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ABSTRACT

The sway-back posture is common among different societies and has many
consequences, especially for teenage boys. Previous studies have assumed no significant difference in
posture between the right and left sides for individuals with sway-back posture. Accordingly, this study
investigates the differences in posture between the right and left sides in the sagittal plane among high
school boys with sway-back posture and anterior pelvic tilt.

[VETTELE The study involved 45 high school boys with sway-back posture and anterior pelvic tilt. The
mean age of the participants is 16.33 years. The mean body mass index is 21.33 kg/m?2. The mean sway-
back angle is 15.49 degrees on the right side and 15.29 degrees on the left side. Additionally, the mean
pelvic tilt is 16.96 degrees on the right side and 15.27 degrees on the left side. The sway angle, as the
main characteristic of this posture, and forward head, forward shoulder, trunk lean, pelvic displacement,
and pelvic tilt or hip angles as its connected details were calculated using the photogrammetry method
on both sides of the body. Thoracic hyper-kyphosis was measured using by flexible ruler.

[EETE The results of the 1-way repeated measures multivariate analysis of variance test showed a
significant difference between the posture on the right side compared to the left in high school boys
with sway-back with a large effect size (F, .,=7.92, P=0.001, Wilk lambda=0.407, and Partial Eta Squared
[np?]=0.593)

[@TEIER Contrary to the assumptions of past studies based on a traditional reductionist approach,
it is necessary to measure the posture of individuals with sway-back on both sides of the body using a
¢ comprehensive approach grounded in a systemic perspective.
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Introduction

he sway-back posture is very common

among different societies. It is characterized

by a faulty alignment in which the pelvis

moves forward and the upper body shifts

backward in the sagittal plane. In these
individuals, in the standing position and from the side view,
the line of gravity passes behind the hip joint. This body
position can be associated with an increase in thoracic
kyphosis, forward head and shoulders, a decrease in lumbar
lordosis, posterior or anterior pelvic tilt, and hyperextension
of the hip and knee joints. In this passive position, many
anti-gravity muscles do not support the body, and the person
is completely surrendered to the force of gravity, with most
of the passive structures, like ligaments and joint capsules,
providing stability. Studies and clinical observations have
reported numerous neuromuscular, morphological, and
biomechanical complications associated with this posture,
which has many consequences, especially for teenage boys.

In previous studies, photogrammetry has been utilized
as areliable method for assessing posture in normal stand-
ing, particularly for measuring angles in the sagittal plane.
Accordingly, in most of the previous studies, researchers
have employed this method to quantitatively assess the
sway-back posture in the sagittal plane. However, with a
traditional approach and a reductionist perspective, it has
been assumed that there is no difference between the pos-
tures on the right side compared to the left in the sagittal
plane for individuals with sway-back. In a comprehensive
approach, researchers believe that it is necessary to mea-
sure the posture of these individuals in the sagittal plane
on both sides of the body to lead to problem-solving with
a higher degree of confidence. Hence, this study investi-
gates the difference in posture between the right and left
sides in the sagittal plane in high school boys with sway-
back and anterior pelvic tilt.

Methods

The study involved 45 high school boys with sway-back
posture and anterior pelvic tilt who were randomly select-
ed. The mean age of the participants is 16.33 years. The
mean body mass index is 21.33 kg/m2. The mean sway-
back angle is 15.49 degrees on the right side and 15.29
degrees on the left side. Additionally, the mean pelvic tilt
is 16.96 degrees on the right side and 15.27 degrees on
the left side. A total of 15 reflective markers were used
for each person. The markers were placed on the tragus,
acromion process, superior anterior iliac spine, superior
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posterior iliac spine, greater trochanter of the femur, lat-
eral epicondyle of the femur, lateral malleolus (all on both
sides of the body), and the seventh cervical vertebra. The
sway angle, as the main characteristic of this posture,
and forward head, forward shoulder, trunk lean, pelvic
displacement, pelvic tilt, and hip angles as its connected
details were calculated using the photogrammetry method
on both sides of the body (Figure 1).

Thoracic hyper-kyphosis was measured using by flex-
ible ruler (Figure 1). Having a sway angle greater than or
equal to 10 degrees, and an anterior pelvic tilt greater than
or equal to 10 degrees on the right side, thoracic kyphosis
angle greater than 46 degrees, along with a body mass in-
dex ranging from 18 to 25, were the inclusion criteria for
entering the study. A history of bone and joint problems
and diseases, such as rheumatoid arthritis and fractures,
as well as previous surgeries in the spine, pelvis, shoul-
der girdle, and lower limbs, and a history of diseases that
require special considerations, such as cardiovascular dis-
eases, spinal canal stenosis, spondylolisthesis, epilepsy,
severe anemia, and metabolic and endocrine diseases,
based on questions asked of the parents of the participants
(self-reported), and tibia vara, anti-version or retroversion
of the femoral head and neck, pes cavus, genu varum, and
scoliosis greater than10 degrees in different parts of the
spine, were exclusion criteria for this study. Descriptive
and inferential statistics were employed to examine and
analyze the research data. The analyses were conducted
using SPSS software, version 27 (Tables 1, 2, and 3). To
compare the posture on the right side to the left in the sag-
ittal plane, the means of the variables were compared. In
this context, to assess the differences in means, consid-
ering there were multiple dependent variables, a 1-way
multivariate repeated measures analysis of variance test
was employed. Additionally, the degree of correlation be-
tween the corresponding dependent variables on the right
and left sides was examined.

