
Ind ian  J  Phys io l  Pharmaco l  2010 ;  54 (3) :  271–276

NASAL SPIROMETERY

M. GOYAL1, N. S. VERMA2, A. GOEL3,
P. KUMAR2 AND S. TIWARI2

1 Department  of  Physiology,
All India Institute of Medical Sciences,
New Delhi – 110 029,

2 Department  of  Physiology,
Chhatrapati  Shahuji  Maharaj  Medical  Universi ty ,
Lucknow – 226 003 and

3 Department  of  Physiology,
Ganesh Shankar Vidyarthi Memorial Medical College,
Kanpur – 208 002

( Rece ived  on  June  9 ,  2009 )

Abstract :  Nasal obstruction is  a common symptom which is difficult  to
quan t i fy  c l in ica l ly .  Rh inomanomet ry ,  Acous t i c  Rh inomet ry  and  Forced
Oscillation methods are available for estimating nasal resistance but, these
requi re  sophis t ica ted  machines .  Because  of  l imi ted  avai labi l i ty  of  these
techniques, this potential physiological measure has not been tapped fully
for research and clinical purposes. Here, we describe the use of pulmonary
spirometer with l i t t le modification for quantification of nasal flow. Nasal
insp i ra to ry  and  exp i ra to ry  f low ra te s  a long  wi th  o ra l  in sp i ra to ry  and
expiratory flow rates are used to derive different nasal resistance indices.
This way of reporting nasal resistance is not new but,  the data for these
var i ab les  i s  cu r ren t ly  no t  ava i l ab le  in  pub l i shed  l i t e ra tu re .  The
reproducibil i ty of nasal  f low rates were tested as variation after one day
and  the  in te rc lass  coef f ic ien t  for  insp i ra tory  and  expi ra tory  nasa l  f low
rates were found to be with in acceptable limits.  Thus, nasal spirometery
is able to describe the nasal  resistance in a rel iable manner and may be
used to  quant i fy  nasal  obstruct ion in  pathological  condi t ion and also to
study the physiological  phenomenon l ike nasal  cycle.
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INTRODUCTION

Nasal  obst ruct ion is  a  common cl in ical
sign/symptom which Otto-rhino-laryngologists

encounter in cases of deviated nasal septum,
polyps ,  tu rb ina te  hyper t rophy ,  a l l e rg ic
rhini t i s ,  vasomotor  rh ini t i s ,  carc inoma e tc .
(1 ,  2 ) .  Assessment  of  nasa l  obs t ruc t ion  i s
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including FVC, FEV1, PEF, PIF etc. Its has
a  f low range  of  ± 16  L/s  and  a  maximal
volume of 10 L, a flow accuracy of 5% or 200
mL/s,  and a  volume accuracy of  3% or  50
mL, whichever is greater. Spirobank G device
has  been  tes ted ,  and  found  to  met  o r
exceeded  the  l a tes t  Amer ican  Thorac ic
Society (ATS) accuracy standards.

M o d i f i c a t i o n

Nasa l  p iece  a t t achment  as  shown in
Fig.  1  was designed in  ins t i tu t ional  dental
workshop with acrylic material. It is a conical
s t ructure  of  7  cm length ,  wi th  larger  base
having  d iameter  of  3  cm corresponding to
the  inner  d iameter  o f  mouth  p iece  of
sp i rometer .  Th is  end  was  so  fash ioned  so
tha t  i t  f i t s  in  to  the  mouth  p iece  of
spirometer. Upper smaller end is cylindrical
wi th  1  cm diameter .  This  te rmina l  can  be
f i t ted  wi th  d isposable  nosepiece ,  which  in

subject ive  and with  c l inical  examinat ion i t
is  difficult  to quantify the obstruction. The
surg ica l  t rea tment  o f ten  does  no t  l ead  to
complete patient satisfaction because of the
lack  of  ob jec t ive  measurement  o f  nasa l
pa tency .  Presen t ly ,  rh inomanometery ,
acoust ic  rhinometery and forced osci l la t ion
methods  a re  ava i lab le ,  which  can  measure
nasa l  f low ra tes  and  res i s tance  (3–5) .  But
these  requ i re  sophis t i ca ted  machines  and
sof tware  a long  wi th  t ra ined  manpower ,
involv ing  h igher  cos t  and  qu i te  o f ten  no t
available in most  of  the inst i tut ions.

