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ABSTRACT

Major thoracic scoliosis is the most prevalent form of scoliosis, which may appear
with or without a compensatory deviation of the pelvis. The impact of this pelvis malalignment on lower
limb kinetics in landing and jumping has not been thoroughly explored. This study aimed to investigate
the lower limb joints’ moments and powers during a stop-jump task in two groups of adolescents with
major thoracic scoliosis: Those with a pelvis compensatory deviation and those without.

[VETELE We recruited 12 adolescents with major thoracic curvature exhibiting a compensatory deviation
of the pelvis and 12 without such a deviation. Using two force plates and an 8-camera motion capture
system, we quantified the moments and powers of the hip, knee, and ankle joints during stop-jump
tasks. Data processing and calculations were performed using Visual-3D and MATLAB software, version
21a. The time series of the variables were compared between the two groups using the SPM{t} method,
with a significance level set at 0.05. SPM({t} is the statistical parametric mapping (SPM) analysis where a
t-statistic is calculated for each voxel in an image.

(ST In both groups, the hip extensor moment explored the greatest moment, while the knee joint
showed the smallest moment (abductor). Also, absorbed and produced power was highest at the sagittal
plane of the hip joint. Both groups demonstrated symmetrical moments and powers, with no significant
difference observed in the kinetics of the lower limb joints between the two groups (P>0.05).
[@TEERY The presence of pelvic deviation in adolescent idiopathic scoliosis with major thoracic
curvature does not significantly influence lower limb movement patterns or kinetics during stop-jump.

Received: 19 Feb 2025 © Both groups exhibited comparable patterns of joint moments and powers, suggesting that compensatory
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Available Online: 23Jul2025 ¢ [tk Adolescent idiopathic scoliosis, Thoracic curve, Moment, Power, Stop-jump

. ........................................................................................................................................................................................................................ .
* Corresponding Author:

Nader Farahpour, Professor.
Address: Department of Sport Biomechanics, Faculty of Sports Sciences, Bu-Ali Sina University, Hamedan, Iran.
Tel: +98 (81) 31400000
E-Mail: naderfarahpourl@basu.ac.ir
Copyright © 2025 The Author(s);

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

448



http://medrehab.sbmu.ac.ir/issue_1066_1067.html
http://medrehab.sbmu.ac.ir/?lang=en
http://medrehab.sbmu.ac.ir/?lang=en
https://dx.doi.org/10.32598/SJRM.14.3.3342
http://medrehab.sbmu.ac.ir/?lang=en
https://orcid.org/0000-0003-1437-2369
https://orcid.org/0000-0002-5883-7845
https://orcid.org/0000-0002-5228-2703
https://crossmark.crossref.org/dialog/?doi=10.32598/SJRM.14.3.3342
http://medrehab.sbmu.ac.ir/?lang=en
mailto:naderfarahpour1%40basu.ac.ir?subject=
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

Introduction

ajor thoracic scoliosis is the most prev-

alent form, which may appear with or

without a compensatory deviation of

the pelvis. The impact of this pelvis ma-
lalignment on lower limb kinetics in landing and jumping
has not been thoroughly explored. We elucidate the bio-
mechanical adaptations associated with pelvic asymme-
try and its potential implications for joint health and func-
tion. The findings of this study may contribute to a deeper
understanding of spinal deformity, pelvic alignment, and
mechanics and ultimately guide the development of reha-
bilitation and injury strategies in individuals with thoracic
scoliosis. This study aimed to investigate the lower limb
joints’ moments and powers during a stop-jump task in
two groups of adolescents with major thoracic scoliosis:
those with a pelvis compensatory deviation and those
without.

Methods

We recruited 12 patients with major thoracic curvature
exhibiting a compensatory deviation of the pelvis and 12
patients without such a deviation (Cobb angle of the main
curvature between 10-45 degrees and Apical trunk rota-
tion of the main curvature more than 7 degrees). The vari-
ables of one-sided pelvic drop (lateral tilt), axial rotation
of the pelvis, and lateral displacement of the pelvis in the
frontal plane (linear displacement) were calculated using
the Kinovea software from the spine radiograph. Using
two force plates (1000 Hz) and an 8-camera motion cap-
ture system (250 Hz), the moments and powers of the hip,
knee, and ankle joints in 3 planes were quantified during
stop-jump tasks. Based on the right-hand rule, data pro-
cessing and calculations were performed using Visual-3D
and MATLAB software, version 21a.

Therefore, the hip moment was considered positive for
flexion, adduction, and internal rotation. Knee extension,
adduction, internal rotation, and ankle dorsiflexion, inver-
sion, and adduction (internal rotation) were considered
positive. Positive power was also considered the concen-
tric activity of the muscle that generates force. The marker
coordinates and ground reaction force was filtered using
a 4"-order Butterworth low-pass filter with zero cutoff
frequencies of 8 Hz and 20 Hz, respectively, and normal-
ized by body weight. The data were cut from the initial
foot contact with the force plates during stop (or landing)
to the last foot contact with the force plates before jump-
ing when the vertical ground reaction force was +20 N.

