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Abstract

Changes in Peak Expiratory Flow, Forced Expiratory Volume in 1 Second and
Peak Cough Flow Related to Functional Level and Measurement Position
in Patients With Duchenne Muscular Dystrophy

Ki-song Kim, M.P.H., P.T.
Dept. of Physical Therapy, Kang—nam Severance Hospital, Yonsei Medical College, Yonsei University

Heon-seock Cynn, Ph.D., P.T.
Dept. of Physical Therapy, Hanseo University

It is important to find the effective position for cough and sputum clearance in respiratory physical
therapy. The purpose of this study was to compare the changes in peak expiratory flow (PEF), forced
expiratory volume in 1 second (FEV}), and peak cough flow (PCF) related to functional level and meas-
urement position in patients with Duchenne muscular dystrophy. Twenty one subjects were classified into
three functional levels, and measurements was undertaken in three different measurement positions (up-
right sitting, 45" reclining and supine). Vitalograph PEF/FEV DIARY was used to measure PEF and
FEV1, and Ferraris Pocket Peak was used to measure PCF. Mixed two—-way analysis of variance and
Bonferroni post-hoc test were used for statistical analysis. The results of the study were as follows: 1)
Significant main effects for measurement position were found. 2) PEF was the highest in upright sitting,
followed by 45" reclining, and supine in order. 3) FEV; in upright sitting and 45° reclining were sig-
nificantly greater compared with that in supine. 4) PCF in upright sitting and 45  reclining were sig-
nificantly greater compared with that in supine. 5) No significant main effects for functional level were
found in PEF, FEV;, and PCF. 6) No significant functional level by measurement position interactions
were found in PEF, FEV), and PCF. Therefore, it is concluded that upright sitting and 45° degree reclin—

ing positions are recommended for effective cough and sputum clearance.
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E 1 A7) dntb 54 (N=21)
T 7I's FE 55Hm=4) 7T FF 65H5m=b) T FE TeH(n=12) F p
A% (A 12.0+1.41 12.0+2.65 1414231 2.16 14
A5 (ke) 47.0+13.44 51.4+16.16 46.4+10.97 28 76
A1 (em) 153.0+12.52 147.6+13.43 152.9+9.18 46 64

1) Vitalograph PEF/FEY} Diary, Vitalograph Inc., Kansas, U.S.A.
2) Ferraris Pocket Peak ™ Somerset Medical Inc., New York, U.S.A.

_3_



A g A 58] A A 167 A 3%
PTK Vol. 16 No. 3  2009.

N

1 A 371 918 2ol 30 el ¥FF FE
dsto] HU7I-GHF SHAV Al 7HA A BE S
Ale] &3go|7t o= Al AR F SHSA
=234 MY &M= T2 3Hrandomization) 3FA
om 2 ZHo] 7] Aol 23]9] dHISAS Fst]
T 1}7]' SARAG F5E F AEF T 24
HGolM = 33 SAHEE] Hiihs AR

;:‘ o R

l

=

=8 SPSS ver 12022 EA31%
o, 7% FELE EFE Al oA SAAA
e HareE, 12=EAs0F 9 Ao
& Wsle] Afolg golry| 9t EFRF o]all #
AHE-A (mixed model two-way analysis of variance)2
ol gstatt. F AW fFAF As EEEY
(Bonferroni) AF-AAS o83ttt SAIEE frolg
F2 052 3tk

m. A3

1 AFHEAE 715 S =HAALF

Vs T S AA w2 =HAdE S| AL
A% T ANSIFE, 120=848371%F 3 HAd71H
% 33 ST WS & 29 2k

2. 7% 42% 28 AAd gE ANsH

. SA4" HdsrREe] BEEg Vs
e Foldk zHol7t AN Hp= 7) 54 AA
e Frelgh Zelzt AMATHp=.00). 7T T4 =
AAA ) Fe e fIATHp=.70). "Zé?@*ﬂ g zto]
of thk Ab A Ad} 90° gk ApAle} 45° ZHAPA
71 AN (p=.00), 90° k2 AL iR T ARA
(p=.00) L&Jar 45° ZApA 7|H ZpA9F BiR FE
Al (p=00) el E5F 7913 2ko]7h UATHH 3).

