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| Abstract |

PURPOSE: This study examined the effects of breathing
exercise in the water on the pulmonary function and
maximum phonation time in children with cerebral palsy.

METHODS: The subjects were 24 children with cerebral
palsy at GMFCS levels 1 -III, who were allocated randomly
to either the aquatic breathing exercise group or general
breathing exercise group 12 subjects per group. Each subject
was required to complete 40 minutes of exercise twice a week
for eight weeks. Those in the aquatic breathing exercise group
performed aquatic breathing exercise, whereas those in the
general breathing exercise group performed general aquatic

exercise.
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hbgak@daegu.ac.kr, https://orcid.org/0000-0001-9762-1820

This is an Open Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

RESULTS: Significant differences in FEV 1, PEF, VC, TV,
ERYV, and maximum phonation time were observed in the
aquatic breathing exercise group after intervention, but there
were no significant differences in either FVC, FEV/FVC, IC,
or IRV. In the general breathing exercise group, there were no
significant differences in the FVC, FEV1, FEV/FVC, PEF,
VG, IC, TV, IRV, ERV, and maximum phonation time after
intervention. In terms of the pulmonary function, the two
groups showed a significant difference in the change in FEV 1,
PEF, and TV after intervention, but not in the FVC, FEV;
/FVC, VC, IC, ERV, IRV, and maximum phonation time.

CONCLUSION: These results above show that aquatic
breathing exercise training in water is more effective in
improving the pulmonary function than general breathing

exercise training.
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Subject Selection

(28 cerebral palsy)

1

Pre-test(n=28)
(CardioTouch 3000S — FVC, FEVy, FEV1/FVC, PEF, VC, IC, TV, IRV, ERV)

(Stopwatch — Maximum phonation time)

l

Intervention(40min, 2sessions/wk, 8weeks)

Aquatic Breathing Exercise Group(n=14) General Breathing Exercise Group(n=14)
1 i
2 drop out because of abandonment, 2 drop out because of abandonment,
lack of participation lack of participation
L i
12 subjects completed the trial 12 subjects completed the trial

!

Post-test(n=24)
(CardioTouch 3000S — FVC, FEVy, FEV1/FVC, PEF, VC, IC, TV, IRV, ERV)

(Stopwatch — Maximum phonation time)

i

| Statistical analysis(n=24) |

!

| Result analysis |

Fig. 1. Study flow chart

Table 1. General Characteristics of the Subjects (M+SD)

Value ABE Group (n=12) GBE Group (n=12) p
Male 9 (75%) 10 (83.33%)
Sex 338
Female 3 (25%) 2 (16.67%)
Age (years) 11.000+2.984 11.333£3.725 125
Height (cm) 134.683+18.840 134.475+24.097 .161
Weight (kg) 35.816+13.537 35.375+14.640 591
Type
Hemiplegia 1 1 400
Diplegia 9 10
Quadriplegia 2 1
GMEFCS Level
I 2 1 .804
o 7 7
m 3 4

Mean+SD: meantstandard deviation

GMEFCS Level: gross motor function classification system level
ABE Group: aquatic breathing exercise group

GBE Group: general breathing exercise group
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Table 2. Description of the Aquatic Exercise Program
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QAo W71 HARe] 242 913 CardioTouch
3000S (CardioTouch 3000S, BIONET, KOREA)E A3
of ghe ApAlolA] ANSATE. oFEe] Hxeh AP
of wet Aae] 0571 WA s Ao] EOHE Lo}

Section Aquatic Breathing Exercise General Breathing Exercise Time Ir;:;}s;;y
Warm-up Stretching & ROM Exercise 5 min 12
1. Blowing Pouch and Ball 1. Cycling
2. Mouth Bubbling 2. Sit to Standing
3. Nasal Bubbling 3. Step Box Training
4. Retrieving Rings ini
Work out 5. Breath C%)ntrolgin Prone Position : Egg:li(/)b "23;;: framne 30 min 12-16
6. Breath Control and TRC 6. Walking
1) Stand—Supine Float—Stand 1) Forward Walking
2) Stand—Prone Float—Stand 2) Side Walking
Cool-down Stretching 5 min 12
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1. H7|sel Hal Hlw

1) =)Ao &K (forced vital capacity: FVC)

() FVC A - 3 ¥3}

FVCe] 4 - 3 Mol A £ EFLERE AR

2 HolAgt &
ToEjo Amg} 1.761+1.143 fow A} 7k 1.682+
748 L2 A Ao R HolAuk AR {3t
Zpol7h glolek Adt 7t = Ao 555
79 FVC A - 3 2jo|ZhS 353+1.025 ¢, YHt3 5%
T2 -079£987 (2 FAH SR [OJ3t 2to|& HolA|
OkQFtH(Table 3).

