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Background: There is evidence of the effectiveness of repeated exposure to odours on short-term olfactory function. The aim of

this study was to assess the long-term effects of olfactory training.

Methods: We conducted a prospective study of 111 patients with post-infectious olfactory dysfunction. Two groups of patients

performed olfactory training for 16 and 56 weeks, respectively, and were compared with a control group. The training was per-

formed twice daily using four odours (phenyl ethyl alcohol, eucalyptol, citronellal, eugenol). Olfactory testing was performed by

means of the “Sniffin’ Sticks” test as a baseline assessment and then every 8 weeks for 56 weeks. Subjective ratings were performed

using a visual analogue scale (0-100).

Results: Both training groups presented significantly higher scores than the controls. The long-term group had better results than

the short-term group. Short-term training patients sustained their improvement within the follow-up period. Subsets analysis

showed that training patients mainly increased identification and discrimination. Subjective ratings were in accordance with the

olfactory test results.

Conclusion: Long-term olfactory training seems to be associated with better results in patients with post-infectious olfactory loss

than a short-term scheme. Short-term training provides sustainable results at 56 weeks follow-up assessment.
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Introduction

Infections of the upper respiratory tract (URTIs) are one of the
most frequent causes of olfactory dysfunction affecting almost 1
in 3 patients visiting a smell and taste clinic "*. Fortunately, the-
se patients present a relatively high rate of spontaneous reco-
very, with about one-third exhibiting improvement of olfactory
function one year after the initial assessment . Although many
medications have been used as treatment modalities none of
them proved to be effective ©. However, a new treatment option
based on repeated exposure to odours, called olfactory training,
offered the most promising results. First, Hummel et al. showed

that a structured, short-term exposure to odorants in a 12 weeks
study increased olfactory function ?. Additional studies on post-
infectious patients (post-URTI) showed a clear benefit from the
olfactory training. Specifically, in a previous study we reported
81 post-URTI patients undergoing 16 weeks of training who had
clearly better results than controls (2/3 of training patients im-
proved vs 1/3 of controls) ®. Furthermore, a multicentric rando-
mized controlled study from Germany established the positive
effect of olfactory training in post-URTI patients after 36 weeks
of training ©. Although there is a growing body of literature on
the effectiveness of olfactory training even with modified forms



19, many questions remain about the sustainability of its results
and the optimal period of training required.

This study assesses the kinetics of the olfactory function in pa-
tients who had a short-term training in comparison with a group
of patients having long-term training and a group of patients
with spontaneous recovery.

Materials and methods

Patients

All patients enrolled in this study were assessed at the Smell
&Taste Clinic of the 2nd Department of Otorhinolaryngology,
Aristotle University of Thessaloniki Medical School within a
period of six years.

A detailed clinical evaluation including nasal endoscopy was
performed in all patients. Depending on the clinical findings
and a structured history designed for smell disorders, only post-
URTI patients were selected for the present study. Patients with
chronic rhinosinusitis with or without polyps, post-traumatic

or idiopathic olfactory dysfunction were excluded. Diagnosis
of a neurological disorder such as Alzheimer's and Parkinson's
disease was also an exclusion criteria.

In all patients age, gender, duration of the disease and presence
of parosmia and/or phantosmia were recorded.

The olfactory training procedure was explained in details to all
patients and they had to decide between following the training
scheme or to wait for spontaneous recovery. Patients who
preferred the training scheme were randomly divided into two
groups: 1) patients with olfactory training for 16 weeks and 2)
patients with olfactory training for 56 weeks. The third group
included those who decided to wait for spontaneous recovery
(control group). All patients who followed the training scheme
provided a signed informed-consent according to the study pro-
tocol based on Helsinki Declaration for human subjects (JAMA
2000; 284:3043-3049). The study design had the approval of the
ethic committee of the Medical Faculty of the Aristotle Univer-
sity of Thessaloniki.

Olfactory testing

Clinical testing of olfactory function included the Greek verbal
version of the “Sniffin” Sticks” battery test "2, The test assesses
odour threshold, discrimination and identification, and a total
score (TDI) was recorded for each patient at the initial appoint-
ment. Then all patients of the three study groups were tested
every 8 weeks at fixed follow-up appointments for a period of 56
weeks.

