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Abstract

Background: Research efforts to improve the pulmonary function of children with cerebral palsy (CP)
need to focus on their decreased diaphragmatic ability compared to normal children. Real-time
ultrasonography is appropriate for demonstrating diaphragmatic mechanisms.

Objects: This study aimed to compare diaphragm movement, pulmonary function, and pulmonary
strength between normal children and children with CP by using ultrasonography M-mode. The
correlation between general characteristics, diaphragm movement, pulmonary function, and pulmonary
strength was also studied.

Methods: The subjects of this study were 25 normal and 25 CP children between five and 14 years of
age. Diaphragm movement was measured using real-time ultrasonography during quiet and deep breathing.
Pulmonary function (such as forced expiratory volume in one second; FEV) and peak expiratory flow; PEF)
and pulmonary strength (such as maximum inspiratory pressure; MIP and maximum expiratory pressure;
MEP) were measured. A paired t-test and Spearman’s Rho test, with a significance level of .05, were used
for statistical analysis.

Results: The between-group comparison revealed that normal children had significantly greater
diaphragm movement, FEV;, PEF, MIP, and MEP (p<.05) than CP children. The results showed that
general characteristics were significantly related to FEV;, PEF, MIP, and MEP (p<.05).

Conclusion: In clinical settings, clinicians need to concern decreased diaphragm movement, pulmonary
function, and pulmonary strength in CP group compared to normal children.

Key words: Cerebral Palsy; Diaphragm movement; Pulmonary function; Ultrasonography.
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Table 1. General characteristics of two groups (N=50)
Cerebral palsy Normal p
Gender (male/female) 10/15 11/14
Age (years) 9.9+4.1% 10.6+3.1 <.001"
Height (cm) 138.1+7.2 139.2+5.1 005"
Weight (kg) 37.6+6.9 38.6£6.2 .033"
Chest (cm) 61.9+5.7 63.1+4.1 .020"
Waist (cm) 59.7+6.6 61.3£7.0 <.001"

“meanztstandard deviation.
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Table 2. Comparison on cerebral palsy and normal group (N=50)
Cerebral palsy group Normal group P

right queit breathing 1.38+.57 1.85+.82 <.001"

. right deep breathing 2.91+1.32 3.51£1.40 125

Diaphragm movement . . .

left queit breathing 1.00+.76 1.36+1.31 .039

left deep breathing 1.29+1.70 2.34+2.22 .009"

PEF* (L/min) 204.39+92.4 331.7+94.00 <.001"

FEV," (L) 2.51+.75 3.31+£.91 .003"

MIP* -34.24+10.42 -50.44+11.45 <.001"

MEP? 43.46+12.37 55.86+11.83 <.001"

“peak expiratory flow, Pforced expiratory volume at one second, ‘maximal inspiratory pressure, dmaximal expiratory

pressure, p<.05.
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Table 3. Correlation of each items in cerebral palsy group (N=50)
PEF* FEV, MIP MEP? M DM ; M M . GMFCS'
(Rt.QB)* (RtDB) (LtQB)* (LtDB)
Age .688 755 -.464 433 -.146 .030 -.362 -.257 035
(<0017 (<.00177) (.020) (.030"") (.485) (.886) (.075) (.215) (.667)
Weight 754 781 -.588 082 -.203 .010 -.344 -.279 -.212
(<00177)  (<.0017%) (.002%) (.002"") (.332) (.964) (.092) (.176) (.309)
Height .802 835 -.636 592 -.159 057 -.239 -.159 -.278
(<.0017%)  (<.0017%) (.001"") (.002"") (.447) (.787) (.250) (.447) (.179)
Waist 735 728 -.401 A75 -.098 .096 -.330 -.237 .096
(<0017  (<.0017%) .047%) (.016%) (.642) (.648) (.107) (.255) (.647)
Chest 711 701 -.383 458 -.095 172 -.342 -.259 137
(<0017 (<.0017%) (.059) (.0217) (.650) (.412) (.095) (.212) (512)
PEF 1000 922 -.685 .691 -.105 185 -.179 -.108 -.339
(<0017 (<.001"")  (<.00177) (.619) (.376) (.392) (.606) (.098)
FEV, 922 1,000 -.736 778 -.134 105 -.083 .010 778
(<.001™) (<.0017)  (<.001") (.524) (.619) (.694) (.961) (<.001%")
MIP *.685** -.736 . 1.000 .873* ) -.120 -.376 -.178 -.142 .658* )
(<.00177)  (<.0017%) (<.0017%) (.569) (.064) (.395) (.497) (<.0017%)
MEP 691 778 -.873 1000 125 306 .099 076 -.644
(<.00177)  (<.0017%)  (<.00177) (.553) (.137) (.637) (.719) (<.0017%)
DM -.105 -.134 125 125 1,000 .669 370 .262 -.300
(Rt.QB) (.619) (.524) (.553) (.553) (<.0017%) (.069) (.208) (.145)
DM 185 105 .306 .306 669 1000 170 .075 -.245
(Rt.DB) (.376) (.619) (.137) (.137) (<.0017") (.416) (.723) (.238)
DM -.179 -.083 .099 .099 370 170 1,000 .964 -.469
(Lt.QB) (.392) (.694) (.637) (.637) (.069) (.416) (<.001™) (.018")
DM -.108 .010 076 .076 .262 075 964 1,000 -.398
(Lt.DB) (.606) (.961) (.719) (7119 (.206) (.723) (<.0017) (.049")
-.339 -.361 .658 -.644 -.300 -.245 -.469 -.398
GMECS (.098) (.076) (.001"") (.001™") (.145) (.238) (.018") (.049%) 1.O0o

peak expiratory flow, "forced expiratory volume at one second, “maximal inspiratory pressure, “maximal expiratory
pressure, ‘diaphragm movement in right quiet breathing, Ipdiaphragm movement right deep breathing, ®diaphragm

movement in left quiet breathing, "diaphragm movement left deep breathing, ‘gross motor functional classification

scale, "p<.05, “p<.0l.