Scientific Journal of

The time series of the variables were compared between
the two groups using the SPM {t} method. SPM{t} is the
statistical parametric mapping (SPM) analysis where a
t-statistic is calculated for each voxel in an image. In ad-
dition, the Mean+SD of pelvis deviation variables were
compared between two groups by independent t-test. The
significance level was set at P<0.05.

Results

The Cobb angle of thoracic curvature was similar be-
tween the two scoliosis groups (P>0.05). However, the
variables of lateral pelvic tilt (P=0.03) and lateral pelvic
displacement (P=0.04) significantly differed between the
two groups. Although the axial rotation of the pelvis was
smaller in the group without pelvic deviation, the differ-
ence between the groups was not statistically significant

(P=0.07).

The mean and standard deviation of the 3D moment and
power of the ankle, knee, and hip joints and the SPM re-
sults during stop-jump in the two scoliosis groups with
(red) and without (blue) compensatory pelvic deviation
can be seen in Figures 1 and 2, respectively. In both
groups, the hip extensor moment explored the greatest
moment, while the knee joint showed the smallest mo-
ment (abductor). Also, the absorbed and produced power
was highest at the sagittal plane of the hip joint. Both
groups demonstrated symmetrical moments and powers,
with no significant difference observed in the kinetics of
the lower limb joints between the two groups (P>0.05).

Conclusion

Pelvis compensatory deviation in adolescent idiopathic
scoliosis patients with major thoracic curvature does not
significantly influence lower limb movement patterns or
kinetics during stop-jump. These findings could help im-
prove treatment and rehabilitation programs for these in-
dividuals. Both groups exhibited comparable patterns of
joint moments and powers, suggesting that compensatory
pelvic adjustments may not play a critical role in lower
limb kinetics in this context. However, further research is
needed to examine the long-term effects of different tasks.

It also may indicate that the neuromuscular system of
adolescents with thoracic scoliosis compensated by pel-
vic deviation can compensate for the imbalance caused by
pelvic deviation. Another possible explanation for these
findings could be the neuromuscular adaptations indi-
viduals with scoliosis have developed to maintain their
balance and motor function. These adaptations may in-
clude increased activity of core and lower limb muscles
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Figure 1. The mean and standard deviation of the 3D moment of the ankle, knee, and hip joints and the SPM results during stop-
jump in two scoliosis groups with (red) and without (blue) compensatory pelvic deviation (P<0.05).
Abbreviations: P Flex: Plantar Flexion; D Flex: Dorsi Flexion; Inver: Inversion; Ever: Eversion; Abd: Abduction; Add: Adduction.
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Figure 2. The mean and standard deviation of the 3D power of the ankle, knee, and hip joints and the SPM results during stop-
jump in two scoliosis groups with (red) and without (blue) compensatory pelvic deviation (P<0.05).

Abbreviations: P Flex: Plantar Flexion; D Flex: Dorsi Flexion; Inver: Inversion; Ever: Eversion; Abd: Abduction; Add: Adduction;
Abs: Absorption; Gen: Generation.
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to compensate for the imbalance caused by pelvic devia-
tion. Alternatively, the central nervous system may regu-
late muscle activation patterns to prevent significant joint
moment and power changes. Due to the lack of similar
studies in this area, comparing current study results with
previous findings is difficult. However, previous studies
have shown that thoracic scoliosis can affect pelvic and
lower limb mechanics. Although previous studies have
examined the effect of thoracic scoliosis, the present re-
search divided thoracic scoliosis into groups with and
without pelvic tilt. Furthermore, studies that have focused
on the effect of scoliosis on lower limb function have
mainly concentrated on low-intensity activities such as
walking. While dynamic, high-intensity activities such as
stop-jump may require different adaptations. Therefore,
the present study’s findings may contribute to a better un-
derstanding of the effect of scoliosis on lower limb func-
tion during challenging activities.
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8. Intraclass Correlation Coefficient (ICC)
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11. Shapiro-Wilk

12. Independent Samples T-Test

13, Statistical Parameter Mapping{t} (SPM)
14, MATLAB

Suilyga! sadsSnd (115 Ulangi 43 (55 yy-ish (sTpal 43 oS ol St ooy Kb 9 o 34 W1



http://medrehab.sbmu.ac.ir/

PRSAVIR L ENAV I F S LA é.'élbo 20,55 Jolise G)LJ
g oy Jolie (2l Bl i3z g piShosk ST
5 Oysh sl (SIS (s g0 L sl yglisS 5 il
S - Bs (55 2 adelsg o L e 2SS ool

Al 09,8 g0 yo |, wtelive

355 e el saliva BEF 6 )lods jygua 1 45 wisS Hlan

OVl Jlezle axio o o) Jabe cadadss 5 saiiods
w03gy ploeil Jlo 40 99,845 518 Llgl 10090 Jolis y yo lade
s L (55 1 asmio a3 Sl pladl Joolie bl
Olys 4 alalddly i plgs ol a5 0y (65 i g e
basgs Sy sl p3¥ (59,0 900 has Gl Al e o L
e 3, Shas iyl 5 ol 42iE ags Lolie Ll E)lae

