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Abstract Olfactory training consisting of daily supra-

threshold odor exposure over 12 weeks seems to improve

olfactory function. It is unknown if a longer period of

training might be more effective. A prospective non-ran-

domized clinical study was performed including 39

patients with olfactory loss after an upper respiratory tract

infection (URTI) of less than 24 months duration. Patients

exposed themselves with suprathreshold concentrations of

four odors (rose, eucalyptus, lemon, cloves) applied in

‘‘Sniffin’ Sticks’’ felt-tip pens over 32 weeks. Olfactory

function was performed before (T1), after 16 weeks (T2),

and 32 weeks of training (T3) using the ‘the Sniffin’ Sticks

test kit calculating the TDI score (Threshold, Discrimina-

tion, Identification). The mean TDI score showed a non-

significant trend of improvement at T2, and was signifi-

cantly increased at T3 (p = 0.021). Overall, 31 patients

(79 %) showed an increased TDI score at T3. The increase

of TDI from T1 to T3 was 4.6 ± 5.1. Age, gender, duration

and initial severity of olfactory loss had no influence on the

improvement (all p [ 0.05). Only patients with a D score

lower than the median value of 8 showed a significantly

higher increase of the D score at T3 (p = 0.004). The

present study confirmed that olfactory training improves

olfactory function in patients with olfactory loss after

URTI. A longer duration of training over 32 weeks seems

to increase the effectiveness in comparison to a 12-week

period. This was tested in a completed German multicenter

trial to be published soon containing a control group to

include the effect of a spontaneous recovery after URTI.

Keywords Olfactory training � Postviral olfactory

loss � Anosmia � Hyposmia � Regeneration

Introduction

An acquired loss of olfactory function as decreased sense

of smell (hyposmia) and absent sense of smell (anosmia)

has a major impact on the quality of life of the [1].

Olfactory dysfunction after an upper respiratory tract

infection (URTI) is an important etiology [2]. No standard

therapy has yet been established to treat effectively olfac-

tory disorders. The results of a treatment with prednisolone

are controversial [3, 4]. Other medical treatment like with

minocycline, Vitamin A, or herbal drug combinations did

not appear to be useful [4–6]. On the other hand, it has been

shown experimentally in animals and also in clinical

studies that olfactory training can improve olfactory func-

tions [7–11]. Hummel et al. used Sniffin’ Sticks for their

suprathreshold olfactory training in patients with olfactory

loss caused by URTI, trauma, Parkinson’s disease, or idi-

opathic etiology [9, 11]. Sniffin’ Sticks are felt-tip pens and

well known for the Sniffin’ Sticks olfactory test kit [12]. To

use them also for olfactory training is effective, as the

results from the olfactory testing can directly be transferred

to the training program. Furthermore, the sticks are easy to

handle and allow a training at home with high patient’s

compliance. Using a 12-week olfactory training course,

20 % of the patients with Parkinson’s disease and about

28 % of the other patients exhibited an improvement of

olfactory function [9, 11].

We asked now the question if it might be possible to

increase the effect of olfactory training by extending the

period of training. Therefore, we performed a prospective

single-center study to investigate the change of olfactory
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function in patients with olfactory loss after URTI fol-

lowing olfactory training for 32 weeks consisting of fre-

quent short-term exposure to various odors.

Materials and methods

Patients

The prospective cohort study was approved by the local

ethics committee. Informed consent was obtained from all

participants. Patients of the Department of Otorhinolaryn-

gology, University Hospital Jena, Germany, with olfactory

dysfunction after URTI were included. The age range was

limited to 18–70 years. The interval between observation

of the olfactory loss and the URTI did not exceed 30 days.

Only patients with a permanent olfactory loss of

\24 months were included. Inclusion was restricted to

patients with anosmia and hyposmia (definitions see

below). Exclusion criteria were other reasons for olfactory

dysfunction than URTI (e.g., olfactory dysfunction after

traumatic brain injury, chronic rhinosinusitis, and neuro-

degenerative diseases), respiratory allergies, pregnancy,

malignant tumors or tumor therapy with influence on

olfactory ability, other severe chronic disease, prior para-

nasal sinus surgery or surgery of the nose. Most patients

had been treated with systemic or topical corticosteroids,

but without success. Some patients were not treated with

corticosteroid in advance. In case of corticosteroid treat-

ment, it was stopped at least 3 months before starting the

olfactory training.

