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A Lecture given to D elegates and  M em b ers o f  the S o u th  A frican  S o c ie ty  o f  P hysio therapy on the f ir s t  day  o f  the  
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PU L M O N A R Y  function  tests are  o f  co nsiderab le  value 
is assessing th e  physio log ical s ta te  o f  the  lungs and  

can  be used in m any  instances as a d iagnostic  too l. F re ­
quently , how ever, it is used to  assess th e  degree o f  d isab ility  
and in o th er instances to  assess p rog ress m ad e  w ith trea tm en t.
Specific d iagnostic  p rob lem s include the  investiga tion  o f  
cases o f  po lycy thaem ia, obesity  and  the  hypoven tila tion  
syndrom e. T hey  a re  som etim es used also  to  assess the 
efficiency o f  th e  re sp ira to ry  m uscles. Tt is conven ien t to 
consider p u lm o n ary  fu n c tio n  tests u nder th e  head ings o f 
ven tila to ry  and  re sp ira to ry  function .

Ventilatory Function.
T he basic a p p a ra tu s  requ ired  is a  sp iro m eter w ith  a 

record ing  d ru m  an d  a m eth o d  fo r assessing  residual volum e 
by a gas m ixing techn ique. B efore p roceed ing  and  fu rth er, 
however, I  w ould like to  rem ind  th e  a ud ience  o f  the  basic  
divisions o f  lung volum e acco rd in g  to  the  so-called  “ N ew ’'
T erm ino logy  o f  P appenheim er, in troduced  in 1950.

Sim ple sp irom etric  m easu rem en ts can  give considerab le  
in fo rm ation  in a m a tte r  o f  m inu tes. T h u s all the  d ivisions 
o f  to tal lung cap ac ity  excep t the  residual vo lu m e  can  be 
determ ined b u t the  residual vo lum e has to  be indirectly  
determ ined by a gas m ix ing  technique.

T O T A L
lung

capac ity
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capac ity

In sp ira to ry
reserve In sp ira to ry

capac ity
T id a l volum e

E x p ira to ry
R eserve
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F u n c tio n a l
R esidual
C ap ac ity

R esid u a l volum e

Vital Capacity.
-D eterm ination  o f  the  vital cap ac ity  is freq u en tly  valuable 

bu t has a lim ited  ap p lica tio n . C onsid erab ly  m ore  value 
is in tro d u ced  if  a  tim e fac to r  is a lso  considered . F o r  exam ple 
th e  vital cap ac ity  in em pysem a an d  b ron ch ia l spasm  m ay  
be no rm al b u t if the 2 -second v ital capac ity  is m easu red , a 
considerab le  red u c tio n  is usually  found . D ete rm in a tio n  o f 
the  tim ed v ital cap ac ity  after the  renew al o f  spasm  using  
a broncho -d ila to r d ru g  is a lso  valuable in d istingu ish ing  
b ronch ia l spasm  fro m  p erm an en t o rg an ic  change. In 
general it can  be said  th a t restrictive p u lm o n ary  lesions'
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THE BIRTCHER MEGASON VI ULTRASONIC UNIT
To t he m ore th a n  20,000 physicians now using u l tra ­
sonic th e rap y  in the tre a tm e n t of a host of acute and 
chronic conditions, th is  precision in stru m en t adds new 
dim ensions of accuracy  and tre a tm e n t ease. 
Descriptives and medical journal reprints on request.

(PTY.) LTD.

“ Cape York” , 252 Jeppe St., Johannesburg P .O . Box 3378
„  . ,  . „  __ a n d  a t
President House, 20 Barrack Street, Cape Town. P .O . Box 195. Telephone 41-1172

Telephone 23-8106

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
.)



Page 6 P H Y S I O T H E R A P Y September, 1960

reduce the v ital cap ac ity  as such an d  o b structive  p u lm o n ary  
lesions reduce  the  tim ed vital capac ity . In  th is fash ion  
o b stru c tiv e  an d  restric tive lesions a re  easily  d istinguished 
an d  co m b in a tio n s o f  the  tw o can  be recognised.

T h e  fo llow ing  illu stra tio n s show  n o rm a l ex p ira tio n  w ith  
a  tim ing  device, th en  an  ex p ira tio n  fro m  a p a tien t w ith  an 
o b stru c tiv e  p u lm o n ary  lesion and  th en  an  ex p ira tio n  from  
a p a tien t w ith  a  restric tive p u lm o n ary  lesion.