\4 I~z =

3007 || = =

2004

PEF(E/min)

1004

Positions

a9 3. 54 AAM &8 HUsoF% 2ol (1 90° &
AHA, 20 45° ZAAPEC 71 ARA|L 3 vlE
Z}A). #p<.05.

do o

] PEF*( ¢ /min) FEV,"(¢) PCF*( ¢ /min)
R e T FEmEE] EEEEE EEmEE]
5%+ 259.42+33.83 2.21+.19 244.92+31.60
90° ¢k AHA] 6% = 222.40+72.29 1.91+.70 216.00+70.25
To 193.72+32.34 1.62+.33 186.03+31.15
5% 250.67+36.74 2.17+.29 244.75+36.15
45° ZAPA] 71 ZpA| 657 217.73+72.26 1.87+.64 218.87+78.20
T HF 189.06+32.77 1.59+.33 183.78+30.99
5% F 238.83+34.36 2.13+.27 228.33+33.47
HEE 2 2bA 6% 204.33+69.42 1.77+.61 200.40+67.13
T F 180.06+28.60 1.53+.33 175.36+27.43
PEF: A7)
"FEV): 1Z271=8A5 7]
‘PCF: Hul7|H %



A g A 58] A A 167 A 3%
PTK Vol. 16 No. 3  2009.

3. 715 3 SAHAAAY wE 1274
171%«1 z}o]

HHE S 2SR Baas Vs T
=l oJsix= %A?‘a zFol7b gl ok (p=.06), 578 =}
Alell eI = frelst zkol7F ARATHp=.00). 715 T
I S G AEE fIATHp=.26). SHAA &
ztolof] tigh AR 747 Ax 90° gk AA|} nlZ ¢
= AA(p=.00), 45° AAPE 71 AA9} vl2 TR
A (p=.00)o M= Folgk Zfol7b Ao, ek A
o 45° ZApdo] 7| AAe ek Zpolrh giddth
(p=3D(2¥ 4).

4. 7% FEF FAAAC #E AR
gl Zol
A1 Bige s FEd 9
&gk zpol7k PR Hp=08), Z4 Al 9
9]??} Aol7h ARTHp=00). 715 53 34
7\}*11/1 TAE-L QITHp=00). S E Ajold
ek AR AR A 90° e AAe BiE e A4A)
(p=00), 45° BAFAR] 71 ApH|} vk & A4 (p=.00)
E frog zolzk Aot ke At 45° AAFE
71 A el 2]zt AATHp=1.00(17 5).

o[r

Kang (2006)2 HA = g5
29 23 A5 dnadel vg ar

FEV1(t)

Positions

O 4. 23 AA ¥ 1270843571 2ol
90° e A, 20 45° AAFA] 71 =LA, 3 HE
2 72 AA). #p<05.

5(2006)2 4l
A &3 Z}H]Q]r -Fﬂ gdFae] 4
?i:rLOﬂH sEdHgE ARE *1—%’5}9?\13}.
Hukins¢} Hillman(2000)2 4 37]#3te] 8218 &
ot 7] SEiA 123 PSVF ARE ARESTH
2 dAFdAE A AFAEC] HAARIE 2 olddE
gxte] gv)et 713 58 ke e ARESAY AAt
ARES o83t HUE/FH, 12784373,
AN IHFEFS 71 T4 34 A2 TR &
vz a5 Hvgst
7] 915k A FrHsty] 9t stk
= olddE AN FA
< B3] Hrishr] AsiAMe %%E A
o & AAE 2 o] ApMeA Y HETF F40]
“’JB-O}E]’L Ak S HARI= o] At
357 Het X8 gl #3F Aol A Swinyard
F19%579 7 7IES o838t 55w ol A=
AT Agenh Wt B AR =
Hajo] E7Fsste] W Eet oAtel| gropx| A& 5
AZvo] wm ZATe] g okslz oW /\]ZJ oro}
7] B3t F2s FAse "‘?—°ﬂ HiE = ARE
3= A97F B7] Wi viE 7 AHME ——7§ ZA|
2 Aotk =3 WA mi E(mattress) #1142
FAEE WS W BE T2 AU XFZEE FAR
(wedge board)ell 7|0 ApAlollA #E 75 9 (range
of motion) 53 =735 (strengthening exercise)
183 5852 F(breathing exercise) 52 3= 2-%7}
Hol 45° AAbd] 71 AAE = oE S AR A