Olfactory testing

All patients received a complete otorhinolaryngologic

examination including nasal endoscopy. Assessment of

their olfactory function was performed using the Sniffin’

Sticks olfactory test kit (Burghart, Wedel, Germany) [12].

This kit is a validated instrument that contains three sep-

arate tests for odor threshold (T), discrimination (D), and

identification (I), respectively. In addition, the results of the

three tests are summarized as the TDI score. The TDI score

allows for the differentiation of quantitative olfactory loss

in terms of normosmia (TDI score C30 points), hyposmia

(16 points \ TDI score \ 30 points), and functional

anosmia (TDI score B 16 points) [13]. Olfactory testing

was performed before inclusion into the study, after the

olfactory training period of 16 weeks and after 32 weeks of

training. In brief, Sniffin’ Sticks are felt-tip pens. The

odorants of the pens were presented approximately 2 cm in

front of both nostrils for 2 s. Beta-phenylethyl alcohol

(PEA) odor threshold was assessed by a single-staircase,

3-alternative forced choice procedure. Three pens were

presented to the patient in a randomized order, two con-

tained odorless solvent (propylene glycol) and the other an

odorant in certain dilution. The patient’s task was to indi-

cate the pen with the odorant. Concentration was increased

if one of the blanks was chosen and decreased if the correct

pen was identified twice in a row. The mean of the last four

of a total of seven reversal points was used as detection

threshold (T), ranging from 1 to 16. A total of 16 odor

concentrations were tested starting from a 4 % stock

solution (dilution ratio 1:2; solvent propylene glycol). The

second subtest assessed the ability of the patient to dis-

criminate different odors (D). Again, 16 triplets of pens

were offered, each including two identical odors and a

different one. The patient’s task was to indicate the pen

which had a different smell. The score was the sum of

correct responses ranging from 0 to 16. Both threshold and

discrimination testing was performed with the patient being

blindfolded. For testing odor identification (I), 16 pens

containing common odors were offered. The patient had to

identify each of the odorants from a list of four descriptors.

The sum of the scores from the three subtests resulted in

the TDI score with a maximum of 48 points. TDI was

measured at baseline (T1), after 16 weeks (T2) and finally

after 32 weeks of olfactory training (T3). An improvement

of olfactory function was arbitrarily defined as an increase

of the TDI of C2 points.

Olfactory training

Olfactory training was performed in accordance with

Hummel et al., but using Sniffin’ sticks instead of glass

bottles as odor material [9]. As distinguished from this

study, the olfactory training in the present study was per-

formed over a longer period of 32 weeks. Patients exposed

themselves twice daily to four odors (PEA = rose, euca-

lyptol = eucalyptus, citronellal = lemon, and euge-

nol = cloves) prepared in the same way as the Sniffin’

Sticks as felt-tip pens. The patients were instructed to sniff

every morning and evening after the meal at the four sticks

in a random order. The sticks were held in a distance of

approximately 2–3 cm under the nostrils. The patients were

advised to sniff on every stick approximately 10–20 s, i.e.,

it took about 40–80 s to sniff on all four sticks. One hour

before olfactory training, the patients were not allowed to

smoke to exclude an influence on the olfaction.

Statistical analysis

For statistical analysis, SPSS (Statistical Packages of

Social Sciences, Version 20.0, SPSS Inc., Chicago, IL) was

used. If not indicated otherwise, data are presented with

mean values ± standard deviation (SD). Analyses of var-

iance (ANOVA) were used for comparisons of the results
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of olfactory testing (TDI values at T1, T2, and T3) with

Bonferroni correction for multiple testing. The Mann–

Whitney test was used to compare the influence of

dichotomous continuous variables (e.g., gender, \[median

age) on the TDI results at T1 and on the changes between

T1 and T3 (T3 - T1 = DT3T1). Nominal p values of two-

tailed tests are reported. The significance level was set at

p \ 0.05.