(2) FEV; A - ? 3}
FEV19] A - & v]1Lof
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Table 3. Comparison of the FVC during the Intervention in the ABE and GBE Groups

ABE Group GBE Group WSR Z-value  WSR p-value
N 12 12
NR 6.000 8.750
Mean Rank
PR 6.750 5.380
NR 24.000 35.000
Sum of Ranks
——, PR 54.000 43.000 024 356
® Pre 1.613+1.014 1.761+1.143 ’ ’
Post 1.966+1.148 1.682+.748
Change between pre and post test .353+1.025 -.079+.987
MWU Z-value -1.177 -314
MWU p-value 239 754

WSR: Wilcoxon signed rank test

MWU: Mann-Whitney U test

NR: Negative Ranks

PR: Positive Ranks

FVC: forced vital capacity

ABE Group: aquatic breathing exercise group
GBE Group: general breathing exercise group

Table 4. Comparison of the FEV, during the Intervention in the ABE and GBE Groups

ABE Group GBE Group WSR Z-value  WSR p-value
N 12 12
NR 2.000 6.400
Mean Rank
PR 7.400 6.570
NR 4.000 32.000
Sum of Ranks
FEVA(t PR 74.000 46.000 2109 035+
1h Pre 1.010+£.478 1.441+£.991 ' '
Post 1.481£.803 1.372+.716
Change between pre and post test A470+.501 -.069+.625
MWU Z-value -2.746 -.550
MWU p-value .006** .583

WSR: Wilcoxon signed rank test
MWU: Mann-Whitney U test
NR: Negative Ranks

PR: Positive Ranks

FEV1: forced expiratory volume at one second
ABE Group: aquatic breathing exercise group
GBE Group: general breathing exercise group

1010478 Lo 4] AFEZE 14814803 (2 Z27b6tdn B Qleh. Aok 7k = adaRo|A 225595 70] FEV,
AX oz o3t Zfol7} QL ATHp<.05). YHIE F-5 2 - & Zpolgh2 470501 (, YRIS S FTS -069+
2o AAHZE 14412991 (o)l AFEZE 13726716 02 625 (2 EAAOoR Qo3 o2 HYTHp<05)
WAF JOR Byt BAHOE GO Hol7k ¢l (Table 4).
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Table 5. Comparison of FEV4/FVC during the Intervention in the ABE and GBE Groups

ABE Group GBE Group WSR Z-value  WSR p-value
N 12 12
NR 6.290 7.000
Mean Rank
PR 5.500 4.000
S ¢ Rank NR 44.000 21.000
um of Ranks
FEVL PR 22.000 24.000
/FVC =781 435
%) Pre 96.270+7.071 98.521+4.802
0
Post 93.709+10.743 98.743+2.639
Change between Pre and Post Test -2.561+8.371 22142.665
MWU Z-value -978 -178
MWU p-value 328 .859

WSR: Wilcoxon signed rank test
MWU: Mann-Whitney U test
NR: Negative Ranks

PR: Positive Ranks

FEV1/FVC: forced expiratory volume at one second/forced vital capacity

ABE Group: aquatic breathing exercise group
GBE Group: general breathing exercise group

(3) FEV/FVC A - & W3}

FEVI/FVCO| A - & H|uoA| 55585 A
AZE 96.270£7.071% O A AFEZE 93.709+10.743% = 7+
g A 072 Holut FAHORE o3t Zpol= §IN
URFE S5 APAGE 98.521+4.802% | A At
7k 98.743£2.639% & EA R 07 905 o)z} 19l

Ak 7 = ag QoA 52559 FEV:
/FVC A « & Zpo|ghL -2.561+8.371%, UHtE & o=
T VI665% 2 EAHO R 305 20| S Ko
OkQFtH(Table 5).