NORMAL
EXPIRATION

OBSTRUCTIVE
LESION

RESTRICTIVE
LESION

Jr
T h e  cu rv e  o f  th e  o b stru c tiv e  lesion show s typ ical a ir 

trap p in g .
M axim um  B reath ing  C apacity .

T h is  is d e term ined  by getting  the  p a tie n t to b rea th e  as 
rap id ly  an d  as deeply  as possib le  w hile the  re sp ira to ry  
excursions are  recorded . A no rm ally  p erfo rm ed  m axim um  
b rea th in g  cap ac ity  will give a  curve  as fo llow s an d  th is is 
follow ed by a n o th e r  cu rv e  show ing  typ ical a ir  trapp ing .

r
A IR  T R A P P IN G

It is va luab le  to  rep resen t restrictive and  o b structive  
lesions in the  fo llow ing fash io n :
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Viliil Capacil> (Pcrccniage Normal)

U sing  th is m eth o d  o n e  can  d istingu ish  zones o f.d isab ility  
an d  in th e  g rap h  show n zone A show s relatively  n o rm al 
p a tien ts , zone  B tho se  w ith  a  m o d era te  degree o f  p u lm o n ary  
d isab ility  a n d  zone C  gross d isability . T h is  m ethod  has also  
been used fo r  assessing the degree o f  opera tive  risk  fo r 
p a tien ts  u n d erg o in g  o p e ra tio n  an d  th o se  in g ro u p  C  are  
very  p o o r  risks. T ho se  in g ro u p  B also  a re  p a tien ts  a t risk  
a n d  com p lica tio n s re la ting  to  th e  lungs a re  to  be .expec ted . 
I t  is p a rticu la rly  in th is g ro u p  w here p h y sio th erap y  is likely 
to  be o f  m ost value.

A d d itio n a l in fo rm atio n  is given by various refinem ents 
o f  the p u lm o n ary  function  tests.
Residual Volume.

T h is m ust be m easured  indirectly  using an  ind ica to r gas 
usually  helium . T h e  ind ica to r gas is m easured  an d  m ixed 
w ith  the  p a tie n t’s functio n a l residual capac ity  w hich is then 
m easured  fro m  th e  degree o f  d ilu tion  o f  th e  in d ica to r gas. 
In trapu lm onary  M ix ing  and D istribution o f  G ases.

A b n o rm altie s  here a re  found  p articu larly  in em physem a. 
T h e  theo ry  is th a t every b rea th  taken  is evenly d istrib u ted  
th ro u g h o u t n o rm al lungs and  th is even d is trib u tio n  is 
grossly  d istu rb ed  in patien ts w ith  em physem a.
E lastance  and Com pliance.

T h is im plies a  m easurem ent o f  the elastic p roperties 
(o r lack o f  elastic  p roperties) o f  the lung. T h is is m easured  
w ith  th e  assistance  o f  an  air-fllled balloon  in  the  oesophagus 
an d  d epends on  the  physical princip le o f  the  degree o f  
ch ange o f  volum e p roduced  by change o f  p ressu re  in the  
th o rax . C hanges in th e  com pliance o f  the  lung  is found  
p a rticu la rly  in em physem a and  in fibrosis o f  the  lung. 
D iffusing C apacity .

T h is m easures th e  capac ity  o f  the a lveo lar m em brane to  
allow  gasses to  pass th rough  it to and  from  the arteria l 
b lood . T h is m ay  be m easured  fo r oxygen an d  ind ica to r 
gases such as ca rb o n  m onoxide.
Blood C hem istry  Changes.

T hese a re  o f  the  greatest im portance and  the  fac to rs 
m easured  a re  the  p 0 2 and  p C 0 2 o f  the  b lood and  o f  the  
a lveo lar a ir  as well as the  p lasm a b icarbonate .
O xim etry .

A rteria l oxygen levels are  m easured  before and  afte r 
exercise and  a re  found  to  fall considerab ly  in p atien ts having 
a  defective d iffusing  capacity .
B ronchospirom etry.

T h e  fu n c tio n  o f  the  lungs m ay be m easured  separa te ly  
using  a special double-lum en  tu b e  w hich is passed  in to  the 
left m ain  b ronchus w hich is obstructed  w ith an  in fla tab le  
b a lloon  a t the end  o f  the tube. T he oxygen u p tak e  o f  
the  two. lungs is m easured  separately.
A pplication o f Pu lm onary  Function Tests.

