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(OT) has been shown to be effective not only in the treat-
ment of OD associated with COVID-19 [4], but also for 
post-traumatic and idiopathic OD [5, 6]. The effectiveness 
of OT ranges from 11% [7] to 68% [8] after 12–16 weeks 
with an mean TDI score increase from 2.51 to 4.7 points. 
Also, OT showed improvement of olfactory function inde-
pendent of the duration of OD symptoms [9].OT is based on 
the systematic exposure to four selected odorants (phenyl 
ethyl alcohol – rose; eucalyptol – eucalyptus; citronellal – 
lemon; eugenol – cloves), twice a day, for a period of 12 
weeks.

However, there is an ongoing debate about the most 
effective training regimen considering the duration of OT 
[10–12], adding flavor components to OT [9], repetitions 
per day [13], and number as well as qualities of odorants 
used in OT [14]. To address this debate, our aim was to com-
pare OT with an extended number of odors to the classical 
four-item OT.

The underlying mechanisms of how OT is affecting the 
odor recognition process are not yet completely understood. 
Odor processing occurs at several levels in the olfactory 
system. Odor molecules enter the nose and bind to olfactory 

Introduction

The human sense of smell received unprecedented social and 
scientific attention once smell loss appeared to be a signifi-
cant symptom of COVID-19 [1]. Considering the negative 
consequences of chemosensory dysfunction for the quality 
of life [2], an effective treatment for olfactory dysfunction 
(OD) is needed [4]. In order to assess the impact of treat-
ment, quantification of olfactory function can be assessed 
by measuring patient’s odor threshold (T), discrimination 
(D), and identification (I; TDI score) [3]. Olfactory training 
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Abstract
Background: Olfactory training (OT) is commonly used for the treatment of olfactory disorders. Nevertheless, there is 
an ongoing debate about the most effective OT regimen. We aimed to compare the effects of OT with 7 items (rose, 
lemon, eucalyptus, cloves, stewed apple, balm, mint) to 4-item-OT (rose, lemon, eucalyptus, cloves) over 3 months. Meth-
ods: Participants were 40 patients with olfactory dysfunction receiving 4-item-OT or 7-item-OT and 60 gender- and age-
matched individuals with normal sense of smell receiving no OT, 4-item-OT, or 7-item-OT. Before and after the OT we 
assessed n-butanol odor thresholds, discrimination, and identification (TDI score), additionalthresholds for (R)-(-)-carvone, 
β-damascenone, salicyclic acid benzylester, the degree of phantosmia and parosmia, cognitive function, and ratings of 
olfactory function. Results: In both patient groups, the TDI score increased with the use of OT, regardless of the number 
of odors used (p < 0.001; 3.48 ± 4.21 and lower than control groups). The clinically significant increase of 5.5 points 
in TDI score correlated with change of ratings of parosmia (r 0.62; p < 0.01) and with ratings of olfactory dysfunction 
(r = 0.51; p < 0.05). Conclusion: Concluding, OT over a 3-months period with 4 or 7 odors appears to produce similar 
results, although the sample size has to be considered.
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receptor neurons (ORN) in the olfactory mucosa [15]. Fol-
lowing activation, the signals reach the olfactory bulb via 
the axons of the ORN and project further to cortical brain 
regions and secondary olfactory structures [16]. Disrup-
tions of this fine-orchestrated process lead to OD with either 
hyposmia (reduced sense of smell), anosmia (no sense of 
smell), parosmia (qualitatively distorted perception of a 
smell) and/or phantosmia (perception of smell in the absence 
of an odor source) [17]. In the case of COVID-19 related OD 
changes are present at the mucosal level [18]. For example, 
Bryche et al. [19] showed in a hamster model that two days 
after SARS-CoV2 infection the main olfactory mucosa was 
disrupted. For the recovery of this dysfunction, one pos-
sible mechanism of OT was suggested by Kim et al. [20]. 
In a mouse model for OD mRNA analysis were performed 
showing a stimulation of olfactory receptor expression in 
the neuroepithelium after OT. The concomitant improve-
ment of olfactory function was shown on a behavioral level 
by a food-finding test [20]. In humans, OT was associated 
with an increased number of responses (electro-olfacto-
grams) form the olfactory mucosa [21]. Beyond peripheral 
changes, OT is also associated with central improvements. 
For example, hyposmic patients exhibited after OT an 
increase of grey matter volume in secondary olfactory struc-
tures such as the hippocampus and thalamus [22]. In addi-
tion, OT improved olfaction over baseline performance in 
both patients with smell impairment and healthy individuals 
[23]. The olfactory improvement was associated with, for 
example, improved cognition as measured by verbal fluency 
and cognitive tests [24].

In the present pilot study, we focused on the effect of OT 
in patients with OD (hyposmia and anosmia) and in healthy 
normosmic participants who completed training with four 
or seven odors for three months. In order to evaluate the 
improvement of olfactory recovery, the the “minimal clini-
cally important difference” (MCID) was applied based 
on Gudziol et al. (2006) [25] and cognitive function was 
assessed via verbal fluency, MOCA and d2-R tests.