e

ol |

Mo¥o rlr o dle

3007 |

2004

PCF(t/min)

100

L]

Positions

1% 5. =4 z}xﬂ E AW R 2ol 90°
& AA|, 20 45° 73 Aol 71| AbAlL 30 kR

Z}A)).

4



2B 2 88k3) %] A 168 A 3%
PTK Vol. 16 No. 3 2009.

daiA DT ol SATAeNN 24 A wet S

Akl & 2o)2 HolR| LYW Ve 2 45F ol
o] AL At el A Aelatoich

ATAFNN 55F old 75 FESER BRE
Al Aeeld A%, 122=848571% 2 Ayl
71Zfel 34 AAe wEtMEe o Aolzk AN

ou 7% FEd "eAs fos Aozt itk A
7S 90° o2 AHA|, 45° ZAbEC 71 ZJA,
HEE 78 ZHAe] o2 S A77F frefetAl 7
Atth 12 EAE TR 90° gk A9 45°
ZAApdol 71 ZAel A mER e AA R S gho]
st 57}6}2%1, N° ek AMeL 45° AP
710 AAlE S5kl A frelgt Aozt glitt Hoj7]
A 7& =Egs T 2ol 90° ek AAe}

45° ZAAPA 71 A A vEE 2 AA R SH
ol FYstA 7kl A, 90° gk A9 45° HAY
Holl 71 2= SARNA frelg ztel7h fliTh
aeRE B AT Al osid &4 Al wet &
AE TEH Zol7} g Aolgte AT 7ML
1140144 715 ol WE Aol tigk A 7Hd

AAHA gtk 7% Feol WA Fog 2ol

= 5, 6, 7%% A=k

l

)

7} WAYEEA] ke ol fr S e s
AFEEC] gRlAbel &t APsle FFol7
ol & AelA SA4e iﬂa}‘oﬂ ek S& Aol
A ZpolE HolA] S ol AhE:
HNZ7FHF SHoNA 90° ek AHA|, 45° A

71 ZA), HER R AAY o2 2k =77}
FolEH Aad Ade 90° e AAlClA =3 Al F
2o] ztgo] F7] Eo} FAute] Brweo = s1E3)
= AL ToE F e HY BR] F THEE
(visceral contents)®] HIZ F2 ZAld|A= 90°
A9} 45° Z4AFA 71 ApA| R 3 HRZo] F3
do] Fraste] F7) < Ao ERWgo R JhE
sk Ag AAeR Agete] vebd Aae} ddy
oAFth FElY 5200602 FAAN= KA T o]FY
Bxlo] =HAHEFS O AA A S5t o
A =gAdddafo] A 59 BI%=E
2317, vlE 72 AAeIAE 3B6X%E F 2.2%7)
Aasteitha Basart 123 Allen S(1985)7
Varrato 5(2001)2 A3 ke A9} viE +
+ A Zroll= 75+57%9] Aols HAvka Baigk
vl itk 2#EE FHAd= F o]dds XAE

