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CHEST ASSESSMENT AND SIMPLE LUNG FUNCTION TESTS
C. P. R O D SE T H , B.Sc. (Physiotherapy) (W itw atersrand), M.Sc. (Strathclyde), M .C .S .P ., D ip.T.P.*

SU M M AR Y

The main elem ents o f a chest assessment are outlined. 
Elem entary m easurem ents which should  be taken by 
physiotherapists are described. S im ple lung function  
tests which are w ithin the capability o f physiotherapists  
who are closely concerned with chest patients are ex 
plained in som e detail. The tests concerned are: Peak  
Expiratory F low  Rate, Forced Vital Capacity, Forced  
Expiratory V olum e in 1 sec. and the ratio Forced E xp i
ratory V olum e in 1 sec./Forced V ital Capacity as a 
percentage. F our o f the m ore advanced tests and their 
underlying concepts which are m ore the dom ain o f 
special pulm onary testing laboratories are briefly  
described.

A thorough assessm ent o f the  pa tien t is an essential 
.^requirem ent p rio r to  deciding on treatm ent m odalities 

and in o rd er to m onito r progress.
The classical chest assessm ent comprises:
Subjective examination —  eliciting the sym p to m s  

by taking the history and asking the  pa tien t to  describe 
the problem .

Objective examination —  eliciting the  signs  in the 
tim e-honoured sequence of: observation, palpation , pe r
cussion, auscu ltation  and special investigations.

Interpretation of the findings by correlating  the 
results o f the exam inations and com paring them  with 
norm al values.

OBJECTIVE EX A M IN A TIO N  

Observation
T he shape of the  chest together with the  ra te , rhythm  

and pa tte rn  o f chest wall m ovem ent are observed.

Palpation
Placing the hands on the chest usually confirm s the 

pattern  o f breathing previously observed and m ay reveal 
the presence o f secretions by the vibrations produced 
when a ir moves over them . Palpation  allows the ob 
server to  gain a general idea o f the  location  of such 
secretions.

percu ssion
Tapping the dorsum  of the m iddle phalanx  of the 

m iddle finger of the  non-dom inant hand p laced flat on 
the chest wall with the tip  o f the m iddle finger o f the 
dom inant hand. T he quality  o f the  vibrations so p ro 
duced is perceived both w ith the  rest o f th e  hand and 

y so“ nd- T h 's reveals either a norm al resonance in- 
resonancet as wi‘h a collapsed lung or severe 

° r rd^ ' re“sed resonance (dullness) as with 
consolidation  o f the lung o r p leural thickening.

Auscultation
In terp re ta tion  of the sounds heard  with a stetho-

rison m o ) 1' ' ^  W‘th  the  previous issue <M o r-

Special Investigations and Measurements

v o n l t ° i Z Pr ' y{ •T he jn ter.Pre ta ti° n  of this extrem ely im
portan t special investigation is beyond ou r scope here.

* vers'iK- n f Cn re r’ P epartm c,n t <>rPhysiotherapy, UnT- 
y of C aPe Town and G roote  S chuur H ospital.

OPSOM M ING

Die belangrikste pun te  van ’n respiratoriese eyaluer- 
ing word aangedui. E lem entere m ate wat deur die fisio- 
terapeut geneem  behoort te w ord, w ord beskryf. E en- 
voudige longfunksietoetse, wat deur fisioterapeute, wat 
ervare is in die behandeling van respiratoriese pasiente, 
uitgevoer kan word, word in redelike detail verduidelik. 
Die betrokke  toetse is: Piek Ekspiratoriese V loeisnel- 
heid, G eforseerde V itale Kapasiteit, Geforseerde E ksp i
ratoriese V olum e in 1 sekonde en die verhouding van 
G eforseerde Ekspiratoriese V olum e in I sekonde tot 
G eforseerde V itale K apasiteit aangedui as ’n persentasie. 
N o g  vier gevorderde toetse en hul onderliggende kon- 
septe, wat verkieslik  deur spesiale pulm onale toetslabo- 
ratorium s uitgevoer behoort te word, word kortliks  
beskryf.

