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Olfactory clearance: what time is needed in clinical
practice?

C M PHILPOTT, C R WOLSTENHOLME*, P C GOODENOUGH†, A CLARK‡, G E MURTY*

Abstract
Objective: To determine olfactory adaptation and clearance times for healthy individuals, and to assess the
effect of common variables upon these parameters.

Study design and setting: Fourteen healthy volunteers were recruited for a series of tests. Their initial
olfactory threshold levels for phenethyl alcohol were determined. After olfactory exposure to a
saturated solution of phenethyl alcohol (i.e. olfactory adaptation), the time taken for subjects to return
to their initial olfactory threshold was then recorded (i.e. olfactory clearance). Visual analogue scale
scores for subjective variables were also recorded.

Results: The 14 subjects performed 120 tests in total. Despite consistent linear trends within individuals,
olfactory clearance times varied widely within and between individuals. The mean olfactory clearance time
for phenethyl alcohol was 170 seconds (range 81–750). Univariate analysis showed a relationship between
olfactory clearance times and age ( p ¼ 0.031), symptoms ( p ¼ 0.029) and mood ( p ¼ 0.048).

Conclusions: When testing a person’s sense of smell in a clinical setting, recent exposure to similar smells
should be noted, and a period of 15 minutes needs to be allowed before retesting if using phenethyl
alcohol. Other variables need not be controlled, but greater clearance time may be needed for older
patients.
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Introduction

Olfaction may be phylogenetically the oldest sense
that humans possess, yet it remains the least under-
stood of all our senses, despite the fact that olfactory
disturbances are common complaints in the general
population.1 This relative lack of understanding, com-
pared with knowledge regarding vision or hearing, is
partly due to the very subjective nature of this
sensory modality. Psychometrics play a large part in
the process of olfaction,2 but there are also infinite
combinations of odours which can be detected. The
exact ‘smell map’ remains to be defined, although
there have been attempts to realise this ‘visualisation’
of olfaction.3,4

Adaptation is a common feature of all sensory
modalities.5 Odour adaptation has been referred
to as ‘the ability of the olfactory system to adjust
its sensitivity at different stimulus intensities’.6

Olfactory adaptation is a time-dependent, revers-
ible reduction in sensitivity due to prior odour
exposure, or during steady stimulation with
odours.6 Adaptation in olfaction allows the olfac-
tory system to maintain equilibrium with the

odourant concentrations in the ambient environ-
ment, yet respond to the appearance of novel
odours or changes in odourant concentration.5

Reductions in sensory system responses to stimuli
may occur throughout the sensory pathway,7 from
olfactory receptors,8 through olfactory second
order neurones,9,10 to olfactory primary and higher
order cortical areas.11,12 Recovery will likewise
occur throughout the pathway.

This study attempted to quantify olfactory adap-
tation and clearance times in the presence of a satu-
rated solution, in a number of human volunteers, in
order to determine whether these times were consist-
ent within and between individuals. Our hypothesis
was that intra-subject variance would be low. Recov-
ery times are important when assessing a subject’s
sense of smell. For example, during otorhinolaryngo-
logical assessment, when presenting an individual
with a particular odour, how long should the
patient be allowed to rest before the odour is pre-
sented again? Although previous studies have
assessed adaptation times for odours,13 to date no
published study appears to have demonstrated

From the Department of Otorhinolaryngology, Essex Rivers Healthcare NHS Trust, Colchester, the *Department of Otorhinolar-
yngology, Leicester Royal Infirmary, University Hospitals of Leicester NHS Trust, the †Division of Medical Physics, University of
Leicester, and the ‡School of Medicine, Health Policy and Practice, University of East Anglia, Norwich, UK.
Accepted for publication: 3 August 2007. First published online 26 November 2007.

The Journal of Laryngology & Otology (2008), 122, 912–917.
# 2007 JLO (1984) Limited
doi:10.1017/S0022215107000977

912

https://doi.org/10.1017/S0022215107000977 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215107000977


olfactory clearance times for phenethyl alcohol in
humans.

