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Development of the Chest Wall in Children with Cerebral Palsy according to
GMEFCS Levels

Jee Woon Jung, Joo Yeon Ko
Department of Rehabilitation Medicine, CHA Bundang Medical Center, CHA University

Purpose: The purpose of this study was to provide quantitative data regarding development of the chest wall in children with
cerebral palsy (CP) according to Gross Motor Function Classification System (GMFCS) levels and age using the radiological image
diameter measurement method.

Methods: Subjects included 112 children with CP and 110 healthy children, All of the children underwent simple chest x-ray. The
diameters of the upper chest (D,,.,) and lower chest (D,.,) were measured on the anteroposterior (AP) view of a chest x-ray, and
the D, t0 Dy, ratio was calculated. Chest wall ratios were compared among children with CP at GMFCS levels | ~ [ll, GMFCS
levels IV and V, and healthy children.

Results: The results showed significant differences between the upper and lower chest wall diameters of children with CP at
GMFCS levels IV and V, and healthy children (F=4.54, p=0.01; F=3.20, p=0.04). Results of comparison between the chest wall
ratios of children with CP and healthy children, showed that the upper chest walls of healthy children were significantly larger in
children younger than 48 months (p<0.05), and both the upper and lower chest walls of healthy children were significantly larger
compared to children with CP in children older than 48 months (p<0.05).

Conclusion: Radiographic measurement for examination of chest wall development is relatively simple, and the results yield
quantitative data on development of the chest wall for children with CP. In addition, therapeutic interventions may be considered
based on the results.
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Table 1. General characteristics of subjects N (%)
Variable CP (n=112) TD (n=110)
Gender Male 71(63.4) 62 (56.4)
female 41 (36.6) 48 (43.6)
(mﬁafhs) 434+ 259 433 + 281
| 9(17.0)
I 13 (11.6)
GMFCS i 25 (22.3)
level
v 36 (32.1)
V 19 (17.0)
CP: Cerebral palsy, TD: Typical development
GMFCS: Gross Motor Function Classification System
Table 2. Comparison of chest wall ratio among CP at GMFCS levels and TD
GMFCS GMFCS
D F p
level I-111 level 1V, V
Daper (mm) 104.19 + 15.88 101.55 + 16.50 109.53 £ 17.91 4.54 0.01*
Disse (1) 170 + 18.43 168.21 + 17.44 176.19 + 23.08 3.20 0.04*
D.pec / Dy X 100 (%) 61.06 + 5.78 60.32 + 6.87 62.00 + 4.39 1.83 0.16
*p<0.05
st PACS SYSTEM®] distance measure ™5 T}, AR-E44-2 LSDE ARSI}, ESF independent t—testS
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Table 3. Comparison of chest wall ratio between under 48 months and 48 months or older in CP and TD

CcP D
48 months > 48 months < 48 months > 48 months <
(n=70) (n=42) (n=73) (n=37) .
Dapex (mm ) 96.21 £ 12.73 114.04 + 15.21 0.00* 100.70 £+ 9.57 126.97 + 17.82 0.00*
Dise (1) 161.87 = 15.35 181.86 + 14.69 0.00* 165.88 + 12.00 196.55 + 26.15 0.00*
Dupec/ Doe X 100 (%) 59.50 + 6.00 62.70 + 6.40 0.01% 60.75 + 3.95 64.46 + 4.21 0.00*
*p<0.05
Table 4. Comparison of chest wall ratio between CP and TD in under 48 months / Comparison of chest wall ratio between CP and
TD in 48 months or older
48 months > 48 months <
CcpP D CpP D o
Dipex (mm ) 96.21 + 12.73 100.70 £ 9.57 0.02* 14.04 £ 15.21 126.97 + 17.82 0.00*
Dipue (111) 161.87 £ 15.35 165.88 + 12.00 0.08 181.86 + 14.69 196.55 + 26.15 0.00*
D.per/ Dome X 100 (%) 59.50 + 6.00 60.75 + 3.95 0.14 62.70 + 6.40 64.46 + 4.21 0.16
*p<0.05