O ther special investigations and m easurem ents m ay be 
classified as elem entary, sim ple and  advanced.

ELEM ENTARY SPECIAL IN VEST IG ATIO NS A N D  
M EASUREM ENTS

T he only equ ipm ent requ ired  for the elem entary  
m easurem ents is a tape-m easure  and a w atch w ith a 
sweep second hand.

Chest Expansion
T he circum ference of the  chest a t th ree  levels is 

taken resting, a fte r  full exp ira tion  and then  a fte r  full 
inspiration. T he best o f three  readings is taken and re 
corded. The levels are: axilla (approxim ately  4tfi rib); 
xiphoid process; tenth  costal cartilage (lowest p o in t of 
com plete rib cage). T he difference betw een the  full ex
p irato ry  and full in sp irato ry  values is the expansion.

Exercise Tolerance
Severe shortness of b reath  w ould have been  noticed 

during the O bservation  section o f the assessm ent. To 
m easure exercise to lerance m ore objectively, an  exer
cise load is im posed on the  patient, the  respiratory  
and pulse rates being no ted  before and fo r two m inutes 
a fte r com pletion  of the  exercise.

Respiratory rate. T aken fo r 1 m inute before  exercise 
and at 2 m inutes a fte r exercise. I t  should have re tu rned  
to  the  resting value by then.

Pulse ratio. R esting rate  noted  before exercise an d  
then fo r 2 m ins. a fte r exercise. D ivide the  num ber of 
beats in the 2 mins. a fte r exercise by the  resting rate. 
N orm al ra tio  is less th an  2,5.

A ny ap p ropria te  exercise m ay be used, such as the 
H arvard  step-test o r som e functional activity  such as 
getting ou t o f bed o r taking a sho rt walk.

In  add ition , if  the  p a tien t is am bulant, the  greatest 
d istance he can com fortably  cover and th e  tim e taken 
to  do so should be no ted  and checked from  tim e to 
time.

SIMPLE L U N G  FU N C T IO N  TESTS

The sim ple lung function  tests which will be dealt 
with in som e detail here  a re  w ithin the  scope o f any 
physio therapist involved in treating  chest conditions. 

T hey are  m easurem ent and in te rp reta tio n  of:
•  Peak E xpira to ry  F low  R ate  (Peak F low  or PE FR )
•  Vital C apacity  (VC) and Forced V ital C apacity
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(FVG).
•  Forced  E xp ira to ry  V olum e in 1 sec. (F E V ,l0 also 

w ritten  FEV,).
•  D erived from  th e  last two, the  ra tio  o f FE V i,„/FV C  

or F E V ,/F V C
These tests involve sp irom etry  (m easuring of b reath) 

and therefo re , a norm al sp irogram  is presented  as an 
in troduction  (fig. 1).
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Fig. 1. A  spirogram o f a subject breathing nor
m ally, then taking a full deep breath, breathing 
out fully  and then returning to normal breathing. 
TV —  tidal volum e, ERV —  expiratory reserve 
volum e, IRV —  inspiratory reserve volum e, VC —  
vital capacity, RV —  residual volum e, FRC —  
functional residual capacity. The tidal volum e is 
between 0,5 and 0,6 litres.

A spirogram  of a  single full (forced) exp ira tion  from  
full inspiration  to  com plete  vo luntary  exp ira tion  is also 
show n (fig. 2). In this case, the  volum e of expired 
a ir is p lo tted  against tim e in seconds as th is is how 
th e  com m only used clinical sp irom eters p resen t the  
result.

cn a . 
I— <

Time in sec

Fig. 2. Spirogram o f a single, full, forced expira
tion showing FEV, and FVC.

Peak Expiratory Flow Rate (PEFR)
This is a  flo w  rate (i.e. volum e per un it time). It is 

the  fastest in stan taneous flow ra te  achieved during  ex
plosively forced exp ira tion  a fte r full insp iration , irres
pective o f exactly  when during  the exp ira tion  it is 
achieved. H ow ever, if high speed tu rbu lence occurs, 
indicated  by stridor, a lower reading is ob tained. I t  is 
analogous to an  anem om eter w hich m easures wind 
speed during  the night, the  po in te r rem aining a t the 
speed of the  strongest gust of w ind w henever it oc
curred.

