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SUMMARY

Chest physiotherapy is part of the long-term 
respiratory management of cystic fibrosis. Since 
compliance is often poor, effective and practical 
alternatives need to be sought.

A preliminary study investigated the effect of 
7 weeks swimming training on the respiratory 

1 status of 10 patients while continuing their 
i chest physiotherapy programme. Pulmonary 

function improved significantly after the course 
viz. FEVt : 82% predicted ±  24 to 90% predicted 

j ±  23, p <  0,05. Ten weeks after the trial most 
of the measurements had returned to their pre- 

| swimming levels. It was noted that sputum 
j  production on swimming days was higher than 
j  on non-swimming days, 
j *
j In a second study 12 children with cystic 
j fibrosis participated in a training programme 
; which included a variety of sports. Physio- 
I therapy was discontinued during this period. 

Again pulmonary function improved significantly 
after the course viz. FEV,: 71 % predicted ±  23 
to 79% predicted ±  23, p <  0,01. Most values 
had returned to pre-training levels 8 weeks 

j  after the programme had ended,

A current study is investigating the possible 
I therapeutic benefit of a one-way breathing 
I valve with increased expiratory resistive loads, 
j  Preliminary results indicate increased mobilisa

tion of obstructing secretions as well as a 
significant improvement of pulmonary function.

One can conclude that some highly effective, 
and practical adjuncts and alternatives to the 
daily physiotherapy routine for cystic fibrosis 
do exist

OPSOMMING

Borskas fisioterapie is deel van die langdurige 
respiratoriese hantering van sisties fibrose. 
Aangesien nakoming dikwels swak is, behoort 
doeltreffende en praktiese alternatiewe gesoek 
te word.

'n Voorlopige studie het die uitwerking 
ondersoek van 7 weke swemoefening op die 
respiratoriese staat van 10 pasiente terwyl aan- 
gehou word met hul borskas-fisioterapiepro- 
gram. Pulmonere funksie het aansienlik verbeter 
n& die kursus, d.w.s. FEV: 82% voorspel ±  24 
tot 90% voorspel ±  23, p <  0,05. Tien weke nh 
die proefneming het meeste van die mate 
teruggekeer na hul voorswem vlakke. Dit was 
opgemerk dat sputumproduksie hoer was op 
swemdae as op nie-swemdae.

In 'n tweede studie het 12 kinders met sisties 
fibrose deelgeneem aan ’n oefeningsprogram 
wat 'n verskeidenheid van sport ingesluit het. 
F is io terapie  was opgehef tydens h ierd ie 
periode. Weereens het pulmonere funksie aan
sienlik verbeter na die kursus d.w.s. FEV,: 71% 
voorspel ±  23 tot 79% voorspel ±  23, p <  0,01. 
Meeste mate het na hul vooroefening vlakke 
teruggekeer 8 weke nadat die program geeindig 
het

'n Huidige studie ondersoek die moontlike 
terapeutiese voordeel van ’n eenrigting asem- 
halingsklep met verhoogde uitasemende weer- 
standbiedende ladings. Die voorlopige uitslae 
dui verhoogde mobilisasie van belemmerende 
sekresies aan sowel as 'n aansienlike ver- 
betering van pulmonere funksie.

Dit kan afgelei word dat verskeie hoogs 
doeltreffende en praktiese byvoegsels en alter
natiewe tot die daaglikse fisioterapie roetiene 
vir sisties fibrose pasiente wel bestaan.
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IN T R O D U C T IO N
A eroso l in h a la tio n  fo llow ed by P T  has becom e a 

well e stab lished  p a r t o f  th e  life long  th e ra p eu tic  regim en 
in C F . In  o lder ch ild ren  this p ro g ram m e can  be ex tended 
by selfpercussion  and  fo rced  e x p ira tio n  techn ique. T he
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efficacy o f  th is th e ra p eu tic  a p p ro ac h  is sub ject to  sc ien
tific ev a lu a tio n ; the  beneficial effect o f  som e m eth o d s is 
a lread y  well d o c u m e n te d .1 N evertheless th ere  a re  p ra c 
tica l d raw b ack s  as th is th e ra p y  is ted io u s, tim e-co n 
su m in g  and  m ay  decrease  in  efficacy w hen  ap p lied  to  
the  big, s tiff chest o f  th e  ad o lescen t an d  a d u lt C F  
p a tie n t. P a t ie n t  co m p lian ce  is freq u en tly  p o o r  in o ld er 
ch ild ren . H ence m ore p o p u la r  an d  effective  a lte rn a tiv es 
and  ad ju n c ts to  th is a p p ro ac h  have to  be sought.

