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Abstract

Background: Patients with stroke often present with weakness
of the paretic limbs and respiratory muscles, which can
lead to reduced trunk stability, impaired balance and gait
performance, and decreased cardiopulmonary function.
Therefore, movement training combined with deep breath-
ing may be beneficial for improving functional
performance. The purpose of this study was to investigate
the effects of proprioceptive neuromuscular facilitation
(PNF) combined with deep breathing on balance, trunk sta-
bility, and gait in patients with stroke.

Design: This study was conducted as a randomized controlled
trial with a pre—post intervention design.

Methods: A total of 30 patients with stroke were randomly
assigned to two groups: a PNF combined with deep breath-
ing group (experimental group, 17=15), and a PNF-only
group (control group, n=15). The intervention was per-
formed five times per week for four weeks, with each ses-
sion lasting 45 minutes. Balance, trunk stability, and gait
were assessed pre- and post-intervention using the Berg
Balance Scale (BBS), Functional Reach Test (FRT), Trunk
Impairment Scale (TIS), and the G-WALK gait analyzer to
evaluate gait cadence and gait velocity. Within-group com-
parisons were performed using paired t-tests, while in-
dependent t-tests were used to compare the pre—post
changes between the groups. Statistical significance was set
at p<.05.
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Results: Within-group comparisons showed significant im-
provements in BBS, FRT, TIS, gait cadence, and gait velocity
in both groups. The experimental group showed greater
improvements in FRT, TIS, and gait cadence than the con-
trol group. Between-group comparisons revealed sig-
nificantly greater changes in the experimental group than
in the control group for all outcomes except gait velocity.
Conclusion: The findings of this study suggest that PNF com-
bined with deep breathing may be effective in improving
balance, trunk stability, and gait function in patients with
stroke. Further studies are needed to develop structured in-
tervention programs incorporating breathing and movement

training.
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HESS AA 3 AFEE1S] shtE wid 1098 ol 'HAgHPeurala 5, 2007). HEF2 HIHo] Te|AY
S0} WsH 25, 7 Qo] 7|50l £43%0] AA Eso] 2 YIIEEE] EEE =ATHKImY Lee,
2018). H&F TR T 719 56 QP4 AskR Qs Bt A 248o] ofgal, o= A71ARI 715 A=
o]ojxItiRaghuveer 5, 2024). =&F TR 78 582 AA|Y vt AT} vHH|E9] A5 o5 ARIeE A=Y 7|5
2 B3} QLS 9 o3 Y S SV X1 Jorgensen &, 1995; Liepert &, 2000; Shumway%}
Woollacott, 2007). A2} &5 7159 Asl= P52 AHAE A5k w6 24 50| st Ty 247
AT BHYQ] 7|57 9 o] WolRl= o] Atk Ryerson &, 2008). ©|2 Qlsf 971, 471, A7] 5 54 A
o] A%t AEZ YA KohH FE QFEslol Hofshks 250 AP ApA|REo] HA| ot FAY 7 Al M|
|A9] olE2-S ZE=rKCabanas-Valdés 5, 2021).

ST 55 259 &Y Aoh= AAE tiFA R fA5] el 31 B 582 ASHA71aL 28 SHo k=
TEY] Y i HEpt Uehd 55 7159 ABF YebdtHLanini 5, 2003). 7ol AR Bt 282
S5 B8 XA 7152 ok, HES TR 7R 35 ol W 7)s Aol mE AAEES] AT
Yol A FckSongt Park, 2015). ol BFAREESS <=3} AHgo] 345 &5 T} Ak 5 Y
% 9 23S A 7153 B A ARR]Re] EAE AAAXIHRoffe 5, 2010). WA S5 AT fA
SHA A2t TS B9l LEE A 5 1o ol HEF SR AA 7l dES P8l A7 eE Fasith

=6 PHSh= HE 5 ARG 2R 24 58S TIAIA Ao 2R AT AIA| Aol S8AR] e wI
et 2=, 2020). ESF EH, 5], JPTE] AlA 4] YASHEE sto] W& 9] 22 Ue E/slst
t] 7]o9gHCho®t Cha, 2014). o|9} 22 &HE P82 AAsh g3t A4go] Qs FAI=H, o= &4 =4
55291 2219 4o o] AHAZIQl Q@ 4oltiAkuthota®t Nadler, 2004). H|uHH]Z Z-rlE]E o]83t 55 QFYs)
3 & 24 52| U HEF AP FT B o 3784 JFE HIXAL 7154 54 °30] 7hsSl
tHPark 5, 2019).