M easurem ent
Peak expira to ry  flow ra te  m ay be read off a sp iro

gram  w here it corresponds to  th e  steepest p a rt o f the 
curve, i.e. when th ere  is the  g reatest volum e of air 
expired in the  shortest tim e. As this p o in t m ay be 
difficult to  perceive on  th e  graph  by eye, the  slope is 
usually  read off as the tim e taken  to  expire a single 
litre o f air n ea r th e  s ta rt o f the  exp ira tion  and then 
converted  to flow ra te  in litre s /m in . o r  litres/sec . In 
the  case of the  V italograph Single Breath Sp irom eter, 
(Fig. 3) the  slope of a line jo in ing  0,2 litres to  1,2 litres^ 
of a ir  expired  is read, using a p lastic p ro trac to r p re
calib ra ted  to  read  flow ra te  directly.

M ore usually, a  specific peak  flo w  m eter  is used. 
P robab ly  the  best know n type is the  W right’s Peak 
F low  M eter  (fig. 4). T his instrum ent is 14 cm in d ia
m ete r and 6 cm  deep. It m ust be held vertically  with 
the dial facing to  the p a tien t’s right. In  this instrum ent, 
the  needle shows the  peak flow rate m ain tained  fo r a 
period of 0,01 sec. A lthough  the  “ big” W righ t’s has 
been th e  s tan d ard  peak  flow m eter fo r m any years, it 
is a som ew hat delicate instrum en t w ith fine m oving 
parts. In the  past few years, a W right’s M in i Peak 
F low  M eter  (fig. 4) has been introduced. This is a p las
tic cylinder 13 cm long and 4,3 cm in d iam eter. It 
has been show n to  have good reproducib ility  o f results 
and a  high co rre lation  over th e  w hole range with the 
“ big” W righ t’s m eter (M .R.C .). V italograph  have also 
produced a  sim ilar sim ple instrum en t called the  V ita 
lograph Pu lm onary  M on ito r whose readings are co rre
lated to  peak expira to ry  flow ra te  and forced expiratory 
volum e in 1 sec. T he best o f th ree  readings is taken.

Interpretation
T he P E F R  obtained  fo r a  particu la r p a tien t m ust be 

com pared with the  pred ic ted  value fo r a  sub ject of the 
sam e sex, age and heigh t, e.g. fem ale, 30 years and 
160 cm (5 '3"), norm al P E F R  is 474 litres/m in. A^ 
reduced value is generally  taken  as an  indication  of a ir
ways narrow ing. H ow ever, it is no t regarded as very 
reliable, especially fo r patien ts suffering from  acute 
b ronchospasm , as the  test requ ires considerable patien t 
effort and co-operation  and, in such acu te  cases, it 
often  aggravates the b ronchospasm . T he p a tien t soon 
learns to  avoid  th is by “ no t try ing  so h a rd ” . In turn , 
this p roduces a  lower th an  expected reading in a pa tien t 
who is obviously clinically im proved. T he test does, 
how ever, have g rea t use in m onitoring  th e  sta le  of 
airw ays narrow ing  in chronic cases. P E F R  recordings 
taken  and recorded th ree  tim es daily  by the pa tien t 
help  in bo th  the classification of the  disease and in 
deciding on optim al m anagem ent (Turner-W arw ick, 
1977). T his techn ique  is now in wide use am ong both 
general p ractitioners and  resp irato ry  physicians. Physio 
therap ists concerned w ith such patien ts should be fam i
liar with th e  concept.

W hen m aking volum e m easurem ents, th e  volum es 
recorded by the  sp irom eter are  a t am bien t tem pera ture  
and pressure, and sa tu rated  with w ater vapour (ATPS). 

