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Effects of Pilates Breathing-Based Mat Exercise on Pain and Autonomic Balance in Chronic LBP

Ha-Eun Choi PT, MsC', Myung-Mo Lee, PhD?'
]Department of Physical Therapy, Graduate School, Daejeon University
2*Departmenz of Physical Therapy, Daejeon University

Purpose: This study investigated the effects of a mat Pilates exercise program incorporating Pilates-specific breathing on
pain, functional disability, and autonomic nervous system balance in patients with chronic low back pain. Methods: A
randomized controlled trial was conducted involving 24 patients with chronic low back pain, who were randomly assigned
to either the Pilates breathing group(n=12) or a general breathing group(n=12). Both groups performed mat Pilates
exercises twice weekly for four weeks. Outcome measures, including Pain(VAS), functional disability(ODI), brainwave
activity(Alpha, Theta, High Beta), Brain Condition Index, HRV Index, and autonomic nervous activity, were assessed before
and after the intervention. Within-group and between-group differences were analyzed using statistical methods.
Results: The Pilates breathing group demonstrated significantly greater reductions in pain(VAS) and functional
disability(ODI) compared with the general breathing group(p<.05). Autonomic nervous activity also increased significantly
in the Pilates breathing group(p<.05). Although EEG variables did not reach statistical significance in either group(p>.05),
the Pilates breathing group showed a trend toward increased Alpha and decreased High Beta activity. The HRV Index
increased in the Pilates breathing group and decreased in the general breathing group, with a significant between-group
difference in change scores(p<.05). Conclusion: Mat Pilates combined with Pilates breathing effectively reduced pain,
improved functional ability, and enhanced autonomic regulation in patients with chronic low back pain. These findings
support the use of breathing-focused Pilates exercise as an effective intervention for promoting both physical and
autonomic recovery in this population.
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Enrolled (N = 26)

|

F Randomized T

Pilates breathing group

| |

Pre-test
VAS, ODI, EEG,ANS function

| |

Mat Pilates exercise with

General breathing group

Mat Pilates exercise with
Pilates breathing general breathing

| |

Post-test
VAS, ODI, EEG, ANS function

|

Data analysis
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Pilates

Exercise
Program

Frequency

@ Spine stretch
Warm (2 Spine twist
up @ Saw
@ Mermaid Prep

10min

® Curl up (with mini ball)
® Curl up & one leg
extension(with mini ball)
(@ Criss cross (with mini ball)
Hundred program
@ Hip rolls (with foam roller) with
(@0 Shoulder bridge (with foam two

Main 30min .
roller) sessions

4-week

(@ Rowing series 1.Round back per
(with thera bend) week

@ Rowing series 2.Rotation was
(with thera bend)

@ Lunge-front (with bosu)

@ Squat (with bosu)

implemented

@® Side bend (with foam
roller)

@® Spine articulation 10min
-standing position (with
foam roller)
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neutral, long sitting pelvic spine neutral,
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Spine twist

b A

neutral,

long sitting pelvic spine
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neutral, ,knee extension, ankle dorsi
flexion, ZAZ Pyslelo] ot &50] A
& R 45 HelA opfEt o 7
PE2h WAIEA |, A S T
o8 AP, sREA AS AHE 5

oke], iadA Wit Wgrom HAIS 3

X171
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NAME TAKE THROUGH

Mermaid Prep

Ll P AR sitting pelvic spine neutral, 3t
t}g] internal rotation, ¥} T}2] external
rotation ¥ 2 912 9 24t ool £
ofuf =Wt o] Y5, AT Pdstelo]
F % opf oz W]

b UEA sl B ol 92 57
WA s B el A S
7], whEA B3 Fgom Boker], 4]
WA Y W27), vAHA S

™ = 57

5 43 w2

Curl up(with mini ball)

P AZEALA: - Supine, pelvic spine neutral,
2740 Alo] mini ball .37 Ha 23l
Aell, hip parallel, abduction sit bone 4
W), 20 Qbgeh % o wulet HES