73, 5% AW 4 HPS 23R 7s TS Yol AAHY 21U vHEH 0 R Sk o] E3kEo]
g gEA Qi olo YAoIAE HupA FHIHT 1808441 EE A (Proprioceptive  Neuromuscular
Facilitation, PNF)< 29l =4 whio g &85} QtiBelda Lois 5, 2011; Karthikbabu &, 2012; Kollen
5, 2009). PNF&= tiZH sijelE o}83f] 1758715 AF=sle] A3 REg= SXA71AL {94 R #8582 XA
4 7 %= 7IMe® AHA AtkKlein 5, 2002). A% A7t oln] PNFO] 7193 2219 wgle o8t g8 &4
o] H&EF 2 7154 Aol Revgt a7t lths AL S R AT =@, 20155 AT 5, 2013).
TE2 HQRS QAo R 28.0] ZAslof| JFS F= 942 F& Q7R dElElA 59] 253 s o] 2aE]
I it} E9] 7hEE 382 VWO g 5% QFYEt 52 dNHQl 5 ek o2 55 HA% 715 dE
H gado|thMasroor &, 2023). Z2 383} 22 B0l 55 AR B4 99 hol axdoln, 5& 53t
AL obgs 289] 715 7iAof| 7]oddkJiang 5, 2024; Shah &, 2020). £3] H&%F A= vpnlE F4 239
Ao = AH 7|50l o] QleHE 55 S B8 8 9 AE 738t st Kolbet Gibb, 2007). Nair
5(2021)9] A= WM HEF SROA A83E 7 2 A 50] YR EAEE % 15 H|us) 55
715, 85 24 58 9 dFoA 93 S BAL-S S Lee 5(2023)2 2L 190 AY A HES
SAolA 283t FH 7Fsd  2F 250] I EY X RS F 5= WA IR 12 A 2V 55
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oFgAH 2 ATeelA] R S Bk ek

71E @701 BA APLTot £ AL B HEF B0 552 7ot U A7 S ot
FAPE ABHAHAAE, 2000). PNF st 5:50] 2449 o] Sl B75t, PNF 24l 482 4= 9]
£ A elr 2e TFE uslel 48T 4 U A Lol dhat TxobE BEsi) 55 B FE 2
3 950] W5 2] 715 B Aol lo] meolel 2AZ 78k R (Courbon 5, 2000), YAOIHE w1
% Sl 5 s A8 7RSI 47 S 4 9l PNF 2219 £ me1glo] Wasit webd 2 are
PNESH 212 55 7 2go] a3 B9 39, £5 oM 2 nao] v Tk 248k, A9 Xz 5
88 ool o A7 7|2 ARE AR AS 40z G
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G DAl PR U M B 0 S A 710l B R Aol S
A 71 CTH MRIE Eoﬁ ERE HEE AT o A B 1= 2 APerta BAv} ol AL AAsk=
We-Z ofsfet T 4= QU= TP 1ol AlHA Korean version of Mini-Mental Status Examination,
MMSE-K) A7} 244 0]/})]'011 A, 7164 ®B3 A%(Functional ambulation category; FAC)7} 373 oJo= A4
Fe B O}oﬂ AAIA 5 Qlol BT 4 %l= AL, Brunnstrom©| 273 HUH] 2X12] S}E A0 4A ol
g AsIItH41 o184, 2021; Brunnstrom; 1970). & 9] Xﬂﬂ 71E2 237] Hgo] AU A7+ £
V&= A 5= e YA Ee AR deks 7R A= AASINair 5. 2021).

2. A7 2A

£ 479 A o= AHE2 G-Power Ver. 3.1 23S o83iirt. A1) - Axfell disf 72 = 0.05, #4
g 0.80°0= AHsto] AEd i F7|= 260|300 EEES 1efote] 3079 tWIAE BRIt Nair 5. 2021).
A7 SVEARIA 22 O, X7t 719 vlRA] § & 2 Fe 72 AMRE1E AL, O 22 232 Bkt
PNF 815291 A9, X o832 WsA] o2 PNF &9 tixwto s 247t 15794 7249] vigsiilt. a++ 717
202549 349 2095E 4¥ 177HA01H SAIe & 45 3, 53], 39 4587 sl avdRtelAl SA 2xjet
7t =7 T‘HEH 5| At #, ofofl ik AR A oS W SA A F 2 B AR AARE sk
45 SA 7 2 A7) AR ST F 2ol AR AARRE LRt o= AR GARE Ak £ e =
AEGET 7]J&Antg$raxuq 52U whof X3St ArHSIME KNUT-2025-HR-34-09).