If  g reat accuracy is requ ired , these should be converted
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Fig. 3. A V italograph single-breath , wcdge-bellows,
dry Spirom eter.

to body t e m p e ra tu re  a n d  b a ro m e t r ic  p ressure ,  a lso  
sa turated with w a te r  v a p o u r  (BTPS).  T h e  V i ta lo g ia p h  
graphs have both v o lu m e  scales valid loi most  test 
conditions.

Vital Capacity (VC) and Forced Vital C apacity  (FVC)
Both of  these a re  the m a x im u m  vo lu m e  o f  a i r  (m e a 

sured in litres) which can  be expe l led  a l t e r  m a x im u m  
inspiration. T h e  d if ference  is tha t ,  for  VC. the t im e  
taken for ex h a la t ion  is not co n s id e red ,  w hereas ,  for  
FVC, the b rea th  m ust  be expel led  as rap id ly  an d  c o m 
pletely as possible. As a test of  p u lm o n a ry  func t ion ,  
it is usually  the F V C  which is m easu red .

M easurem ent
F V C  is m easured  by a s p i ro m e te r  in the cl inical  sci 

ting, usually the d ry  bellows type  (V iw lo x r a p h ) .  A small  
instrument, the W rig lil’s R e sp iro m e te r  is av a i lab le  w'hich 
is suitable  for m e a s u r in g  vital capac ity  a n d  m in u te  
vjjlume (total vo lum e of a i r  exha led  in one  m in u te ,  i.e. 
i • i vol. x r e sp i ra to ry  rate)  a t  e x p i ra to ry  flow rates 
btrtveen 3,0 l i t re s /m in .  an d  300 l i t r e s /m in .  Below 3.0 
li t res /m in .  it does not register  an d  a b o v e  300 l i l ie s /  
min. the delicate  m e c h a n is m  m ay  be d a m a g e d ,  th e r e 
fore, it  is no t  su i tab le  for  use with  fairly  hea l th y  
adults who can p ro d u c e  P E F R s  o f  up to 600 l i t res /  
min. (Daykin  et ul. 1978).

T he  tech n iq u e  is to ins t ruc t  the subject  (p re fe rab ly  
standing) to b re a th e  ou t .  th en  to  take  as d e e p  a b rea th  
as possible, put the m o u th p ie c e  in to  his m o u th ,  to 
blow out as hard  as he can  a n d  to ca r ry  on  unt il  he 
has absolu te ly  no  b rea th  left, be ing  verba l ly  e n c o u ra g e d  
all the l im e  by the o p e ra to r .  T h e  best o f  th ree  p e r 
fo rm ances is taken.

In terpreta tion
Norm al  values of  F V C  vary  d irec t ly  with he ight ,  

inversely with age an d  a re  low er  in fem ales .  T h e  p r e 
dicted norm al values for an  ind iv idua l  shou ld  be d e t e r 
mined from  a n o m o g ra m  b e fo re  in te rp re t in g  the 
results. Also , for  pa t ien ts  with o b s t ru c t iv e  a i rw ays or  
restrictive lung d isease, the value o f  F V C  sh o u ld  be 
com pared  with tha t  of  th e  fo rced  ex p i ra to ry  v o lum e in 
1 sec. If possible, it shou ld  also be c o m p a re d  with

Fig. 4. W righ t's  Peak Flow M eter (left) and
W right's M ini Peak Flow M eter (right).