Y o)l.n.{'b NF 099 NFeF )9-1){.:9 9 .:Ia,»

Full Body Lumbar Spine Jus cuws o slaphssl 59, 5 &8, 5067 pitas 618,5 lo il Joro . 4300

S & bgpe pliiS (n5S)n wg)S 0 »

039 5il) Jado )3 joliiS (5 S26S 5 Oy Jade (6 ppmiinS]
9EaS 53 SPM ls Bebo izmen 09 (6,935 I policS
S9adoSl S0 09,57 93 (s (5 loline Soglis (35 > o a
odalive (=B > S Sl Byl g0y o b glaw
S (5,9tiS ool Sl axas 10 (P> 0) s S5
9 (G yguiinST HslliS () 30 200,50 odalive 05,5 90 o 1
5010 0529 38 pusl s )0 (5y5mSUE L HslliS b e o
S5 ga 003 (g ygmiiS| gliiS S aBgi b g 09,8 > ol
S 4y dSacme alolddy oS (588 5ldS S e

Jgy90 9 JLis 8 Slomio ;o Lol w5 )5 oo ool (5 yguniS]

SSlg! jodaSuut (s1y1s Ulangi 13 b -yl T 13 SV Il S oo g (o2 123 S



http://medrehab.sbmu.ac.ir/

oS Gl Bl g 9 b (S30aI5l 09,5 90 50 1o 05031 A8 5 ¢0y59 g slemedlyomil 5 eSiloa ) Jgoar

Slumecdl oot Sike
N 29,5

(e L) 8 (5945 03 (JWs) oo

ASYISVEF/BA NINEATR S/ /FY oS Gl b

ASYIDVEDIAL FEIARED/YY OIDAEY/§ oS Gl

A AN -Iy¥ P
G935l 09,5 50 10 W S0g03T K (Gl ez Blyzul (sl uitin 5 ol slizsl LIS 4415 .Y Jouo
Slamacdl ootk 00,5l
8955

(v0,) 6N sy 858 (Fatilw) o il (wloals (42,0) o (bl ' (42 )3) Gliamw SLod] IS 4yl

ofo¥E-[2) < INAEY[YY R TAM YAFVEND o5 Gl |

o[ FE A oIYFESIA <[AFEV/FA YEEVENYY oS Gyl ey

Y% ooyt ofoyr N P

sgaze il Al Slpe ole SO olgreas oK) Gl ol a8
Sylo b slacdled o bz plasls Sles (g lobixe 8

S,k Wl ee laadly cpl Jlozsl BY¥s 5 (6
Lo ol ool @ D ol 3 a5 wsl Mlac- cac
g, 55k cpl ailosls axwgy 05 25 > 0, Sles 5 Jolws
St plail g 655 5o OMlac codlad iul38l Jolss conl (Ko
ozt IYA] iy I Gl 51 5L Jolss poe o) oz 61,
Silold logl oo b (635 1o (o i Sl (Seoe
Jolie (g g ,gliiS )0 azgi BB Sl s ool 5l Dlae
I¥Al o5 6 o5l
pedins dlio e ol ) alive Dlalllas 395 aazgils
Jooll el Jols iy slaaidly b Godos (nl @l
Wlgi oo Sl jodsSul as wilosls las L8 Slalas
Iva-ve oyl oo 5t sbos plasl 5 oS Sl
4 M o3 a5 W, 355 wlalllas (S e Jlocs]
Sl b el (28, ol slagl Col (S 5] S
Lo Y] awsl ansls sbow pladl Jolis 59, )b @95 5
N Sl oS s 3 (pl b pole aslllas slaasdly Il
bolie Sl 5 5k @98 50 42 95 B Dl iy Sul (oo
Gl 4 Sl (S gadge (pl 0 (Jlen w9d onie
o) Sl SeadoSel Sl ity Slidod oS all L
5 Log,S 50 4 | (e jedsSiul Lol aslllas Lol wiles S
28 Sl oyl podle .l os )5 pands 5 Bl il g

‘.\.::L“sn ol ‘5)‘~>L2.u: c.la..n 3 )L)Li.v.a &51.&3 .

a0 b e s ol 0l ol ples SPM s 5ol o pl
soedeSel (lils 09,5 90y (g loline Ciglds S8 > dxie
Sl jeedsSl Sl 09,5 5 (S (e Sl b (sl
XYY\ S-S NHWIRE-L IV SUUESR | B JUE - JEH PRV