ATDI score less than 16.5 corresponds to functional anosmia, a
score between 16.5 and 30.5 is considered as hyposmia and a
TDI score more than 30.5 as normal olfactory function . Ac-
cording to previous studies, an increase in TDI score of >6 can
be considered as an improvement of olfactory function with a
clinical value 3.
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Subjective ratings of olfactory function were also recorded

at baseline and follow-up appointments by means of a visual
analogue scale, scoring from 0 to 100. On this scale, 0 represents
complete olfactory loss and 100 perfect olfactory function. In
addition, patients were asked about the presence of qualitative
olfactory disorders such as parosmia and phantosmia.

Olfactory training

Olfactory training included four odorants as representatives

of four basic odour categories described by Henning: flowery,
fruity, aromatic and resinous ', Specifically, patients were
exposed twice daily to four odours: phenyl ethyl alcohol (PEA):
rose, eucalyptol: eucalyptus, citronellal: lemon, and eugenol:
cloves, according to the scheme described by Hummel et al. 7.
This includes exposure to odorants twice a day for 5 minutes.
Every 5 minute session consisted of rotated exposure to each
odorant for 10 seconds, with time intervals of 10 seconds
between odours. Patients were advised to perform the training
procedure at a standard moment in the morning and evening.
Patients of the training groups who discontinued the scheme for
> 7 days were excluded from the study. Patients in the control
group did not follow any pharmaceutical or alternative treat-
ment modalities.

Statistical analysis

Statistical analysis was performed using SPSS (Statistical Pac-
kages for Social Sciences, version 20.0, SPSS Inc., Chicago, IL,
USA). Demographic and clinical data are presented as means

+ standard deviation (SD) or percentages (%). Comparisons
between the training groups and controls were performed using
the t-test for independent samples and the x*-test. A multivari-
ate ANOVA analysis using the general linear model was perfor-
med to assessment the olfactory function in relation with the
continuous variables measured in this study.

The alpha level for all statistical tests was set at p = 0.05. Correla-
tion analyses were performed according to Pearson. Bonferroni
correction was used for post-hoc analyses.

Results

Participants

In total 111 patients out of 116 were included in this study
during a 6-year study period (42 male/ 69 female, mean age 62.9
+ 6.2 y.0, range 25-76 y.0.). The short-term group consisted of
36 patients and the long-term group of 34 training patients and
the control group of 41 patients. Five patients discontinued the
training scheme (2 in the short-term group, 3 in the long-term
group) and were excluded from the study (total discontinuation
rate: 5/75, 6.6%). Three of them reported irritation of the nose
and headache after odorant exposure and two patients were
unable to comply with the long treatment process.

At baseline assessment, both the training and non-training
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Table 1. Demographics and descriptive statistics (means + SD) of the
three study groups at baseline and weeks 16 and 56. (p values are
presented as > or < indicating all the possible comparisons between
groups. One asterisk indicates significant differences between the two
training groups and controls, two asterisks indicate an additional signifi-

cant difference between training groups).

Short-term Long-term  Control _values
n=36 n=34 n=41 P
Age (years) 61.5+6.5 62.2+5.9 60.1+5.8 p>0.2
Gender (n) 14m/22f 13m/21f 15m/26f p>0.2
Duration of
disease (in 9.1£3.1 9.5£3.2 8.9+2.8 p>0.7
months)
TDI baseline 15£2.2 15.9+2.2 15.2+1.8 p>0.7
TDI 16weeks 23,51£2,1 23.52+1.8 16.5£2.4 p<0.03*
TDI 56weeks 24.1+1,5 27.3%1,5 20.5+1,6 p<0.05**
St e 7.5£15 81415  73%17 p>0.7
baseline
ez et 119413 125412  75+14  p<0.05*
16 weeks
et oy 122412 144412  96+14  p<0.05*
56 weeks
UL 22412 21412 1,941 p>0.8
baseline
LI el 24213 24+12 21413 p>0.9
16 weeks
Threshold
FRors 2313 2.7+13 2.2+13 p>0.6
Discrimination 55,4 g 53+14 5715 p>0.7
baseline
Biscrimination == 55 111 91412  69+14  p>0.06
16 weeks
Discrimination
56 weeks 9.8+1.2 10.2+0.9 8.7+1.1 p>0.06
SR 20.5+4.2 22345 192448  p>0.7
ratings baseline
Subjective ra-
R 45.3+4.1 47.7+4.8 23.5+4.6 p<0.01*
tings 16 weeks
Subjective ra-
38+4.5 55.4+4.7 28.4+3.8 p<0.03**