to ta l Inns; capacity  but  this is an  a d v a n c e d  p u lm o n a ry  
func t ion  test. H o w e v e r .  F V C  is an im p o r ta n t  test Lor 
p a t ien ts  w h o  have  e i th e r  a th o ra c ic  d e lo rm i ty  such as 
kyphosco l io s is  o r  a n k y lo s in g  spond y l i t i s  o r  w eakne ss  ol 
the re sp i ra to ry  m usc le s .  Pain  o r  m ech an ica l  in te r fe r 
ence  with  b re a th in g ,  e.g. f r a c tu re d  ribs, can a lso  re 
duce  the  F V C .  A m a rk e d ly  r e d u ced  F V C  ind ica tes  a 
g r e a te r  d a n g e r  ol ches t  in fec t io n  o r  p o s t -o p e ra t iv e  chest 
co m p l ic a t io n s  a n d  a r e d u c e d  ab i l i ty  to cope  with  it. It 
can a ler t  the  te a m  to a poss ib le  need to m e c h an ica l ly  
ven t i la te  a pa t ien t  at risk. In an  ad u l t ,  an F V C  falling, 
over  l ime, to w a rd s  1 li tre  is r e g a rd ed  as life t h r e a t e n 
ing. In th e  a b s e n c e  o f  a s p i ro m e te r ,  a rough  rule of  
t h u m b  w hich  m ay  be he lp fu l  is to ask the p a t i e n t  lo 
take  as d e e p  a b re a th  as possible , then  to  count  
s tead i ly  out  a lo u d  unt il  they  run  ou t  o f  b rea th .  An 
inabil i ty  to  r each  a b o v e  tw en ty  suggests  a d a n g e ro u s ly  
low VC.

Forced E xpira to ry  V olum e in I see. (FliV,.,, o r FEV,)
T h is  is the  v o lu m e  (m e a su re d  in litres) w hich  is e x 

pired d u r in g  the  first s e co n d  ol a fo rced  e x p ira t ion .  
S o m et im es  the  v o lu m e  m ay  be m e a s u re d  over  a d i f 
ferent  per iod  such as the  first 0,5. 2,0 o r  3,0 sec bu t  the 
c o m m o n  m e a s u re m e n t  is tha t  o v e r  1,0 sec.

M ea su rem en t
T h e  F E V ,  i.s m os t  eas i ly  read  off a s ingle fo rced  e x 

p ira t ion  sp i ro g ra m  such as tha t  o b ta in e d  with a Vita- 
lograph an d  is t ak en  f rom  the  best o f  the th re e  F V C  
recordings .

In te rp re ta tio n
F E V , ,  as with F V C .  v a r ie s  d i rec t ly  w ith  he ight ,  in 

versely with age  an d  is low er  in fem ales.  T h e  p red ic ted  
no rm a l  va lue  fo r  the  sub je c t  sh o u ld  be a scer ta ine d .

Since the F E V ,  is a m e a s u re  of  v o lu m e  exp ired  
du r in g  a fixed unit  of  t im e ,  it is a c tua l ly  a m easu re  ol 
flow, to be p rec ise  th e  f low -resis tance  in the a i rw ays 
g rea te r  th a n  2 m m  in d ia m e te r .  A red u ced  F E V ,  in d i 
cates inc rease d  res is tance  o f  the  a i rw ays  as fo u n d  in 
both  o b s t ru c t iv e  a i rw a y s  d isease  ( ch ron ic  b ronch i t is ,  
e m p h y s e m a ,  c h ro n ic  a s th m a ,  etc.)  an d  in restr ic t ive 
lung d isease  ( p u lm o n a ry  fibrosis o r  o ed em a) .  P ro b a b ly
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its m ost im p o rtan t app lication , however, is in corre
lating  it to  th e  p a tien t’s FV C.

Ratio of Forced Expiratory Volum e in 1 sec. to Forced  
Vital Capacity (F E V ,/F V C )

This ra tio , expressed as a percentage, should  be de
rived from  th e  sam e breath , i.e. th e  percentage of the 
to ta l exhalation  w hich th e  subject can breathe ou t in 
the  first second.

M easurem ent
This is a calculation  based on the  FE V i and  F V C  of 

a single exhalation  usually  m easured on a single b reath  
spirom eter. I t  is expressed as a percentage. Som e a u th o 
rities m ay also use the  FE V  over a period o th er than  
th e  first second. T his w ould alw ays b e  denoted  by the 
subscript to FE V .

Interpretation
T he norm al value o f F E V i/F V C  is 80%  with a 

range from  7 5 -  85'%, A  reduced value indicates a ir
ways narrow ing  of th e  obstructive type. T he ra tio  is 
o ften  norm al fo r patien ts with restrictive disease as 
bo th  readings are reduced in p roportion  to  each other.