Results

The results of the 1-way multivariate repeated measures
analysis of variance test showed a significant difference
between the posture on the right side compared to the left
in high school boys with sway-back with a large effect
size (F7, = 7-92, P=0.001, Wilk lambda=0.407, and par-
tial Eta Squared [np*]=0.593).

Additionally, the results of the 1-way multivariate re-
peated measures analysis of variance test (Table 2) in-
dicated that this difference is significant for the forward
head, forward shoulder, pelvic displacement, and pelvic
tilt angles. The difference between the means on the two
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Figure 1. A schematic view of calculating the study variables

(1) The sway angle is equal to 180 minus the angle between the spinous process of the seventh cervical vertebra (C7), the greater
trochanter of the femur (GT), and the midpoint of the lateral malleolus (LM); (2) The trunk lean angle is equal to the angle between
the line passing through the spinous process of C7 and GT, and a vertical line passing through the GT; (3) The pelvic displacement
angle is equal to the angle between the line passing through the midpoint of LT and GT and a vertical line passing through GT; (4)
The pelvic tilt angle is equal to the angle between the line passing through the anterior superior iliac spine (ASIS), the posterior
superior iliac spine (PSIS), and the horizontal line passing through the PSIS; (5) The hip angle is equal to the angle between the line
passing through PSIS and ASIS and a line passing through the GT and the lateral epicondyle; (6) The forward head angle is equal
to the angle between the line passing through the tragus and the spinous process of C7, and the vertical line passing through the
C7, while the forward shoulder angle is equal to the angle between the line passing through the acromion process and the spinous
process of C7, and the vertical line passing through C7; (7) Using a flexible ruler for calculating the thoracic kyphosis angle from
C7 to the twelfth thoracic vertebra

sides for forward head, pelvic displacement, and pelvic
tilt angles exhibited a large effect size, while for forward
shoulder, the effect size was close to large. Furthermore,
there was no strong correlation between the data obtained
from posture measurements on the right side compared to
the left side (Table 3).

The Pearson correlation results revealed a weak corre-
lation between the two sides of the body for sway and
trunk lean angles despite no significant difference in their
means. This indicates a slight similarity between these
variables on both sides of the body.

Conclusion

Contrary to the assumptions of past studies based on
a traditional reductionist approach, it is necessary to
measure the posture of individuals with sway-back on
both sides of the body using a comprehensive approach

grounded in a systemic perspective. The data obtained
from one side of the body, whether from the variables
that did not show a significant difference in their means
between the two sides of the body, or from the variables
that had a significant difference in their means between
the two sides of the body, cannot be representative of the
opposite side of the body.

Ethical Considerations
Compliance with ethical guidelines

All ethical principles, such as the participants' informed
consent, confidentiality, and right to leave the study, were
considered. Ethical approval was obtained from the Re-
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Table 1. Descriptive characteristics of subjects and research variables (n=45)

e o MeantSD 95%Confidence Interval for Mean Standard Error
Lower Bound Upper Bound (Mean)

Age (years) - 16.33+0.78 16.10 16.57 0.12
Weight (kg) 65.3916.61 63.41 67.38 0.98
Height (cm) — 175.0745.69 173.36 176.78 0.85
Body mass index (kg/m2) -— 21.33+1.76 20.80 21.86 0.26
Sway angle (degrees) Right 15.4943.81 14.34 16.63 0.57
Sway angle (degrees) Left 15.2943.79 14.15 16.43 0.56
Forward head (degrees) Right 45.49+4.83 44.04 46.94 0.72
Forward head (degrees) Left 41.78+4.92 40.30 43.26 0.73
Forward shoulder (degrees) Right 68.02+8.79 65.38 70.66 131
Forward shoulder (degrees) Left 71.40+10.78 68.16 74.64 1.61
Thoracic kyphosis (degree) - 54.51+4.02 53.31 55.72 0.60
Trunk lean (degrees) Right 9.50+2.41 8.78 10.22 0.36
Trunk lean (degrees) Left 10.1612.44 9.43 10.89 0.36
Pelvic displacement (degrees) Right 5.89+2.10 5.26 6.52 0.31
Pelvic displacement (degrees) Left 4.9612.22 4.29 5.62 0.33
Pelvic tilt (degrees) Right 16.9613.84 15.80 18.11 0.57
Pelvic tilt (degrees) Left 15.27+4.15 14.02 16.51 0.62
Hip angle (degrees) Right 78.13+5.71 76.42 79.85 0.85
Hip angle (degrees) Left 79.49+5.24 77.91 81.06 0.78
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Table 2. Results of the 1-way repeated measures analysis of variance (comparing right and left sides for the research variables)