A n ecd o ta l ev idence  o f  a  beneficia l effect o f physical 
exercise  and  sp o r t s tim u la ted  th is u n it  to  u n d e rta k e  
tw o re levan t s tu d ies .2,3 A th ird  study  is concerned  w ith  
th e  th e ra p eu tic  effect o f b rea th in g  against an  ex ternal 
exp ira to ry  resistance.

A bbreviations
CF:
PT:
FVC:
FEV,:
FEF25-75:

PE FR :
RV:
TLC:
Vmax25%VC:

ERV:
FV C /E R V :
SEP:

used
Cystic Fibrosis 
Chest physiotherapy 
Forced vital capacity 
Forced expiratory  volum e in one second 
M ean forced expiratory  flow during middle 
half o f FVC
P eak expiratory  flow rate 
Residual volume 
T ota l lung capacity
M axim um  expiratory  flow a t 25% rem aining 
FV C
E xpirato ry  resistance valve 
Forced vital capacity  with ERV 
Sustained expiratory  pressure

Study I
E leven ch ild ren  w ith  C F , 5 boys, 6 g irls, age ran g e  6 

3 /1 2  to  18 6 /1 2  years, p a rtic ip a te d  in  17 sw im m ing 
lessons over 7 w eeks. T h e  tra in in g  consisted  o f flo ating , 
sw im m ing , d iv in g  an d  v a rio u s g ro u p  gam es. F o r  the  
entire  tra in ing  period  the ch ild ren  collected and recorded 
th e ir da ily  sp u tu m  volum es. V en tila to ry  s ta tu s  was 
assessed by sp iro m etry  before  (A) and  a fte r th is tra in in g  
p e rio d  (B), as well as 10 w eeks la te r  (C ). T he P T  
ro u tin e  o f each  child  w as m ain ta in ed  th ro u g h o u t the 
study.

As ev id en t fro m  T ab le  1, lung  fu n c tio n  im p ro v ed  
w ith  reg u la r sw im m ing  and  re tu rn e d  to  p re-sw im m ing  
levels th ereafte r. O nly  6 ch ild ren  co -o p era ted  reliably  
w ith the  sp u tu m  co llection . W hen  c o m p arin g  sp u tu m  
p ro d u c tio n  on  sw im m ing  an d  no n -sw im m in g  days, tw o 
ch ild ren  h ad  s ig n ifican tly  h ig h er vo lum es on  sw im m ing 
days. T he sum m arised  values o f  all 6 ch ild ren  w ere also 
sign ifican tly  h ig h er on  sw im m ing  days.

In  conclusion , this study  d em o n s tra ted  th a t sw im m ing 
can  im p ro v e  v en tila to ry  fu n c tio n  in ch ild ren  w ith  C F , 
p re su m ab ly  by increased  c learan ce  o f o b s tru c tin g  secre
tions. T he beneficial effect seem s to  d ep en d  on  the 
m ain ten an ce  o f  sw im m ing activities.

Study II
In  th e  second  stu d y  tw elve c h ild ren  w ith  C F , 6 boys,,

6 g irls , age range  2 4 /1 2  to  16 3 /1 2  years, p a rtic ip a ted  
in an  in tensive  tra in in g  p ro g ram m e  o f physical exercise 
and  sp o rt fo r  17 days. In  th e  co u rse  o f  a C F  sum m er 
cam p , they  h iked , jo g g ed , p a rtic ip a te d  in sw im m ing 
lessons and  in va rio u s sp o rts  and  g ro u p  gam es. In  
c o n tra s t  to  th e  p rev io u s s tu d y , th e ir  P T  ro u tin e  was 
d isco n tin u ed  fo r  these 17 days. Tw ice daily  each  child  
reco rd ed  his P E F R . V e n tila to ry  s ta tu s  w as assessed in 
10 c h ild ren  by  sp iro m etry  an d  d e te rm in a tio n  o f  lung  
vo lum es b efo re  (A ) an d  a fte r the  course  (B), and  again  
8 w eeks la te r (C).

