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Clinical Implications of Inspiratory Muscle Training
in Patients with Duchenne Muscular Dystrophy

Seong Woong Kang, M.D., Young Moo Na, M.D,, Seon Kyung Baek, M.D.,
Yong Wook Kim, M.D.,, Eun Hee Choi, M.D. and Jae Ho Maon, M.D.

Department of Rehabilitation Medicine, Yonsei University College of Medicine

Respiratory insufficiency is a common cause of morbidity and mortality in patients with Du-
chenne muscular dystrophy(DMD). In these patients, progressive muscle weakness is a major
factor in the development of respiratory insufficiency. Therefore, the physical training program
to improve the strength and endurance of respiratory muscle could conceivably improve respi-
ratory function and prevent respiratory complication in patients with DMD.

The purpose of this study is to examine the effects of inspiratory muscle training on respiratory
function of DMD patients according to functional state.

Eighteen DMD patients who wete registered at the Muscle clinic of Yong Dong Severance
Hospital were assessed for the pulmonary function using the routine pulmonary function test and
measurements of maximal static pressures at 6 weeks before the training, at the beginning of
training, and after the end of 6 week-training. The first 6 weeks were used as a control period.
Inspiratory muscle training consisted of breathing through Threshold inspiratory muscle trainer
(IMT) at 30% of patients’ maximal inspitatory pressures(MIP) for 15 minutes twice a day and
the “endurance time’ was recorded weekly for an assessment of inspiratory muscle endurance.

This study showed significant improvement of MIP and endurance time after the training in
both ambulatory and wheelchair-bound patients. The amounts of improvement were greater in
the patients with a better functional state and greater baseline forced vital capacity,

We conclude that, in the early stages of DMD, inspiratory muscle training with pressure
threshold device is more useful when the forced vital capacity is well preserved.

Key Words: Duchenne muscular dystrophy, Inspiratory muscle training, Respiratory muscles,
Maximal static pressure
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Table 1. Functional Grade™

1. Walks with waddling gait and marked lordosis. Elevation activities adequate.

2. Walks with waddling gait and marked lordosis. Elevation activities deficient,

3. Walks with waddling gait and marked lordosis. Cannot negotiate curbs or stairs
but can achieve erect posture from standard height chair,

4. Walks with waddling gait and marked lordosis. Unable to rise from a standard

height chair.

5. Wheelchair with independence. Good posture in the chair; can perform all

activities of daily living from chair.

6. Wheelchair with dependence. Can roll chair but needs assistance in bed and

wheelchair activities.

7. Wheelchair with dependence and back support. Can roll chair only a short
distance; needs back support for good chair position.

8. Bed patient. Can do no activities of daily living without maximum assistance.
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Fig. 1. Measurement of maximal static pressures by Spirovis.
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Table 2. Maximal Static Pressures

Maximal static Ambulatory(n=9) Wheelchair-bound(n=9)
pressures Baseline Pre" Post? Baseline Pre Post
Mip? 58.56 5072 75.44% 48.22 46.89 54.56%
MEPY 53.11 53.41 54.92 39.56 39,03 38.81

Values are mean (cm H;O).

Y pre pre-training, % Post : post-trainin , ¥ MIP : maximal inspirato ressure, “ MEP : maximal expiratory pressure
g P 4 piratory p piratory p

*P <005
Table 3. Pulmonary Function Values
Pulmonary Ambulatory (n=9) Wheelchair-bound (n=9)
function values Baseline Pre" Post? Baseline Pre Post

TLCY 80.41 £0.11 82.11 61.52 62.33 61.90
TV? 72.13 72,90 73.77 57.44 5592 56.34
pvcY 82.11 82.89 83.20 64.56 64.40 66.11
FEV,”/FVC 106.90 107.23 103.11 111.10 109.61 105.60
Mvy? 77.11 76.53 79.88 68.67 65.92 67.82

Values are mean (% of predicted value)

Y Pre : pre-training, ® Post : post-training, > TLC : toial lung capacity, ¥ TV : tidal volume, ® FVC : forced vital
capacity,  FEV, : forced expired volume at 1st second, " MVV : maximal voluntary ventilation
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Fig. 3, Functional grade and improvement in MIP, Signif-
icant negative correlation between functional grade
and the degree of MIP improvement after train-
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40 7

30 L}

20 .