Here  we  descr ibe  the  use  o f  d ig i ta l
sp i rometer ,  which  i s  p r imar i ly  used  for
pulmonary function tests,  for measuring the
patency of  nasal  airway through f low rates
and calcula t ing res is tance indices .  Fur ther ,
the reproducibility of the technique has been
eva lua t ed .

MATERIALS AND METHODS

The s tudy  was  conduc ted  among 15
healthy subjects who were between the age
group  of  18–24  years  f rom a  un ivers i ty .
Nature  o f  the  s tudy  was  exp la ined  and
informed consen t  was  ob ta ined  f rom each
of  the  sub jec t s  p r io r  to  par t i c ipa t ion  in
the  s tudy .  The  pro toco l  o f  the  s tudy
was  approved  by  the  ins t i tu t iona l  e th ica l
committee. A thorough history was collected
and c l in ical  examinat ion was  performed to
rule out any acute or chronic nasal airways
d iseases  fo r  a l l  the  sub jec t s  before
i n t e r v e n t i o n .

D e v i c e s

The  Spi robank  G (MIR;  Rome,  I t a ly )
dev ice  i s  a  tu rb ine  wi th  an  in f ra red
in te r rup t ion  sp i rometer .  The  Spi robank  G
device  records  sp i romet ry  parameters

1.2 cm 

3 cm 

7 cm 

Fig .  1 : Nasa l  p iece  a t tachment  (Upper  end  d iameter
1.2 cm, Lower end diameter 3 cm, length 7 cm).
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int raclass  corre la t ion coeff ic ient  represents
the proportion of between-subject variability
among the  to ta l  va r iab i l i ty .  The  to ta l
variabi l i ty  of  measurements  consis ts  of  the
por t ion  resu l t ing  f rom wi th in-sub jec t
variabil i ty among repeated measurements as
well  as  the port ion resul t ing from between
subject differences. An intraclass coefficient
of  0  ind ica tes  tha t  the  measurement  i s
random and  comple te ly  nonreproduc ib le ,
and  a  coef f ic ien t  o f  1  means  tha t  the
measurement is the same for any time for a
cer ta in  sub jec t ,  r epresen t ing  per fec t
reproducibi l i ty .

RESULTS

Data col lected from al l  f i f teen subjects
was analyzed. In the baseline questionnaire,
none  of  the  par t i c ipan ts  had  a  h i s to ry  of
a topy ,  a l l e rg ic  rh in i t i s ,  o r  any  seasona l
or  chron ic  resp i ra to ry  i l lness .  None  of
the  sub jec t s  had  cur ren t  exposure  to
occupa t iona l  chemica l s ,  o r  env i ronmenta l
tobacco smoke at  home or  school ,  or  used
medicat ion.  Al l  the  subjects  performed the
test approximately at the same time on both
days .  None  of  the  sub jec t s  compla ined  of
discomfort  wi th  the  technique and none of
them developed any complicat ions with the
t e s t .

The baseline parameters like distributions
of  age,  height ,  Weight ,  PEF,  PIF,  RPNEF,
LPNEF,  RPNIF and  LPNIF a re  shown in
Table I. Since each of the subjects had two
measurements  of  peak f low over  two days,
the average of  the  two measurements  were
taken,  and the  mean value  i s  presented  in
Table  I .  Pa i red  t  t e s t s  fo r  each  measure
showed no signif icant  difference (Table II)
on day 1 and day 2.

turn is made by cutting 2.5 cm pieces of soft
PVC tube of 1.2 cm of outer diameter with
the wall  thickness of 2 mm.