oY o ol

o
I
R
8
o
>L
:
>
X
o
5
o
2
>~
>
0
2
N
=)
%
==
>~
>
K3

ol A ok 2}017} Stk 1 olfEE B AT o
o] 1&7=Egd 5 7|o] BASX 9] 40~50% ol
A" ¥HE, e 5(2006)2] Aol HuE =EA
&g A dESX9 38I%E B Ao APt
o] TFVI50] i = FEolY] Wil S A
o oJ3ted JakS HA Welr] wjFolg} AyZtETh
H7|HF3FS 27 89S Jriste H=Q FHu)
I)HETE g2 90° e A9} 45° HAbH 7]
ZHA| Atolell A frefgt ztol7b fIATh olidk o
T TEHFE ST Ay 2}01 S F UTh
HA s 7 123294571732 "dAdE 71719
Vitalograph PEF/FEV; DIARY S /\]_9_0}0;] LA 9]
3t 7 A A SAS & 5 Ao, AT
F AL 713 T2 Al S FEke] wEA 57
Z1A1 9] 3ol o3l w=AE D AYE Al
71718 ol&3te SAsI97] Wl 10 ml =%
S AAH R AEshe A &4
ek Avety AWE 4 ok 28y Ho)
A 359 7IHeES Hdske d oA
oA A AHLst] F&gh
, Bach(1999)¢} Kang 5(2006)9] AollA 2
o] Y=F= AUk
2 d7e SYAEE 8 S oY dHEs

l

AN ré

oo [0 @ N fo L v ok
ox H oox o Ju iy O rr
oo fr

Ao gy Wil sFel RE 24e A
of s A el BAZ ATele] RES Aoy
SolA 274 AH e Aol F83 FAT & de
AR AFE) ol EF AN 2 o FPF
A= Swinyard 519579 715 % TFLZE B
Ftel o] EFHe 557 olde] BAEL AF
BgoR 3 APolgly] o] B AT ARE Un
A AT 25 Il ol ARYE
SRBY 5 JE AT A BE ARTA ABEE
Eelt Aol apAE, EG 5F FIAD FAL
59 278 93se 35 97t dasi



A g A 58] A A 167 A 3%

PTK Vol 16 No. 3  2009.
V. 28

2 AT FAkls 2 o9Ys RS ATt
2 7le s A SR 13238
7% 8 Ao ARl vixle dde ARk
AT A HNSIFFS 90° ek AAlelA A 2
ov, 45° AApdCl] 7R AR, HEE R AR o
Z Fasad 1x0=A4sEE A 1R
HEE S AAET 90° g2 ARA|e} 45° Abde] 7]

9 AN FlaA 2 Al el g
24 AAINE RO Aol GNOH, FEAEE
Pgith THER AR 2 ol BAE e
2 @ SERINE AN 5713 3718 5 7]
AR A MBS PPA77) Aste] w2 e A
ARTHE 900 e At 45° ZAbRel Fli A}
axzoletn ek

FoAA. oA ] 83 A]. 2006;30(1):80-85.
Allen SM, Hunt B, Green M. Fall in vital capacity
with posture. Br J Dis Chest. 1985;79:267-271.
Bach JR. Guide to the Evaluation and Management
of Neuromuscular Disease. Philadelphia, Hanley

& Belfus, 1999:71.

Bach JR, Ishikawa Y, Kim H. Prevention of pulmo-
nary morbidity for patients with Duchenne mus-
cular dystrophy. Chest. 1997;112(4):1024-1028.

Bach JR, O'Brien J, Krotenberg R, et al
Management of end stage respiratory failure in
Duchenne muscular dystrophy. Muscle Nerve.
1987;10:177-182.

Bach JR, Rajaraman R, Ballanger F, et al
Neuromuscular ventilatory insufficiency: Effect
of home mechanical ventilator use v oxygen
therapy on pneumonia and hospitalization rates.
Am ] Phys Med Rehabil. 1998;77:8-19.

Baydur A, Gilgoff I, Prentice W, et al. Decline in
respiratory function and experience with long
term assisted ventilation in advanced Duchenne’s
muscular dystrophy. Chest. 1990;97:884-8%9.

Braun NM, Arora NS, Rochester DF. Respiratory
muscle and pulmonary function in polymyositis
and other proximal myopathies.
1983;38:616-623.