D iagnosis:
E m physem a: M any  cases o f  gross em physem a a re  easily 

d iagnosed  b u t it is som etim es qu ite  su rp rising  how  the 
clinical and  rad io log ical assessm ent m ay be no rm al w here 
p u lm o n ary  fu n c tio n  tests show  a considerab le  dev ia tion  
fro m  norm al.

T o ta l lung capac ity  is frequen tly  n o rm al b u t residual 
volum e is considerab ly  increased. T he o th e r  dev iations 
include a  m arked  reduction  in tim ed v ital cap ac ity  w ith 
a ir-trap p in g  and  delayed m ixing o f  the  gasses in the lungs.I 
C om pliance  is reduced  and  the m axim um  b rea th in g  capac ity  
usua lly  m arked ly  reduced  w ith an  a ir-trap p in g  p h enom enon . 
B lood  chem istry  reveals an  acidosis w ith  increased p lasm a 
b icarb o n a te , reduction  in the arteria l oxygen level an d  an 
increase in the ca rb o n  dioxide level.

Fibrosis o f  the Lungs: T o ta l lung cap ac ity  is frequen tly  
reduced  an d  usually  all divisions o f  lung  vo lum e p a rtak e  
in th is redu c tio n , th u s the  vital capac ity  is reduced  and  
a lth o u g h  the  tim ed vital capacity  is reduced , th is is n o rm al in 
p ro p o rtio n  to  the  m easured  vital capacity . N o  a ir-trap p in g  
is found  and  m ixing is usually  delayed w ith  a  red u c tio n  o f 
p u lm o n ary  com pliance. M axim um  b rea th in g  cap ac ity  is 
reduced  b u t no  a ir-trap p in g  phenom enon  is seen. B lood 
chem istry  is usually  norm al except fo r a  red u c tio n  o f  arteria l 
oxygen levels. T ests fo r diffusing cap ac ity  o f  the lungs 
u sua lly  show  a w ell-m arked reduction .

Gross obesity: T his is a  very in teresting  p h en o m en o n . All 
the  d ivisions o f  p u lm onary  function  are  reduced  b u t this 
especially  applies to the  tidal volum e so th a t a  considerab ly  
reduced  m inu te  volum e occurs. A lveo lar v en tila tion  becom es 
so m uch  reduced th a t a rte ria l oxygen levels fall an d  the  
anoxaem ia  causes pu lm onary  hyperten tion , righ t v en tricu lar 
h y p ertro p h y  and  in som e cases even card iac  fa ilu re  and  
d ea th  fro m  c o r  pulm onale. Secondary  po lycy thaem ia  m ay
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occur T he in teresting  th in g  is th a t all these abno rm alitie s  
can  re tu rn  to  n o rm al if the  p a tien t loses the  excess w eight. 

H ypoventilation Syndrom e:
1 P ickw ickian syndrom e. T h is is very sim ilar to  the  p a tte rn  

p roduced  by gross o besity  an d , in fact, g ross obesity  is 
one o f  the ch aracteristics o f  th is syndrom e. In  ad d itio n  
there is m arked  som nilence, cyanosis an d  po lycy thaem ia. 
T he syndrom e derives its nam e, o f  course , from  the  fat 
boy o f  ‘T he Pickw ick  P ap e rs’ (C harles D ickens).

2 D am age to  the  re sp ira to ry  cen tre . T h is m ay  o ccu r as a 
result o f  encepha litis  an d  these p a tien ts  m ay  presen t 
w ith no  p u lm o n ary  d isab ility  b u t w ith  po lycy thaem ia  and  
cyanosis. O nce again , the  charac te ris tic  find ing  is th a t 
o f  a lveo lar hypoven tila tion .

Polycythaem ia: T hese p a tien ts  a re  frequen tly  b ro u g h t fo r 
pu lm onary  function  tests w ith a  view to  decid ing  w hether 
this is a  p rim ary  dev ia tio n  o f  the  bone m arro w  o r secondary  
to  p u lm onary  p atho logy . F o r th e  m ost p a rt, a rte ria l oxygen 
levels are  norm al in p rim ary  po lycy thaem ia  an d  considerab ly  
reduced in po lycy thaem ia  d u e  to  p u lm o n ary  patho logy . 
A full range o f  pu lm o n ary  fu n c tio n  tests frequen tly  p rov ides 
the answ er in th is type o f  p rob lem .
Assessment o f  P rogress.

