawa

OSWIADCZENIE

Niniejszym o$wiadczam, ze Komisja Bioetyczna przy Warszawskim Uniwersytecie
Medycznym w dniu 19 listopada 2018r. przyjeta do wiadomosdci informacje na temat
badania pt. ,, Nadruchomo$é stawow oraz lateralizacja czynnosciowa predyktorami
nieprawidlowej postawy.” Przedstawione badanie nie stanowi eksperymentu medycznego
w rozumieniu art. 21 ust. | ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza
dentysty (Dz.U. z 2018 r. poz. 617) i nie wymaga uzyskania opinii Komisji Bioetycznej
przy Warszawskim Uniwersytecie Medycznym, o ktorej mowa w art. 29 ust. 1 ww.
ustawy.

Przewodniczaca Komisji Bioetycznej
p o H s

Prof. dt hai). n. med. Magdalena Kuzma —Kozakiewicz
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9. OSWIADCZENIA WSPOLAUTOROW

Warszawa 1.09.2022

Dr hab n. med. Beata Tarnacka Prof. NIGRiR

OSWIADCZENIE

Jako wspétautor pracy pt. Joint hypermobility in school-aged children and adolescents with
idiopathic scoliosis — A chance for more accurate screening?

o$wiadczam, iz m6j whasny wktad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie
metodologii, nadzor na projektem, edycja i ostateczna akceptacja manuskryptu.

Mo;j udzial procentowy w przygotowaniu publikacji okreslam jako 8 %.
Wktad Barbary Dobies-Krzesniak w powstawanie publikacji okreslam jako 90 %,
obejmowal on: Projekt badania, opracowanie metodologii, zarzadzanie i przeprowadzenie
badania, opracowanie danych, analizg, wizualizacjg, interpretacj¢ wynikow, tworzenie i

ostateczng akceptacje manuskryptu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek Barbary Dobies-Krze$niak

(podpis oswiadczajacego)

*w szczegblnosci udziatu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa 1.09.2022

Dr hab n. med. Beata Tarnacka Prof. NIGRiR

OSWIADCZENIE

Jako wspolautor pracy pt. Lateralization Direction, Strength, and Consistency in
Juvenile and Adolescent Idiopathic Scoliosis: A Case Control Pilot Study

o$wiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie
metodologii, nadzdr na projektem, edycja i ostateczna akceptacja manuskryptu.

Mo¢j udzial procentowy w przygotowaniu publikacji okreslam jako 7 %.
Wktad Barbary Dobies-Krzesniak w powstawanie publikacji okre$lam jako 90 %,
obejmowat on: Projekt badania, opracowanie metodologii, zarzadzanie i przeprowadzenie
badania, opracowanie danych, analizg, wizualizacjg, interpretacje wynikow, tworzenie i

ostateczng akceptacje manuskryptu.

Jednocze$nie wyrazam zgodeg na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej

lek Barbary Dobies-Krze$niak

(podpis oswiadczajacego)

*w szczegolnosci udzialu w przygotowaniu koncepcji, metodyki, wykonaniu badan, interpretacji wynikow
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Warszawa 1.09.2022

Lek. Agnieszka Werbliniska

OSWIADCZENIE

Jako wspotautor pracy pt. Joint hypermobility in school-aged children and adolescents with idiopathic
scoliosis — A chance for more accurate screening?
o$wiadczam, iz mdj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowi: Opracowanie danych, pomoc w badaniu
grupy kontrolnej oraz akceptacja ostatecznej wersji manuskryptu.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 2 %.
Wkiad Barbary Dobies-Krzes$niak w powstawanie publikacji okreslam jako 90 %,
obejmowal on: Projekt badania, opracowanie metodologii, zarzadzanie i przeprowadzenic badania,
opracowanie danych, analizg, wizualizacjg, interpretacje wynikéw, tworzenie i ostateczng akceptacjg

manuskryptu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek Barbary
Dobies-Krzesniak

(podpis o$wiadczajacego)