Methods

Full ethical approval from a regional ethics commit-
tee was obtained prior to commencement.

Fourteen healthy volunteers were recruited, both
men and women, with an age range of 22 to 61 years.
Information was recorded regarding smoking status,
previous nasal problems, past medical history and
current medication. Information was also obtained
upon each visit regarding exposure to strong
smells within the previous 48 hours, and the pre-
sence of upper respiratory tract symptoms. Visual
analogue scores were used to record each individ-
ual’s perceived sense of smell, nasal symptoms,
tiredness and mood.

Peak inspiratory nasal flow was recorded using a
Youlton peak flow meter (Clement Clarke, Harlow,
UK), and temperature and humidity were recorded
with a thermohygrometer (Fisher Scientific, Lough-
borough, UK).14 The nose was examined using a
Thudicum’s speculum and light source.

Initial thresholds were determined using 3 ml
dilutions of phenethyl alcohol in mineral oil,15

which were placed in small, stoppered, 28 ml glass
bottles (VWR International, Lutterworth, UK),
with concentrations ranging from 1029 (log vol/vol)
(least concentrated) to 21022 (most concentrated).
Individuals were then asked when they could detect
phenethyl alcohol, on being presented with sequen-
tially stronger concentrations from weakest to stron-
gest, using an ascending technique.16 Air was passed
through a Buckner flask containing a saturated sol-
ution of phenethyl alcohol, which was then presented
via a facemask at a flow rate of 3 l per minute. A satu-
rated solution was used, as it was found that individ-
uals took much longer to adapt to weaker solutions.
The time taken for individuals to be unable to
smell phenethyl alcohol at concentrations of 1 per
cent (1022) was recorded in seconds. Once an individ-
ual was unable to smell phenethyl alcohol at 1022, the
pump was stopped, and the time taken for the sub-
ject’s olfactory detection of phenethyl alcohol to
return was recorded by alternating a few breaths of
fresh air with a sniff of the glass vials containing phe-
nethyl alcohol, starting at 1022 and working back to
the subject’s original threshold (and beyond if an indi-
vidual was able, in half log steps). This process was
repeated on 10 separate occasions, with readings sep-
arated by a minimum of 48 hours ( four subjects did
not perform all 10 tests – see Results section).

The time taken (in seconds; y axis) was plotted
against the olfactory threshold measured in logarith-
mic steps from 1022 to the lowest threshold detected
(x axis), using Axum (Adept Scientific, Letchworth,
UK). A best-fit line was drawn using linear least
squares, and the gradient was recorded, representing
the time taken in seconds for each clearance interval
(i.e. the time taken for olfactory detection of phe-
nethyl alcohol to return by one logarithmic interval).
The results were otherwise analysed using Stata

software (Stata SE for Windows Version 9.1, Stata-
corp LP, College Station, Texas, USA).

Results

Fourteen volunteers were recruited, eight women
and six men. Ten subjects (six women and four
men) completed 10 sets of data; two women com-
pleted nine and five sets of data, variously, and two
men completed only three data sets. The mean age
of the group was 39.1 years. Seven subjects were non-
smokers, four were smokers and three were
ex-smokers.

Initial olfactory thresholds

Due to the non-normal distribution, the bootstrap
algorithm based on 1000 iterations was used to
derive p values and confidence intervals (CIs) from
the linear mixed model. The initial olfactory
thresholds did not show any significant relationship
to any of the variables examined (Table I); the distri-
bution of the initial olfactory thresholds is seen in
Figure 1, with a mean value of 1024.739 log vol/vol
(range 1023–1028).

Olfactory adaptation times

The mean time required for olfactory adaptation to
phenethyl alcohol to occur was 157.7 seconds
(range 29 to 721). Due to the non-normal distri-
bution, the bootstrap algorithm based on 1000 iter-
ations was used to derive p values and CIs from the
linear mixed model. Univariate analysis of these vari-
ables revealed that only nasal symptoms, as docu-
mented using visual analogue scale (VAS) scores,
had a relationship with adaptation time (b ¼
214.01, p , 0.026; Table II, Figure 2). This meant
that an increase of one VAS unit in reported symp-
toms reduced the time to adaptation by 14 seconds
(95 per cent confidence interval 226 to 21.7).
There was no significant relationship between the
initial olfactory threshold and the olfactory adap-
tation time. An example of olfactory adaptation
times for one subject is displayed in Figure 3.