P52k Uidle S30) $52 mini ballg
2| g AR BaskoE ool
¥ ol 2 W7 oAl B 3e
SRR AR Sotert

% 8% Wks

Curl up & one leg

extension
(with mini ball)

P AJZEALA: Supine, pelvic spine neutral,
Az Afe] mini ball ,a7l= FE 231
Atell, hip parallel, abduction sit bone
o), 2218 st & o vl wige

P52k upAl= 5350 curl up AAE S48}
1 3} t}2)E table top AR So] L
Ule 339] table top THIS 9go] 7|
2 AM 9 HoR RES o UE Wl
7okl 350 W thelE table top
AHR EoLeT]

& 8% Wk

Criss cross
(with mini ball)

P A|ZEAA: Supine, pelvic spine neutral,
hip parallel, abduction sit bone UJH],
knee flexion, Z7F& ¢Fgst & of &~og
mini ball 7]

P52 U4lHA el table top A8kl
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NAME TAKE THROUGH

Hundred

P AJZRLA: Supine, pelvic spine neutral,
hip parallel, abduction sit bone UJH],
knee flexion, 77k g3} & ok E5
Fell 94

P52k A e B9 F5 25%A
of e Tk $I= WolFTlonpRy 57}
eEEe B2 WY BN 5] opjurd
B9 WS SheEge B
Y S2L sl obfa £19Y wE-
ohAIRA A AR B0t

& 1038] SHE vk

Hip rolls

(}mth foam roller) P AJZRLA: Supine, pelvic spine neutral,

hip parallel, abduction sit bone UJH],
knee flexiond}o] % ¥-S Foam roller ¢
of %], AW PdEli EE ¢
7]

DSa WA imprint A dmelEse S
Aoz FIsle] ool Sgo] UHAo]
HEs 2 So] LelouhRA £
SPIUEA §e 2AA0R shiy
2T} AR Fote]

% 83 yky

NAME TAKE THROUGH

Rowing series
2.Rotation
(with thera bend)

i

P ARREALA: long  sitting, pelvic  spine

neutral, hip parallel, abduction sit bone
UH], knee flexion, BHjcio] wi= A7),
e el g A ANz =
71

P52k UisiEA memie Az Yol
A S ReR BPdsta Ao Ak
A G7IHARA AR R Eoker]

F 103 24E

Shoulder bridge

P AIZAA: Supine, pelvic spine neutral,
(with foam roller)

hip parallel, abduction sit bone UJH],
knee flexiond}o] 9F ¥ES Foam roller 9]
o Sy, BT sl BE 3o
]

EE RN aol gRolE ol
bridge position THE7|HA|HA] §F ThE]
table top& ALt HRo= A Wr|-j4
A o vhe] W g wid o s
A oA WelZlaA A oA ke
2 A wola, 33 HhEslUi4IHEA
AR A E Eoter]

& 33 2AE

Rowing series
3.Biceps curls
(with thera bend) P AIZAA: long  sitting, pelvic  spine
Hili neutral, hip parallel, abduction sit bone
UH|, knee flexion, ¥Hf=o] W= A7),
A= HEERlel o B A2 e

A7
P52k Uiaida] aEmRE A= W)
F I IOIRAREA 58 252
gt A oz Wyl RA ZHEX|
wol7] (83] RED—uANEA ofF HdE &
A= Hito} AR Foter]

& 83 ®kE

Rowing series
1.Round back
(with thera bend)

i

PAIZAA: long  sitting, pelvic spine
neutral, hip parallel, abduction sit bone
UH], knee flexion, ¥HlEo] W= A7,
e el g A AHzE =
71

P2k Uialea meEmRe Az Wt
853 SN RS 2A Al
o AR Fo1e

Lunge-front(with bosu)
T

P A|ZA}A:standing, pelvic spine neutral,
hip parallel, abduction sit bone UH|, ZA
AT gstele] oF o AU ==

b5 DRI B % chel bosu $lol &
7oUEA F & FEE 90% w9
7] A ARERA|R E0tke]