*w szczegblnodei udziats w przygotowaniu koncepeji, metodyki. wykonaniu badan, interpretacji wynikow
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Warszawa 1.09.2022

Lek. Agnieszka Werblinska

OSWIADCZENIE

Jako wspolautor pracy pt. Lateralization Direction, Strength, and Consistency in Juvenile and
Adolescent Idiopathic Scoliosis: A Case Control Pilot Study

ofwiadczam, iz mdj wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
Opracowanie danych, pomoc w badaniu grupy kontrolnej oraz akceptacja ostatecznej wersji
manusktyptu.
Moj udziat procentowy w przygotowaniu pub'l.ikacji okreslam jako 3 %.
‘Wkiad Barbary Dobies-Krze$niak w powstawanie publikacji okre§lam jako 90 %,
obejmowal on: Projekt badania, metodologia, zarzadzanie i przeprowadzenie badania, opracowanie
danych, analiza, wizualizacja, interpretacja wynikéw, tworzenie i ostateczna akceptacja manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes$¢ rozprawy doktorskiej lek Barbary
Dobies-Krzesniak

(podpis o$wiadczajacego)

*w szezegoOlnosei udzistu w przygotowaniu koneepeji, metodyki, wykonaniu badan, interpretacjt wynikow
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11. MATERIALY DODATKOWE

11.1 Skala Beightona (10)

Skala Beightona:

P
Bierne zgigcie grzbietowe V palca dioni do kata >90st 1
Bierne przywiedzenie kciuka do wewnetrznej strony przedramienia 1
Przeprost w stawie tokciowym >10st 1
Przeprost w stawie kolanowym >10st 1

Potozenie catej powierzchni dtoni na podtozu przy wyprostowanych kolanach

SUMA (0-9)
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11.2 Inwentarz Lateralizacji CzynnoSciowej — ttumaczenie wlasne

Lateral Preference Inventory — LPI (17)

Przeczytaj ponizsze opisy. Zdecydu;j ktora reke, stope, oko czy ucho wybratby$ do wykonania
danej czynnosci. Zaznacz odpowiedz, ktora opisuje Ciebie najlepiej. Jesli nie jestes
pewna(ny) odpowiedzi sprobuj wyobrazi¢ sobie jak wykonujesz dang czynno$¢ lub zasymuluj

jej wykonanie.

Ktorg reka rysujesz Prawa Obie Lewa
Ktora z rak uzyl(a) by$ przy rzucaniu pitka do celu Prawa Obie Lewa
Ktora reka trzymasz gumke przy Scieraniu zapiskow Prawa Obie Lewa
Ktora reka rozdajesz karty po tasowaniu Prawa Obie Lewa
Ktorg stopa kopnatbys pitke, aby trafi¢ w cel Prawa Obie Lewa
Palcow ktorej stopy uzyjesz do podniesienia drobnego przedmiotu | Prawa Obie Lewa
z ziemi

Ktora stopa rozdeptatby$ robaka na ziemi Prawa Obie Lewa
Wchodzac na krzesto, ktérg stope postawitby$ na nim najpierw Prawa Obie Lewa
Ktorego oka uzyjesz do patrzenia przez teleskop Prawe Oba Lewe
Ktorego oka uzyjesz by zajrze¢ do wnetrza nieprzejrzystej butelki | Prawe Oba Lewe
Ktorym okiem bedziesz podgladaé przez dziurke od klucza Prawe Oba Lewe
Ktorym okiem celujesz przy strzelaniu Prawe Oba Lewe
Ktore ucho przytozysz do drzwi, aby podstuchiwaé Prawe Oba Lewe
Do ktoérego ucha przytozysz telefon komérkowy Prawe Obu Lewe
Ktore ucho przytozysz do klatki piersiowej, aby postucha¢ bicia Prawe Oba Lewe
serca

Ktore ucho przytozysz do pudelka, aby wystucha¢, czy zegarek w | Prawe Oba Lewe
jego wnetrzu tyka
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11.3 Formularz swiadomej zgody na udzial w badaniu i przetwarzanie danych osobowych

Mazowieckie Centrum Rehabilitacji STOCER Sp. z 0.0.