T he degree o f  b ro n ch o sp asm  is easily estim ated  using 
som e fo rm  o f  tim ed vital cap ac ity  o r  m axim um  b rea th in g  
capacity  and  then  co m p arin g  the  resu lts before and  a fte r  a 
b ro n ch o -d ila to r d rug . Period ic  es tim atio n s also  give a very 
good idea o f  long term  therapy .

Chronic Bronchitis and Emphysema
B y D r. L .D .  E R A S M U S , M .B .,B .C h . (R a n d )M .D . (P re to ria ) 
M em ber o f  th e  F acu lty  o f  M edicine, P re to ria  U niversity .

A Lecture given to D elegates a n d  M em bers o f  the South  
A frican Socie ty  o f  P hysio therapy on the f ir s t  day o f  the 
“Chest Course” , which was held  a t the P retoria H ospita l 
Physiotherapy School on M a y  27th and  28th, 1960.

A lthough  e ith er o f  these co n d itio n s m ay  o ccu r separa te ly  
they are  so frequen tly  associa ted  as a lm ost to  a p p e a r in ­
separable . A n allerg ic  fac to r  o r  fran k  b ronch ia l a s th m a  is 
a  frequen t accom p an im en t. C h ro n ic  b ro n ch itis  and  
em physem a are  co n d itio n s o f  p a ra m o u n t im p o rtan c e  because 
o f  the high m o rb id ity  an d  even m o rta lity  b ro u g h t a b o u t by 
acu te  exacerbations an d  com plica tions. T hey  o ccu r fre ­
quen tly  and  result in tens o f  th o u sa n d s  o f  lost m an -h o u rs 
every year and  trea tm en t is freq u en tly  expensive, d raw n  o u t 
and  usually  requ ires h osp ita liza tion .- 

linical H isto ry .
E stablished ch ro n ic  b ro n ch itis  an d  em physem a is usually  

preceded fo r several years by ch ro n ic  cough  w hich  is usually  
productive an d  fo r  several years befo re  the  p a tte rn  becom es 
established frequen t a ttack s  o f  acu te  w in ter b ron ch itis  occur. 
A ttacks o f  a s th m a a re  n o t in frequen t. L a te r  persisten t 
exertional dyspnoea  occurs an d  th is m ay  be in terspersed  
w ith m ore acu te  a tta c k s  o f  b ronchospasm .

T he a ttack s o f  b ron ch itis  m ay  be su p p u ra tiv e  in n a tu re  
due to  severe secondary  infection  and  especially  in the 
elderly disab ling  an d  even fa ta l a tta c k s  o f  b ro n ch o -p n eu m o n ia  
m ay occur. T hese a ttack s  freq u en tly  p rec ip ita te  congestive 
card iac failu re w hich  a lso  occurs p articu la rly  in the  o ld er 
age g roup  w hen a rterio sc lerosis an d  h y p ertension  have becom e 
established an d  have ad ded  a n o th e r  b u rd en . S econdary  
polycythaem ia freq u en tly  increases th e  b lood  v iscosity  and  
occasionally  p ap iloedem a an d  b lindness m ay follow . 
Aetiology.

E xternal fac to rs  -are freq u en tly  o f  the  g rea test im p o rtan ce  
and the incidence o f  ch ro n ic  b ro n ch itis  is highest in those 
areas w here there  is p o llu tio n  o f  the  a tm o sp h e re  by in ­
dustria l gases an d  dust. C h ro n ic  b ro n ch itis  is also  m ore 
frequent in heavy sm okers. P o llu tio n  o f  the  a tm o sp h e re  is 
° f ° m i n g  a w orld  w ide p ro b lem . W e b rea th e  as m uch  as 
f  h a ' r  ^  w e‘g h t in 24 h o u rs , equ a l in w eight to  tin 
ood we consum e, b u t fo r m an y  years it has n o t occu rred  to
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E m physem a is usua lly  p erm an en t an d  freq u en tly  p ro ­
gressive an d  it is freq u en tly  on ly  associa ted  b ronch o sp asm  
o r infection  th a t can  be influenced by trea tm en t. P u lm o n ary  
fu n c tio n  tests have been stud ied  before an d  a f te r  the  ap p li­
ca tio n  o f  p h y sio th erap y  to  these p a tien ts  an d  it ap p ears 
th a t th e  degree o f  p u lm o n ary  function  dev ia tio n  is no t 
influenced by physio th erap y .