95% Confidence
. Mean Inte.rval CiS Sumof Degreeof Mean Signifi- Partial Eta  Observed
Variable (Degrees) 5 Difference F
Difference ——————————— Squares  Freedom  Square cance Squared Power
Lower Upper
Bound Bound
Sway angle 0.20 -1.06 1.46 0.90 1 0.90 0.102 0.75 0.002 0.061
Forward head 3.71 2.63 4.79 309.88 1 309.88 47.904 0.01 0.521 1
Forward shoulder -3.38 -6.16 -0.59 256.71 1 256.71 5.963 0.01 0.119 0.666
Trunk lean -0.66 -1.57 0.25 9.77 1 9.77 2.119 0.15 0.046 0.296
Pelvic
. 0.93 0.23 1.64 19.60 1 19.60 7.104 0.01 0.139 0.741
displacement
Pelvic tilt 1.69 0.81 2.57 64.18 1 64.18  14.955 0.01 0.254 0.966
Hip angle -1.35 -2.94 0.23 41.34 1 41.34 2.977 0.09 0.063 0.393
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Table 3. Pearson Correlation Results Between Right and Left Sides for the Research Variables

Variable (Degrees) Correlation Between the Right and Left Sides Significance
Sway angle 0.391 0.01
Forward head 0.728 0.01
Forward shoulder 0.567 0.01
Trunk lean 0.215 0.157
Pelvic displacement 0.412 0.01
Pelvic tilt 0.734 0.01
Hip angle 0.539 0.01

Scientific Journal of
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22, BMI

23. Tibia Vara

24. Leg Length Discrepancy Test
25. David J. Magee

26. Anteversion

27. Retroversion

28. Craig’s Test

29. Alexandria Uding
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18. Comprehensive Approach
19. System Thinking

20. Human Movement System
21. G*Power
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37. Posterior Superior lliac Spine (PSIS)
38. Greater Trochanter of Femur

39. Lateral Epicondyle of Femur

40. Lateral Malleolus

41. Seventh Cervical Vertebra
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30. Adam’s Forward Bend Test

31. List Randomizer Menu

32. Random Sequence Menu

33. Motion Capture and Analysis System
34. Tragus

35. Acromion Process

36. Anterior Superior lliac Spine (ASIS)
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2. z,=Skew Value/SE(Skewness)

Z,=Excess kurtosis/SE(Excess kurtosis)

43. Imagemetr

44, Shapiro-Wilk Test
45. Z-Scores

46. Skewness

47. Kurtosis
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1. a=4[Arctan(2H/L)]
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42. Samsung Galaxy Note Nine
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48. One-Way Multivariate Repeated Measures Analysis of Variance
(MANOVA)
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49. Wilk's Lambda
50. One-Way Repeated Measures ANOVA
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51. Co-Contraction

52, Reciprocal Contraction

53. Passive and Active Muscle Stiffness
54, Local Muscle System

55. Global Muscle System

56. Mover (Global Mobility Muscle Role)
57. Stabilisers

58. Muscle Sling

MU Cudy 41 Moo lpunt 53 e 9 Sonly Sennw (3 yigy S5 o) e g o (SIS el


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

39 yzewg (6 S o3l 5l ol glacols o (60l ) (Siwon
ek (il 092 o o b dglie jo cnl) e
s, 5503l (6l a5 09 o] ) (Sl pol> G b
aS a8 Slalllas (6,8 i AW sl iy 4D ol 4l
G RPSI PRI RE-JRE ARSI SgDecs
2 gy ol (ool olf s 5l 8,5 5 oS el 9,505, L
Dgds (6 S 03l Caans 90,2
Moo lszgd Ol 835 22 O Gl aSl aazgily
Lol @l «d)F Ojse (X sahd il bl ey &

Sldlas g ols e jlagl iy 43 e o 3l dad 4y g5 ol
93 )0 yorawgy iglds ooy Sladsw 5 90,5 oo slpiiin

SFES Jlwg 3l b3l 6lp 90K )8 (w)p )90 55
23,5 oolarwl &S > l’,.:Jls—l oKwo vule

g3 @B Jaol 3l (595w

Joddl g b d;Ua.o @)1?‘ Sla>de Ry LS‘)-'." 5
8,5 53 10 b )ys pale 5 (Saaian i olSimgy IS ALeS
l, sIRSSRC.REC.1402.297 oot 4 351 oS 5 o

awlis ool b @.u}T)ISg;{S}Sﬁjlw.wl X
o3l <8l ,0IRCT20231228060555N1 o )Lois 4 ‘S{Laj)lf

L]
ool

© eolo ol 65 Al 5l a8, alie oy
QUP u...al)f ‘@)Lal QIS)_> 9 5559 u.wl.,.w . ]M)
s oEEIS ol g 2D3s pole oaSadls o >Nl
Slaglails | o S5 055gen assy ol Ml
Lol 00,55 28l o elatil 1l g cogas ( g0
OB Shanny g3 S koo

walllas (b 5 poie ;5 LSy jebay G ansi plos

P At 9 gl e ol Ldo9ds 3255 5 5 5l ex
AL &S e allie

&8s ol

8 glie o e alie (sl e B s ol s Ly

2l 390 650 Sl Gl ol (Sos (izpen
g0 99,5 S S (gt 9 LaciS wiile lagygil (S
iy Glogasls plo by QU ayly (o5 Jlade jo yoss
Gebod 10.00,5 e b ol S 0 G Al 4y s
U Wl oo e Caon 0 oy gl 4 4l gy Sl
S (G Dpgots LS Gy s cele 152
2ol e g 2Bl B S D90 S 3 Sleclusly 152 4
T e 53 i Cnow 4 45 ozl gl Al e
> go Wlgi oo Culedys aS Al oud el G 4y e
Sz SFll 93 035 o S 0 OB aly 4
Wlgioe DS gt 0 Ftele (B2 2 g (S 0 Seluly
9 Sensly s 50 a5 4y O gl oS e bl zge
038 (it o S