TABLE I

RELATIONSHIP OF RECORDED VARIABLES TO INITIAL OLFACTORY

THRESHOLDS

Variable Estimate� 95%CIs p

Age 20.01 20.03 to 0.01 0.434
Smell 20.16 20.33 to 0.00 0.056
Symptoms 20.04 20.09 to 0.01 0.121
Mood 20.07 20.21 to 0.06 0.291
Tiredness 20.02 20.08 to 0.04 0.519
Temperature 20.05 20.12 to 0.02 0.186
Humidity 0.00 20.01 to 0.01 0.870
PINF 0.00 20.01 to 0.01 0.883
Sex ( female vs male) 20.08 20.68 to 0.53 0.803
Smoker 0.750
– Current vs non 20.05 20.90 to 0.81 0.913
– Ex vs non 0.19 20.35 to 0.72 0.497

�Estimated increase in initial olfactory threshold due to a unit
change in the variable. CI ¼ confidence interval; PINF ¼ peak
inspiratory nasal flow; non ¼ non-smoker; ex ¼ ex-smoker
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Olfactory clearance times

The mean olfactory clearance time for phenethyl
alcohol was 170 seconds (range 81–750). Again,
due to the non-normal distribution, the bootstrap
algorithm based on 1000 iterations was used to
derive p values and CIs from the linear mixed
model. Univariate analysis of the variables showed
a relationship with age ( p ¼ 0.031) and mood
( p ¼ 0.029) see figure 4; however, in a multivariate
model (not shown), neither of these variables were
significant (Table III). An example of olfactory
clearance times for one subject is displayed in
Figure 5. The influence of the variables on clearance
time meant that for each yearly increase in age, the

clearance time increased by 3.94 seconds (95 per
cent CI 0.35–7.52), and for each one-unit increase
in VAS mood score (i.e. worsening mood), the clear-
ance time decreased by 14.42 seconds (95 per cent CI
0.10–28.73).

Analysis of the olfactory clearance curves revealed
an average gradient of 133.24 (standard deviation ¼
89.64, minimum ¼ 16.383, maximum ¼ 443). Olfac-
tory clearance significantly differed between individ-
uals ( p , 0.0001), based on a log-transformed
analysis of variance (Table IV). The within-subject
variation was estimated at 0.5 (on the log-transformed
scale), so that the 95 per cent CI for the slope is, on the
original scale, by 39.08 to 273.77 seconds.

Relationship of olfactory adaptation times to olfactory
clearance times

We used a linear mixed model with time to olfactory
adaptation as the independent variable and time to
olfactory clearance as the dependent variable. Once
again, due to the non-normal distribution, the boot-
strap algorithm based on 1000 iterations was used

FIG. 1

Initial olfactory thresholds. SD ¼ standard deviation

FIG. 2

Severity of nasal symptoms (expressed as visual analogue scale
(VAS) scores) versus olfactory adaptation time. Secs ¼

seconds

TABLE II

RELATIONSHIP OF RECORDED VARIABLES TO OLFACTORY

ADAPTATION TIMES

Variable Estimate� 95%CIs p

Initial threshold 11.52 24.77 to 27.82 0.166
Age 1.27 21.35 to 3.89 0.343
Smell 28.70 217.98 to 0.58 0.066
Symptoms 214.01 226.33 to 21.70 0.026
Mood 22.10 214.30 to 10.09 0.735
Tiredness 22.60 211.49 to 6.28 0.566
Temperature 2.52 21.72 to 6.77 0.244
Humidity 0.54 20.57 to 1.66 0.340
PINF 0.32 20.09 to 0.74 0.129
Sex ( female vs male) 226.32 292.19 to 39.54 0.434
Smoker 0.953
– Current vs non 27.84 289.26 to 73.58 0.850
– Ex vs non 7.26 293.88 to 108.40 0.888

�Estimated increase in initial olfactory threshold due to a unit
change in the variable. CI ¼ confidence interval; PINF ¼ peak
inspiratory nasal flow; non ¼ non-smoker; ex ¼ ex-smoker

FIG. 3

Olfactory adaptation times for subject 1. Different symbols
plot different adaptation times on separate occasions.