tings 56 weeks

patients had similar age and sex distribution. In addition, at the
time of diagnosis the three study groups did not differ signifi-
cantly in the olfactory test results (F[2,108]<1.91, p>0.2).
Demographics of all groups are presented in Table 1.

Comparison of psychophysics, short term training vs long
term training vs controls

Comparison of TDI score differences between baseline as-
sessment and after 56 weeks demonstrated that both training
groups together had significantly better olfactory test results

Comparison of TDI means

30 . * .
1
I 1
*
25 I T 1 1 T]
¥//17 T T T
20 I
I
£
8
a
o
=10
5
0
BASELINE 8w 16W 24W 32w 40w 48W 56W

e=—control =—=shortterm long term

Figure 1. Comparison of TDI means + SD between the three study
groups across the follow up period. The black asterisk indicates the sig-
nificant difference within the long-term group between the TDI means
of 16th and 56th weeks. The grey asterisk indicates the only significant
difference noticed between short-term and long-term training groups

across the study period.

than controls showing a positive effect of training on olfaction
(F[2,108] = 10.54, p = 0.005).

Comparison of TDI-means showed that patients in the long-term
training group after the initial 16 weeks of training had better
results than those of the short-term group at all follow-up ap-
pointments. However, none of these differences were significant
with the exception of the last appointment in week 56 (p =
0.038; Figure 1). Subtest analyses showed significant differences
in odour identification and a trend towards significance in odour
discrimination between both training groups and the control
group. However, this was not the case for the odour threshold
(Table 1).

Both training groups showed a better improvement period
within the first 16 weeks. The short-term training patients who
discontinued this scheme sustained the same olfactory test
results and the long-term training patients showed a slower
increase of their olfactory function untill the end of the follow-
up period. Specifically, the latter group presented a 70.9% of the
total TDI-score improvement within the first 16 weeks and only
29,1% within the last 40 weeks (x* test: p = 0.02).

In contrast, patients in the control group showed a more linear
improvement in their olfactory test results (Figure 1).
Comparison of TDI-means within training groups showed
significant differences in both groups from baseline assessment
to 8 weeks, between 8 weeks and 16 weeks (all p < 0.01) and in
the long-term group only between 16 weeks and 56 weeks (p =
0.035).

Analysis of the distribution of patient’s in "improved", "no
change" and "worse" olfactory function after training or not
(Figure 2) showed that the long-term group had not only better
olfactory test results but also a higher number of improved
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Figure 2. Percentages of individual improvement, no change or worsen-
ing within the study groups (change in the baseline TDI score of clinical

value at 56 weeks assessment was considered that of > 6).

patients (improved patients long-term 71% vs short-term 58%,
X’ test: p=0.068). Interestingly, three of the patients in the long-
term group presented a late response to olfactory training with
their main improvement occurring during weeks 24 — 32 of the

treatment.

Gender and age

Gender had no significant effect on olfactory recovery in either
training groups or controls. Comparison of the mean TDI impro-
vement between males and females showed no statistical signi-
ficance (long-term training: p=0.41 short-term training: p=0.38,
controls: p=0.31). In a similar way, the factor age did not have
any effect on olfactory function improvement. No correlation
was found between a TDI change of =6 and age of the patients,
with only a trend towards a significant negative correlation in
the control group (r=-0.18, p=0.09).

Severity and duration of olfactory dysfunction

The severity of the olfactory impairment (anosmia / hyposmia
according to olfactory testing) at the initial assessment did not
correlate with the improvement of olfactory function of patients
in either training groups at any of the follow-up measurements
(all r<0.11). No difference in the pattern of improvement in
training patients between hyposmics and anosmics was seen
(Figure 3).

