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Effect of combined application of manipulation and stabilization exercises on pain

and spinal curvature in patients with chronic back Pain
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Abstract

Background: The purpose of this study was to inves-
tigate the effect of the combined application of ma-
nipulation and stabilization exercises on pain and spi-
nal curvature in patients with chronic back pain.
Design: Randomized controlled trial

Methods: The research subjects included 24 women
in their 40s and 50s who have chronic back pain. The
sample was evenly divided into an experimental
group, which received the combined application of
manipulation and stabilization exercises, and a control
group, which received stabilization exercises only.
The 30-minute intervention was applied five times a
week for eight weeks. A bivariate repeated measures
analysis of variances was conducted to identify the
differences between the two groups before the experi-
ment, after the fourth week, and at the end of the
eight-week experiment. The level of statistical sig-
nificance was set at.05. This analysis examined the
within-group changes and the between-group changes
using a paired t-test and an independent t-test,

respectively.

© 2022 by the Korean Physical Therapy Science

Results: Changes in pain differed significantly de-
pending on the time of the measurement, the inter-
action between the time of the measurement and each
group, and between the two groups (p<.05). Changes
in the curvature of the bones of the neck, the bones
of the back, and the lumbar vertebrae differed sig-
nificantly depending on the time of the measurement
and the interaction between the time of the measure-
ment and each group (p<.05).

Conclusion: The combined application of manipu-
lation and stabilization exercises demonstrated a pos-
itive effect on changes in pain and spinal curvature,
and the method is expected to be a useful intervention
for reducing pain and improving spinal curvature in

patients with back pain.

Key words: Back pain, Manipulation, Stabilization

Exercises, Spine curve.
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T FE 552 dE F9lolA 3/1E o) TAEHE B5 S 2 (Deyo 5, 2015) TS 75 8H4 A9} ¢
ALS, AAT A o ® FAE WA 7= AP o R UefA] QIthDamall &, 2021; Han?} Son. 2019). &8 &%
Alo] 3| HEA Fot ilEOi ojggo] glom ol Qld g BT Ao 4o AL shehstt
(Johansson 5, 2017; 4% 5, 2011). FHF = Aol o2 E&F3 xpA| ¢} 22 AFeF2] 07l WAysh= v 5
o] Al Aglo] A71¥ 1 Lo (Maher &, 2017), 82| F-FlollA] HEsh AL vAEFS st T
HRAIA 7L el 4] QlTHPeck 5, 2021). 312 % $hAb AWbA 0= S 9] 7SI fHAsHs 547 v
Al 22 US Holi(Swain 5, 2019) 2] T35 QT 90% LG F2el ojzwo] s 50%=

o B ool -3 EA5ka UrkKim 5, 2017). EE, oS el wls) et dfolst bR geerA Aol 2
Q18 3e) B0 FEo] okSchneider 5, 2006) 014 H2EF Bkl PIH FAE Tk S e
F% AT PAE % ofd st AR wael Brekn slg 55 B4 vl WA F7ksa oot

(Freburger ‘&, 2009).

gl s FAE 2% TA W oEs ofE v, AuA HF FAF 5 vheFst A5 EAE L AR
AlZkol Aol whef vhA] FAdo] WAL k=] RS Asty AUIA 0w FA4] X3 A9E Bt
(Hong -5, 2020; Traeger &, 2017). 18] 2.2 3Afof|A] @34 o2 2-88ki= WH-& Zbofof sb 71 el a3}
£ glsk= Aol st

=R BelA WA FE] T5a AT fF AR &F T8 A7 A= AR
S THLeemans &, 2021; Nguyen -5, 2021; Park¥} Lee, 2020). ©]5 = X 8+= X]E/\}
A gHS 9v]stal, =5 17 %] F(manual therapy)$} ¥4 715 (Joint Mobilization), ~E &% 5

olg] Aghe] o] g1l JQTHKim¥} Kim, 2020). ¥ AFE B Lee 5021 59 55 szl
o} ARHARE FEsl] A a7 559 MAdA gz olglal R a1kt Tsokanos 5(2021)+
7] ¥ (soft tissue techniques), X| 54 >EHH, =F AEE LS st BAR 7] FolA =4
b EEAHES Ao TS WIRbel TAAIT] AL FE2 7he =gkl Barskglt
Rajput¥} Atta(2021)3= A& 2t (cyriax) 2} d 2] 7 (mulligan) (epicondylitis) T4+ HF&
Ndgtar Barsto] vkt w wdso] 5l & e G T AR S, 2020).
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Ads 2 22 A2 554k }71. I (visual analogue scale, VAS) 5~77d el sllah & A5-2] 243} S
drgatar A=21Q1 o] AME Bl AR oklal oA E A = AAsIIth R AR A3 AT (Heo
5, 2016)5 A% G'power3.1(Heinrich Heine University Diisseldorf, Germany)(Faul %, 2009)5 ©]-&-3}o]