Ol o yld S (gl 4S (90525l pol Budon o
P LSS (g oo Sl D9y (s Ceas 93 50 DU gl
o3l e, Ko Fclwoly id o s sl yisu plu 09 el
WS oo yiien B Sl as S Sy o p3 1, S gl
)J u.ELC Coww A al @l}dal} 4.15‘) ).H.....».v o).h‘ 45&[.7)0
4 o Seos (] j0 SB agly (o158l Jotae oz S
i 0y S o] SlS iz gl a5 wil o i cd
il @l jad et o Feels s >l Lol se 0,5

g Slisdon sliwl) o Wl o Buod (pl (e

bl b e 0] 5hlg 515 5 [V Y] oS
Ao, bl Sty 4 M oz gs s D188 et jo
JU39,8 axmio ;5 Dl (g ;5 QL Jlars Sl 2y
3 ol eed S Yt 3bly 55 a4 o VY] w5 e
L1015 )ls o9y Jtsg,p asio o dis o3l a8 g
Al g plal Sl pladl Jsbo b (olaSogasl a5 go92sl
My 09,9 ,ol> Geions & Sly88 (g 10 jedsSiul 4 Do
gl S 4 G gzl Ll 5o (S8 pas Lol win S5
2 0N ool Gy Jols Wl oo a9 0 S 2l
asas )5 il ety ay M ol 8l ol 188 et (0 4y g3l wgd
o8 Celuwaly i > uiomen 005 ol sl o JLis 3
S8 gt ) (Sl 3 S el (2352 e Sl oo S
00,5 ol s o JlSg 8 asmio 4o )] 0 wed ol g

Sl cn o Mis o8l o o b g lio j0 Sl Cous

Ol podle 5)ls 09y o sime igles Jlusle amis o

MU Sy dr Yool png 53 e g Sondly Sonw (2 ymigy g5 o) o g o (Lo el


http://medrehab.sbmu.ac.ir/
https://ssrc.ac.ir/fa
https://irct.behdasht.gov.ir/
https://ut.ac.ir/fa

Vo slons IF 593 NF+F gl g (339395 PYPRRT R z|

13,88 g ;S
‘qso;&afuAg&,bddlﬁl;dl)odlm@oyﬂ@wjl
BRasle)l idy o a5 (Ldé Lo 1188 Wil5 S 5w
Oeizpes widile) )b e b 4 S dRiagh
Soz e glocls oz IS Slige s9iie py>re GLBT
M lapils g ol il Bolo 5 cduainny deswe (5 5,

Bl g0 (198 g ST Wis ST S

MU Cudy 41 Moo lpunt 53 e 9 Sonly Sennw (3 yigy S5 o) e g o (SIS el



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

Scientific Journal of

References

[1] Kendall FP, McCreary E, Provance P, Rodgers M, Romani W. Mus-
cles: Testing and function, with posture and pain (Kendall, Mus-
cles). Philadelphia: Lippincott Williams & Wilkins; 2005. [Link]

[2] Czaprowski D, Stolinski £, Tyrakowski M, Kozinoga M, Kotwicki
T. Non-structural misalignments of body posture in the sagittal
plane. Scoliosis and Spinal Disorders. 2018; 13:6. [DOI:10.1186/
$13013-018-0151-5] [PMID] [PMCID]

[3] Qasabian L. [Comparison of the electromyographic activity
of selected trunk muscles in non-athletic university girls with
sway-back and normal postures in different standing and sit-
ting positions (Persian)] [Master’s thesis]. Tehran: University
of Tehran; 2015. [Link]

[4] O'Sullivan PB, Grahamslaw KM, Kendell M, Lapenskie SC,
Moller NE, Richards KV. The effect of different standing and
sitting postures on trunk muscle activity in a pain-free popu-
lation. Spine. 2002; 27(11):1238-44. [DOI:10.1097/00007632-
200206010-00019] [PMID]

[5] Sahrmann S. Movement system impairment syndromes of the
extremities, cervical and thoracic spines-e-book. Edinburgh:
Elsevier Health Sciences; 2010. [Link]

[6] Darzi Sheikh Z, Seidi F, Rajabi R. [The effect of 10-week correc-
tive exercises program on the alignment and electromyograph-
ic activity of selected muscles on Sway back faulty posture in
female students (In Persian)] [PhD dissertation]. Tehran: Uni-
versity of Tehran; 2019.