Results

Patients’ characteristics

Thirty-nine (39) patients were included into the study (29

women, 10 men). The mean age was 56 ± 8 years (median

57 years; range 40–69 years). The average duration of

olfactory loss was 10 ± 7 months (median 8 months;

range 1–25 months). The mean TDI score at T1 was

17 ± 5 (median 17; range 6–28.25; Fig. 1a).

Improvement of olfactory function under olfactory

training

Already after 16 weeks of olfactory training (T2), the mean

TDI scores showed a non-significant trend of improvement

(Table 1). After 32 weeks of training (T3), the mean TDI

score and the mean D score were significantly increased

(p = 0.021; p = 0.004, respectively), i.e., olfactory func-

tion was improved (Fig. 1b). The other subscores, the T

score and the I score did not improve significantly. Overall,

eight patients (21 %) did not show an improvement during

the olfactory testing at T3. The other 31 patients (79 %)

showed an increased TDI score at T3 compared to T1. 22

patients (56 %) improved by C6 points. The absolute mean

of increase of TDI from T1 to T3 was 4.6 ± 5.1 (median:

4.5; range -5.5 to 16.25) and for the D score 2.2 ± 2.7

(median: 2; range -2 to 10).

Factors with association to TDI at baseline and to TDI

changes between T1 and T3

Age, duration of the olfactory loss prior to the start of the

olfactory training, and gender had no influence on the

initial TDI score or on the initial D score at T1 (Table 2,

Fig. 2). Furthermore, these parameters had also no signif-

icant influence on the improvement of the TDI score or the

D score at T3. The initial severity of the olfactory loss

expressed by the TDI score showed no association on the

absolute changes between T1 and T3. Patients with a D

score at T1 lower than the median value of 8 showed a

significantly higher increase of the D score after 32 weeks

(T3) of olfactory training (p = 0.004).

Discussion

The present study provided the following major results: 1)

An olfactory training improved olfactory function in

patients with olfactory loss after URTI. After a training

period of 32 weeks, the olfactory function increased in

79 % of all patients and an improvement C6 points was

Fig. 1 Effect of olfactory training on TDI scores. a at T1 (baseline),

b at T3 (after 32 weeks of training)

Table 1 Results of olfactory testing at baseline (T1), after 16 weeks

(T2), and after 32 weeks of olfactory training (T3)

Parameter T1 T2 T3 T1–T2

p*

T1–T3

p*

T2–T3

p*

TDI 17 ± 5 19 ± 6 21 ± 7 0.308 0.021 0.732

T 1 ± 2 2 ± 2 2 ± 3 0.501 1.000 0.242

D 8 ± 2 9 ± 3 10 ± 3 0.388 0.004 0.221

I 8 ± 3 8 ± 3 9 ± 3 0.959 0.431 1.000

* ANOVA with multiple comparisons
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seen in 56 % of the patients. 2) Olfactory training seems to

be useful independent of age (B70 years), gender, duration

and severity of olfactory dysfunction. 3) A longer duration

of training over 32 weeks could increase the effectiveness

of training in comparison to a shorter training period.

The present study is not without limitations. A control

group without olfactory training was not analyzed. Fur-

thermore, although patients with known neurodegenerative

disease were excluded, it cannot be ruled out that patients

with unknown neurodegenerative disease were included, as

screening tests were not performed. The median duration of

olfactory loss after URTI in our study sample was

8 months, i.e., the probability of a further spontaneous

improvement of olfactory function was very low. Never-

theless, it is necessary to compare the presented rates of

improvement to data from the literature on the spontaneous

recovery of olfactory function after URTI: A spontaneous

recovery rate of 31–48 % (TDI change [6 points within

about 5–6 months is reported [4–6]. In the present study,

56 % of patients had a TDI change [6 points after the

olfactory training. This suggests that the observed

improvement of olfactory function after olfactory training

is better than an expected spontaneous recovery rate. Fur-

thermore, the effectiveness of such a longer training

including a control group was the subject of an ongoing

multicenter trial initiated by working group on Olfaction

and Gustation of the German Academy of Otorhinolaryn-

gology, Head and Neck Surgery. First results will be

published soon.

This clinical study is consistent with previous studies.