10 1 L]

after traininglcm H,0)

Degree of MrP")improvement

O T T T 1 T
30 40 50 60 70 80
FVC(% of predicted value)
Fig. 4. Baseline FVC and improvement in MIP, Tendency
for positive correlation between baseline FVC and
the degree of MIP improvement after training (p >
0.05).

90 100

ol FUlE s Axrt & AYgE 2o AN
R4 gisickrig. 4,

6) ¥ 7|7t-F4¢k endurance timeS X 3o] 7}k
Tollde £ A 3684 FH ¥ 11Fez, o
Aol fEdle Tollde FH A 21804 34
F 1IRLE, F F EFclA FAFem §oeA
F7VakdckFig. 5).

2 &

Al 2vfagza) @A SFAAAM P
ol A% TEHAel AL 90% ol A
Pl E7ala” %A A% gelo) wE ¥
1ol BHE Hrlek AP AR o] FojA A

FrsERn B2l $72 ZEAS] Q4 28] 365

157 —— Ambulatory
--»-- Wheelchair *

Jih) 12 4
E__
+

9_
82
o.£
SE 6
3E
[ oy
7] 3 .

O T T T T T T 1

weeks

Fig. 5. Changes in endurance time during training. Signif-
icant increment of endurance time after 6 week
training in both ambulatory and wheelchair-bound
patients,

%3 gk oz sl EFEAA FlEe] ulnbslA
WAEA wa FaHeRs IFFAe 27 1A
E XA #hale] A9 E-g zelabAl Bt
HE2Y AT E FA8 Qe TFE F
#7129 ARG J)1eg "o ¥} T8 Ao
A 2FZY 29 ol 2F 715 AeE &
ele 2, $§Te 29 33 FHom ¥ 29
EE HEA AL AQAA TE )5S S
7 Wiel sl W st AePs]ol ghul. Mar-
tin""# DiMarco$VE TrlrEsw sxold F
12 A8 FH-g AAEe] LET] AFYe) Z
719 ATE Hgen oy IF A5 S 2
F71A g E Aol 225 F 5 dvz sl
a2y SmithE3) Rodillo 52 F7)32 7dol 9
& 7% Vb ¥ 2l obd g AFG 9
g Ao, ol2idt 23} Fa2 A 5ol i
EE F7HAA 25Y d2E § vk et o)
8} Fro]l EFT A3 Fedol i) Al® AF A
7t RaElsm glovt 29 Qo] WankeT™
# McCool ¥ Trelepis™s, 28 ok} ulzd] 4
A g =) PRl A EE Syl Heag 3
3 AFe] 4 Axe] F4 ZEE A5 A
F4Y AE, oI F Qo) FUE 2w
A7-HE A F e, AfHer FEH 7
9 F7HE /g 5 vk $fsic)
Belman572 ¥7]% 73 Edl dakg wx:
2% BAHE P4, QubH oz go| ALEm
R B2 AY T angE z2Asle] E4dA7)



366 AWmPEEEAEEE H 2248 B 29 1998

T inspiratory resistive breathing 7] & o]$sle] &
#He ¥ AS A 34 AY FHE S F
TN F7) AE FRAA EFResy
U8 g HaHsr) uFel FEY FHASE
AE 7 Yok skgch wheka fBodFolse
spring-loaded oneway valveol] 23l 94 gty ojAte
2 FYY divt valvert delAl FA4e] Fol §lo]
QA9 £F ot SFFol BoARle] AN
3 ¢t B3lE £ 4 Sl% Threshold IMT 7)4-&
ol-8-3 FH& HANAUY. F7IT 23 Fwlg A
A% T Edl dAE e 2ast e, o

2

nb o Al Fr19ke) 30% ol4re] Relg Fi F
dAfgw F2129 28 F715 gy + 'Y
A A gt

B dFelAe 187 FfAal- & 29 3
A5 e R 6739 FUE AREdE Ay
A3 7129 YT 7o) AuigiAl Sk
on), 715 AUOF F25E A F7%e) S
o] &7 veldel ol WankeS™# McCool 1
Tzelepis™ 9] A9} $4= e Aol dtdow
3'134 WA Ertodlye] AR fAR Ae o @