[7] Darzi Sheikh Z, Seidi F, Rajabi R, Minoonejad H. [Comparison of
the electromyographic activity of trunk and hip muscles during
standing in females with and without swayback posture (Per-
sian)]. The Scientific Journal of Rehabilitation Medicine. 2019;
8(2):119-28. [DOI:10.22037/jrm.2018.111394.1960]

[8] Kisner C, Colby LA, Borstad J. Therapeutic exercise: Founda-
tions and techniques. Philadelphia: Fa Davis; 2017. [Link]

[9] Pezolato A, de Vasconcelos EE, Defino HL, Nogueira-Barbosa
MH. Fat infiltration in the lumbar multifidus and erector spinae
muscles in subjects with sway-back posture. European Spine
Journal. 2012; 21(11):2158-64. [DOI:10.1007/s00586-012-
2286-z] [PMID] [PMCID]

[10] Yalfani A, Anbarian M, nikoo R, Anbarian M. Relationship be-
tween postural control with sway- back malalignhment in the
non-athlete males . Journal of llam University of Medical Sci-
ences. 2014; 22(5):189-201. [Link]

[11] Lewis CL, Sahrmann SA. Effect of posture on hip angles and
moments during gait. Manual Therapy. 2015; 20(1):176-82.
[DOI:10.1016/j.math.2014.08.007] [PMID] [PMCID]

[12] Lewis CL, Sahrmann SA, Moran DW. Effect of hip angle on an-
terior hip joint force during gait. Gait Posture. 2010; 32(4):603-
7.[D0I:10.1016/j.gaitpost.2010.09.001] [PMID] [PMCID]

[13] Dolphens M, Vleeming A, Castelein R, Vanderstraeten G,
Schldsser T, Plasschaert F, et al. Coronal plane trunk asymme-
try is associated with whole-body sagittal alignment in healthy
young adolescents before pubertal peak growth. European
Spine Journal. 2018; 27(2):448-57. [DOI:10.1007/s00586-017-
5156-x] [PMID]

[14] Wirth B, Potthoff T, Rosser S, Humphreys BK, de Bruin ED.
Physical risk factors for adolescent neck and mid back pain:
A systematic review. Chiropractic & Manual Therapies 2018;
26(1):36. [DOI:10.1186/s12998-018-0206-y] [PMID] [PMCID]

[15] Smith A, O’Sullivan P, Straker L. Classification of sagittal thora-
co-lumbo-pelvic alignment of the adolescent spine in standing
and its relationship to low back pain. Spine. 2008; 33(19):2101-
7. [DOI:10.1097/BRS.0b013e31817ec3b0] [PMID]

[16] Potthoff T, de Bruin ED, Rosser S, Humphreys BK, Wirth B.
A systematic review on quantifiable physical risk factors for
non-specific adolescent low back pain. Journal of Pediatric Re-
habilitation Medicine. 2018; 11(2):79-94. [DOI:10.3233/PRM-
170526] [PMID]

[17] Dolphens M, Cagnie B, Coorevits P, Vleeming A, Danneels
L. Classification system of the normal variation in sagittal
standing plane alignment: A study among young adoles-
cent boys. Spine. 2013; 38(16):E1003-E12. [DOI:10.1097/
BRS.0b013e318280cc4e] [PMID]

[18] Dolphens M, Cagnie B, Coorevits P, Vleeming A, Palmans T,
Danneels L. Posture class prediction of pre-peak height veloc-
ity subjects according to gross body segment orientations us-
ing linear discriminant analysis. European Spine Journal. 2014;
23(3):530-5. [DOI:10.1007/s00586-013-3058-0] [PMID] [PM-
CID]

[19] Mulhearn S, George K. Abdominal muscle endurance and its
association with posture and low back pain: An initial investiga-
tion in male and female elite gymnasts. Physiotherapy. 1999;
85(4):210-6. [DOI:10.1016/50031-9406(05)65666-0]

[20] Abdolvahabi Z, Salimi Naini S, Kallashi M, Shabani A, Rahmati
H, Letafatkar K. The effect of sway back abnormality on struc-
tural changes of body parts. Journal of Research in Rehabilita-
tion Sciences. 2010; 6(1):52-62. [DOI:10.22122/jrrs.v6i1.121]

[21] Simorgh L, Kheirkhah M, Khakhali-Zavieh M. [Investigation
of sway back posture prevalence and alignment of spine and
lower limb joints in this deformity (Persian)]. Journal of Reha-
bilitation. 2006; 7(2):31-37. [Link]

[22] Yalfani A, Naderi A, Anbarian M, Nikoo MR. [The effects of 12
weeks of corrective exercise program on the sway back posture
in 18-25 male (Persian)]. Journal of Applied Exercise Physiol-
ogy. 2015; 11(21):47-62. [DOI:10.22080/jaep.2015.1106]

[23] Araujo FA, Martins A, Alegrete N, Howe LD, Lucas R. A shared
biomechanical environment for bone and posture develop-
ment in children. The Spine Journal. 2017; 17(10):1426-34.
[DOI:10.1016/j.spinee.2017.04.024] [PMID]

[24] Araujo FA, Severo M, Alegrete N, Howe LD, Lucas R. Defining
patterns of sagittal standing posture in girls and boys of school
age. Physical Therapy. 2017; 97(2):258-67. [DOI:10.2522/
ptj.20150712] [PMID]

[25] Dolphens M, Cagnie B, Coorevits P, Vanderstraeten G, Cardon
G, D’hooge R, et al. Sagittal standing posture and its association
with spinal pain: A school-based epidemiological study of 1196
Flemish adolescents before age at peak height velocity. Spine.
2012;37(19):1657-66. [DOI:10.1097/BRS.0b013e3182408053]
[PMID]