1278 (o} 51, oo} 7 BtAY 46.2 + 37.6701E)S
& D2} DOl thell SRR AR eE skl 1
A} =pguphlopE-2 s thAlel] AHA] 1C0=0,95~0,99,
r=0,95~0,999] 4= Al=|wE e on, Hiolse ICC
=0.99 o4, 1=0.999] 322 A2 YERich

2. | JoH[otS 1t ZAotS 2| S2H|E H|w

wepguia] Al TA~A| 37A, e duia] A ATA |} A 5eHA,
J18)51 GAoMse] e vt A} HAukE] Al 47F
ALt Al 5 TAIR} YAfobse] g W sl 217 1t
o= Fegk Alo|7} Q= Ao & UERITHE=4.54, p=0.01,
F=3.20, p=0.04), A=A Ax} WA dula] A 4ckA|9} A 57F
ALl Adobse] AR AoA felgt zfol7t it
(p<0.05)(Table 2).

3.487H2 0|2t i=}0ts| RSt 4872 OF4} =Aoj| Ol

SIS | D} HHOKSO| EH|S Hlm

s b obst Yafolge] AYE 48749 v|zoR

Lo} Ehl G aS vl At 434 ik ot
H] o sk 43 ol wauh] ool felsb Zick

(p0.05). AAOKE 437} uIukar) 4374 ol ol

o] Fhlgo] G251 Zrhp<0.05)(Table 3).

249 ) Korean Soc Phys Ther 2013:25(5):246-251

4. 4874E 0|2t | MOtH| o= 1t FAOHSe| E2H|E H|u/
4871 E Ol | gOt| OFS 1t YeorkS2| E2H|E H|w

AGd 48704 o] 4871 mnko R Y| dun] ofEt
gdorEe] FEmles vladt Aut 4871 vivtoflA g
upe] ool Blsf gdokse] gl frelsl 2o
(p<0.05), 487ld oVdelAl= v oFsoll vish Adoks2l
S g o] B frefsAl 2Tk (p<0.05)(Table 4).

1 2 ) ofe 7 ol 2 ot

OFARS- HIALA AR 7] 2R S o] 8-5lo] AAlol=a}

11

wgb sau} 3 o]e@ Wol v s} —54*01
15| e of ek, AR AR ofshs S

www.kptjournal.org



o
x|, axH

ezt Wolxl A7t @efi=lw F2 ol Aozt vek
wh
g & 27] Alore] FR2 AHoA HRebE o
Fe UERACE E S o] Al S
Lreb, A Fke] A apex)= AdiA o2 gskar
ul$- Fot P AT 3/ EelA 67 E R ARo] FUFshHA
AA ] e ah A eh Ak A9t W S5t
wEsie), ke Aol BokS ) HA) Ak el
[ = = R L S s 67H$’4°1]*i 127H%§ XY =] A
AREge] 715 uhek 5
24] AA(upright posture) & %%40}711 wo] ¢ E3] Fol
ofeE 2] AR} HHLS0] WL 508 sP o R | 7)aL
3 HAA F2Hchest wall)S A1 (elongation)A| 71tk
ol#gt 2 sh-SFoA v FEHAA YEh Axt
How zuo| Frhmoks ehela Yl THEc ofelet o

)

21| IgEolA] AAHQl Bgol olshs TR} Foel
ke el e A BEE 3 4 A Bl

A2 AsrollA] e uka] Al 1A~A] 3THA|, = dut] A
4etA|of Al SEA T1fal AAJokse] FEmleS vlalt
A3} =] A 4HA|, Al SetAlRE Aderst At
SHREE 27 Lol Aot Sl o= UehdH. =, Vs
F0] =2 WA ofsE HY VleEe] W ‘%74194

Y Aube] o}l So| HAlolsot Hiof 7o) zjtl=
2 o 5 gk, Pak5He 11999] 7]54z0] Whe
AR = guia] ofEat A doksa Hlaldt AtofA
w o] olESo] AAlolss W) guu|So] 2Rkl
HAIEIT, o] A= i 1ol Ve o] Wi Al 4kt