(a=0.05), 7174 (1-8=0.90), EH}A7](@=0.8)Z A3t 7} IFE 11EH AFEH o] BES 128l T 49
A =4 wdS Wyt QY sl -5 (manipulation and stabilization exercises group, MSG) 12%4, F7 3}
& (stabilization exercises group, SG) 12§ &% AM|¥7] HAS o] Fato] FFeIStE A7 o2+ 1) §E
5ol A A 2) AAA TSR 5~74 e st A 3) AT ATE oldeta e AlAE
T e A 4) F 23] o] AUIARl s sHA & AR ekl A9Vl 1) dY FEe & & 2)

] o
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kv

N
|'O
-u
0|I
I

g
of¥
=
0|I
I

AT SAE 8 =eARANA 20199 485E 2021 68l A1A TAE Sith EFudS 914

J &= H ol & (Momsys, IWS-501, Korea)& ©]-8 3]-01 Maitland®] ¥H4 7} 2] Manopulation 557 ]|
A =" AR e 31e A7) 7S ol gtk Bl A8 W oRE 5 FAUE SR S
QO A st Ak ofgFel| A F e T Oloi AIBHA shar Wil Z2 wivjE "ol 1S gk
ofgfZre] ST vl WHEA] WE AEHRE 5 F9 F v dEE 60° RS 90° Wl oke] 1y
kol A FAFS] &5 ol B £0 % 313 AlA wASith T Eubd 5ERE vkE o] /S sl
3} THFigure 1).

Eguyg Fol Y3t % &5
B4 E 2 ¢)-Ql(drawing-in) 52 A (curl-up) 5, Yot 7HEOE G177 %, T ¥ 3E A 252 3
Ack JH5 ER2Y-Ql A o R E YIEA] v & YUY FERE 45° 5 F 2N A s
SHRaL, A & ¥R 9] FES ThEel X st wEe wE oz ot zfo] npdte A Hojx|=
AR 5= stk Srhey] 7HEoR B7)7] 5 vk 9 4% JEHE Y FEREE Hos 53
sto] 750 R A 55kl 2 9 slE] 9] S AT oF Eues 7hE kel SIXSHAl kAl 2
HEE BE shdaA §Y B &Fs shaler B o st T IS F 2087 A8sto] TS0l gl
2 ‘/Hoﬂ’ﬂ AANERI T4 717 2= 198y 2520109 AdAo] 73RS Frske] 5 53], 15
30+, & 87K AASIITE S Eruds A8ekA] ol M EE SuS AT OFo R SATI W
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2) 2=+ & LY

T 595 S8l A7 obd® 11 2 S(visual analog scale, VAS)E ©]-&31ith 574 WS #2lo] “7| = 5
HEE 0014 S0l AT 10704 2] Atolel] FAsHES sho] =3} shlth o] F7F o] AAARE AlE ke
r=0.990] 31 HAL-AHARE A E EE =1.000] THWagner et al., 2007).

S el S, sjem Wik S48 fleiA AL Y (Donga X-ray Medical, Rex-525R, KOREA)= 81311l
A o737 el AR PabdAbel o8] SuE sttt 25 v 542 WiltseH Winter(1983) 12
o]-g3tAth Hm o Rt== wew ThAET] SAR-flolA AR TH S o) st S dddske FAde
o= Zb= o &sllth T o Rba= 1 o gde Adehs AN 129 e sdS ddsk=
TANE o] F= 22 ol &skith sle] W 19 e e Adehs A s slew st S A
St Aol o) F= 2 o] &3tk