A s ev id en t fro m  T ab le  2 lung  fu n c tio n  im proved  
w ith  physical exercise  and  re tu rn e d  to  p re -ex erc ise l 
levels a fte rw ard s . R V /T L C  show ed  a ten d en cy  to 
d ecrease  w ith  exercise; th is d ecrease , how ever, d id  no t 
reach  sta tis tica l significance. D a ily  m easu rem en ts  o f 
th e  PE F.R  show ed an  in itia l steep  rise th a t  co incided  
with- a  m ax im u m  o f  co u g h in g  and  e x p ec to ra tio n  and  
w as th ere fo re  m o st likely due  to  increased  c learance  o f 
sec re tio n s . A second  rise fo u n d  to w ard s th e  end o f the 
cou rse  m igh t have  been  a re su lt o f  v en tila to ry  m uscle 
tra in ing .

In  sum m ary  this study  again d em o n s tra ted  a beneficial 
effect o f  physical exercise  on  th e  v e n tila to ry  s ta tu s  o f 
ch ild ren  w ith  C F . In te rru p tin g  the  P T  ro u tin e  fo r  the 
tra in in g  course  d id  n o t a lte r th e  beneficial response.

Study III
E leven  c h ild ren  w ith  C F , 5 boys an d  6 g irls , age 

ran g e  9 1 /12  to  17 9 /1 2  years w ere tra in ed  to  m obilize 
in t r a b r o n c h ia l  se c re tio n s  by  fo rc e d  e x p ira to ry  
m a n o e u v re s  th ro u g h  an  E R V  a tta c h e d  to  a  tig h tly  
fittin g  ru b b e r  face m ask. E x p ira to ry  resistance  was 
v a ried  by d iffe ren t size in te rn a l d iam e te r p lugs in  the 
E R V -o u tle t. F V C /E R V  w as d e te rm in ed  by con n ec tin g  
th e  o u tle t  to  a  sp iro m e te r an d  w as c o m p a red  to  thef 
FV C  m easu red  w ith o u t the  device. E igh t d iffe ren t size 
resistance  p lugs w ere th u s ev a lu a ted  to  de te rm in e  the 
one  w ith  th e  h ighest F V C /E R V ; sim u ltan eo u sly  the 
S E P  developed  against the  resistance  w as recorded .

FVC (% predicted)
FEV , (% predicted) 
FEF25-75 (% predicted) 
Values are m ean ±  1 SD

FVC (% predicted) 
FEV, (% predicted) 
FEF25-75 (% predicted)

A
88 ±  16 
83 ±  24 
69 +  39

A
88 +  15 
71 +  22 
42 +  31

Table 1. Lung function behav iour in S tudy I
A  vs. B  B

p <  0,05 96 + 1 5
p <  0,05 90 ±  23
p <  0,05 79 +  38

Table 2. Lung function behav iour in S tudy II

Values are m ean ±  1 SD , NS =  not significant.

A  vi. B 
p <  0,05 
p < 0 , 0 1  
p <  0,05

B
9 4 +  14 
79 +  23 
53 +  33

B vs. C 
p <  0,01 
p < 0 ,0 1  
p <  0,05

B vs. C 
NS 

p <  0,01 
p <  0,02

C
8 7 +  17 
79 +  23 
64 +  35

C
89 ±  16 
73 +  23 
45 +  31

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

13
.)



Physiotherapy, August 1986, vo142 no 3 79

A  A  vs. B
F E V ./F V C  (%) 6 7 + 1 4  p <  0,05
Vm ax25% VC (% predicted) 32 +  30 p < 0 ,0 1
R V /T L C  4 3 + 1 5  p <  0,05
Values are m ean +  1 SD , NS =  not significant.