Salehi Saheb A, et al. Posture Differences Between the Right and Left Sides in Boys With Sway-Back. Sci J Rehab Med. 2025; 14(1):116-133.


http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://cir.nii.ac.jp/crid/1362262944032753920
https://doi.org/10.1186/s13013-018-0151-5
https://doi.org/10.1186/s13013-018-0151-5
https://www.ncbi.nlm.nih.gov/pubmed/29516039
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5836359
https://noordoc.ir/thesis/101381
https://doi.org/10.1097/00007632-200206010-00019
https://doi.org/10.1097/00007632-200206010-00019
https://www.ncbi.nlm.nih.gov/pubmed/12045525
https://books.google.com/books?hl=en&lr=&id=hAZT-VFiTUoC&oi=fnd&pg=PP1&dq=Sahrmann+S.+Movement+system+impairment+syndromes+of+the+extremities,+cervical+and+thoracic+spines-e-book:+Elsevier+Health+Sciences%3B+2010.0323083781.&ots=Ky3sHFsKt_&sig=SuB1u_lIcQztciXKcgvh-nXmhvQ#v=onepage&q&f=false
https://medrehab.sbmu.ac.ir/article_1100601_1038.html
https://books.google.com/books?hl=en&lr=&id=yZc6DwAAQBAJ&oi=fnd&pg=PR1&dq=Kisner+C,+Colby+LA,+Borstad+J.+Therapeutic+exercise:+Foundations+and+techniques:+Fa+Davis%3B+2017.0803658540.&ots=Ngt2J4gETh&sig=Q8UNeopR1n4cx5q77AQbubDxBpQ#v=onepage&q&f=false
https://doi.org/10.1007/s00586-012-2286-z
https://doi.org/10.1007/s00586-012-2286-z
https://www.ncbi.nlm.nih.gov/pubmed/22465969
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3481104
https://sjimu.medilam.ac.ir/article-1-1579-en.html
https://doi.org/10.1016/j.math.2014.08.007
https://www.ncbi.nlm.nih.gov/pubmed/25262565
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4286484
https://doi.org/10.1016/j.gaitpost.2010.09.001
https://www.ncbi.nlm.nih.gov/pubmed/20934338
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3063362
https://doi.org/10.1007/s00586-017-5156-x
https://doi.org/10.1007/s00586-017-5156-x
https://www.ncbi.nlm.nih.gov/pubmed/28578458
https://doi.org/10.1186/s12998-018-0206-y
https://www.ncbi.nlm.nih.gov/pubmed/30258567
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6151922
https://doi.org/10.1097/BRS.0b013e31817ec3b0
https://www.ncbi.nlm.nih.gov/pubmed/18758367
https://doi.org/10.3233/PRM-170526
https://doi.org/10.3233/PRM-170526
https://www.ncbi.nlm.nih.gov/pubmed/30010152
https://doi.org/10.1097/BRS.0b013e318280cc4e
https://doi.org/10.1097/BRS.0b013e318280cc4e
https://www.ncbi.nlm.nih.gov/pubmed/23222649
https://doi.org/10.1007/s00586-013-3058-0
https://www.ncbi.nlm.nih.gov/pubmed/24097292
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3940786
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3940786
https://www.sciencedirect.com/science/article/abs/pii/S0031940605656660
https://jrrs.mui.ac.ir/article_16397.html
http://rehabilitationj.uswr.ac.ir/article-1-45-en.html
https://asp.journals.umz.ac.ir/article_1106.html
https://doi.org/10.1016/j.spinee.2017.04.024
https://www.ncbi.nlm.nih.gov/pubmed/28479481
https://doi.org/10.2522/ptj.20150712
https://doi.org/10.2522/ptj.20150712
https://www.ncbi.nlm.nih.gov/pubmed/28204737
https://doi.org/10.1097/BRS.0b013e3182408053
https://www.ncbi.nlm.nih.gov/pubmed/22108378

[26] Naderi A. [The comparison of effects 3 corrective exercise
methods on the spinal alignment of the individuals with sway
back posture (Persian)]. Journal of Applied Exercise Physiology.
2018; 14(27):29-48. [DOI:10.22080/jaep.2018.1793]

[27] Krawczky B, Pacheco AG, Mainenti MR. A systematic review
of the angular values obtained by computerized photogram-
metry in sagittal plane: A proposal for reference values. Jour-
nal of Manipulative and Physiological Therapeutics. 2014;
37(4):269-75. [DOI:10.1016/j.jmpt.2014.01.002] [PMID]

[28] Bonifacio D, Lopes i, Martins F, Barbosa M, Vitorino D, Barbo-
sa A. Intra-and inter-rater reliability in photogrammetric pelvic
tilt angles analysis. International Journal of Therapy and Reha-
bilitation. 2013; 20(2):86-90. [DOI:10.12968/ijtr.2013.20.2.86]

[29] Helmy NA, El-Sayyad MM, Kattabei OM. Intra-rater and
inter-rater reliability of Surgimap Spine software for meas-
uring spinal postural angles from digital photographs.
Bulletin of Faculty of Physical Therapy. 2015; 20(2):193.
[DOI:10.4103/1110-6611.174719]