< (Wang 5, 2012)% ZA¥Hu AEE 4o &
%(Ostensjo =, 2000) 0.2 <& HAlwln] olsx} A}
ols9] AA F2A AV TF7E Aot A

Q1 AW AL STFFFY &, AesiAE
A} olgl %5217 (Phenic Nerve)&4y, 232 el 3 Aat
&4, A Fue WS L33 ekt SaeEa
Aol 9dar, Eghd &S A vleRdelgt 4o
star b FAY wh)E Aol ghH(Wilcox 7
Pardy, 1987). 223 M-mode: dAAlE IA9 755
A g s Adslr] 93 dagu| 2 AREE A 9lo
™ (Park¥} Young, 1981), ¥ <7+ 48 33299
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Ads EdE JAGS FPEE EReth 1 A 7F Uk om, o= A obEollAME AR A
v o} 259 % A4 Ave oW, W4T 7l ol WARAA  Aee welEth oew An:
SHAE 11, 49 o= b o R YEyton A APATEAA B obsollMe & FA F2Slo]
dobs AFolAde A Tlsidel 7, A np HI gl A--oH(Tarver &, 1989), Hld|HAolx JA
H7} 278 0] YEbth HAwkH] ofso] FAd ofEal 2 &5 (Alexander, 1966)< ¥  Jrial sfo] & <
Hlsl 7lsi-d3 FA49 w7 A8k gakon, T AAE A g
AdolA Sk kel 8 Byo] BAHe & B Aol M= HAe] obEe] dwkA 543 94
Zl]lo] EAgthd A 7e R whH|7L o4 2 22, TF7E, =&Y, 575 dA#RAES
2 JdorE(Urvoas 5, 1994) ¥HAdnka] o}zl o gRlgk A, vol, 7], AT 2 dvhy EAES
@ Fo) 2o ol Waskth wa B Ayl A3 sF/1SPER, FEV), SFMP, MEP)Z 93
4% ok 259 F 99elAl FA%e] SR vhl el AwlE waAw, 949 £ 275 ¢
Table 4. Correlation of each items in normal group (N=50)
] . ] , DM DM DM DM
PEF FEV, MIP MEP . .
(Rt.QB)°  (Rt.DB) (Lt.QB)*  (Lt.DB)
Age .250 347 -.247 135 -.189 -.050 -.007 -.022
(<.0017)  (<.00177) (.234) (.520) (.367) (.812) (.972) (.918)
Weight .380 409 -.313 325 -.083 047 243 162
(.0617") (.0427") (.128) (.113) (.693) (.823) (.241) (.439)
Height 426 427 -.400 .336 -.188 017 210 182
(.034%) (.033") (.047%) (.101) (.367) (.934) (.313) (.384)
Waist 275 256 -.392 321 -.187 -.150 317 122
(.183) (.216) (.052) (.118) (.371) (.474) (.122) (.560)
Chest 205 320 -.420 .343 -.207 -.087 308 .186
(.326) (.118) (.0377) (.093) (.322) (.680) (.134) (.374)
PEF 1000 673 -.130 220 078 -.042 2242 091
(<.00177) (.537) (.290) (712) (.841) (.245) (.666)
FEV, 673 1,000 -394 413 074 114 .084 051
(<.00177) (.052) (.040") (.726) (.587) (.690) (.808)
-.130 -.394 -.818 187 -.435 -.156 -.379
MIP (.537) (.052) 1O (<.0017%) (.372) (.030") (.456) (.062)
220 413 -.818 372 379 264 464
MEP (.290) (.040") (<.0017%) 1.000 (.067) (.062 (.202) (.019")
DM 078 074 -.187 372 1000 701 311 397
(Rt.QB) (712) (.726) (.372) (.067) (<.0017") (.130) (.049")
DM -.42 114 -.435 379 7701 1000 .169 A78
(Rt.DB) (.841) (.587) (.030") (.062) (<.0017%) (.420) (.016")
DM 242 084 -.156 264 311 169 1,000 749
(Lt.QB) (.245) (.690) (.456) (.202) (.130) (.420) (<.0017%)
DM 091 051 -.379 464 397 A78 749 L000
(Lt.DB) (.666) (.808) (.062) (.0197) (.049") (.016%)  (<.0017%)

“peak expiratory flow, Sforced expiratory volume at one second, “maximal inspiratory pressure, dmaximal expiratory.
pressure, ‘diaphragm movement in right quiet breathing, 'diaphragm movement right deep breathing, ®diaphragm

movement in left quiet breathing, hdjaphlragm movement left deep breathing, "p<.05, “p<.01.
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