555588 51 8 Gy Sl 3T o 41yl anlllas
Sl joadgSeusl a4 M (Ul g5 40 Lo pladl Jalio g3
Sy bp-bly (IS > addsy el > Sl
Lg 6‘4...»....4 )5.‘.[91..4‘ LS‘)“) 03; 50 U"” é‘é ULA.A.A-’ CDLu w‘
ol 15 S laazily ol 5,05 S92 Sl plal Lolis
bzl 4 zeuly 50 4556 (6,85l SO lgreds ST Gl il a5
S plil folie SilSe s W 5l glasiw Lo
Blad s p-cader aiile bgy sl dled o
O Sl sl Jolae g5 g 59lad jo Jloline Coglas pac
— (Al as .\.,...»L Q.ﬂ omodu;j S ,S-o-c 05; 99
B X Sl b gl joed Sl a4 De o 81 (Dlas
5,8 b @lgi oy el S ALyl 5l LU Jolas pas ]y
Sy9pe S > S g Sl po log pd L 6l i (g
So g lp Cate lg i e a5 Iy
ol las ol andlas gl [VY] ol 5Ls 590 (5 lxi
5 o5 ol Jolae o 1) b llys cnl plive jobods 09,5 93

Suilyga! sadsSnd (115 Ulangi 43 (55 yy-ish (sTpal 43 oS ol St ooy Kb 9 o 34 W1


http://medrehab.sbmu.ac.ir/

& * ** z Y b)Lm"b NF 090 AFeF )9{)@,«350'6)0

(D 0% 9 Go B L 9IsSsl 09,5 9 10 oy (e SPM qlis 5 oy 5 93 o Jeolive s s 55lisS 0 Juiliadlonl 5 (:Siloo D 29005

(P<e1+0) & il yuz Syl
P Flex: Plantar Flexion; D Flex: Dorsi Flexion; Inver: Inversion; Ever: Eversion; Abd: Abduction; Add: Adduction.

e
Sl () o992 9 Ga®) b 5aedeSanl 09,8 90 30 by e SPM i g ¢ 5 9315 s oo Juolio (gms s (i o Jaslialdl ol g (ySilen S y1gea

(P<+/+0) u.i! u_‘|)...>
P Flex: Plantar Flexion; D Flex: Dorsi Flexion; Inver: Inversion; Ever: Eversion; Abd: Abduction; Add: Adduction; Abs: Absorption;
Gen: Generation

SSlg! jodaSuut (s1y1s Ulangi 13 b -yl T 13 SV Il S oo g (o2 123 S



http://medrehab.sbmu.ac.ir/

¥ o )lols ¥ 090 NP+ 591 ps g 01050

S5t

Mszgs o oK Sl Sl ols lis Lol adlas
29EES (5 lobine 23U Sislygnl slains joudaSinl 42 s
By (5 > by plonil (e Sz el Jolie ol
5 Sloyd loacl  dgus 4 wilgs o brazdly pl o)l oy
N Gl mul avs oo lid g 08 SaS 0l,3l cpl (gl ciseles
Sos 2 Jlolins pus g 0gaome 30 (Sl Jule S g
il oy 6l i Slidins ¢ il o Sbiss plud]
el $ 3970 FErie 55 > Sacelled s Do Y5k

e
g5 BB Jaol 3l (595w
Josllygss b sillas B cllasdle agy gly>] o

<ol 005 280, IR BASU.REC.1398.59 o lats 4 5!

Sl ol

05,5 > oo Ul il bl 5l 4 allie oy
ol il plaen slow egr oRadls b5y pole
ogar « Ay slasloile 5l Il SaS WS Lok

W‘OJ)SJMSL)QGCLQ_H]HB

alf.:.w‘ “93“)‘#&9
@alllas (>ib 5 potie 10 LSy jsbay (Sainsgs den

O P At 9 gl e drodls Ldogs 3255 5 5 y5l e
ALl S e allie

&8s o5l
)05 gilie o la5 allie o iy el L
19438 g S5

D9l o S0 ,8 ¢ ,Sid Lol o HFaiS S 5 pled

B 03,5 55 a3 b alil o, KLos s 5alsSn 53l
LNy ] Wlosgs 35 1ee (58, ol aiile S slaclad
iy aile Sy g bgy slacudled a5 cul J> 4 ol
Oty il (ol Slag ISl diojled Sl (S0 sy
1 35Sl 1 g 50 4y Wil se ol aalllne (laaily

A5 S iy claelad pam o plail s Slas

gloadiy ohb gly Wlg e yols anlllas claasil,
Sl SaedsSesl 4 M llsz g5 (gl (oo 08 g (ciSxlg
plail Jolas o, Slas ;o jloline Dglas pas daz g3l il ade
(oS Slodeli a8 8,5 Al o5 0009, 90 (s S
@ Wlg oo £edge (nl el [l B 09 )5 93 12 sl (speline
SaS o, Sike 5 15 s 2l g oo sloasli s gjlsosles
5L jﬁgii*‘J Ohles Fgph (Sloyd (b))5 e yo il S
iy Boes 5 oud (ganaiils 09,5 Sy 5o S Sl g0