P AJZERLA): standing, pelvic spine neutral,
hip parallel, abduction sit bone U], A
HE oPdElsle] o I AUY Z=

b ohRk el Bviel 39S 47
Al REel 4AS fs goz
TFEZIOUAEA AR R Eofker]
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Side bend

(with foam roller)

P ARIAA: standing, pelvic spine neutra,
hip parallel, abduction sit bone UH], 7
A4 Wslslol oF T WgoR W)

P52k WA o el SHE SLsH &
At vfelRe $AAoR Z@s|uh
WA M55 27 Sl AR Eoter]

% 83w

Spine articulation
-standing position

(with foam roller)

P A|ZPA: standing, pelvic spine neutral,
hip parallel, abduction sit bone UH]|, A
4 As1o] foam roller A|2[317]

bEE: Uy Bk 22 Hf $7)
W A2 v eden 23
foam rollerE WoU|7|>ufA|HA] Zra)m
R SR o8 AlFsle] AR FHoR
A Bl PuA A AR Eoter

% 43w
a3 3. WatgA e 25 Z2ay

1) A2 AA} HE(visual analogue scale)
55Y A=E TR Bkl flel] VASE ARSIt
W 85 (03 oA 2 = 8l 55105 7149
W9l % A B3 A5 RASEC VASE AR AL
AE=(r=.99), 744 1 AR E(r=1.00)7} WS- ¥ ==
AT Wagner 5, 2007).

2) grtojgt e AYAER] Ao X (Korean Oswestry
disability index)

B0 S 7l $54 7k S KODI 11
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L2z 60% oAk 1% AoE HEEt e 5 2010).
K-ODI9] YH Alg|e= 928 HiuEo] QAHoR eldt &
T2 AAHETHMousavi 5, 2006).
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FE7IH iE 230| Y 2

3) Hu} 9 224174 715 B7HEEG and autonomic

nervous system function assessment)

EEG ¥ A-&-A17 4] (autonomic nervous system) 7] 37}
+= OmniFit MindCare(Omni C&S, Korea) TIX|E Hlo|Qu=
W gu)g A1gste] SAslglh o] AUl EEGe} W)
(photoplethysmogram, PPG)E FAlo] 243l ¥ BAE, =}
A 79, L A Amds 422 FUHOR Balshe

HHEA B2k Epole). gule] TS 1Y 4o ANISHC.

12! 4. OmniFit MindCare ZH|o| 1A

(1) o} "7t (electroencephalography Analysis)
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(2) XE8AZEA 7IsH7KANS and HRV analysis)

A 7Hs 7K HRVE olgolel 5ok, iRV
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Aoy S (ANS activity)= PPG 7|4t
o7 é—@% HRV —1‘?_— —% Higto 2 A2y B3 21858, A%
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of NN intervals, SDNN), AF3HLF)/2153HF) H|& 52] A
2 237} TP, SDNNS HRY 27} 4] 3] 2715,
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¥] A Hlolz wijalwl, gto] 242 Bkl
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A 2 olgE) 58 olulaikKim 5, 2005).
2 QolN AMSE A4 SHES HRVE ofeis
HRV sejole2 Saelol A9 B9 AR, 54 @Y
= Raghel B4 2718 AHAoR Ye o). et
A 5 AT Wak A8AAA 2 Sl 7 Althe] st
2 7HHZog molsied gheskelt).
HE SAS oF A=o] APk 2881l et %9 2k
oAl AAlESl e, i 4 A SERt 5
Fom, S5 o= w2 AL ALY TF
shpon], St Yol BEL ARk SAlslel AHEAAA
o 55 e B,
EEG¢} PPG 415+ OmniFit MindCare #HH I% =28 A
2T, B Ak G W AZEIS F
TA8F 9 At QI 24 Aake] A|Aj= 1‘“& 59 2t

_,d
o
2

_lle

AEHAK|Z AN (ff) OMNIFIT AER|AK|T ZapM (A OMNIFIT
e mEOewi e e ame o armme—x B T T