PEA ¼ phenethyl alcohol
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to derive p values and CIs; this analysis revealed no
evidence of a relationship between olfactory adap-
tation time and clearance time ( p ¼ 0.353, 95 per
cent CI 20.19–0.54). A comparison of olfactory
adaptation times to clearance times showed a mean
difference of 149 seconds (95 per cent CI 119–179,
p , 0.0001), using a paired t-test.

Variation within and between subjects

The intra-class correlation coefficient was used as a
measure of reliability. The intra-class correlation

coefficient for olfactory clearance time was 47 per
cent (95 per cent CI 24–71 per cent) and for olfactory
adaptation time was 61 per cent (95 per cent CI
39–82 per cent). That is to say that 47 per cent of
the variation in clearance times was due to variation
between subjects.

Discussion

Olfactory clearance times showed large variations
between and within subjects, with the intra-class cor-
relation coefficient results indicating that subjects
were less consistent within themselves, as compared
with other subjects, and took longer on average to
clear than to adapt. The time constant for olfactory
adaptation is not easy to determine, because the
expired air contains little of the inspired odorant.

FIG. 6

Olfactory clearance curves for subject 3. Different clearance
curves for one individual.

TABLE III

RELATIONSHIP OF RECORDED VARIABLES TO OLFACTORY

CLEARANCE TIMES

Variable Estimate� 95%CIs p

Initial threshold 22.21 259.30 to 54.88 0.940
Age 3.94 0.35 to 7.52 0.031
Smell 8.68 216.95 to 34.30 0.507
Symptoms 5.19 28.53 to 18.91 0.458
Mood 214.42 228.73 to 20.10 0.048
Tiredness 22.44 211.62 to 6.73 0.602
Temperature 6.31 210.33 to 22.95 0.457
Humidity 20.77 22.15 to 0.61 0.274
PINF 0.98 20.10 to 2.06 0.077
Sex ( female vs male) 285.81 2189.64 to 18.03 0.105
Smoker 0.2951
– Current vs non 93.43 223.78 to 210.64 0.118
– Ex vs non 49.15 2123.02 to 221.32 0.576

�Estimated increase in initial olfactory threshold due to a unit
change in the variable. CI ¼ confidence interval; PINF ¼ peak
inspiratory nasal flow; non ¼ non-smoker; ex ¼ ex-smoker

FIG. 5

Olfactory clearance times for subject 2. Different symbols plot
different clearance times on separate occasions.

FIG. 4

Worsening mood (expressed as visual analogue scale (VAS)
score) versus olfactory clearance time. Secs ¼ seconds

TABLE IV

ANALYSIS OF VARIANCE FOR OLFACTORY CLEARANCE CURVES

Variance Sum of squares Degrees of freedom Mean squared error p

Between individuals 417208.825 13 32092.9865 ,0.0001
Within individuals 539059.597 106 5085.46789
Total 956268.421 119 8035.86909
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Thus, the olfactory epithelium experiences an
alternating high and low dose during each breath of
the adaptation process, and this necessitates using a
higher concentration of odorant to achieve adaptation
at any particular level. Phenethyl alcohol was chosen
as it is a pure chemical widely used in smell testing,
having an odour reminiscent of roses and being reason-
ably well tolerated at high strength. Determination of
clearance times does not suffer from this disadvantage,
as the odour exposure of the olfactory epithelium is
essentially zero throughout the respiratory cycle and,
apart from the occasional sniff from a test bottle, the
odorant should migrate from the nasal mucus exponen-
tially, according to dilution theory. Although only a
small number of subjects were included in the study,
more than 100 readings were obtained; the results
were thus considered to present a reliable reflection
of human olfactory clearance times. Clearly, further
data collection in this respect will add weight to these
findings, and is the subject of ongoing research, but
from our findings it can be implied that olfactory clear-
ance occurs at a logarithmic rate.