Nasa l  sp i rometery  was  per formed wi th
Spirobank G using the above described nasal
p iece  a t t achment  f i t t ed  wi th  nose  p iece .
Topical decongestant was instilled. After half
to one hour the subjects were asked to keep
the nose piece in anterior nare on right side
whi le  c los ing  the  l e f t  na re  wi th  thumb.
Subjec ts  were  ins t ruc ted  to  inhale  through
nose slowly and completely,  then to exhale
forceful ly and completely and thereafter  to
inha le  fas t  and  comple te ly .  S imi la r ly ,
procedure is repeated for left  nare.  In both
procedures, highest of the two sets of reading
of RPNEF (Right peak nasal expiratory flow),
LPNEF (Lef t  peak  nasa l  exp i ra tory  f low) ,
RPNIF (Right  peak nasal  inspiratory f low),
LPNIF (Lef t  peak  nasa l  insp i ra to ry  f low)
were  recorded.

Spi rometery  was  per formed for  each
subjects with Spirobank G as per the latest
ATS guide l ines .  The  tes t  curve  wi th  the
h ighes t  sum of  the  FVC and  FEV1 was
cons idered  the  bes t  curve ,  and  the  la rges t
FVC and  FEV1 measurements  were  taken
for  ana lys i s .  The  tes t  was  per formed in
s tand ing  pos i t ion  and  a  nose  c l ip  was
used .  Al l  the  read ings  o f  insp i ra to ry  and
expi ra to ry  f low were  recorded  for  a l l  the
m a n e u v e r s .

Stat i s t i ca l  ana lys i s

To eva lua te  the  reproduc ib i l i ty  o f
measurements ,  the  in t rac lass  cor re la t ion
coef f ic ien t  was  ca lcu la ted  for  PEF,  PIF ,
RPNEF, LPNEF, RPNIF and LPNIF for both
days  measurement ,  us ing  two-way random
effec t  abso lu te  agreement  model .  The
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In t rac lass  cor re la t ion  coef f ic ien t s  fo r
PEF,  PIF ,  RPNEF,  LPNEF,  RPNIF and
LPNIF are shown in Table III. Also, 95% CI
of intraclass coefficients of all measures have
been  shown.

Since  coeff ic ients  for  Nasal  Peak Flow
Rates are similar to those of Oral Peak Flow
Rates, the reproducibility of Nasal Peak Flow
Rate is nearly as good as that of Oral Peak
Flow Rates, suggesting that the nasal airway
segment  does  no t  l ead  to  s ign i f ican t
reduct ion in reproducibi l i ty .

DISCUSSION

Functional  nasal  a irway measurement  is
impor tan t  in  the  unders tand ing  of  nasa l
physiology, and is a useful diagnostic tool in
patients with nasal disorders.  The sensation
of  nasa l  obs t ruc t ion ,  nasa l  res i s tance ,  a re
closely related parameters  of  nasal  patency
(6) that can very well be described with nasal
f low ra tes  which  represents  the  func t iona l
and quanti tat ive s tudy of  the nasal  airway.

The relevance of objective assessment of
nasa l  res i s tance  and  pa tency  has  been
documented in many rhinological  s i tuat ions
and nasal spirometery can also be used as a
feasible al ternate for following purposes.

1 . To  d i f fe ren t ia te  s t ruc tura l  o r  mucosa l
na ture  o f  the  nasa l  obs t ruc t ion  by
conduc t ing  the  t es t  be fore  and  a f te r
topical  decongestant .

2 . To  assess  the  benef i t  o f  surg ica l
correction (septoplasty and turbinoplasty)
in  a l leviat ing nasal  obstruct ion.

3 . To provide quantitative measure of nasal
mucosa response to intranasal challenges
wi th  d i f fe ren t  phys ica l  and  chemica l
s t imu l i .

4 . Nasa l  phys io log ica l  s tud ies  inc lud ing
nasal cycle and circadian rhythm in nasal
patency in health and diseases, can have
research  po ten t ia l

5 . Quant i t a t ive  da ta  o f  the  nasa l  a i rway
patency may also be used for medico-legal
documenta t ion .

The  reproduc ib i l i ty  o f  a  t es t  can  be
eva lua ted  by  repe t i t ion  of  the  t es t  in  the

TABLE I : Dis t r ibu t ion  of  age ,  he igh t ,  weigh t ,  PEF,
PIF ,  RPNEF,  LPNEF,  RPNIF  and  LPNIF
m e a s u r e m e n t s .