[ oo 657 M omins ]

= E42 SPSS Window(version 23.0, IBM Corp.,
Y, USAYZ ARglo] Zajstaict. AT el
Ui EAL 7168 A w42 59l Het(Mean)d} EEHA}
(Standard Deviation, SD)2 A|A|S}F Lt

Ak 7F 224 AAL 95 A4 Wb =9HEE 4%
(Independent t-test)2, F5g Hpe 7R AFHA (- test) =
Agstgdtt. 2@ W2 (VAS, K-ODI, HRVIndex, EEG-
derived brainwave, autonomic nervous activity)?] A4S
Shapiro-Wilk HAL Z3] &lslich

AR wolq Hiyol EEA) e A9 ulEs: AEL
A galgiy. olol wreh AP AL HlCHE o) Hshi Y
R0 AHelon, Ue 1 ulnE SURE 17

EL Mann-Whitney U A28 BAsIG) BE B4 HA|

89 223 (a) 052 Ak

I. -2

= gefsiel 25 2470) A2
A e W 59 Hokls
582 1297 B 552 12908 WAEon, = dn &
T 457 FYE WiE réa}Eﬂi +5 ZRIHS F3Yslch
2 20 A
A Ax}, DepEls 35<tollA SA] & VASS K-ODI go]
GolalA AAsAtHp<.05), BHH Uuk TE o= = AFE
20N fofgt wshrl et eRolthp>.05)(E 3). ER %
e 7 Wil WO oA E5Re] A Zo] ot
O FwHTE FSHA B ZAtHp<. 05)(“L 4).

AEAA B9 =eF HRV A= 3 33} 3£50] AJAI=[SI.
et A sETtolAe ARAEA A= S 5 sk
S718F1. 21 (p<.05), HRV Al oA] F7l5h= 7Fofs Bk
WA A SEloflAl= = A3 BRollA] frofRk Wkt 2ely
A FQUTHp>.05)(3E 3). WSk Blud), AeAlA =t
HRVA| Bipoj|x] g2 35510 7|4 Fo] #ofstA o
EUTHP<.05)(3E 5).

EEG A|3#+= 3 37 3 69 AT, Defels SgtollA
k= S7IstaL, stoluelrhe sk Age] BEERlou,

+ Uk t{%(Alpha, Theta, High Beta)oflA] EA4 02
ofgk Hske SRIEA] ehttHp>.05)(GE 3). F+ ek 7+ H3lgF
Haof Al frofRh 2ol U] 2QITHp>.05)(3E 6).

HHH Fl AT] A Z]4x(brain condition index, BCI)= Zzty

=l
E:L‘
39
i)
i)

2 BEFNN B4 T S Z715AL R (p<.05), Wt &
oA Rt Hekrk UehA] okkthp>.05)(3E 3). +
o 7k W Hlaol A Heths BE0] £7} Fo| Solsh)
t 2 Z2oE YERTtHp<.05)(& 6).
2. tHxte] ekl £ (N=24)
Variables
(units) PBG(n=12) GBG(n=12) *?/t(p)
Age
28.00+2.17 27.08+1.61 1.287(0.215)
(year)
Height
166.75+8.26 167.42+7.27  -0.210(0.836)
(cm)
Weight
61.33+£13.42 64.25+15.78  -0.488(0.631)
(kg)
BMI
21.88+3.23 22.76+4.45 -0.555(0.584)
(kg/m?)
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H 3. F EC L] A-AEE H3} (Wilcoxon 529 ZH)

Variables (units) Pre Post Z (p)
VAS PBG 4.21+1.15" 1.64+0.81 —2.823(0.010")
(score) GBG 4.26+1.30 2.21+1.11 —0.212(0.834)
K-ODI PBG 826£2.77  2.50£1.67 —2.813(0.011°)
(score) GBG 8344281  438+1.77  —0.322(0.751)
Alpha  PBG  4.45+127  4.17+1.07 —2.651(0.014")
uv) GBG 4.77£1.55 4.64+1.42 —0.253(0.801)