Recent investigations proposed that the olfactory function

has the ability to change and recover and they suggested

that repeated short-term exposure to odors may result in an

increased growth of olfactory receptor neurons and an

increased expression of olfactory receptors in response to

the exposure. Therefore, an olfactory training should pro-

duce an overall increase of olfactory function [11]. The

present study confirms this hypothesis for patients with

olfactory loss after URTI. Haehner et al. described same

effect, an increase of olfactory function, in patients with

Parkinson disease [11]. In their study, the patients

increased their olfactory function after a training period of

12 weeks. We may speculate that a longer training period,

like in the present study, would have had an even better

effect. Furthermore, we showed in accordance with the

study of Haehner et al. that odor discrimination but not

distinct odor threshold changes after the olfactory training

[11]. Probably, the type of training that applies different

odors at each training setting can explain the predominant

effect on the improvement of odor discriminations.

Recently, another study used a quite similar olfactory

training paradigm: Hummel et al. characterized patients

with olfactory loss and increasing their olfactory function

after a training period of 12 weeks also using glass bottles

as odor training material [9]. Unlike the present study

including only patients with olfactory function after URTI,

a heterogeneous group of patients with different reasons of

olfactory loss were tested. Nevertheless, the olfactory

function increased in 10 out of 36 patients (28 %)

regardless of the reason of olfactory dysfunction and using

a much shorter training period. In the present study, we saw

only a trend of improvement after 16 weeks, and finally 31

Table 2 Influence of baseline parameters on initial TDI at T1 and on the changes of the TDI at T3

Parameter TDI D

T1 p DT3T1 p T1 p DT3T1 p

Age at T1 0.766 0.921 0.407 0.765

\median 57 years 17 ± 6 5 ± 5 8 ± 3 2 ± 2

Cmedian 57 years 17 ± 5 5 ± 5 8 ± 2 2 ± 3

Duration of olfactory loss 0.629 0.540 0.678 0.395

\median 8 months 17 ± 5 6 ± 6 8 ± 2 3 ± 4

Cmedian 8 months 17 ± 6 4 ± 5 8 ± 3 2 ± 2

Gender 0.558 0.611 0.400 1.000

Female 17 ± 6 5 ± 5 8 ± 3 2 ± 3

Male 18 ± 5 4 ± 6 8 ± 2 2 ± 3

TDI at T1 N.A. 0.446 N.A. 0.119

\median 17 5 ± 6 3 ± 3

Cmedian 17 4 ± 5 1 ± 2

D at T1 N.A. 0.064 N.A. 0.004

\median 8 7 ± 5 4 ± 3

Cmedian 8 3 ± 5 1 ± 2

N.A. not applicable
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out of 39 patients (79 %) showed an improvement in

olfactory function. There is another study also using a long

training period of 8 months in patients with olfactory

dysfunction and a variety of etiologies [14]. Twenty-eight

of 46 patients received only an olfactory training and the

other 18 patients a combination of training and topical

steroids. When using only the olfactory training, the

patients showed a significant effect after 8 months, and in

accordance with the present data, mainly because of an

increase in odor discrimination [14]. In summary, we could

conclude that a longer training period than of 12 weeks,

i.e., of 32 weeks or even longer might produce better

results.

The optimal time period of such an olfactory training is

a question for future study, Furthermore, future studies

need to answer a lot of questions: The most important

question is if the improvement of the sense of smell only

has a temporary effect after the training is stopped or if the

training has a permanent effect? Second, the physiological

mechanisms behind the increase of the olfactory function

after training has to be explored in more detail in the future.

This may be possible through use of recordings of odor-

evoked response potentials at the human olfactory epithe-

lium by the use of an electro-olfactogram to document the

increases of responsiveness to odors through olfactory

training at the level of the olfactory epithelium [15].

Alternatively, structural magnetic resonance imaging

(MRI) or functional MRI could be applied during the

training to measure the volume growth of the olfactory

bulb and higher brain regions after olfactory training [16,

17]. Finally, it should be examined where the limit of the

training is concerning the duration of the olfactory loss,

i.e., if also patients with a long history of olfactory dys-

function might profit from such training.
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