Previous work in this field has however shown that
the extent of olfactory adaptation induced is a func-
tion of both the duration and concentration of the
stimulus applied.17,18 From the clearance curves
determined in our study, one notable observation is
that, for physiological data, the consistent pattern
of the decay times was remarkable, albeit with signifi-
cant intra-subject variability from one reading to the
next. In concurrence with our previous findings, the
variables measured did not have any bearing on the
initial olfactory thresholds achieved, and this there-
fore negates the need to control for these factors.14

The absence of a significant relationship between
olfactory adaptation and clearance is in contrast to
the work of others in this field.17,18 It was however
noted that, just as olfactory function is noted to
decline with age,19 our findings demonstrated an
age-related increase in clearance times. A ‘grumpier’
mood was also observed to decrease clearance times.
This latter finding demonstrates that olfactory testing
is affected by the subjective nature of this sensory
modality. Olfactory adaptation time was also affected
by nasal symptoms, whereby an increase in symp-
toms was related to a decrease in adaptation time.

. This study attempted to quantify olfactory
adaptation and clearance times, on
presentation of a saturated solution, in a
number of human volunteers, in order to
determine whether these times were consistent
within and between individuals

. Fourteen subjects performed 120 tests in total.
Despite consistent linear trends within
individuals, olfactory clearance times varied
widely within and between individuals

. When testing a person’s sense of smell in a
clinical setting, recent exposure to similar
smells should be noted, and a period of 15
minutes needs to be allowed before retesting

Using the maximum value for olfactory clearance
of phenethyl alcohol by one logarithmic threshold
step would mean, for example, that a subject who
achieves a threshold of 1024 may potentially need a
maximum of 15 minutes to allow full reversal of
olfactory adaptation. The key clinical application of
these results is that a period of at least 15 minutes
should be left, once a subject has (potentially)
adapted to phenethyl alcohol, before further olfac-
tory testing can meaningfully be conducted on that
subject, especially if they have a lower threshold.
This time can be adapted, using our clearance data,
according to the initial threshold achieved. This
does of course make the assumption that the
subject does achieve olfactory adaptation, which
may not necessarily be the case; however, by
making this assumption, any errors in further
testing can be avoided. This may be relevant when
testing with similar odours, in which case cross-
reactivity is a potential issue. These issues have
certainly been considered in the well established
University of Pennsylvania smell identification
test20 and in the quantification of odour quality.21

Previous work in this field assessed olfactory adap-
tation and recovery times in the elderly, and found
that they were more prone to adaptation and were
slower to recover their threshold sensitivity.22

Another study found that humans adapt more
rapidly to malodours, such as amyl acetate, valeric
acid, skatol and butyric acid, than to pleasant
odours such as cis-3-hexenol and linalool.23 This
study also found that the degree of adaptation was
inversely proportional to the stimulus strength, and
that women responded differently to men for
certain odours.

More recent work in animal models suggests that
the mechanism for olfactory adaptation is a physio-
logical one which occurs at the receptor level and is
calcium-dependent.24 – 26 Active pumping of
calcium ions into the receptor cells results in short-
ening of the action potentials generated by the
receptor cell axons and therefore a decreased neur-
onal response to the stimulus. The rise in intraciliary
Ca2þ concentration has two opposing effects: acti-
vation of an unusual excitatory Cl2 conductance,
and negative feedback actions on various stages of
the odour transduction mechanism.27 It has also
been shown that the psychological response to pro-
longed olfactory stimuli can be demonstrated using
olfactory event-related potentials, but this process
probably represents olfactory habituation rather
than adaptation.28

Conclusions

The main clinical implications of our olfactory testing
results are that, although olfactory recovery times
vary greatly both within and between individuals,
sufficient rest intervals should be allowed between
testing of similar odours – a minimum duration of
15 minutes is recommended in the case of phenethyl
alcohol.
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