Mean (SD) R a n g e

A g e 22.0(2 .33) 18–24
H e i g h t 168 .9(2 .71) 1 6 4 – 1 7 3
W e i g h t 65 .8(4 .31) 57–72
P E F 7.7(1 .46) 4 .69–10 .55
P I F 5 .3 (1 .13) 3 .71–7 .96
R P N E F 1.7(1 .00) 0 .33–4 .64
L P N E F 1.8(0 .98) 0 .59–4 .15
R P N I F 1 .5(0 .71) 0 .55–3 .51
L P N I F 1 .3(0 .60) 0 .34–2 .93

TABLE I I : Pa i red  t  t es t  for  two days  measurements
of PEF, PIF, RPNEF, LPNEF, RPNIF and
L P N I F .

Data  are  Mean±SD
P va lue

Day  1 Day  2

P E F 7 . 6 ± 1 . 5 7 .9± 1 .4 > 0 . 3
P I F 5 . 2 ± 1 . 0 5 .3± 1 .2 > 0 . 3
R P N E F 1 . 7 ± 1 . 0 1 . 7 6± 1 .0 > 0 . 8
L P N E F 1 . 8 ± 1 . 0 1 .8± 1 .0 > 0 . 8
R P N I F 1 . 5 ± 0 . 7 1 .5± 0 .7 > 0 . 8
L P N I F 1 . 4 ± 0 . 6 1 .3± 0 .6 > 0 . 8

TABLE I I I : In t ra -c lass  cor re la t ion  coef f i c ien t  (R)
and  Two-S ided  95% CI  fo r  PEF,  P IF ,
RPNEF,  LPNEF,  RPNIF  and  LPNIF .

PEF PIF R P N E F LPNEF RPNIF LPNIF

R 0.79 0.76 0.74 0.78 0.69 0.71
95% CI 0.49-0.67 0.44-0.91 0.38-0.91 0.46-0.92 0.28-0.88 0.33-0.89
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same sub jec t .  Th is  repe t i t ion  may  be
conducted over minutes,  over days,  or over
even longer intervals. Since the main utility
of nasal flow rates would be to measure the
changes in nasal patency that may occur over
days therefore,  the reproducibil i ty over one
day is a logical dimension to assess the test
performance. This measure of reproducibility
re f lec t s  the  combina t ion  of  measurement
e r ror  and  b io log ica l  va r iab i l i ty  over  the
relevant period. Our study shows that nasal
flow rate measurements on healthy subjects
possess  good  reproduc ib i l i ty  wi th  an
in t rac lass  cor re la t ion  coef f ic ien t  vary ing
f rom 0 .69–0 .79 .  The  reason  for  the  lower
intraclass coefficient in inspiratory rates may
be  due  to  chance ,  a l though  we  cannot
exclude the possibili ty of maneuver-induced
nasa l  a i rways  co l lapse  o r  conges t ion  as  a
result  of  the forceful  inhalat ion.

Our  da ta  revea l  tha t  nasa l  peak
f low measurements  us ing  sp i rometer
have  comparab le  reproduc ib i l i ty  to  the
measurements  made wi th  rh inomanometery .
Intraclass  correla t ion coeff ic ients  for  nasal
f low ra tes  a re  comparab le  to  tha t  o f  o ra l
flow rates in our study. It is also comparable
to the results from the study by Eigen et al.
(2001) in which reproducibility of bronchial
peak  expi ra tory  f low was  examined
and  in t rac lass  cor re la t ion  coef f ic ien t  was
0.89 (7).

The  model  p roposed  in  th i s  s tudy  i s
ab le  to  descr ibe  the  insp i ra to ry /exp i ra to ry
flow in the nasal cavity. The nasal flow rates
and oral  f low rates  can fur ther  be used to
der ive  severa l  ind ices  which  can  be t te r
represent the resistance and flow limitat ion
phenomenon.  Fol lowing  parameters  re la ted
to nasal inspiratory and expiratory flow can
be calculated :

1 .  