[a] el (eSS oy T i o5

S Olsieds 55 Gl s o Lt baazdly gl cyaizeod

pladl o Shas y Jlolinn e g dguzme Jlons 136 o Sl Jule
23095 o0 (Gloyd Slaad (Lol 55 s cnlplis g o o Sz
Bk o (5 SOl S99 D58 (g ol gLl 3L
@ W (llyzg dms oo lis ol asllas (ol pogdle

pmiBys wiile by slacdlad ploxil ey 3B (gl j5adsSu
S pll Jolae Sl o azgi LB St slml g
ol (o855 el (F)b 4y Wl oo 9090 (nl s
9 o Sl ped o Jlagsl i S5 Sl l sl 5
3o Jolie Ol g (de- uae J3S 3900 p oS (Jols
Sy 0, les Sguy 5 ] Hlaz malS 4 alled o w5 o

el )0 b aS il glacusgase gl ol aslllas
70 gz g5 4y Sgaome (6 S digad Vgl ogh aid I Jas ol
2ozl 6 pdpnens nlpls g gl jodSul 4l
Ll ol i (g g 2 il (i b (o sloog S
50 S Ysb Dlynss Wlg ged g 090 (rhis pol> aslllas
S5 il S L5 a0 0 1 Jolie SASs
50 o Jlad pwy g 85 1B s 0 90 (b - iBe)
A0 &l g iy slajiinn Wlgi oo (g0 il
2 oS Gl g sl 5edsSl b e S ol
VPR oai] Sladllas S g0 Slgaiing o Slizy plail Sl
Syt Job (2b) Heizren 9 Sgsiie (&5, slacedlad
G oSSl oolaiwl ¢ puizren .ai3ly 1o yley Jobo o Sl
Sp a wlgce $FmelS Giludae wile Jassyin,
Dyt 55l Kl b o po Sl o (slapeannilSes 5l (5 5 rns

Suilyga! sadsSnd (115 Ulangi 43 (55 yy-ish (sTpal 43 oS ol St ooy Kb 9 o 34 W1



http://medrehab.sbmu.ac.ir/
https://basu.ac.ir/
https://basu.ac.ir/

Scientific Journal of

References

[1] de Baat P, van Biezen EC, de Baat C. [Scoliose: Overzicht van
typen, oorzaken, diagnostiek en behandeling 1 [Scoliosis:
Review of types, aetiology, diagnostics, and treatment 1]
(Dutch)]. Nederlands Tijdschrift Voor Tandheelkunde. 2012;
119(10):474-8. [DOI:10.5177/ntvt.2012.10.12210] [PMID]

[2] Rigo M. Patient evaluation in idiopathic scoliosis: Radiographic
assessment, trunk deformity and back asymmetry. Physiother-
apy Theory and Practice. 2011; 27(1):7-25. [DOI:10.3109/0959
3985.2010.503990] [PMID]

[3] Moramarco M, Weiss HR, Borysov M, Yan Ng Sh. Schroth’s
Textbook of Scoliosis and Other Spinal Deformities. Cam-
bridge: Cambridge Scholars Publishing; 2020. [Link]

[4] Konieczny MR, Senyurt H, Krauspe R. Epidemiology of adoles-
cent idiopathic scoliosis. Journal of Children's Orthopaedics.
2013; 7(1):3-9. [DOI:10.1007/s11832-012-0457-4] [PMID]

[5] Lenssinck ML, Frijlink AC, Berger MY, Bierman-Zeinstra SM,
Verkerk K, Verhagen AP. Effect of bracing and other conserva-
tive interventions in the treatment of idiopathic scoliosis in
adolescents: A systematic review of clinical trials. Physical
Therapy. 2005;8 5(12):1329-39. [DOI:10.1093/pt;j/85.12.1329]
[PMID]

[6] Lenke LG, Betz RR, Clements D, Merola A, Haher T, Lowe T,
et al. Curve prevalence of a new classification of operative
adolescent idiopathic scoliosis: Does classification correlate
with treatment? Spine (Phila Pa 1976). 2002; 27(6):604-11.
[DOI:10.1097/00007632-200203150-00008] [PMID]

[7] Prince F, Charbonneau M, Lemire G, Rivard CH. Comparison of
locomotor pattern between idiopathic scoliosis patients and
control subjects. Scoliosis. 2010; 5(Suppl 1):034. [Link]

[8] Lehnert-Schroth Ch. Three-dimensional treatment for scolio-
sis: A physiotherapeutic method for deformities of the spine.
Hong Kong: Martindale Press; 2007. [Link]

[9] Schreiber S, Parent EC, Kawchuk GN, Hedden DM. Algorithm
for Schroth-Curve-Type Classification of Adolescent Idiopathic
Scoliosis: An Intra- and Inter-Rater Reliability Study. Children
(Basel). 2023; 10(3):523. [DOI:10.3390/children10030523]
[PMID]

[10] Allam H, Al-walah M, Banjer H, Alsufiany M. Hip and knee
abductor moments in normal subjects and subjects with idi-
opathic scoliosis during level walking: Comparative Study. Sys-
tematic Reviews in Pharmacy. 2021; 12(3):522-6. [Link]