[30] Penha PJ, Penha NLJ, De Carvalho BKG, Andrade RM, Schmitt
ACB, Jodo SMA. Posture alignment of adolescent idiopathic
scoliosis: Photogrammetry in scoliosis school screening. Jour-
nal of Manipulative and Physiological Therapeutics. 2017;
40(6):441-51. [DOI:10.1016/j.jmpt.2017.03.013] [PMID]

[31] Ferreira EA, Duarte M, Maldonado EP, Bersanetti AA, Marques
AP. Quantitative assessment of postural alignment in young
adults based on photographs of anterior, posterior, and lateral
views. Journal of Manipulative and Physiological Therapeutics.
2011; 34(6):371-80. [DOI:10.1016/j.jmpt.2011.05.018] [PMID]

[32] Candotti CT, Gelain GM, Antoniolli A, Aradjo LM, Vieira A,
Loss JF. Repeatability and Reproducibility of Postural Vari-
ables by Photogrammetry. Journal of Manipulative and Physi-
ological Therapeutics. 2019; 42(5):372-8. [D0I:10.1016/].
jmpt.2018.10.006] [PMID]

[33] Alexandre AS, Sperandio EF, Yi LC, Davidson J, Poletto PR,
Gotfryd AO, et al. Photogrammetry: A proposal of objec-
tive assessment of chest wall in adolescent idiopathic sco-
liosis. Revista Paulista de Pediatria. 2019; 37(2):225-33.
[DOI:10.1590/1984-0462/;2019;37;2;00001] [PMID] [PMCID]

[34] Ferreira EA, Duarte M, Maldonado EP, Burke TN, Marques
AP. Postural assessment software (PAS/SAPO): Validation and
reliabiliy. Clinics. 2010; 65(7):675-81. [DOI:10.1590/51807-
59322010000700005] [PMID] [PMCID]

[35] Seidi F, Rajabi R, Ebrahimi I, Alizadeh MH, Minoonejad H.
The efficiency of corrective exercise interventions on thoracic
hyper-kyphosis angle. Journal of Back and Musculoskeletal
Rehabilitation. 2014; 27(1):7-16. [DOI:10.3233/BMR-130411]
[PMID]

[36] Ahn AC, Tewari M, Poon CS, Phillips RS. The clinical applica-
tions of a systems approach. PLoS Medicine. 2006; 3(7):e209.
[DOI:10.1371/journal.pmed.0030209] [PMID] [PMCID]

[37] Sahrmann SA. The human movement system: Our pro-

fessional identity. Physical Therapy. 2014; 94(7):1034-42.
[DOI:10.2522/ptj.20130319] [PMID]

Scientific Journal of

[38] Reeves NP, Narendra KS, Cholewicki J. Spine stability: The
six blind men and the elephant. Clinical Biomechanics. 2007;
22(3):266-74. [DOI:10.1016/j.clinbiomech.2006.11.011]
[PMID] [PMCID]

[39] Seidi F, Bayattork M, Minoonejad H, Andersen LL, Page P.
Comprehensive corrective exercise program improves align-
ment, muscle activation and movement pattern of men with
upper crossed syndrome: Randomized controlled trial. Scien-
tific Reports. 2020; 10(1):20688. [DOI:10.1038/s41598-020-
77571-4] [PMID] [PMCID]

[40] Mozafaripour E, Seidi F, Minoonejad H, Bayattork M, Kho-
shroo F. The effectiveness of the comprehensive corrective
exercise program on kinematics and strength of lower ex-
tremities in males with dynamic knee valgus: A parallel-group
randomized wait-list controlled trial. BMC Musculoskeletal
Disorders. 2022; 23(1):700. [DOI:10.1186/s12891-022-05652-
8] [PMID] [PMCID]

[41] Bayattork M, Seidi F, Minoonejad H, Andersen LL, Page P. The
effectiveness of a comprehensive corrective exercises pro-
gram and subsequent detraining on alignment, muscle activa-
tion, and movement pattern in men with upper crossed syn-
drome: Protocol for a parallel-group randomized controlled
trial. Trials. 2020; 21:1-10. [DOI:10.1186/513063-020-4159-9]
[PMID] [PMCID]

[42] Rajabi R, Latifi S. [Normality of curvature of the back (kypho-
sis) and lumbar spine (Lordosis) of Iranian men and women
(Persian)]. Research in Sport Sciences. 2010; 7:13-30. [Link]

[43] Hodges PW, Cholewicki J, Van Dieén JH. Spinal Control: The
Rehabilitation of Back Pain E-Book: State of the art and sci-
ence. Amsterdam: Elsevier; 2013. [Link]

[44] Magee DJ. Orthopedic physical assessment. Singapore: Else-
vier (Singapore) Pte Limited; 2013. [Link]

[45] Uding A, Bloom NJ, Commean PK, Hillen TJ, Patterson JD, Clo-
hisy JC, et al. Clinical tests to determine femoral version cat-
egory in people with chronic hip joint pain and asymptomatic
controls. Musculoskeletal Science & Practice. 2019; 39:115-22.
[DOI:10.1016/j.msksp.2018.12.003] [PMID] [PMCID]

[46] Page P, Frank C, Lardner R. Assessment and treatment of
muscle imbalance: The janda approach. Champaign: Human
kinetics; 2010. [Link]