g dldsted o] 8 Ede) A4 HAE
Az FAHs7] olfvke FAAe] gled, & °d:|1
dlXE Fr 23HE G g Hd) #7)
sl &3 3} Threshold pressure device® o] 83}
712 A% F2 vbfle]l Al dston, Felg
AlsslA gk iz vlzb gl Y 2o F7
e W) ggderg, 1 % B Hd F¢
9 Frbhe ga Al oid FAE A3 FHlel
A3 29 F7HE wddula B 5 gleh A9
HA7LE A3 endurance time] &AL Threshold IMT
E 3 4A g IFE ASY ¢ de Azte
E ogers g i Edsle] Sep mdel
g Ag A FrHE Ads WA ¢ fle
1}, endurance time¢] FE Fol R7]el] F71Et 7o)
ohvje} 650k0) Ful 7ol dx A LA A8
B AL BEw G wuho) ohd Fa A
el s gvtsr Ky Fle] vl Alojd).

AAale 2eaewy RAAE e 47 o
s ARAE ) PAN A5 way od)
HEL” HAvke 2 F799 YA A 72
FoE 715E b, AR T4 FHedl 9

—HAE

# 7ol 49 ¢ Qs odelA gk Sarg-
eant ™3] Bdwards?e EHFTAG = 53 /q:,La
of] Tofsl Al 13 T4 5 kol ulE
g)40] 97] {lvtxm T, Martins "2 F7)<- 7&
HEHell WhE ATHY F77} olelR A 13 &
e ¥4 HIAE dieddcla §gi dAq%e
fatigue-resistant, slow twitch, high oxidative fiber2l Al
13 249 vgdt FrI2e ATHLAdE FE
A7t 9k KeensE'9e 79} 27 etollA &
ol A4 4& SVHIFIH A3 Had #A4E,
dEEEcke &, AW A3} S5 o)
Veh}E 7g #Eslglrl. Licbermans™E guinea
pigoll 2 treadmill unningg A2 o A 13 T4
o wgol FAAME DA oA ATES
HAo] 4JAl HZel= fast twitch, slow oxidative
fiberall Al =) 2o Z-]‘%E Z¥+ slow  twitch, fast
oxidative fiber2 w33t o =y Fo HILE2 A
A Feh PrlaERAE §717 el
s, d4ute) wvjay Fwel HA g ZAHfN4
24 @i v RE2eefole] WEst FrhEel v
A% feel HAEA Frbslel A ew A7
o) 718 74 9% Ao AR
Vignos®} Watkins™'e #r]AE =W #xle] Az
TH0 S AW ERE Ael, 2ol 4y
Sob FAA 2D B4 glekn sl 2o
sews gRsl §2 20 £l g ATE
o4, DiMarcoE 2 ¥ F Hy| Frlote 251 A
b £49 A A% 9 #d FU4 dAgE 2
i dglow, WankeS™" 8 slglale] A4 of 2
o) 25% migrelAvt $HY FhaAg ol Aste
£3be] 45 mmHg o3l A5 F712 A3 E/le
B qlokx sglel & AT vl et
2o BA4F P ol A% YUt B4 B2, o
Aol EHE BATNNE EAYoZ S
FAY 24 1% & 4 ek 22 S99
Befol At BAF 99 F THelH FA F 2
] F71¢k8 =7} Axrt 10 om0 o)A e® el
@ 27 A i, Al Ao B 9
o & Swinyard®] 71FH % S5HLR vId 7F
/“Eﬂﬂ 2288 Asdsias Hd Fr)¢4 F7
%7} 10 emH,0 miubel]l o} el X2 &7
o wiel weig A 2954% ¥4 ¥ Ay



B 2 52 fA e
F71%el ) AxsE 2 %S Rged, o 7
T AR F4EA IEE A4 g@el rE
o] gle MY 2l EEZ ZE EAHL A
of £ HFE JoE ¢ d-& A4 £t

H dFolA Al EA199 endurance time-S- A2
T 2E H7E AAYS) AZE £ AFel] BA
Hog Fodt Wstg Koz @stedl, §4% A
B2} Chens "5} Flynng”o] odpdh whal w24 =)
Ag FAbe] TEFF A3 Fnl WankeE Vo] o
T FHAele ZrjxEny] #xbe) Fr)E g
Holl A Hasgleh Itz =7)% A4k
AEES F713 7155 wds=dle vdsla 2
SePs A 9l:m, Yo AU FEFSE e
of2] 7kAl 2.919) o3-S 4A W] wlo) Fr
+8o WM E AAsE die AielA Zecia
Az}