Demedts M, Beckers J, Rochette F, et al. Pulmonary
function in moderate neuromuscular disease

Thorax.

without respiratory complaints. Eur J Respir Dis.
1982,63:62-67.

Emery AEH. Duchenne Muscular Dystrophy. 2nd ed.
Oxford, Oxford University Press, 1993:275.

Estenne M, Heilporn A, Delhez L, et al. Chest wall
stiffness in patients with chronic respiratory
muscle weakness. Am Rev
1983;128:1002-1007.

Fowler WM Jr. Rehabilitation management of mus-—
cular dystrophy and related disorders: IL
Comprehensive care. Arch Phys Med Rehabil.
1982,63:322-328.

Finder JD, Birmkrant D, Carl J, et al. Respiratory

care of the patient with Duchenne muscular

Respir Dis.

dystrophy: ATS consensus statement. Am J
Respir Crit Care Med. 2004;170(4):456-465.
Finsterer J. Cardiopulmonary support in Duchenne
muscular dystrophy. Lung. 2006;184(4):205-215.
Hanayama K, Ishikawa Y, Bach JR. Amyotrophic
lateral sclerosis. Successful treatment of mucous
plugging by mechanical insufflation—exsufflation.
Am ] Phys Med Rehabhil. 1997,76(4):338-339.
Hahn A, Bach JR, Delaubier A, et al. Clinical im-
plications of maximal respiratory pressure deter—
minations for individuals with Duchenne muscu-—
lar dystrophy. Arch Phys Med Rehahil
1997,78:1-6.
Hukins CA, Hillman DR. Daytime predictors of sleep
hypoventilation in Duchenne muscular dystrophy.
Am ] Respir Crit Care Med. 2000;161:166-170.
Kang SW, Kang YS, Sohn HS, et al. Respiratory
muscle strength and cough capacity in patients



2B 2 88k3) %] A 168 A 3%
PTK Vol. 16 No. 3 2009.

with Duchenne muscular dystrophy. Yonsei Med
J. 2006;47(2):184-190.

Keskinen H, Pirnla P, Nordman H, Nurminen M
Pocket-sized spirometer for monitoring bronchial
challenge procedures. Clin Physio. 1996;16(6):633-643.

Khan Y, Heckmatt JZ. Obstructive apnoeas in Duchenne
muscular dystrophy. Thorax. 1994,49:157-161.

Kravitz RM. Airway clearance in Duchenne muscular
dystrophy. Pediatrics. 2009;123:5231-S235.

Laghi F, Tobin M]. Disorders of the respiratory
muscles. Am J Respir Crit Care Med.
2003;168(1):10-48.

Pelkonen AS, Nikander K, Turpeinen M.
Reproducibility of home spirometry in children
with newly diagnosed asthma. Pediatr Pulmonol.
2000;29(1):34-38.

Scadding GK, Darby YC, Austin CE. Measurement
of peak flow in children: A comparison between
the low-range mini Wright and the low-range
Ferraris pocket peak flow meter. Int J Pediatr
Otorhinolaryngol. 1996;34(3):225-228.

Smith PE, Calverley PM, Edwards RH, et al
Practical problems in the respiratory care of pa-
tients with muscular dystrophy. N Engl ] Med.
1987,316:1197-1205.

Swinyard CA, Deaver GG, Greenspan L. Gradients of
functional ability of importance in rehabilitation
of patients with progressive muscular and neu-—
romuscular diseases. Arch Phys Med Rehabil
1957,38:574-579.

Tschopp JM, Roulin JP, Julland A, Emé R.
Evaluation of the reliability of 2 portable elec-
tronic spirometers. Schweiz Med Wochenschr.
1988;118(38):1382-1385.

Varrato ], Siderowf A, Damiano P, et al. Postural
change of forced vital capacity predicts some
respiratory  symptoms in ALS. Neurology.

2001;57:357-359.

=EAHAFY 20009 8¢ 7Y

2009 9¢ 5¢