[47] Naderi A, Katzman WB. Effects of a 12-week global corrective
exercise intervention on sway back posture in young adults:
A randomized controlled Trial. International Journal of Health
Studies. 2019; 5(3):11-6. [DOI:10.22100/ijhs.v5i3.577]

[48] Demir S. Comparison of normality tests in terms of sample
sizes under different skewness and Kurtosis coefficients. In-
ternational Journal of Assessment Tools in Education. 2022;
9(2):397-409. [DOI:10.21449/ijate.1101295]

[49] Kim HY. Statistical notes for clinical researchers: Assessing
normal distribution (2) using skewness and kurtosis. Restora-
tive Dentistry & Endodontics. 2013; 38(1):52-4. [DOI:10.5395/
rde.2013.38.1.52] [PMID] [PMCID]

[50] Wiles P . Postural deformities of the anteroposterior curves
of the spine . Lancet. 1937 ; 229(5929):911-9. [DOI:10.1016/
S0140-6736(00)86663-5]

Salehi Saheb A, et al. Posture Differences Between the Right and Left Sides in Boys With Sway-Back. Sci J Rehab Med. 2025; 14(1):116-133.


http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://asp.journals.umz.ac.ir/article_1793.html?lang=en
https://doi.org/10.1016/j.jmpt.2014.01.002
https://www.ncbi.nlm.nih.gov/pubmed/24793372
https://doi.org/10.12968/ijtr.2013.20.2.86
https://doi.org/10.4103/1110-6611.174719
https://doi.org/10.1016/j.jmpt.2017.03.013
https://www.ncbi.nlm.nih.gov/pubmed/28822476
https://doi.org/10.1016/j.jmpt.2011.05.018
https://www.ncbi.nlm.nih.gov/pubmed/21807260
https://doi.org/10.1016/j.jmpt.2018.10.006
https://doi.org/10.1016/j.jmpt.2018.10.006
https://www.ncbi.nlm.nih.gov/pubmed/31262579
https://doi.org/10.1590/1984-0462/;2019;37;2;00001
https://www.ncbi.nlm.nih.gov/pubmed/31340348
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6651306
https://doi.org/10.1590/S1807-59322010000700005
https://doi.org/10.1590/S1807-59322010000700005
https://www.ncbi.nlm.nih.gov/pubmed/20668624
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2910855
https://doi.org/10.3233/BMR-130411
https://www.ncbi.nlm.nih.gov/pubmed/23948845
https://doi.org/10.1371/journal.pmed.0030209
https://www.ncbi.nlm.nih.gov/pubmed/16683861
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1459481
https://doi.org/10.2522/ptj.20130319
https://www.ncbi.nlm.nih.gov/pubmed/24627430
https://doi.org/10.1016/j.clinbiomech.2006.11.011
https://www.ncbi.nlm.nih.gov/pubmed/17210212
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1865578
https://doi.org/10.1038/s41598-020-77571-4
https://doi.org/10.1038/s41598-020-77571-4
https://www.ncbi.nlm.nih.gov/pubmed/33244045
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7692548
https://doi.org/10.1186/s12891-022-05652-8
https://doi.org/10.1186/s12891-022-05652-8
https://www.ncbi.nlm.nih.gov/pubmed/35869467
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9306108
https://doi.org/10.1186/s13063-020-4159-9
https://www.ncbi.nlm.nih.gov/pubmed/32164773
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7069207
https://ensani.ir/fa/article/309690/%D9%86%D9%8F%D8%B1%D9%85-%D8%A7%D9%86%D8%AD%D9%86%D8%A7%D9%87%D8%A7%DB%8C-%D8%B3%D8%AA%D9%88%D9%86-%D9%81%D9%82%D8%B1%D8%A7%D8%AA-%D9%BE%D8%B4%D8%AA%DB%8C-%DA%A9%D8%A7%DB%8C%D9%81%D9%88%D8%B2-%D9%88-%DA%A9%D9%85%D8%B1%DB%8C-%D9%84%D9%88%D8%B1%D8%AF%D9%88%D8%B2-%D9%85%D8%B1%D8%AF%D8%A7%D9%86-%D9%88-%D8%B2%D9%86%D8%A7%D9%86-%D8%A7%DB%8C%D8%B1%D8%A7%D9%86%DB%8C
https://www.google.com/books/edition/Spinal_Control/-kuCMAEACAAJ?hl=en
https://www.google.com/books/edition/Orthopedic_Physical_Assessment/O41I0AEACAAJ?hl=en
https://doi.org/10.1016/j.msksp.2018.12.003
https://www.ncbi.nlm.nih.gov/pubmed/30553987
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6353568
https://www.google.com/books/edition/Assessment_and_Treatment_of_Muscle_Imbal/TkMyMb_z6HkC?hl=en
https://sjms.shmu.ac.ir/index.php/ijhs/article/view/577
https://doi.org/10.21449/ijate.1101295
https://doi.org/10.5395/rde.2013.38.1.52
https://doi.org/10.5395/rde.2013.38.1.52
https://www.ncbi.nlm.nih.gov/pubmed/23495371
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3591587
https://www.sciencedirect.com/science/article/abs/pii/S0140673600866635
https://www.sciencedirect.com/science/article/abs/pii/S0140673600866635