A fter a  tra in in g  fro m  1 to  6 m o n th s  eac h  child  
exceeded  h is /h e r  F V C  w ith  the  F V C /E R V , thereby  
in d ica tin g  rec ru itm en t o f p rev iously  sh u t-o ff  a reas o f 
v en tila tio n . F V C /E R V  was 124% F V C  +  15 (1 0 2 - 150) 
a t an  S E P  o f  64 cm  H 20  +  31 (2 6 -1 2 0 ) . U sing  the 
E R V  ch ild ren  c leared  a m ean  o f 77%  (21 -100) o f their 
daily  sp u tu m  volum e.

M u ltip le  aspects o f  lung fu n c tio n  w ere m easu red  a t 
the  beg inn ing  o f  the  s tu d y  (A ), a fte r 10 m o n th s  w ithou t 
P T  b u t w ith  use o f  E R V  tw ice daily  fo r 20 m inu tes (B), 
a fte r tw o  fu r th e r  m o n th s  w ith  P T  an d  w ith o u t E R V  
(C ), and  finally  a fte r 4 fu rth e r m o n th s w ith o u t P T  and 
w ith E R V  (D ).

As ev iden t fro m  T ab le  3, there  w ere increased  e x p ira 
to ry  vo lum es an d  flow  ra tes an d  d ecreased  h y p e rin fla 
tio n  w ith  E R V  an d  a  decline  o f  lung  fu n c tio n  w ith o u t 
it. T w o ch ild ren  tran sien tly  used a  su b o p tim a l resistance 
and  resp o n d ed  w ith  a  d e te r io ra tio n  o f lung  func tion .

In  co n clu sio n  th is s tu d y  d e m o n s tra ted  th a t regu lar 
use o f  ER V  im proves lung  fu n c tio n  an d  m ucus clearance 
in C F , seem ingly by d ilating  a irw ays d istal to  obstruc ting  
m ucus plugs. Its use how ever, necessitates th o ro u g h  
p rac tice  an d  freq u e n t c o n tro l o f  o p tim a l resistance  and  
techn ique.

D IS C U S S IO N
T hese resu lts  p ro m ise  several new  ap p ro ach es  to  the 

trea tm en t o f im p a ired  m ucociliary  c learance  in C F .
R e lev an t to  th e  th e ra p eu tic  value  o f sp o rts , som e 

im p o rta n t qu estio n s rem ain  unansw ered  and  offer th em 
selves fo r  p ro sp ec tiv e  stud ies. A t p re sen t th e  re la tive  
v a lue  o f  d iffe ren t sp o rts  rem ain s u n d e fin ed . As show n 
in  s tu d y  I, sw im m ing  seem s to  be o f spec ia l value . T his 
m ight be ow ing to  subtle  su b m ersion -induced  a lte ra tio n s 
o f v en tila to ry  m echanism s as well as to  exercise-induced 
h y p e rv en tila tio n  o f  well m o is tu rized  a ir. O th e r investi
g a to rs  fo u n d  lung  fu n c tio n  u n ch an g ed  a fte r  3 m o n th s 
o f  exercise  tra in in g .4 H o w ev er in th e ir  c o n tro l g ro u p  
th a t d id  n o t exercise, p u lm o n a ry  fu n c tio n  h ad  d e te 
rio ra ted  sign ifican tly  th ereb y  m o st likely ex p ress in g  the  
n a tu ra l d o w n h ill cou rse  o f the  disease.

A n o th e r im p o rta n t co n cern  refers to  possib le  exer- 
c ise-induced  a lte ra tio n s  in p u lm o n a ry  gas exchange. 
P ro lo n g e d  p e r io d s  o f  e x e rc is e - in d u c e d  h y p o x e m ia  
sh o u ld  have  a  negative  effect on  p u lm o n a ry  vascu la r 
resistance. It has been d o c u m en ted  ho w ev er th a t  C F  
p a tien ts  tend  to  m ain ta in  th e ir  re stin g  a rte ria l p 0 2 
d u rin g  exerc ise  by m eans o f  an  im p ro v e d  m atch in g  o f 
v en tila tio n  an d  p e rfu s io n .5 S uch  beneficial effects m ight 
n o t o c cu r re g u la rly  in c h ild ren  w ith  a d v an ced  lung  
d isease.6

A fu r th e r  a sp ec t o f  exercise  an d  sp o rts  in C F  refers 
to  th e  positive  psycho log ical effects o f  p a rtic ip a tin g  
and  co m p e tin g  in g ro u p  activ ities. M o st C F  ch ild ren

C vs. D  D
NS 67 ± 1 3

p <  0,05 33 ±  29
p <  0,05 44 ± 1 6

h av e  p re v io u s ly  b e en  d isc o u ra g e d  f ro m  e x erc is in g . 
In creased  self-esteem  and b e tte r  social in te g ra tio n  m ay 
be expected  fro m  th is new and  active ap p ro ach .