3. A B

2 A 42 oF 2% #5700l TE PNF E910] HEF 2] 49, &5 st 9 B 715 Halo] n|x= 9k
< H|olarA} o4k A9 oot AFTE F2 T8-S FHIRE PNF £ 9613lal, 22 S5 §lo] PNF
TS Aolitt. A7 Aol AARE FA 73 7IREe R, & 9] PNF &2 15+ 53t Xggsialon, 4 Z&1
H Qo] LekHQl xR 3082 7120 R whof 3 45829] TS AFSIATHKim?t Kim, 2020). LEHR1 &
Age HEF SRR 28 745t 9 48 AL st A E R (Neurodevelopmental treatment; NDT)of| 25}




92 HEAEY 8334 Vol.33, No.2, 2026. 06. 30

AET2 42 532 3% PNF 312 A3t dhdzlelAl PNF Higle 28351 sk 32 i 55 9
gEe TR 232 A= A dhdAes HE S2ke ARske A0 52 SCIPHAAL, oA R B4k
2 Eoke 1 52 WS & =S S5 PNF 71H9] 282 5784 &3 7I€ 1095 1MER A5t & 34
EE Akl 1ME & 3029 F4] Ak ASSIATH a2t 4¥E, 2019). T4 T2 72 AAIRE ek

xa-2 25 glo] PNF &3S Z‘lﬁgﬁ}‘ﬁ‘:} PNF SA] Z2 738 A%} oA H83191, V=S 282
T} t)Z250] PNF 24 T2 73° (Table 1)T} 7t}

Table 1. PNF intervention programs

Starting position Ending position Position Pattern Technique Set
Shoulder :
. . ¢ 10 reps
flexion-abduction-external : % 3
. rotation & ¢ Combination :
Supine . . : . sets
extension-adduction-internal : of Isotonics 30
: -s
rotation
rest)
{10 reps
Pelvic anterior-elevation & : « 3p
; .+ posterior-depression with ! Combination :
I Hook-lying ) : ] i sets
: trunk rotation i of Isotonics (30-s
(contralateral pelvis) :
rest)

B Side-lying | ; :
position ! i 10 reps
with the ! : Pox 3

) i Pelvic posterior-depression & i Combination
hips and : ) . sets
: anterior-elevation : of Isotonics :
knees : i (30-s
flexed to ! i rest)
90°
: : i 10 reps
¢ Scapular posterior-depression : Py 3p
o + trunk extension & i Combination :
Sitting . . : . sets
anterior-elevation + trunk : of Isotonics (30-s
flexion :
rest)

*Abbreviation : PNF, Propriocetive neuromuscular facilitation; reps, repetitions; s, second.
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Al 48 52 B7IsH| 9ok BBS® 7154 & #7] FAKFunctional reach test, FRT)E AM&5HITE. BBS
£ 3 140 FE0= i 0ol X 487K B71 & 4= Jlow A4t 2255 49 580 2 F 0= HI’t
t}. BBS= Bt SHA W A==t S7A; 7F Aot 242 £ = 98, r= 97E &2 AFEe} WA BEEE 7t
(Downs &, 2013). FRTE 54 #3< B7Icks Tolth iRt o7l vR|Z t=lE EE 1 A ZAellA o7iE
oF 90° 3l AHIE HEAE 2/ "t o] Wi HEAE B AHolA s2E et Ho=E ol TS WS
o] A A Eojw E E9 o AZl(cm)E S5ttt Arks 3W 5783 BdakS ARSIt FRT= &
A 2 =HA; 7 AFE7E Z12E ICC ) 0.902 =2 AFEE Btk (Martins 5, 2012).

o M

E oAe E5 obgs} HUt =R B5<EAA E(Trunk impairment scale; TIS)E ARE-5IT) TISE 3%
534 43 74, 10959 54 9 104, 435 E34 6H2E 1771 5 2 F 23822 o|FofA Utk 47t
=255 55 HIRP = oA & 4= k. R AAoA 9] BE 5 Aol BV B9l mee B4 +%,
T4 4%, @348 B 4 doH FHAs 3W S B ARSI TISe AARAAEAR AFETt
=.87~.96, AAAF 7+ AFEE =.85~.992 w2 Ao} BidEE 7Hd E3e]tiKogt You, 2015).