Klinika Rehabilitacji | Wydziatu Lekarskiego Warszawskiego Uniwersytetu Medycznego.

FORMULARZ SWIADOMEJ ZGODY

Ja NiZej POAPISANY(A).....cc ettt et oswiadczam, ze
wyrazam zgode na udziat w projekcie badawczym ,Nadruchomos¢ stawdw oraz lateralizacja

predyktorem nieprawidtowe]j postawy” mojego dZiecka ..............ooiuiiiiiiiiiii e

Oswiadczam, ze:

1. Zapoznatem/am sie i zrozumiatem ,Informacje dla Pacjenta”

2. Otrzymatem/am wyczerpujgce, satysfakcjonujgce mnie odpowiedzi na zadane pytania.

3. Jestem $wiadomy/a faktu, iz w kazdej chwili moge wycofa¢ zgode na udziat w badaniu klinicznym bez
podania przyczyny. Przez podpisanie zgody na udziat w badaniu nie zrzekam sie zadnych naleznych mi
praw. Otrzymam kopie niniejszego formularza opatrzong podpisem i data.

4. Zostatem/am poinformowany/a, Zze administratorem danych bedzie placéwka, w ktorej prowadzone jest

badanie, mam prawo wglagdu do moich danych iich poprawiania, dane sg podawane dobrowolnie.
Przez podpisanie tego dokumentu potwierdzam rowniez, ze zostatem/am poinformowany/na o sposobie
przetwarzania danych z badania i Ze dane te beda uzupetniane o informacje z dokumentacji medycznej
osrodka oraz ze dane te sg zbierane jedynie w celu naukowej analizy.

5. Wrazam zgode na przetwarzanie danych w tym badaniu zgodnie z obowigzujacym w Polsce prawem

jedynie do celow tego badania.

6. Dane analizowane bedg jedynie w postaci anonimowej.

Pacjent:
Imie i nazwisko (drukowanymi literami) data ztozenia podpisu
Podpis Przedstawiciela Ustawowego Podpis Pacjenta

Osoba uzyskujaca zgode na badanie:

Imie i nazwisko (drukowanymi literami) Podpis data ztozenia podpisu

wersja 1 23.09.2018
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12. PODZIEKOWANIA

Sktadam najszczersze podziekowania mojej Pani Promotor - Profesor Beacie Tarnackiej
za wszelkie techniczne i merytoryczne wskazowki, ale przede wszystkim za nieztomng wiare

i motywowanie mnie do podejmowania wysitku i osiggania kolejnych etapow tej podrozy.

Serdecznie dzigkuje Agnieszce Werblinskiej za wsparcie oraz czas i wysitek wltozony we wspolne

badanie.

Wiarg, pomocg w pisaniu pracy, uwagami merytorycznym i nieocenionymi radami wsparli
mnie rowniez dr n. med. Justyna Frasunska i dr n. med. Piotr Tederko za co bardzo dzigkuje,
a takze Dawidowi Chadajowi, Agnieszce Kotowskiej, Pawlowi Turczynowi, Justynie

Wisniowskiej i Adamowi Zalewskiemu za kazdg okazang pomoc i konstruktywnq krytyke.
Sktadam  podziekowania zespotom Kliniki Rehabilitacji Warszawskiego Uniwersytetu
Medycznego oraz Osrodka Ortopedyczno-Rehabilitacyjnego dla Dzieci i Milodziezy za wszelkq

pomoc, otwartosc i zyczliwosé.

Szczegolne podzigkowania pragne zloZy¢ mojemu mezowi Mackowi oraz dzieciom Lidii

i Wiktorowi za wsparcie i wyrozumiatosc.

Wreszcie chciatabym podziekowac moim rodzicom, mojej babci a takze Prof. dr hab. n. med.

Dorocie Olczak-Kowalczyk za wiare we mnie i wsparcie cieptym stowem.
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