In both training groups, patients with a shorter duration of
olfactory loss had a higher chance to improve their overall olfac-
tory function (long-term: r=—0.29; p=0.007, short-term: r=—0.25;
p=0.009). The same effect was shown in controls (r=—0.28;
p=0.011).

Subjective ratings

Analysis of subjective rating means in both training groups
showed that the training patients at all follow-up appointments
rated their olfactory function significantly higher than the con-
trols. Training patients presented a significant increase at every
appointment untill 24 weeks in comparison with the previous
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Figure 3. Comparison of TDI means between hyposmics and anosmics
(according to their baseline TDI score) in both olfactory training groups

revealed a similar pattern of recovery.

one (all p<0.05). At subsequent visits, no further significant
change was reported. A trend towards significance was found
in short-term training patients with lower ratings after 56 weeks
compared with their ratings after 16 weeks of training (p=0.07).

Qualitative disorders

Parosmia and/or phantosmia as reported by the patients at the
initial assessment was not correlated with the improvement in
TDI total score or any of the subtests score in all study groups
(all r<0.1).

Discussion

Evidence exists from recent publications that olfactory training

can be used as a treatment option for post-URTI patients 1%,

However, many questions remain regarding the appropriate du-

ration of olfactory training and its long-term effect. The present

study provides the longest follow-up in the literature thus far on
olfactory training.

Our data analysis shows two main results:

1. Olfactory training even for a short period (16 weeks) provi-
des relatively sustainable results lasting 56 weeks.

2. Anextended period of training (56 weeks) provides further
olfactory improvement, however, the degree of this im-
provement is significantly less after the initial 16 weeks of
training.
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Short-term olfactory training provides a sustainable improve-
ment of at least 56 weeks, which is significantly higher than that
of the control group. This is important as it provides evidence
that the training effect is not only an acceleration of the natural
history of the disease, but also modulates the olfactory system
in a permanent way possibly through central neuronal changes.
A recent f-MRI study on patients with post-infectious olfactory
loss revealed that short-term olfactory training (12 weeks)
induced alterations in functional connectivity networks 9. The
authors stated that olfactory training is capable of inducing neu-
ronal reorganization processes. This statement was based on the
observation that a diverse network between the pyriform cortex
and mostly non-olfactory regions shown before the olfactory
training significantly declined after the training .

These central changes are in accordance with clinical data where
olfactory training was found to affect mainly odour identifica-
tion and discrimination reflecting higher cognitive functions,
and not an olfactory threshold, which is more related with
peripheral changes ©1%. However, a positive effect of training on
the peripheral olfactory system cannot be excluded as proposed
in other studies 59, For example, Wang et al., demonstrated a
peripheral plasticity of olfactory system of human adults after
repeated exposure in androstenone as measured by an increase
in electro-olfactogram (potentials from the olfactory epithelium)
and a decreased detection threshold in olfactory testing .

An extended period of training provides higher olfactory results,
however, in a non-linear way and mostly within the first 16
weeks. As olfactory function continues to improve in a different
way, it seems possible that two different processes exist: an ini-
tial fast phase (16 weeks) where the main clinical improvement
occurs while imaging findings suggest that non-olfactory func-
tional connections have declined. A second slower phase seems
to follow where the clinical improvement is not so profound and
a different neuronal reorganization may be in progress. At the
moment the maximum duration of an olfactory training period
remains unclear and its central, and peripheral effects have not
been studied through later imaging modalities. On the contrary,
the control group presented a more linear natural history of the
disease in accordance with previous studies © 7.

Imaging studies reported that mainly grey and white matter
volume decreases in anosmic patients compared to healthy
controls, and the degree of this atrophy is correlated with longer
disease duration 39, This volume loss was detected in olfactory
areas, such as the pyriform cortices, but also in brain areas with
more generalized function, such as the anterior cingulate cortex
or the anterior insular cortex. A significant observation was that
patients with more than a one year history of the disease had
significantly more atrophy than those with a shorter duration .
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