P a tien ts  w ith  p leurisy  an d  p leu ra l effusion show  co n sid er­
ab le  im p ro v em en t in th e ir vital capac ity  as the  cond itio n  
im proves.

C ongestive ca rd iac  failu re. T h e  degree o f  p u lm o n ary  
oedem a is ind ica ted  by a  red u c tio n  in th e  vital capacity . 
In  som e instances p u lm o n ary  congestion  can  be determ ined  
a t an  early  stage by m easu rin g  the  vital capacity .

T he prog ress o f  p a tien ts  w ith  w eakness o f  the  re sp ira to ry  
m uscles can  som etim es be effectively fo llow ed by do in g  the 
m axim um  brea th in g  capac ity  test. T h is is repeated  a t 
sh o rt in tervals an d  fa tigu ab ility  will be ind ica ted  by p ro ­
gressive red u c tio n  in subsequen t tests. A sim ilar c luster 
o f  tests can  be do n e  a t a n  in terval o f  days o r  even w eeks and  
p rog ress follow ed in th is fash ion .

In  conclusion  it m ay  be said  th a t p u lm o n ary  function  
tests d o  n o t rep lace  o th e r  m eth o d s o f  assessing  the  cond itio n  
o f  th e  p a tie n t’s lungs b u t they  a re  in m any  instances a  very 
v aluab le  ad ju n c t.
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m en to  be as fa stid io u s a b o u t th e  a ir  they b rea th e  as th e  food 
they  ea t. W e will p ro b a b ly  have to  p u t u p  w ith  grossly 
co n tam in a ted  a tm o sp h e res fo r m an y  years to  com e. I rr i­
ta tio n  fro m  d u st in d u sty  o ccu p a tio n s such  as m in ing  is 
a lso  o f  co n siderab le  im portance .

A n  infective agency is im p o rtan t an d  th e  com m onest 
in fecting  o rgan ism  is H . influenzae b u t a  m ixed bacterial 
flo ra  is freq u en tly  fo u n d . Ind iv id u a l p red isposing  fac to rs  
include a hered ita ry  tendency  an d  allergy.
Basic P athology.

It is conven ien t to  consider th e  re sp ira to ry  un it as co n ­
sisting  o f  a  te rm in a l a n d  a re sp ira to ry  b ronch io le  lead ing  
to  the  a lveo lar sacs. T h is  m ay be rep resen ted  in the  fo llow ing 
fash ion  in the  n o rm al

a n d  thus w hen there  is b ron ch ia l in flam ation  o r  spasm
i.e., w ith  an  o b stru c tiv e  fac to r  in troduced .

W ith  em phy sem ato u s d ila tio n , ru p tu re  a n d  coalescence o f  
a lv eo la r sacs o ccu r as th e  result o f  degenerative changes in 
the  elastic  fibres o f  the  a lveo lar walls. T he fa c to r  o f  b ronch ia l 
o b stru c tio n  an d  in fec tion  is freq u en tly  su p e rad d ed  an d  there 
m ay  be associa ted  in ter-a lveo lar fibrosis. T hese  changes 
resu lt in :—
1. A m echanical v en tila to ry  deficiency w here  exp ira tio n  

especially  is difficult d u e  to  b ro n ch io la r  o b stru c tio n , loss 
o f  elastic  tissue an d  the  p a tien t hav ing  to  exp ire  fro m  an 
in itia l level o f  hyperin flation .

2 . Inefficient d is tr ib u tio n  o f  the  a ir  w ith in  the  a lveo lar 
sacs occurs an d  th e  im paired  d iffusion o f  th e  gasses

■ occurs.
3. In  tu rn  an o x aem ia  an d  ca rb o n  d iox ide accu m u la tio n  

occurs in the  b lood  resu lting  in acidosis an d  in co m p en ­
sa to ry  increase o f  the  b lood  b ica rb o n a te .

In  term s o f  p u lm o n ary  fu n c tio n  tests th e  lung  volum e 
m ay  rem ain  the  sam e (as will th e  v ital cap ac ity  in m any  
instances) b u t e x p ira to ry  difficulty resu lts in a ir  trap p in g ,

{Continued on Page  14).
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