B

R

(4) PEF A - & W3}

PEFO] A« 3 vlio| A £3EFLELe A
1727779 U/so| A AFEZE 2.52141.127 UsE 27131
B EAMoR felg olsk UsArkp<05). Uit E
Q=8 APAZE 2.74542.110 Usol|A] AFZE 2.395+
1217 Us2 7443 Ao2 Ho|xut EA Koz golst
Zkol7h gloich Adt 7t = an Aol 525
0] PEF 7 - & 2Jo|ZhS 794+984 Us, QuI5 5 0=

2

T8 235041448 UsE EAZHOR Gol8t Hfo|2 HY
th(p<.05)(Table 6).

2) A" @slow vital capacity: SVC)

() Ve A - % st

Vol A - & vl pFEFEES ARG
3.180+1.519 Lo A] AFEZE 3.962+1.667 L2 Z7I5FA L
SAALE o3t Aol 7k YUAThp<05). PHIEE--F
T8 APAZE 3.760+1.624 Lof| A AFSZE 3.511+1.827 (2
At o BolXu BAHOR $oIt Aol §lg]
Y 3 AN g VC A -
3 2polghe T8ILI62 [, AT TS ETL -248% 1.761
2 BAHOR §olg ol Bl skehTable 7).

o

(o]
™

@ ICc A -5 s}
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Table 6. Comparison of the PEF during the intervention in the ABE and GBE Groups
ABE Group GBE Group WSR Z-value  WSR p-value
N 12 12
NR 2.670 7.000
Mean Rank
PR 7.780 6.140
NR 8.000 35.000
Sum of Ranks
PEF (Us) PR 70.000 43.000 2136 033
Pre 1.727+.779 2.745+2.110
Post 2.521£1.127 2.395+1.217
Change between Pre and Post Test .794+.984 -350+1.448
MWU Z-value -2.432 -314
MWU p-value .015* 754
WSR: Wilcoxon signed rank test
MWU: Mann-Whitney U test
NR: Negative Ranks
PR: Positive Ranks
PEF: Peak expiratory flow
ABE Group: Aquatic breathing exercise group
GBE Group: General breathing exercise group
Table 7. Comparison of the the VC during the Intervention in the ABE and GBE Groups
ABE Group GBE Group WSR Z-value  WSR p-value
N 12 12
NR 5.000 7.170
Mean Rank
PR 6.800 5.830
NR 10.000 43.000
Sum of Ranks
ve @ PR 68.000 35.000 1530 126
Pre 3.180+1.519 3.760+1.624
Post 3.962+1.667 3.511+1.827
Change between pre and Post Test .781+.962 -248+1.761
MWU Z-value -2.275 -314
MWU p-value 023* 754

WSR: Wilcoxon signed rank test

MWU: Mann-Whitney U test

NR: Negative Ranks

PR: Positive Ranks

VC: vital capacity

ABE Group: aquatic breathing exercise group
GBE Group: general breathing exercise group

2464+1.303 L2 A3 Ao2
Fajols gigict W 2

O
o
5= IC A -
ol
=]

Holx|uk BAH o=
aIEAAA 5
5 2o 7he 5254968 I,
-310£1.541 (12 EA O R &3k }o]

SNES

Ho]z] okQkti(Table 8).

G) TV A -
™V A -
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Table 8. The Comparison of the IC during the Intervention in the ABE and GBE Groups

ABE Group GBE Group WSR Z-value  WSR p-value
N 12 12
NR 8.500 6.000
Mean Rank
PR 6.100 7.500
NR 17.000 48.000
Sum of Ranks
PR 61.000 30.000
IC (B -1.732 .083
Pre 2.476+1.434 2.774+1.483
Post 3.001+1.255 2.464+1.303
Change between Pre and Post Test .525+.968 -310+1.541
MWU Z-value -1.726 -.706
MWU p-value .084 480
WSR: Wilcoxon signed rank test
MWU: Mann-Whitney U test
NR: Negative Ranks
PR: Positive Ranks
IC: inspiratory capacity
ABE Group: aquatic breathing exercise group
GBE Group: general breathing exercise group
Table 9. Comparison of the TV during the Intervention in the ABE and GBE Groups
ABE Group GBE Group WSR Z-value  WSR p-value
N 12 12
NR 6.500 6.940
Mean Rank
PR 6.500 5.170
NR 13.000 62.500
Sum of Ranks
— PR 65.000 15.500 2630 009+
® Pre 497+314 535+.320 - '
Post .575+.240 A445+.245
Change between Pre and Post Test .077+.167 -.090+.152
MWU Z-value -2.042 -1.845
MWU p-value 041* .065