B o5 = 28 3= SPSS 21.0(SPSS Inc., Chicago, USA) 2 135 o] &3t} tabxte] Awts 5419 3
THEE o FR1E 918l Shapiro-wilk A& sHR oM, F 152 A3 A, 47 F, 857 2 W3l o] 8l ¥k
S FAHEA (two-way repeated ANOVA)Z 31 11, a=.05% 3FATh Al7]9} ek 7+ Abs 2k-g-0] WhAy3sk 7 -9-o =
ArEAF o R Aek U Wshs 8% E -7 Y (paired t-test)= 31 1, At 7 ZFo]= HHEE -7 7 (independent
ttestyS o] 43kt 1§ 275 £°17] 28] Bonferroni WS o] 8381 a=01= 3}3ITh

. |+23

1. 01?. EHAI-;(I_O OlHIX o] EAM

A o ZHINPl =9
AT Agel Fofsk gk oAk 12W o H A2 161.25£3.95em, Ft A7 49.91+5.17A,
T Al 57.50+7.91kgo| ok thzrell Frofsh ti A= oA} 129 0% Hat Al 160.58+3.55em, T 1%
< 50.75+5.654, Bt F A 61.00£8.03kg 0. LEFE O hkabe] AntA] 543S thEd Zt<Table 1>

Table 1. General characteristics of subjects (N=24)

MSG (n=12) SG (n=12) )4
Height (cm) 161.25+3.95° 160.58+3.55 0.600
Age (years) 49.91+5.17 50.75+5.65 0.453
Weight (kg) 57.50+7.91 61.00+8.03 0.589

*Mean+SD, MSG=manipulation and stabilization exercises group; SG=stabilization exercises.

A el g FF Wshkes AZIEI A7) A 7F oA, e F Astel A {fo3 SUHE Bla
(p<05), Aoz g1gh Ak f WstelA MWBGSF BGOlA 85 F-o {23k 2fo]7} QU3 a1 (p<.05), At
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b Apol= 45 Fok 85 FollA el xhol7} U THp<.05)<Table 2, 3>.

Table 2. Comparison of vas spine curve angle (N=24)

Pre 4weeks 8weeks Source F P
MSG 6.00+0.60 4.08+0.51 2.50+0.79 Time 280.099 0.000™
(Zﬁri) SG 6.00:£0.42 4.83+0.57 3.58+0.51 TimexGroup 10.134 0.001™
Group 9.680 0.005"
MSG 36.83+1.40 38.08+1.50 39.41+1.62 Time 52.035 0.000™
((j:? SG 3741131  37.66£1.409 3791156  TimexGroup 23.641 0.000™
Group 0.566 0.460
MSG 37.25+2.09 38.2542.30 39.66+2.30 Time 42.514 0.000™
Ij? SG 37.91+1.44 38.00+1.53 38.33£1.61  TimexGroup 12.316 0.000™
Group 0.157 0.696
MSG 42.2542.09 43.41+1.67 45.66+1.72 Time 106.363 0.000™
Ej; SG 42.00£1.27 43.50+1.00 43914124  TimexGroup 40.985 0.000™
Group 1214 0.283

Mean+SD, “p<0.05, “p<0.001, VAS=visual analogue scale; CA=cervical curve angle; TA=thoracic curve angle; LA=lumbar curve
angle; MSG=manipulation and stabilization exercises group; SG=stabilization exercises.

3. St DIZZ st
SA el wh
Ak 7 ol A
o)

F2l% Aol7t 9)

i v&%x—; MEE A7) A71sh A% 2 AE AR fo8 718 RYip<05)
o7k Y thp=03), AHFAA O e AT 1] WA MWBGH M 85 o
L(p<03), A% 1k AHololA] folgh o] 7k §11thp>.05)<Table 2, 3>
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4 St BiZE Big)

A e mE e T wiske AZEI A7)eE A gF A AgelA feld S7HE BAa(p<05)
ek 2 BN 13 JJol7k fRTHE=09), AERH 02 sH1s dek ) Wkl MWBGeIA 85 ol
o8 2|7k AQT(p<.05), Ak 7+ ZFoloA] F2)8 20|17} $2TH(p>.05)<Table 2, 3>,

= 2 AEAge fel $71E HYNE<05)
458 2 WSOV §2l7 ASIF SASIEH 09, AFFATOE AT A o] WA MWBGH BGAI] 57
Foll frole Aol7k AR Mp=05), Hk 2k AololA 85 o] Fol g 2ol 7} AATHp<05)<Table 2, 3>




bt
s
El
ol
:‘_I‘
r O
ol
)
Ho
ol
dz
o
2
oo
o
r =}
o,
Qb
ich
offt
olN
o
X
o
offt
olN
_Y:I,
D
Y
rEI
df
Py
2
=)
N
rr
ol
oot
&