[11] Yazdani S, Farahpour N. [The mechanical power of right and
left lower extremity joints during walking in patients with
adolescent idiopathic scoliosis and healthy controls (Persian)].
Research in Sport Medicine and Technology. 2021; 19(21):105-
13. [Link]

[12] Park YS, Lim YT, Koh K, Kim JM, Kwon HJ, Yang JS, et al. As-
sociation of spinal deformity and pelvic tilt with gait asymme-
try in adolescent idiopathic scoliosis patients: Investigation of
ground reaction force. Clinical Biomechanics (Bristol, Avon).
2016; 36:52-7. [D0I:10.1016/j.clinbiomech.2016.05.005]
[PMID]

[13] Winter DA. Biomechanics and motor control of human move-
ment. New Jersey: John Wiley & Sons; 2009. [Link]

[14] Richardson RT, Nicholson KF, Rapp EA, Johnston TE, Richards
JG. A comparison of acromion marker cluster calibration meth-
ods for estimating scapular kinematics during upper extrem-
ity ergometry. Journal of Biomechanics. 2016; 49(7):1255-8.
[DOI:10.1016/j.jbiomech.2016.02.052] [PMID]

[15] Workman JC, Docherty D, Parfrey KC, Behm DG. Influence of
pelvis position on the activation of abdominal and hip flexor
muscles. Journal of Strength and Conditioning Research. 2008;
22(5):1563-9. [DOI:10.1519/jsc.0b013e3181739981] [PMID]

[16] Levangie PK. The association between static pelvic asym-
metry and low back pain. Spine (Phila Pa 1976). 1999;
24(12):1234-42. [DOI:10.1097/00007632-199906150-00011]
[PMID]

[17] Loudon JK, Jenkins W, Loudon KL. The relationship between
static posture and ACL injury in female athletes. The Journal
of Orthopaedic and Sports Physical Therapy. 1996; 24(2):91-7.
[DOI:10.2519/jospt.1996.24.2.91] [PMID]

[18] Stephen ), Ephgrave C, Ball S, Church S. Current conceptsin the
management of patellofemoral pain - The role of alignment.
Knee. 2020; 27(2):280-6. [DOI:10.1016/j.knee.2019.12.006]
[PMID]

[19] Glakousakis G, Kalatzis P, Mandalidis D. Exploring 3D Pelvis
Orientation: A cross-sectional study in athletes engaged in
activities with and without impact loading and non-athletes.
Journal of Functional Morphology and Kinesiology. 2024;
9(1):19. [DOI:10.3390/jfmk9010019] [PMID]

[20] Wu KW, Wang TM, Hu CC, Hong SW, Lee PA, Lu TW. Postural
adjustments in adolescent idiopathic thoracic scoliosis during
walking. Gait & Posture. 2019; 68:423-429. [DOI:10.1016/].
gaitpost.2018.12.024] [PMID]

[21] Mahaudens P, Thonnard JL, Detrembleur C. Influence of
structural pelvic disorders during standing and walking in
adolescents with idiopathic scoliosis. The Spine Journal. 2005;
5(4):427-33. [DOI:10.1016/j.spinee.2004.11.014] [PMID]

[22] Schmid S, Studer D, Hasler CC, Romkes J, Taylor WR, Lorenzetti
S, et al. Quantifying spinal gait kinematics using an enhanced
optical motion capture approach in adolescent idiopathic
scoliosis. Gait & Posture. 2016; 44:231-7. [DOI:10.1016/j.gait-
post.2015.12.036] [PMID]

[23] Pesenti S, Prost S, Pomero V, Authier G, Severyns M,
Viehweger E, et al. Characterization of trunk motion in adoles-
cents with right thoracic idiopathic scoliosis. European Spine
Journal. 2019; 28(9):2025-33. [DOI:10.1007/s00586-019-
06067-1] [PMID]

[24] Pasha S, Sangole AP, Aubin CE, Parent S, Mac-Thiong JM, La-
belle H. Characterizing pelvis dynamics in adolescent with idi-
opathic scoliosis. Spine (Phila Pa 1976). 2010; 35(17):E820-6.
[DOI:10.1097/brs.0b013e3181e6856d] [PMID]

[25] Wang ZW, Wang WJ, Sun MH, Liu Z, Zhu ZZ, Zhu F, et al. Char-
acteristics of the pelvic axial rotation in adolescent idiopathic
scoliosis: A comparison between major thoracic curve and
major thoracolumbar/lumbar curve. The Spine Journal. 2014;
14(9):1873-8. [DOI:10.1016/j.spinee.2013.10.036] [PMID]

Dizaji E, et al. Lower Extremity Joints’ Kinetic During Stop-Jump in Adolescents With Idiopathic Scoliosis. Sci J Rehab Med. 2025; 14(3):448-463.