3) B3

B 75 4L Q& B B4 A4l G-walk(BTS G-walk®, BTS Bioengineering, Garbagnate
Milanese, Italy)E AM&SIAH. G-walkes 741 £ZEQJ0] T2l 35 715 A, AlA 9 3% Ao|zA7 v}
A2 B GAME ARSS SAHT 4 Q1AL AlSxE B HRE B4 S 5 Qlok gAY 5| S E(L5)et 19
PR (S1) Atelo] FA G AlA7E B2t MEE A2 & 10 mE Eddsto] By HEE SHo1 & doA+=
o] & H3Y &k (velocity), B8 E&<(cadence)s AIFOE ARG5S

5. A= A7

£ A9 A= A= SPSS Win. 29.02 ARSI B H3-2 Shapiro-wilk 78S AAISHAIL t/dAe]

ARk 442 7olAlE HA(Chi-squared test) B SHHEE  F(Independent r-test)= AAISH] 52444 HAHS
Polodet. 7 9] FA -5 F& W HalES Blast] 9 hSHE r H(Paired rtest)Z AAISHL w1t

A A5 HskES vwsp] Yo SHEE AP Aok ARl BE BAA K9 52 p 052 A5t
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Table 2. General characteristics of all the subjects

] Experimental group (1=15) Control group (1=15) ,
Variables Mean + SD Mean + SD #7t P

Sex (male/female) 7/8 11/4 1.497  0.146
Age (years) 72.33+£9.54 66.26+10.45 1.660  0.108
Diagnosis (Inf/Hrr) 8/7 7/8 0.000  1.000
Affected side (Right/Left) 7/8 9/6 0.714  0.481
Brunnstrom stage 4.47+0.64 4.60£0.63 0.574  0.571
Onset (month) 6.53+2.06 7.93+3.55 1.319  0.198

Experimental group, deep breathing propriocetive neuromuscular facilitation training group; control group,
propriocetive neuromuscular facilitation training group; Inf, infarction; Hrr, hemorrhage.

SA4o] EAHUCH HgAre] URbY EA4L2 (Table 2)9 £t.

2. 439 st
Ao ti27te] Bt BBS Hee TA ATl RoRt Aolg HAL (p<.001), w3t Bt WS Aoz

T 22 §AHOR 908 Aol Uehdth (p(05). B FRT Azke Agaold 27 due 7 Fo gejg
Aolg HALL (p<.001), HETE FA & FOJ3t Zolg Bow (p<.05). w7t B4l F 22t 5AX e §9)
3t W=k *jo)7} Yehgth (p(.001)(Table 3).

o

3. &% AEA9 Wt

ARFS B TIS F47E 54 A3} wmsto] F4) Fol Rt Xolg B (p(.001) HEEE F4) F oIt
Holg HYOow (p.05), A¥Ed} txwe] 27+ B TIse| Mol SAKoR folgt Aol7t ehdrt
(p<.05)(Table 3).

o]

o W3}
NG 22 Bt HPSEE B4 A5 G4 Aol BEOU (p(.05), X Wit WdkE vlIoIAIE
AHOR GOl ol7t elet. Wt B Bail ARToIA B4 T SR AolS YT (p(.001) HHERE
A 3 015k ol BIAOH (.05) F Pt B e Béd MSRIIAE Kol S LS v SAH= $o)
F Aol7k ek} (p¢.05)(Table 3).
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Table 3. The comparison of balance, trunk stabilization, and gait between the experimental and control groups

Experimental group (1=15) Control group (1=15) ;
Mean+SD Mean+SD P
Pre 29.33+4.67 30.7348.08
BES Post 36.40+3.85 35.00+9.25
Change 7.06+0.63 4.404+2.64 253  .017
(score) ! 8816 5.767
p .000 .000
Balance Pre 7.60+2.13 893+3.93
RT Post 11.66£2.25 10.06£3.57
(@ Change 4.06+0.70 1.40+0.82 9504 .000
t 22.381 3.697
J2) .000 .002
Pre 11.33+1.98 12.26+2.01
Post 14.06+2.28 13.0042.20
< agfl.ﬁ on (ggze) Change 2.73+1.75 0.86+0.63 3878 .001
¢ 6.045 3.556
D .000 .003
Pre 0.63+0.15 0.64+0.25
Velocity Post 0.730.17 0.69+0.24
(/50 Change 0.11£0.10 0.06+0.07 1362 184
5% t 3.881 2998
Cait p .002 .011
Pre 89.48+21.02 89.75+24.64
Cadence Post 84.88+19.63 87.45+24.29
) Change 460+2.85 1.84+1.42 3346 .002
(steps/min) —, 6283 3745
p 000 002