Ak Al 55| ok5-Eol BoRs SRt 2 Ho] 21
URebch i Qb g B Qs chagAel )
52 23, /)7 71 Al TEARE B, ele
2o e Sl 222 Mol Al 5| 7 HolAlA
Aol ulaslgiet, ol Park 5] ¢h7ol ol} gl
O GMFCS A 389k 2 o2l 7]7] i of
Foll QlolH W WA} BAg okEEY A9 27 ol

& 570] wup] oRF BT AOREE Alole] ulisl
ssfel, A 3eAVY EFE Al TA~A] SEbAle) w )
oFEEI PHoLEES] FHAAE Holet A 1EHA~A
8eA| 14 up] kgl A 4TSk A 55 ot of
FE] FH9| Aol YA, BHoHF H ]
o5 A 4cHAlR} A 5EAS) Ab 5§ Holi= 919l
T} o]i= Bach £°0] H224] T19|%Z BlolS fgAlo R o

o

\1

www.kptjournal.org

125715 270l mE SwY Uy

: k| g0td| ot 2| thS =

3t 7o} el How WAl ofs Eet ol

25 S 5o DS Heler A 2 B8

ok 95750 Eé A AREEe] Hh A lo] =

Xkl &k 4= Qlrk, gl 25750l Has

79 SRR, ALEE uko] Aol o] o)

o} 7E¥o] sk 4= 9lr) 3 A 98] 55 (paradoxical
1

ek wleby] gZute] SEshe Bt A o,
SHE S ‘bucket —handle’' 2-52] 2ol oJslf v o=
1%4—%% 93]8] Qro g gHEEcE ! o]t
S Fo] Zu 7] HoR(funnel —shape) 2.2
o= e HEE AL S5 (bell shaped) o2 Hrt”
9y Ol%t— | et {71 A5 ghde] 2jo] ufFolrt,
F 0] G} whol] A= ARAlelA H e
1 #| 7 AFEE mobA] Wik A 21
ok tqﬁ}/\i 7sA 27 geko 2 HE]| 5] A A3 EE 94
O 7 AR Sol7HA| o] A Aol HiRE
|7t 7Aoo A o FofRi), TE ol et ﬂ7l7}
O FOIR|A] ok uf g A SR AT F717)
oA vAlE = dHrelA B 2 A7 IA o] ARt
Hictol| . RS w|A|A| Hot

W/ duia] ofsit Wdotss 487ES Ve ® Lol
TS vlael 2 Ayt 48709 o) te] W dupn] et
grolbsol 4870 ke ofE-Ekel Aol A L
Rl S 4870 w)vte) lc]/\gu]-tl]o}%jl} HAJo}E o]
o] &o] alolel 487N o]4ke] obEES Hlus| &
Ak 48749 v]rell A golso] wgupn] ops R A
wg= 7o) Zlow, 48714 ool wguhu] obgo
Hla) AAoRse] Abe} a5t K AHo] B Ak, o)
LAJuid] oo AAlolsSH ) Fahildbo] 2wl F

shurero] 9j3re AR Park o] AT Az} Al
et B AT AR S GRS W Sk,
715 9 e TEAo] BAsle], M Auh] o] 7]
st ol 71] FERolS ARAORE B g 4 9l

ek,
s got] ot 7

J Korean Soc Phys Ther 2013:25(5):246-251 250



JeeWoon Jung and JooYeon Ko : The Development of the Chest Wall in CP

AP 717 S 18k
of urerz A2 9l

= — =
AV 283 FEAA ol wol HgupulolEel
=]

o
q;
mU‘.
it
PE
s
o,
o
iql

o)

oft
Vo lo
LN
oL
r[roﬁ
o
g
rlo;J
ﬂm@m
5
o Mo
N
%FE
:A
El
A
b
ﬁln
e ofy -
gé
ﬁﬁ:
o
r"L
30

4

4 200 el W 3
= AoHe N BAFSS o} 5]
2 7)%50] AAS Srjsksl] §iet HA| A7k

: L8 v msfor 2 Alolch
7Ngboll A% wAnhu] ol 5ol
ssjol Qlol AakE Auislelo
Hedl] ofeieol 31 @5 s 2 ) ¢t ol
of & Alolt}, ofelet ATEL wantu] obge] g
1—0}37] _[4 S} ok;Q X].Eﬂ— ] /40]\11 lﬂ]—/\]—/\‘] Oﬂ O
0 FFate] WP S A v 2okt 4
Hp o & wgul) ofe] 58yl
A] E18; ofu] 918 S0 Azt