http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://doi.org/10.5177/ntvt.2012.10.12210
https://www.ncbi.nlm.nih.gov/pubmed/23126174
https://doi.org/10.3109/09593985.2010.503990
https://doi.org/10.3109/09593985.2010.503990
https://www.ncbi.nlm.nih.gov/pubmed/21198403
https://www.google.com/books/edition/Schroth_s_Textbook_of_Scoliosis_and_Othe/cwbUDwAAQBAJ?hl=en&gbpv=0
https://doi.org/10.1007/s11832-012-0457-4
https://www.ncbi.nlm.nih.gov/pubmed/24432052
https://doi.org/10.1093/ptj/85.12.1329
https://www.ncbi.nlm.nih.gov/pubmed/16305271
https://doi.org/10.1097/00007632-200203150-00008
https://www.ncbi.nlm.nih.gov/pubmed/11884908
https://link.springer.com/article/10.1186/1748-7161-5-S1-O34#citeas
https://www.google.com/books/edition/Three_dimensional_Treatment_for_Scoliosi/D0gQAQAAMAAJ?hl=en
https://doi.org/10.3390/children10030523
https://www.ncbi.nlm.nih.gov/pubmed/36980080
https://d1wqtxts1xzle7.cloudfront.net/80997342/hip-and-knee-abductor-moments-in-normal-subjects-and-subjects-with-idiopathic-scoliosis-during-level-walking-comparative-libre.pdf?1645193085=&response-content-disposition=inline%3B+filename%3DHip_And_Knee_Abductor_Moments_In_Normal.pdf&Expires=1751365783&Signature=gDPG0slgqKWsU6-wK5HWjfb7rq3QyN8zO6j0QzRE95sDIv9wn79PGL0XukOzHDA5h5gopSowZgAOszAARHUafP2-0z69jrKolUIzPHjh0sHer3jsM9igq4-4iEa45nAA-rIbTckG~-sBeE54njOs1NbdAz6CPdmisWT1k0wQt6bnM2pT0G2BP8UsKnLU7u-l3sEf3yKkrI641EDd-uMsBeShdtR498d2zrWSoGaYq2fil~xMRWvHoJex-tAe6G-UNEbkB4QfkEY6jal9qHzTu8T~fHOlcWTHsXd3lu8oBG50t3g2uyQzOGRCMjhi~RTQoTxDF5nCg3egXrBxX9nDHg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://jsmt.khu.ac.ir/browse.php?a_id=449&sid=1&slc_lang=en
https://doi.org/10.1016/j.clinbiomech.2016.05.005
https://www.ncbi.nlm.nih.gov/pubmed/27214246
https://www.google.com/books/edition/Biomechanics_and_Motor_Control_of_Human/_bFHL08IWfwC?hl=en&gbpv=0
https://doi.org/10.1016/j.jbiomech.2016.02.052
https://www.ncbi.nlm.nih.gov/pubmed/26976228
https://doi.org/10.1519/jsc.0b013e3181739981
https://www.ncbi.nlm.nih.gov/pubmed/18714231
https://doi.org/10.1097/00007632-199906150-00011
https://www.ncbi.nlm.nih.gov/pubmed/10382251
https://doi.org/10.2519/jospt.1996.24.2.91
https://www.ncbi.nlm.nih.gov/pubmed/8832472
https://doi.org/10.1016/j.knee.2019.12.006
https://www.ncbi.nlm.nih.gov/pubmed/32014409
https://doi.org/10.3390/jfmk9010019
https://www.ncbi.nlm.nih.gov/pubmed/38249096
https://doi.org/10.1016/j.gaitpost.2018.12.024
https://doi.org/10.1016/j.gaitpost.2018.12.024
https://www.ncbi.nlm.nih.gov/pubmed/30594870
https://doi.org/10.1016/j.spinee.2004.11.014
https://www.ncbi.nlm.nih.gov/pubmed/15996612
https://doi.org/10.1016/j.gaitpost.2015.12.036
https://doi.org/10.1016/j.gaitpost.2015.12.036
https://www.ncbi.nlm.nih.gov/pubmed/27004664
https://doi.org/10.1007/s00586-019-06067-1
https://doi.org/10.1007/s00586-019-06067-1
https://www.ncbi.nlm.nih.gov/pubmed/31317309
https://doi.org/10.1097/brs.0b013e3181e6856d
https://www.ncbi.nlm.nih.gov/pubmed/20628326
https://doi.org/10.1016/j.spinee.2013.10.036
https://www.ncbi.nlm.nih.gov/pubmed/24231783

Scientific Journal of

Rehabilitation Medicine

[26] Huang SC. Cut-off point of the Scoliometer in school sco-
liosis screening. Spine (Phila Pa 1976). 1997; 22(17):1985-9.
[DOI:10.1097/00007632-199709010-00007] [PMID]

[27] Ferraro C, Venturin A, Ferraro M, Fabris Monterumici D,
Masiero S. Hump height in idiopathic scoliosis measured us-
ing a humpmeter in growing subjects: relationship between
the hump height and the Cobb angle and the effect of age on
the hump height. European Journal of Physical and Rehabili-
tation Medicine. 2017; 53(3):377-89. [DOI:10.23736/s1973-
9087.16.04227-1] [PMID]