A7 T5A Aglelld, B &
AehEl oA 3 A3 Fal At EH*M
L5l8 Feld e ellAl 59 3
I F, A gEe] A% A Hdiﬂr-a
A7 A3 o) ofE At Ve o
&0 Easlo] gk, SmithFe FAele Zr)x
EZyl #abdld Foal #le) compliancer} 7hA4E
o] FHZol g Axol oln] Eutsl Qlomz Fr
<ol A AgE o Brlaie AL dEe 5 9
chit #gick 22ejil DiMarco3 e FrjiEzw ¥
Aol Al FAE A3 FH Aol BA creatine phos-
phekinase(CPK)X & ZA44 Aul Foit W} gl
o, w7l 43E Hel e glol, A
A8 Fdel ¥/ HWA Wih) 29 of3E
F4%cE A floka e B dFoe
187 e] i g F 637k FRADEY A
7é1-1 dEE ERG A@s A4 A okdhg
Rag-g 2el A= 99l

< FHrt Al
|

e e

=7

Ji&o

| B

oAt g Alge) gl 1997
W39 8E 1997d 99 BlAlaln 2riERg
FA 1878 402 Threshold IMTE o] &3 &)
Falg Ate] ohea) AR s odgid
717bEQ A FrIeke Bafe] Hed

78t
D ¥

el

283 ghatollA F7)5E AR E- S 14 29 367

Foll4] 5972 emH06l A 7544 ecmH,00 2, o)A4xb
ol 9 &ske FellAl 46.89 cmH.0%4] 54.46 cmH0O

2 FAMeR fadt £718 By

2) ¥4 71759 endurance time H.3lo] 7Li3}
TollA 3684 11Ee2, 9z} dol] &3l F
oA 2184 71822 FAHLR §93 Fv}
€ H3drh

3) F4 3 Hd F7I%e] FUHE ARE @A
2] 7% et Aol W A4He fd
A% PAE B3t

4 A5 HE AR =94 Age] FES
5 F1E Ad FYIde) FAE e & e
2oy FA8 f44-& st

FAANE EeaERT] gl F712 A3 &

Hd 5 12 29 ¢ A9y s wae
T e, 7% '%’EH 51 l\:‘}'l*" H¥go] F&
27494%F o 2 F4 & A F Jleng,
gl &7)1%E 54]71%*5 ;ﬁiﬁl Brpsta EEF 2
Holl wel 4A% 4xe F712 A3 ¥48 #F

48. it

¥ Asts Aol 2E) P el ul £
+& F RNog Agdr]
# 1 2 8

1) Baydur A: Respiratory muscle strength and control of
ventilation in patienits with neuromuscular disease.
Chest 1991; 99: 30-38

2) Belman MIJ, Thomas SG, Lewis MI: Resistive breath-
ing training in patients with chronic obstructive pul-
monary disease. Chest 1986; 90: 662-669

3) Bonsett CA: Pseudohypertrophic museular dystrophy:
distribution of degenerative features as revealed by
anatomical study. Neurology 1963; 13: 728-738

4) Chen HI, Dukes R, Martin BJ: Inspiratory muscle
training in patients with chronic obstructive putmo-
nary disease, Am Rev Respir Dis 1985; 131: 251-255

3) DiMarco AF, Kelling IS, DiMarco MS, Jacosbs I,
Shields R, Altose MD: The effects of inspiratory
resistive training on respiratory muscle function in
patients with muscular dystrophy. Muscle Nerve
1985; 8: 284-290

6) Edwards RHT: Studies of muscular petformance in
notmal and dystrophic subjects. British Medical Bul-
letin 1980; 36: 159-164

7) Emery AEH: Duchenne muscular dystrophy, 2nd ed,



368 AEBFERAELE H2248 P20 1998

Oxford: Oxford Medical Publications, 1993, p275

8) Estenne A, Heilporn A, Delhez 1., Yemault JC, De
Troyer A: Chest wall stiffness in patients with chronic
respiratory muscle weakness. Am Rev Respir Dis
1683; 128: 1002-1008

9) Flynn MG, Barter CE, Nosworthy JC, Pretto JJ,
Rochford PD, Pierce RJ: Threshold pressure training,
breathing pattern, and exercise petformance in chronic
airflow obstruction, Chest 1989; 95: 535-540