Table 3. Intra-group changes and inter-group changes. (N=24)

After 4weeks” After 8weeks® t P

MSG 1.91+0.28 3.50+0.52 23.216 0.000™

VAS SG 1.16+0.71 2.410.66 12.522 0.000”
(score) t 3.358 3.952
P 0.003" 0.001™

MSG 1.25+0.45 2.58+0.79 11.285 0.000™

CA SG 0.24+0.45 0.50:£0.67 2.569 0.026
©) t 0.680 2.306
P 0.504 0.031

MSG 1.00+£0.42 2.41£0.79 10.557 0.000™

TA SG 0.83+0.51 0.41+0.66 2.159 0.054
©) t 0313 1.639
P 0.757 0.115

MSG 1.16£0.71 3.41+0.90 13.146 0.000”

LA SG 1.50+1.56 1.91+1.56 4.244 0.001"
©) t 0.148 2.855
p 0.884 0.009"

Mean£SD, *p<0.05, **p<0.001, VAS=visual analogue scale; CA=cervical curve angle; TA=thoracic curve angle; LA=lumbar curve
angle; MSG=manipulation and stabilization exercises group; SG=stabilization exercises. “Difference between pre and 4weeks,
®Difference between preand Sweeks.

off e
ofN 2
rlr

&4

3INE o) FElell RHMIFEFol Al o 249S e R B A 3 AEE s &5
), s, S o] Rb=tol] 1A ]
b= Al S A R] S
A= 2] At s
FalA ¥ thKader 5, 2000). =7

2

159 7H5Y S ﬂ&~01 Fo
HO

2

_%
AL
off
: o

b
Olr

1o

ll

[
==

O
Of
el
=
o
koﬁl-mf,i
rO
:Oé

W
o

, oE off i Ho
N T

o

o,
e
i
)
3
[o
r&
=
>
X
ry

)

N
>
ofl

o
1o
N

bk whgato] 0 715 AS 2A57] 9o S

ofN KU X of ox oX md
w8
2 ~
kil
o
)
i
o
_E
=
ol
ol

2
O
o
re
folr
=

ot
X
o

>

O 1%:@‘(2013);— FA719) obA71e) S BT Bl E5AE 2GS sto] BFel folat Pa
g nglthn Rast FARG A3 AT FEE BT o 8T B @Y UL Zul, S,




3

3=
Vol
.29, No.2, 2022. 0
. 06. 30

3}
5)