A D V A N C E D  L U N G  FU N C T IO N  TESTS A N D  
CONCEPTS

T hese a re  num erous and of a  sophistication lim ited 
only by th e  resources and  ingenuity  o f  the  laboratory  
concerned. B oth th e ir perfo rm ance  and  in terpreta tion  
are  beyond th e  scope of m ost physio therapists; how 
ever, a  few  rem arks ab o u t som e of th e  m ore com m on 
advanced tests and. re la ted  concepts m ay be helpful.

Blood Gas Analysis
O ften  com m only re ferred  to  as “ the  A stru p ” , this 

is a  m easurem ent o f th e  pa rtia l pressure o f oxygen and 
carbon  dioxide in the  a rte ria l blood. T h e  normail 
values, in .S I  units, a re  PaO j =  9,5 — 13,9 kilopascals 
(kPa. lk P a  =  7,5 m m H g), PaC O , =  4,1 -  6,1 kPa. 
F rom  these two, the acid ity /a lk a lin ity  of the  blood can 
be calculated. N orm al a rte ria l pH  is 7,4 (range 7,38 — 
7,46). In  th rea ten ing  resp irato ry  failure, th e  P a 0 5 falls, 
PaCO- rises and pH  falls (becom es m ore acid).

F low /V olum e Loop
T he subject perform s a forced inspiration  followed 

by a forced exp ira tion  in to  an in strum en t which records 
bo th  the  flow-rates achieved and  the  volum es of gas 
m oved and au tom atically  plots the  flow-rate against the 
volum e. As it is a  closed system , a  closed loop is ob
tained. This is a com paratively  sim ple test and yet 
yields valuable in fo rm ation  which can be used to 
characterise  and differentiate  the  various types o f a ir
ways dysfunction  (R udnick et a t ,  1980).

V entilation/Perfusion Ratio
F o r satisfacto ry  lung function , no t only m ust ade

quate  volum es o f a ir be ventila ted  th rough  th e  lungs, 
bu t the a ir m ust be  in contact, th rough  the  alveolar 
m em brane, with adequate  volum es o f  blood perfusing  
the  lung. T he v en tila tio n /p e rfu sio n  ra tio  varies in d if
fe ren t regions o f the  lungs depending on posture. O ver
all it is approx im ately  1 : 1 a t 5 litre s/m in . each. In  
the  erec t postu re , it is g reater th an  1 in  the apices and 
less than  1 in the  bases. A  serious dev ia tion  results in 
unsatisfactory  gas tran sfer betw een the a ir and blood
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leading to hypoxia and hypercapnia (raised PaC o2). 

Compliance
T his term  m ay be applied to the chest wall o r the 

lungs or the com bined system . I t  is defined as “ the 
change in volum e per un it change in p ressu re” . Thus 
“ stiff lungs” o r an im m obile chest wall (or both) only 
a lte r slightly in volum e fo r a  un it change of pressure 
and therefore  have low compliance. A  series o f values 
is always taken, depending on the  technique  used, to 
p roduce a v o lu m e/p ressu re  curve which is th en  in te r
preted . M easurem ents o f lung com pliance a re  particu
larly  im po rtan t in judging the pressures requ ired  fo r 
artificial ventilation  in patien ts w ith stiff lungs such as 
follow ing P a raq u at poisoning.

F u rth e r in fo rm ation  on advanced lung func tion  tests 
is given by the  ap p ropria te  texts m entioned  in the 
B ibliography.

CONCLUSION

Scientific and m edical know ledge in the  fields p t  
resp irato ry  physiology and pathology is expanding L  
the  tim e. In  o rd er to  re ta in  credib ility  as an im por
ta n t m em ber o f the  trea tm en t team , it behoves the 
concerned physio therap ist to  be  a m aster o f chest as
sessm ent including the  elem entary  m easurem ents, to  be 
com peten t a t carry ing  ou t and knowing the  significance 
of the  sim ple lung function  tests and to be fam iliar 
with the advanced tests.
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