W hile  sp o rt ap p ea rs  as an  a ttrac tiv e  ad ju n c t to  daily  
P T , its ro le as a  possib le  su b s titu te  h as som e p rac tica l 
d raw b ack s. S p o rt is tim e-consum ing , facilities m ay  no t 
be read ily  availab le , g ro u p  activ ities m ay  n o t alw ays 
su it ind iv idual exercise to le ran ce  and  severely ill p a tien ts  
will freq u en tly  have  to  be excluded . H ere  the  regu lar 
da ily  use o f  E R V  offers an  in te res tin g  new  possib ility . 
T he device is sm all and  h a n d y , its efficacy in c learing  
secretions and  im proving  lung  func tion  ap p ears su p erio r 
to  co n v en tio n a l P T . O th e r in v estig a to rs  a lso  rep o rt 
beneficial effects fro m  the use o f  E R V .7,8

C O N C L U SIO N  
T h ere  are  efficient ad ju n c ts  and  a lte rn a tiv es to  co n 

v e n tio n a l P T  in  the  lo n g -te rm  re sp ira to ry  care  fo r  C F  
p a tien ts . P rac tica l c lin ical experience  ind ica tes wide 
in te r- in d iv id u a l an d  lo n g itu d in a l in tra -in d iv id u a l d if
fe rences in the  effects o f P T , sp o rt an d  E R V . T h ere fo re  
o p tim a l m an ag em en t necessitates rep ea ted  assessm ent 
o f all availab le  m eth o d s fo r the  in d iv idua l C F  p a tien t.

References

1. D esm ond K J, Schw enk W F, T hom as E, Beaudry PH , 
C oates AL. Im m ediate and long-term  effects o f chest 
physio therapy in patients w ith cystic fibrosis. J  Pediatr 
1983; 103: 538-542.

2. Z ach M , P urrer B, O berw aldner B. Effect of sw im m ing on 
forced exp iration  and spu tum  clearance in cystic fibrosis. 
Lancet 1981; ii: 1201-1203.

3. Z ach M, O berw aldner B, H ausler F. Cystic fibrosis: P hy
sical exercise versus chest physiotherapy. A rch Dis Child  
1982; 57: 587-589.

4. O renstein D M , F rank lin  BA, D oershuk CF, H ellerstein 
H K , G erm ann  K J, H orow itz JG , S tern RC. Exercise 
conditioning and card iopulm onary  fitness in cystic fibrosis. 
Chest 1981; 80: 392-398.

5. D an tzker D R , P a tten  G A, Bower JS . G as exchange at rest 
and during  exercise in adults with cystic fibrosis. A m  R ev  
Respir Dis 1982; 125:400-405.

6. C ropp  G J, P u llano  T P , Cerny F J , N athanson  IT. Exercise 
to lerance and card io resp ira to ry  adjustm ents at peak work 
capacity  in cystic fibrosis. A m  R ev R espir Dis 1982; 126: 
211-216.

7. G ro th  S, S tafanger G, D irksen H, A nderson JB , Falck M, 
K jelstrup M. C hange of lung volum es during  positive 
exp ira to ry  pressure (PE P -m ask) physiotherapy in cystic 
fibrosis. In: Law son D, ed. Cystic Fibrosis: H orizons. 
Chichester — New Y ork — Brisbane — T oron to  — Sin
gapore: J. Wiley and Sons, 1984: 249.

8. S tafanger G, K ram arz D, Falk  M , K elstrup M. L ongterm  
study of effect o f P E P -m ask  in cystic fibrosis patients. 
Proceedings 12th A nnual M eeting E uropean  W orking 
G roup Cystic Fibrosis 1983: 272.

Table 3. Lung function behaviour in study III
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