=2 A =3

1

k]
pal

o

4

H@u@l
]Mﬂﬁamﬂuo#
Q‘L_Mﬂmﬁ K 1;1_,9:1_11
wmm.ﬂwgm T b T
Tr8ny fEET REES
%ET&V% owvﬁm 2_LWWO_E_§1
R R & S E g 1Li1ﬂﬂl
R R R m%m%ﬂﬁgam@a
%@ﬂva %@ww 2o ﬂWﬁﬂ%%wm%
ﬂd}z.ﬂ zﬂﬂﬂ m%L%Tﬂﬂ e547ﬂ§ 5
Moﬁp/%i ® @@m Gﬂo%x;mm %Hﬁvﬁogéﬁ 5 o
ExﬂoﬂLm x = dr]oﬂ%wm;owl%ﬂoték | 5w
}QE%L7 =5 0 1%131_5150 T N« LI
Vﬂmu@ﬂo ognznmuw owdmm%iﬂlwu@?wwt@% Qé Ca
T = 90 ‘_.EZ Ik = ;o_/Hl 0 ! - 10 ﬂ o
ok og o o e Bl N Do T 5w o
m.é_/mﬁ% w0 T N %Mgoﬂimrz_/).%%o W nroE i
ST = =8 M ﬂ,aofn.qoﬂiqaw n Loy =l 5
#W%L = o P _ A ﬂ%gzxwgmﬂaq ! ©
7_|,mu ].ﬁ]ML. iﬂdl —_ e LOMM]&; N J
%ﬂ@uﬂmﬁ 7m9wu N oﬂ&}ﬂ%ﬁ%?%%%z,}mﬂo %ﬁwwo M
og_%ootﬁ(u mﬂw_wua m@%ﬂggfﬂw7:ovwg oy T
_ﬂu:LEEoM ngmu].#ﬂa otﬂo_uxﬂmﬂﬂoﬂb‘w\Mﬂ.ﬂL%_Al%ﬂ No 75 =
W%ﬂf%ﬂr@kuﬂﬁ Cﬂoueemﬁﬂﬂ?mME%ﬁQw o Bi¢ i)
%?ﬁ%mam%m@% o;a%mﬁzo%ioﬂj(mﬂmo M o< B
o7 4%] =) o aam:_/u@o%ﬁ ]ﬁdlovLa@r_. m_.q_m N
J.maxoﬁo?%wr@i 5 c_oaomwﬂmo,xﬂ Lom 2 il
@%ﬂﬂ%aa%%ﬂog ﬂ%%é%wﬁm\oiwﬁwmﬂ T W L
S =g DL TE® g F 5 % TR C W T o o
al_x_, imau:oa e m,#wo_liouﬁuﬁeﬁogﬁﬂﬂﬁuwr qu_w%i o
%M@.ﬂuﬂhﬁo@@ gﬂﬂa%ﬂ_ﬂi w?_zm T 3 -
%oﬁmﬂwbm%moﬁ_x émqaimhﬁﬁoammm%mrﬂwz 5 o B ~
O ,%éioMErﬁ/l _fgﬁxgaﬂ}]ﬂu_ ) s L:gaﬁ =
%}a%EVﬂmqé% A %?wr_g_lﬂﬂvol,w]@? S
w2 I HEES A a%u1§7_a *E oW
o;oiéiig @i;;.fi;i;fo I oo
@%ﬂﬁ;ﬁ@%ﬂ%fr Wﬂ?ﬁ%ﬂ?ﬂaﬁoa%@rﬁﬂ = 5 W
Aﬂau ’ N Lo e o Mo mﬂﬂ_a g w T E 3 501,@ e
- m Q JL ~ ﬁo —_— ,mvo ,IO_I HT.C ;IV‘VI vAx_ r o JL OU — _ . o)
_ggmm@m%wfm1x 1ﬂoo§ﬂ&uﬂ@ﬁ;ﬁwéﬂg R S
ﬂfr@ﬂrmﬂﬂqﬁﬁrwwﬁ o,o#uﬂw%%lﬁgﬁow_/ﬂr.mmﬂ ol b
< ‘Dler]_,__lxiur_-o], MTJaHE7ﬂm_|oerﬂlﬁMﬂéog_ m° HL‘;LJ_H ok
lﬂa]ﬂdl ol o) oF " ge_u]o_lﬁﬁ,.ﬂ Lﬂoui LIJIﬂ o)
?oﬂﬂgmm,@oﬂﬁqmt%@ﬂ@%z@%WA%f -z M o
Eo%@ﬂéoi_.x‘_ oeﬂmMﬁLWI:LWLﬂﬂMOEJHMoXE o Mom.l_da >
ﬂﬁwﬂﬂgﬁ%%cmwwo Eo)m@ro],%zigroﬂowﬁ éLW W
aqo_@mﬂa&ﬂ;ﬂ%@mwﬂcofurgmva;A x =T do
ﬂM%oﬁ?ﬂﬂﬁﬂﬁ%@M%MZoi%MM]x;LﬁoaM = * "
ELLAJTAOO,Az17c,mge1%amtﬂm;ﬁ T T X =
o _Zﬁifﬂ}e??lﬁom @Eﬂ%?? 11Ao &
i M.#vﬂ_sz1.h m‘wﬂwqégmﬂ,XHTL.@ i s i
o,_‘|o,_1_.ou, .0 N .ol
Aovzﬁaoww@M%ﬂr%?ﬁﬂﬁ@W%Wﬂ W
@@anw@xgqﬁﬂimqaﬂ =
ooﬂw_lﬂlgmﬂﬂﬁLEoML‘WﬁiALfﬂLl N
ﬁowe%gmﬁxﬁf?ﬂz P
w0 xoiuﬁﬂedu.qmli
zoo.,%m o A
#%SaiLw_@ ir
X0
s = B!
HJ

Fol 7} 219l o
aL(p<
(p<05), AFERA S 3t
=

}ol 7} 2
171 A1 (p<.05).