10) Gibson GJ, Pride NB, Davis JN, Loh LC: Pulmonary
mechanics in patients with respiratory muscle weak-
ness. Am Rev Respir Dis 1977; 115: 389-395

11) Goldstein R, Rosie JD, Long S, Dolmage T, Avend-
ano MA: Applicability of a threshold loading device
for inspiratory muscle training in patients with COPD.
Chest 1989; 96: 564-571

12} Inkley SR, Oldenburg FC, Vignos PJ: Pulmonary
function in Duchenne muscular dystrophy related to
stage of disease. Am J Med 1974; 56: 297-306

13} Johnson EW, Braddom R: Overwork weakness in
facioscapulohumeral muscular dystrophy. Arch Phys
Med Rehabil 1971; 52: 333-336

14) Keens TG, Chen V, Patel P, O'Brienp, Levison H,
Tanuzzo CD: Cellular adaptation of the diaphragm in
response to chronic respiratory overlead in rats. J
Appl Physiol 1978; 44: 905-908

15) Larson JL, Kim MJ, Sharp JT, Larson DA: Inspiratory
muscle training with a pressure threshold breathing
device in patients with chronic obstructive pultnonary
disease. Am Rev Respir Dis 1988; 138; 689-696

16) Leith DE, Bradley M: Ventilatory muscle strength and
endurance training. J Appl Physiol 1978; 41: 508-516

17) Lieberman DA, Faulkner JA, Craig AB Jr, Maxwell
LC: Performance and histochemical composition of
guinea pig and human diaphragm. I Appl Physiol
1973; 34: 233237

18) Lieberman DA, Maxwell IC, Faulkner JA: Adaptation
of guinea pig diaphragm muscle to aging and endur-
ance training, Am J Physiol 1972; 222: 556-560

19) Martin Al, Stern L, Yeates J, Lepp D, Little J: Respi-
ratory muscle training in Duchenne muscular dystro-

phy. Dev Med Child Neurol 1986; 28: 314-318

20) McCool FD, Tzelepsis GE: Inspiratory muscle training
in the patient with neuromuscular disease. Phys Ther
1995; 75(11): 1006-1014

21) Rochester DF, Arora NS: Respiratory muscle failure,
Med Clin North Am 1983; 67; 573-597

22) Rodillo E, Noble-Jamieson CM, Aber V, Heckmait JZ,
Muntoni F, Dubowitz V: Respiratory muscle training
in Duchenne muscular dystrophy. Arch Dis Child
1989; 64: 736-738

23} Sargeant AJ, Davies CTM, Edwards RHT, Maunder
C, Young A: Functional and structural changes after
disuse of human muscle. Clinical Science and Molec-
ular Medicine 1977; 52: 337-342

24) Smeltzer SC, Skurnick JH, Traiano R, Cook SD, Dur-
an W, Lavietes MM: Respiratory function in multiple
sclerosis: utility of clinical assessment of respiratory
muscle function. Chest 1992; 101: 479-484

25) Smith PEM, Calverley PMA, Edwards RHT, Evans
GA, Cambell EIM: Practical problems in the respi-
ratory cate of patients with muscular dystrophy, N
Engi J Med 1987; 316(19): 1197-1205

26) Smith PEM, Coakley JH, Edwards RHT: Respiratory
muscle training in Duchenne muscular dystrophy.
Muscle Nerve 1988; 11: 784-785

27y Swinyard CA, Deaver CG, Greenspan L. Gradients of
functional ability of importance in rehabilitation of
patients with progressive muscular and neuromuscular
diseases. Arch Phys Med Rehabil 1957; 38: 574-579

28) Tenney SM, Reese RE: The ablity to sustain great
breathing efforts. Resp Physiol 1968; 5: 187-201

29) Vignos PJ, Watkins MP: The effect of exercise in
muscular dystrophy. JAMA 1966; 11: 121-126

30) Wanke T, Toifl K, Merke M, Formanek D, Lahrmann
H, Zwick H: Inspiratory muscle training in patients
with Duchenne muscular dystrophy, Chest 1994; 105:
475-482

31) Zocche GP, Fritts HW, Cournad A: Fraction of maxi-
mum breathing capacity available for prolonged hy-
perventilation. I App! Physiol 1960; 15: 1073-1074