Experimental group, deep breathing propriocetive neuromuscular facilitation training group; control group,
propriocetive neuromuscular facilitation training group; BBS, berg balance test; FRT, functional reach test; TIS,
trunk impairment scale.

v. o %
B ATE 2S $FS BN PNF 71l HEF 0] 39, BF S L o] vie e 2ARY
el St T2 thx

;Lolu}. e ﬂx} 3038 £ Wkl 48 552 BN PNF BeIE (15
%3 =

3089 QY BAAEE ¥ Mu} £ A7l 7, 2% <A 9 1Y S92 AP B EI2 BBS. IR,
TIS, G-Walkg ol-8slo] 45 Fo| Ws}E ulwaiginy.

£ A7 5 o4 U3 PNF 249 wfelat 18e Agston, 24 5 29, B5 94, 29 ¥4
4 Bt £8 4T LEH(Q015)2 PNFS A8% Bohe] B8 £570] Uvk NDTZET 9 S0 wisl
o] ZThL ST, AAFT 52013} A% ol8% PNF B el Felo] Ut A5 of's Eelurh 54 2eE
o 92 39 Seol Gt THE Z 4 Yok Sk oMY PNF 714e] H82 F344A Bl 29 % 71

ol el 9A FAMOE TEF 4 9o, & A4 PNF Wjeint /1 A 8] Wrielet BE 2% B
ol fEsl A AHAS Boln 9 L BT 2L Jl5A 24Y P B8 E & U9 T
£ A7o)4 9] Mok BBSSH FRTOIA 5 2 B 2 34 4 )% Holt 9i9lw, Ago] thzztst
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Hlwsto] F7F [-205k Zlo|7} USich A AtollA] 42 TEHS AE 29 HPPS 1 HES S 43S
FIA7= vl 3HAR] FEFE € 5 U= ST Oh 5(2010)2 TH HES TS o2 42 283
ALY =S HE 1%01 739 %9@_} 5&*&% HPHAL 5131t E]F Song Park (2015)2 ¥EF 2HAlA
283t 7IeE 22 w84 U9 22 b 715 585 24 58 FE
V\i ”%FIL— PNF % 19 S 3| 42 S5 HAsto] Pt e s, PNF

FE 55 oA FSEE SANFLEN S
2Ask= Hd¥5Ho| FgHE A /\}EQQ(Haruyama = 2017; Van &, 2019).

2 AN TISe= F+ & 25 SA A% Folgt Fdo] AR 7 w7t vlwofA Aglto] tixEe [Fofgt
P& Btk A dAqtolA] 7= 55 7MY &7 £ T 38 S92 HEF IR TIS HEE T
B5 A P 78S AXBFIHJung 5, 2017; Rasheed &, 2021). Kang® Moon(2022)2 382 o]&
EH g717] 52 A83t 50| TIS FgollA fost S Bk '3}M‘3} Lee 5(2019)2 H&F IR=
o7 FAA TEFT TN &5 MU} 252 ddcte] 83 W 582 7, 715 R H6 P9 wolgt
Fgol YepEthal BHrseitt 01% A2 550] B HRE °J"‘”‘]ﬁﬂr‘: e & A+ A3E A¢sh, PNF
% 52 @I ROt aTE € 5 v AR
APTIA TISZF FOJRt = HQl A2 Z4& 280] &6 3 I8 Aol B9 €4 = A
Al 4 o] F5 KA A Bt QlES EolEthChoi 5, 2021)

2 79| K HojoA HY £k 9 HY B&pe T o BE S A5 {205 gRo] i, #1E HlaoA
= B E&5ofA] Aol tiRatET foJRt Rol AT HES AL A ARRlolA] Ha¥steH EQHyet
o =EEoe TEE Xt B8 S I50] WA 3“39]'5]01 FgAdE FAISoF gttt Parkyt Kim
(2017)2 T HEF S &5 ;g 5 TS ST HY £50 749 Fofe S AT Shl,
Kim 5(2019) B HEF SAIA A2 353 I = fAka -‘:05— Bt o] A & 68 EPHAIA
Frofet ol YEhsttha 5191 ‘ﬂr S5 AR5 de A 5o} vlwste] 68 H HARNA F-olotA ZHAA
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{E PNF SA19F Blaste] HEF 8%
< 252 FHRE PNF 2912 55 ?}é d=
ol 2Rl SA HYS ARt 5 Aol HEFS SR 7154 A0l S PNF 7133 =49
melof met F 252 A0 Y ¢ e ol B2 EE 2E TR ot BastH, thdtt XA
oAz 7]*59_} & TR A F71AR] A7 &l HiRt A5 Basith
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