b %

kel
il

A

1

k)
pal

Og_

WA o

%

=
e

] 8

<9

A3 %
de <k mstelA] 47
=



bt
s
El
ol
_V‘_l,
r O
ol
)
Ho
ol
dz
o
2
oo
o
=
o,
qQ
ich
offt
olN
o
X
o
offt
olN
_V\_I‘
D
A
rEI
df
Py
2
=)
N
rr
ol
ot
&

2. B, Sw slelwle] wge] Wshs A7, AZIgh A 1 BRG] fole 2ol7 Ul npeos)
Al she1g Axh Selel Bhe) A 2k wstol Ak 8% Fol 5918 Ahol7k Asirhp<0s).

- = =
%:]l-:ﬂ-—l: il

a9, Ao, £71F 3 FgEFERe S5z e gt ayt idtE X 5383 2011;18(2):1-8

DR, DA, 557, 5. Aol mreo] W 2B B9 BEI FARel vAE 9. BLg LD

o W& e LEIS 2010;19(3):257-66.
=

A% ergal 25 SukEEe] By SHeEERAY A fAY ML 9T
;1

g+3] 202
w2, 115 ﬁ%oyoﬁ}"iﬂr = Zlaﬂ TA7] B obgd7] dEleT A FeAlTe LAYAES
o Aol mAl= G =Atel7] s3] 2013;14(4):1792-8.
WA, X, ol st 82 017/H 31719} Ho]d TA7F A ez A E 7H $aLe] Ftol Akl 2f B
< ZHA Q1 a3}, Y3t f2/d A TE X 8hE] 2021;19(2):205-13.
FA44, o5 A= Y dESddd]

1 .

It A% 7Hol 283} PNF 252 J8AR7F A5 e 2244 4} =5 5o o] )] 7]5 e
A= G A5 ASAT 2016;27(2):258-71.

AR, A3 AEFFE HAaY s ol 8§ 7|22 g Eo] v @ 5821 53 AAV sl mA= 4T
Bt Absl 7] 58138 2013;14(9):4402-11.

@Rle, atvls. Hlo|ERE EaX 5T WA Q5 $kAke
3] 2009;9(6):207-15.

Black KM, McClure P, Polansky M. The influence of different sitting positions on cervical and lumbar posture. Spine
1996;21(1):65-70.

Colloca CJ, Keller TS. Active trunk extensor contributions to dynamic posteroanterior lumbar spinal stiffness. J
Manipulative Physiol Ther 2004;27(4):229-37.

Darnall BD, Roy A, Chen AL, et al. Comparison of a single-session pain management skills intervention with a sin-

7}

419l B4 FR5 Yol nA e A FHEe=e

<

NN
2

gle-session health education intervention and 8 sessions of cognitive behavioral therapy in adults with chronic
low back pain: A randomized clinical trial. JAMA network open 2021;4(8):e2113401-e2113401.

De Mauroy JC. Kyphosis physiotherapy from childhood to old age. physical therapy perspectives in the 21st cen-
tury-challenges and possibilities 2012:41-64.

Deyo RA, Dworkin SF, Amtmann D, et al. Report of the nih task force on research standards for chronic low back
pain. Phys Ther 2015;95(2):el1-e18.

Evans DW. Mechanisms and effects of spinal high-velocity, low-amplitude thrust manipulation: Previous theories. J

Manipulative Physiol Ther 2002;25(4):251-62.




46 WEE X5 7438+3]A] Vol.29, No.2, 2022. 06. 30

Faul F, Erdfelder E, Buchner A, et al. Statistical power analyses using g* power 3.1: Tests for correlation and regression
analyses. Behav Rre Methods 2009;41(4):1149-60.

Freburger JK, Holmes GM, Agans RP, et al. The rising prevalence of chronic low back pain. Arch Intern Med
2009;169(3):251-8.

Han WIJ, Son KH. The Effect of Unstable Support Surface Plank Exercise on Flexibility, Abdominal Muscle Thickness
and Pain in Chronic Low Back Pain. Journal of Korean Physical Therapy Science 2019;26(3):23-36.

Heo SY, Lee HJ, Ham AlJ, et al. The Effects of Virtual Reality Therapy on Executive Function and Balance for Stroke
Patients: A Randomized Controlled Clinical Trial. Korean J of Occup Therapy 2016;24(4):1-14.