Theta PBG 527+1.49 4724130  —2.701(0.012)
(W) GBG 6164230  5.44+1.74  —0.182(0.857)
High Beta PBG 5.63+1.50  4.69+1.27 —2.421(0.016")
(W)  GBG 571£1.75  5.64+1.70  —0.204(0.842)
sy PBG 634141643 69.6918.01 —2.813(0.011%)
GBG 61.95t18.46 60.96+1831 —0.321(0.751)

HRV ~ PBG 11.09£3.06 1227+3.57 —0.782(0.439)
index GBG 12.16£3.86  10.86+3.42  —0.434(0.674)
ANS  PBG 6.79+1.78  7.02+1.81  —2.651(0.014")
activity GBG  6.9242.06  6.61£1.97  —0.251(0.801)

°Mean * standard deviation, PBG: pilates breathing group, GBG;
general breathing group, VAS: visual analogue scale, K-ODI:
Korean version of the Oswestry disability index, BCI: brain condition
index, HRV: heart rate variability, ANS: autonomic nervous system

B 4. 5 ZEHZHES U si2m QAQAER| RlojX|4{K-0DI) 3} Hlw
V*[‘l:'nali’:fs PBG(n=12)  GBG(n=12) Z (p)

uag P A2IELIS 4265130 -0.1420887)
Post  1.64:0.81 221111  -2.195(0.028)

(score) .
Diff 254110  -201£1.18  -2.385(0.017)
copy TC 826277 834281 -00470.963)
Post  2.5041.67  438+1.77  -2.454(0.015)
(S01) i 15500200 3845188 -2.016(0.047)

®Mean =* standard deviation, PBG: pilates breathing group,
GBG; general breathing group, VAS: visual analogue scale,

K—ODI: Korean version of the Oswestry disability index.

H 5. 5 HE 7 X2MEA 4zt MHMHO|(HRV) HSt Hlw
Variables

e PBGIn=12)  GBG(n=12) Z (p)
ANS  Pre  6.79£1.78°  6.92:2.06  -1.114(0.265)
activity Post  7.0241.81  6.61£1.97  -1.184(0.236)
(score) Diff 0314125  -026:0.78  -2.252(0.023)
iy Pre 1109306 12165386 -0.809(0426)
Post 12274357  10.86£3.42  1.055(0.301)
(SCO®) it 1304291 -1.0442.88  2.113(0.044)

®Mean £ standard deviation, PBG: pilates breathing group,

GBG; general breathing group, ANS: autonomic nervous

system, HRV: heart rate variability.

ZatElA

6. F L 2t Hjot 4= H FLAACIM XI5(BCI) HE} Hlw

Variables

(units) PBG (n=12) GBG (n=12) t (p)
Alpha 4 454127 4774155 —0.571
e A5+, T7+L. .571(0.573)
Alpha o
P 4.17+1.07 4.64+1.42 0.744(0.465)
ost
Alpha - - -~
Dofr 0.24+0.73 0.01£0.87  —0.744(0.465)
Theta
Pre 5.27+1.49 6.16£230  —1.164(0.257)
Theta 4.72+1.30 5.44+1.74 0.573(0.571)
BwA  Post 24, A4, 573(0.
(score) T[l;ftf;‘ -0.48+1.03 —047+2.13  0.015(0.988)
High
Beta 5.63£1.50 571175 —0.131(0.897)
Pre
High
Beta 4.69+1.27 5.64£1.70 —1.692(0.103)
Post
High
Beta ~ —0.87+1.09 0.06£1.43  —1.957(0.061)
Diff
Bl Pre  63.41+16.43" 61.95+18.46  0.221(0.830)
Post  69.69+18.01  60.96+18.31  1.260(0.221)
(score)
Diff 6.73+6.08 -0.09£9.09  2.246(0.037)

“Mean =+ standard deviation, BWA: brain wave activity, BCI:
brain condition index
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