IN PR
RPN IF
LPN IF

=

2. EN PR
R PN EF
LPN EF

=

3. R IN R I
PIF – R PN IF

PIF
=

4. R EN R I
PEF – R PN EF

PEF
=

5. LIN R I
PIF – LPN IF

PIF
=

6. LEN R I
PEF – LPN EF

PEF
=

Abbrev ia t ions :  INPR ( Insp i ra to ry  nasa l
par t i t ion  ra t io ) ,  ENPR (Expi ra to ry  nasa l
par t i t ion  ra t io ) ,  RINRI  (Righ t  insp i ra to ry
nasa l  res i s tance  index) ,  RENRI  (Righ t
expi ra to ry  nasa l  res i s tance  index) ,  LINRI
(Lef t  insp i ra to ry  nasa l   r es i s tance  index) ,
LENRI  (Lef t  exp i ra to ry  nasa l  res i s tance
index)

This  way of  repor t ing nasal  res is tance ,
in terms of inspiratory and expiratory ratios/
indices ,  i s  not  new but  the  da ta  for  these
var iab les  a re  cur ren t ly  no t  ava i lab le  in
published literature. The blockage index and
other  s imi lar  indices  repor ted  in  l i te ra ture
are  based  on  to ta l  nasa l  f low ra tes  ra ther
than individual nares.  This may be because
of the fact that the importance of right and
left  nasal  patency has not  been real ized in
the past .  Also,  the  data  with  the  avai lable
techniques  and  measures  o f  nasa l  pa tency
are scarce.  Therefore,  the potential  of such
independent  ra t ios  and indices  needs to  be
assessed in clinical settings and need to be
compared with  avai lable  measures  of  nasal
pa t ency .
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The  resu l t s  o f  th i s  s tudy  revea l s  tha t
inspiratory f low rates  are  in  general  lower
than the expiratory flow rate. This difference
probably is in part because of the collapse of
nasa l  a i rways  dur ing  insp i ra t ion  which
deve lops  nega t ive  suc t ion  pressure .  The
exten t  o f  co l lapse  of  a i rway  var ies  f rom
individual to individual and depends on the
suppor t ing  t i s sue  under ly ing  mucosa .
Therefore  the  d i f fe rence  be tween  the  two
rates or the ratio of the two may represent
the collapsibili ty of nasal airways.

Al though  the  model  p roposed  in  th i s
s tudy  i s  c lea r ly  an  overs impl i f i ca t ion  of
complex  nasa l  ana tomic  rea l i ty  bu t ,  th i s
model allows an accurate description of the
flow related indices for nasal resistance in a
s imples t  manner  wi th  s imple  machine  and
accessor ies .  The  proposed model  may a lso
represent  as  a  useful  tool  for  the cl inician
to  reach a  more  accura te  d iagnosis  and to
predict more accurately the functional effects
of  the  t rea tment .  This  could  be  espec ia l ly

usefu l  in  se t t ings  where  the  c l in ic ians
encounter  pat ients  wi th  vasomotor  rhini t i s ,
deviated nasal  septum and similar  diseases.
But  due  to  the  lack of  objec t ive  measures
for  quant i ta t ive  da ta ,  unable  to  prove  and
often patient satisfaction levels are found to
be low. The application of this valuable tool
i s  no t  res t r i c ted  to  on ly  pa tho log ica l
conditions but also i t  can be used to study
the  phys io log ica l  phenomenon l ike  nasa l
cycle, circadian changes in nasal cavity etc.

In  summary ,  th i s  s tudy  shows  the
good  reproduc ib i l i ty  o f  nasa l  f low ra te
measurements  and  se rves  as  a  p i lo t  s tudy
for  a  l a rger  ep idemio log ic  app l ica t ion .
Moreover ,  the  technique  descr ibed  here  i s
feasible as spirometers are usually available
in  mos t  o f  the  ins t i tu tes .  A s tudy  can  be
conducted with larger samples among normal
subjects to form reference values of the flow
rates  and res is tance  indices  which need to
be compared with absolute measures of nasal
res i s tance  wi th  rh inomanometery .
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