Hiromune O Yukio U, Yuki Y, et al. Effects of respiratory-muscle exercise on spinal curvature. Journal of sport re-
habilitation 2012;12(1):63-8.

Hong A, Varshney V, Hare GM, et al. Spinal cord stimulation: A nonopioid alternative for chronic pain management.
CMAJ 2020;192(42):E1264-E1267.

Johansson M, Jensen Stochkendahl M, Hartvigsen J, et al. Incidence and prognosis of mid-back pain in the general
population: A systematic review. Eur J Pain 2017;21(1):20-8.

Kader D, Wardlaw D, Smith F. Correlation between the mri changes in the lumbar multifidus muscles and leg pain.
Clin Radiol 2000;55(2):145-9.

Kim DH, Kim SY. Comparison of immediate effects of sling-based manual therapy on specific spine levels in subjects
with neck pain and forward head posture: A randomized clinical trial. Disabil Rehabil 2020;42(19):2735-42.

Lee J, Cho JH, Kim KW, et al. Chuna manual therapy vs usual care for patients with nonspecific chronic neck pain:
A randomized clinical trial. JAMA network open 2021;4(7):e2113757-e2113757.

Leemans L, Elma O, Nijs J, et al. Transcutaneous electrical nerve stimulation and heat to reduce pain in a chronic
low back pain population: A randomized controlled clinical trial. Braz J Phys Ther 2021;25(1):86-96.

Maher C, Underwood M, Buchbinder R. Non-specific low back pain. Lancet 2017;389(10070):736-47.

Mayer TG, Vanharant H, Gatchel RI, et al. Compression of CT scan muscle measurements and isokinematic trunk
strength in postoperative patients. Spine

Mennell JM. Back pain: Diagnosis and treatment using manipulative techniques Amsterdam: Lippincott Williams &
Wilkins; 1960. 1989;14(1):1433-6

Nault ML, Allard P, Hinse S, et al. Relations between standing stability and body posture parameters in adolescent
idiopathic scoliosis. Spine 2002;27(17):1911-7.

Nguyen C, Boutron I, Zegarra-Parodi R, et al. Effect of osteopathic manipulative treatment vs sham treatment on activity
limitations in patients with nonspecific subacute and chronic low back pain: A randomized clinical trial. JAMA
Intern Med 2021;181(5):620-30.

Park JC, Lee DK. The effects of bridge exercise with one hip joint adduction on trunk muscle thickness. J Kor Phys
Ther 2020;32(6):354-8.

Peck J, Urits I, Peoples S, et al. A comprehensive review of over the counter treatment for chronic low back pain.
Pain Ther 2021;10(1):69-80.

Rajput N, Atta S. Effects of cyriax manual therapy versus mulligan technique on pain and grip strength in patients

with lateral epicondylitis. RMJ 2021;46(3):733-5.




s
El
ol
_E
r [
ol
)
Ho
ol
dz
o
2
oo
o
r =}
o,
Qb
ich
offt
olN
o
X
o
offt
olN
A=)
D
Y
rEI
df
Py
2
=)
N
rr
ol
ot
5

Schneider S, Randoll D, Buchner M. Why do women have back pain more than men?: a representative prevalence study
in the Federal Republic of Germany. Clin J Pain 2006;22(8):738-47.

Swain CT, Whyte DG, Ekegren CL, et al. Multi-segment spine kinematics: Relationship with dance training and low
back pain. Gait Posture 2019;68:274-9.

Thompson DM. Kinesiology of the musculoskeletal system: Foundations for physical rehabilitation. Physical Therapy
2003;83(4):402-3.

Traeger A, Buchbinder R, Harris I, et al. Diagnosis and management of low-back pain in primary care. CMAJ
2017;189(45):E1386-E1395.

Tsokanos A, Livieratou E, Billis E, et al. The efficacy of manual therapy in patients with knee osteoarthritis: A system-
atic review. Medicina 2021;57(7):696.

Wiltse LL, Winter R. Terminology and measurement of spondylolisthesis. JBJS 1983;65(6):768-72.

Wagner DR, Tatsugawa K, Parker D, et al. Reliability and utility of a visual analog scale for the assessment of acute

mountain sickness.High Altitude Medicine & Biology 2007;8(1):27-31.