[28] Thodberg HH, Jenni OG, Ranke MB, Martin DD. Standardiza-
tion of the Tanner-Whitehouse bone age method in the con-
text of automated image analysis. Annals of Human Biology.
2012; 39(1):68-75. [D0I:10.3109/03014460.2011.642405]
[PMID]

[29] Fritz JM, Irrgang JJ. A comparison of a modified Oswestry
Low Back Pain Disability Questionnaire and the Quebec Back
Pain Disability Scale. Physical Therapy. 2001; 81(2):776-88.
[DOI:10.1093/ptj/81.2.776] [PMID]

[30] Gurney B. Leg length discrepancy. Gait & Posture. 2002;
15(2):195-206. [DOI:10.1016/50966-6362(01)00148-5] [PMID]

[31] Beattie P, Isaacson K, Riddle DL, Rothstein JM. Validity of
derived measurements of leg-length differences obtained by
use of a tape measure. Physical Therapy. 1990; 70(3):150-7.
[DOI:10.1093/ptj/70.3.150] [PMID]

[32] Qiu XS, Zhang JJ, Yang SW, Lv F, Wang ZW, Chiew J, et al.
Anatomical study of the pelvis in patients with adolescent
idiopathic scoliosis. Journal of Anatomy. 2012; 220(2):173-8.
[DOI:10.1111/j.1469-7580.2011.01458.x] [PMID]

[33] O’Brien M. Radiographic Measurement Manual. Minneapo-
lis : Medtronic Sofamor Danek USA; 2004. [Link]

[34] Karkenny AJ, Magee LC, Landrum MR, Anari JB, Spiegel D,
Baldwin K. The Variability of Pelvic Obliquity Measurements in
Patients with Neuromuscular Scoliosis. JB & JS Open Access.
2021; 6(1):20.00143. [DOI:10.2106/jbjs.0a.20.00143] [PMID]

[35] Rigo M. Pelvis asymmetry in idiopathic scoliosis. Evidence of
whole torsional body deformity? In: Sevastik JA, Diab KM, edi-
tors. Research into Spinal Deformities. Amsterdam: |OS Press;
1997. [Link]

[36] Gupta MC, Wijesekera S, Sossan A, Martin L, Vogel LC,
Boakes JL, et al. Reliability of radiographic parameters in neu-
romuscular scoliosis. Spine (Phila Pa 1976). 2007; 32(6):691-5.
[DOI:10.1097/01.brs.0000257524.23074.ed] [PMID]

[37] Raabe ME, Chaudhari AMW. An investigation of jogging bio-
mechanics using the full-body lumbar spine model: Model
development and validation. Journal of Biomechanics. 2016;
49(7):1238-43. [DOI:10.1016/j.jbiomech.2016.02.046] [PMID]

[38] Neumann DA. Kinesiology of the musculoskeletal system-e-
book: Foundations for rehabilitation. Maryland: Mosby/Else-
vier; 2010. [Link]

Dizaji E, et al. Lower Extremity Joints’ Kinetic During Stop-Jump in Adolescents With Idiopathic Scoliosis. Sci J Rehab Med. 2025; 14(3):448-463.



http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://doi.org/10.1097/00007632-199709010-00007
https://www.ncbi.nlm.nih.gov/pubmed/9306527
https://doi.org/10.23736/s1973-9087.16.04227-1
https://doi.org/10.23736/s1973-9087.16.04227-1
https://pubmed.ncbi.nlm.nih.gov/27824236/
https://doi.org/10.3109/03014460.2011.642405
https://www.ncbi.nlm.nih.gov/pubmed/22148971
https://doi.org/10.1093/ptj/81.2.776
https://www.ncbi.nlm.nih.gov/pubmed/11175676
https://doi.org/10.1016/s0966-6362(01)00148-5
https://www.ncbi.nlm.nih.gov/pubmed/11869914
https://doi.org/10.1093/ptj/70.3.150
https://www.ncbi.nlm.nih.gov/pubmed/2304973
https://doi.org/10.1111/j.1469-7580.2011.01458.x
https://www.ncbi.nlm.nih.gov/pubmed/22133294
https://www.google.com/books/edition/Radiographic_Measurement_Manual/If_0swEACAAJ?hl=en
https://doi.org/10.2106/jbjs.oa.20.00143
https://www.ncbi.nlm.nih.gov/pubmed/33748643
https://ebooks.iospress.nl/doi/10.3233/978-1-60750-881-6-63
https://doi.org/10.1097/01.brs.0000257524.23074.ed
https://www.ncbi.nlm.nih.gov/pubmed/17413476
https://doi.org/10.1016/j.jbiomech.2016.02.046
https://www.ncbi.nlm.nih.gov/pubmed/26947033
https://www.google.com/books/edition/Kinesiology_of_the_Musculoskeletal_Syste/8ZhDPgAACAAJ?hl=en