L g
i)
ol
S
a)
=
]
s
o}
e
1
N
o Olr
2
n-[o
_1>~1

e X 1o H X

uwoE

o i
o
H1
It
2
S
i
lo
il
x

= U g

jus)

. = 3

C

"

1' o
N rleo
_a

0O —

ol g_‘N_i
> 9k

mxl_?i_l

ﬂJIO

i

I Q

W

it

028
1. Fitzgerald DA, Follett J, Van Asperen PP. Assessing and

managing lung disease and sleep disordered breathing in
children with cerebral palsy, Paediatr Respir Rev, 2009;10(1):18-24,

2. Lee HY, K K, Cha YJ, A survey on stress and coping style in
mothers of cerebral palsied children, J Korean Soc Phys Ther:
2012;24(2):98-106,

3. Toder DS, Respiratory problems in the adolescent with
developmental delay, Adolesc Med, 2000;11(3);:617-31.

4. O Donnell DM, Pulmonary complications in neuromuscular
disease, Adolesc Med, 2000;11(3): 63345,

o, Stamer MH, Posture and movement of the child with cerebral
palsy, San Antonio, Texas, Therapy Skill Builders, 2000:14—6,

6. Seddon PC, Khan Y. Respiratory problems in children with

251 J Korean Soc Phys Ther 2013:25(5):246-251

10,

11,

12,

13,

14,

15,

16,

17

18,

19,

neurdlogical impairment, Arch Dis Child, 2003:88(1):75—8.
Massery MP. Chest development as a component of normal
motor development: implications for pediatric physical therapists,
Ped Phys Ther, 1991:3(1):3-8,

Bach JR, Bianchi C, Prevention of pectus excavatum for children
with spinal muscular atrophy type 1. Am J Phys Med Rehabil,
2003;8210):815-9,

Lissoni A, Aliverti A, Molteni F' et al. Spinal muscular atrophy:
kinematic breathing analysis, Am J Phys Med Rehabil,
1996;75(5):332-9,

Lissoni A, Aliverti A, Tzeng A et al, Kinematic analysis of
patients with spinal muscular atrophy during spontaneous
breathing and mechanical ventilation, Am J Phys Med Rehabil,
1998;77(3):188—92,

Kisner C, Colby LA, Therapeutic Exercise: Foundations and
Techniques, 5th ed, Philadelphia, F, A Davis CO, 2007:851-8,
Leopando MT, Moussavi 7, Holbrow J et al, Effect of a soft
Boston orthosis on pulmonary mechanics in severe cerebral
palsy, Pediatr Pulmonol, 1999;28(1):53-8,

BEstenne M, De Troyer A, The effects of tetraplegia on chest wall
statics, Am Rev Respir dis, 1986;134(1):121—4,

Park ES, Park JH, Rha DW et al, Comparison of the ratio of
upper to lower chest wall in children with spastic quadriplegic
cerebral palsy and normally developed children, Yonsei Medical
Journal, 2006:47(2):237-42,

Ko JY, Woo JH, Her JG. The Reliability and Concurrent Validity
of the GMFCS for Children with Cerebral Palsy. J Phys Ther Sci.
2011;23(2):255-8,

De Troyer A, Deisser P. The effects of intermittent positive
pressure breathing on patients with respiratory muscle
weakness, Am Rev Respir Dis, 1981;124(9):132-7.

Papastamelos C, Panitch HB, England SE et al, Developmental
changes in chest wall compliance in infancy and early childhood,
J Appl Physiol, 1995;78(1):179-84.

Netscher DT, Peterson R, Normal and abnormal development of
the extremities and trunk, Ped Plastic Surg, 1990;17(1):13-21.
Kim MH, Lee WH, Yun MJ, The effects on respiratory strength
training on respiratory function and trunk control in patient
with stroke, J Korean Soc Phys Ther, 2012;24(5):340-7.

www.kptjournal.org