WSR: Wilcoxon signed rank test
MWU: Mann-Whitney U test
NR: Negative Ranks

PR: Positive Ranks

TV: tidal volume

ABE Group: aquatic breathing exercise group
GBE Group: general breathing exercise group

497+314 (Ol A AFSLZE 575+240 (2 Z7F890 B
Aoz o3k Zpol7t AUMTHp<05). URIEE-o-5
& APHZE 535320 Lol A] AFSgE 4455245 02 A
Ao oAyt FAH R {23t zto]7} ¢lgl

ol ol

B

Ak 7 3 GOl $ETFFL TV A - &
2o 7FL 077167 £, YIS =2 -.090+.152 ¢
2 27408 823 o] S 1 rp<05)Table 9)
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Table 10. Comparison of the IRV during the Intervention in the ABE and GBE Groups

ABE Group GBE Group WSR Z-value  WSR p-value
N 12 12
NR 8.500 6.640
Mean Rank
PR 6.100 6.300
NR 17.000 46.500
Sum of Ranks
RV PR 61.000 31.500 1530 126
@ Pre 1.979+1.229 2.238+1.268 ' '
Post 2.426+1.092 2.018+1.156
Change between Pre and Post Test A447£1.010 -220+1.519
MWU Z-value -1.726 -.589
MWU p-value .084 .556

WSR: Wilcoxon signed rank test
MWU: Mann-Whitney U test
NR: Negative Ranks

PR: Positive Ranks

IRV: inspiratory reserve volume

ABE Group: aquatic breathing exercise group

GBE Group: general breathing exercise group

4) IRV A - & ¥H3}

IRVY] A - & BluofA $£FT 58

197941229 MW AFZZE 2.426+1.092 (2 27V Ao
2 HolX|gk BAZOE §of3t o= ¢

51T, ks

FOETS APHZE 223841268 (oA AFEgE 2,018+
1156 (2 7HA3t A0 2 Holx|ut EAF oz So|at

Aol 7k llek. At 7t F adgAolN FEEEeE
T RV 7 - & 2}o] ke 44741010 ¢, YHIS T
T2 22061519 (2 FAHOE {OIFE o) S Kol

OkQFtH(Table 10).
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Table 11. Comparison of the ERV during the Intervention in the ABE and GBE Groups

ABE Group GBE Group WSR Z-value ~ WSR p-value
N 12 12
NR 2.630 6.000
Mean Rank
PR 7.930 6.860
NR 10.500 30.000
Sum of Ranks
ERV () PR 55.500 48.000 347 79
Pre 972+.484 1.153+.907
Post 1.224+.586 1.129+.657
Change between pre and post test .251+.328 -.024+.977
MWU Z-value -2.002 -.707
MWU p-value .045* 480
WSR: Wilcoxon signed rank test
MWU: Mann-Whitney U test
NR: Negative Ranks
PR: Positive Ranks
ERV: expiratory reserve volume
ABE Group: aquatic breathing exercise group
GBE Group: general breathing exercise group
Table 12. Comparison of the MPT during the Intervention in the ABE and GBE Groups
ABE Group GBE Group WSR Z-value ~ WSR p-value
N 12 12
NR 4.000 5.330
Mean Rank
PR 7.000 7.670
Sum of Ranks NR 8.000 32.000
MPT (5) PR 70.000 46.000 1386 166
Pre 12.998+3.934 12.963+6.469
Post 16.250+7.316 13.362+7.383
Change between Pre and Post Test 3.251£5.038 .399+3.071
MWU Z-value -2.432 -549
MWU p-value 015% 583
WSR: Wilcoxon signed rank test
MWU: Mann-Whitney U test
NR: Negative Ranks
PR: Positive Ranks
ERV: expiratory reserve volume
ABE Group: aquatic breathing exercise group
GBE Group: general breathing exercise group
A gk =g SR ohyet AW F5E0 Am A, 3, A, T 5 LR EA0A Rfrofet Ao
Uk AWAQl A5 AlFEh H7eS A%, 4 7F gl A2 YEhg sEAo] S E .
, Aol wpek Haly] wiiell FARE i o o5 % Aol #H7])5 Wik FTEswe| FEVy,
arestofof sk QIF, A5l LA o= A= Wt VC, TV, ERV BlaLoflA] 4 3} Sof fofgt
ThaL A IEH33). ol2iet ARde arEfsie] & At 1}017} ARNIL(P<05) FFEFLETI T EE
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