Materials and methods

This study was approved by the Ethics Committee at the 
Carl Gustav Carus University Clinic of the TU Dresden 
(application number: EK 289062019 ) and was conducted 
following the principles for medical research involving 
human subjects as described in the declaration of Helsinki 
[26]. All participants provided written informed consent.

Detailed description of material and methods is provided 
under S1.

Study groups and design

In this study 60 normosmic, healthy participants and 40 
patients with olfactory dysfunction (OD) were included. 
From March to November 2021, patients with OD related 
to COVID-19 or other viral infections presented themselves 
at the Smell & Taste Clinic of the Department of Otorhino-
laryngology at the TU Dresden. During this time period, the 
SARS-CoV-2 variants Alpha and Delta were dominant [27], 
revealing a higher prevalence of neurological symptoms 
such as anosmia, dysosmia, brain fog, depression, delirium, 
and headache) [28]. Patients received a complete otorhino-
laryngological workup including nasal endoscopy. All study 
participants received a standardized medical interview [29] 
to record, among others, age, gender, presence of disease, 
intake of drugs, quantitative and qualitative OD, etiology and 
duration of OD (Table 1). Qualitative olfactory dysfunction 
was assessed by an otorhinolaryngologist during a medical 
interview according to Hummel et al. [30]. In brief, patients 
are interviewed whether they experienced parosmia and/or 
phantosmia. If answered in the affirmative, the subjective 
degree of the olfactory disorders is queried. A score of 0 or 
1 is given for each of the following three questions, and the 
degree of olfactory disorder is sum of the scores. In the first 
question, the patient is asked whether the qualitative olfac-
tory disorder is experienced either daily (= 1) or not every 
day (= 0). Then, the patient is asked if the intensity of paros-
mia or phantosmia is very intense (= 1) or less intense (= 0). 
Finally, patients are asked whether this symptom has led to 
secondary effects such as weight loss or major social conse-
quence (= 1). Exclusion criteria were: Pregnancy, smoking 
(> 5 cigarettes per week), alcohol abuse, neurodegenerative 
diseases such as Parkinson’s disease and Alzheimer disease, 
and disorders related to significant olfactory dysfunction, 
such as severe head trauma. In addition, all participants 
underwent a nasal endoscopy to exclude OD of other etiolo-
gies such as chronic rhinosinusitis.

To investigate the role of OT in the olfactory system, 
we used 4 odorants that have been established for classi-
cal OT plus 3 odorants with known receptor activation for 
the extended OT. Additionally, swabs were taken from the 
nasal mucosa and cognitive tests were performed. The 4 
“classical” odorants were phenyl ethyl alcohol – rose; euca-
lyptol – eucalyptus; citronellal – lemon; eugenol – cloves. 
The additional 3 odorants were (L)-(–)-carvone – mint, 
β-damascenone – stewed apple, salicylic acid benzyl ester – 
balm. Participants and patients were randomly divided into 
five groups (n = 20, respectively). The first group served as 
a healthy, normosmic control group and did not train with 
odors (normosmic). The second group performed a four 
item OT (normosmic + 4-OT); the third group trained with 
seven odors (normosmic + 7-OT); the fourth group included 
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patients who trained with four odors (OD + 4-OT), and in the 
last group patients trained with seven odors (OD + 7-OT). 
After three months, all participants and patients returned to 
the ENT clinic for follow-up examination.

From the 100 initially enrolled participants and patients, 
16 dropped out before the second appointment (respective 
numbers are stated in Table 1). Notably, the normosmic, nor-
mosmic + 4-OT, and normosmic + 7-OT groups included 5 
hyposmic subjects. This is due to the fact that these healthy 
individuals did not report any impairment of their sense of 
smell and were not aware of their reduced sense of smell. 
Normosmic individuals in the patient group (OD + 4-OT 
and OD + 7-OT) were included because of their qualitative 
olfactory impairment. Two subjects assigned to the patient 
group complained about their smell perception after viral 
infection although showing no qualitative or quantitative 
impairment.

Enrollment of patients without OT

To validate the effect of OT per se, a patient group with-
out OT would enhance the validation of the effectiveness 
of 4-odor and 7-odor OT. Following the guidelines of The 
Declaration of Helsinki new interventions as the 7-odor-
item OT should be tested against the “best current proven” 
intervention [26]. In the position paper from Hummel et al. 
(2023) [31], OT is the recommended treatment option for 
patients with olfactory loss of various etiologies. In light of 
these ethical considerations, we opted not to implement a 
randomized study group of patients without OT. To address 
this limitation, we retrospectively included patient data 

with OD who did no OT from the publications Drews et al. 
(2022) [32] and Liu et al. (2020) [33]. Patients visited the 
respective clinics at least twice with either 8 weeks (= 8w; 
recruitment period August 2012 to February 2013; Drews 
et al.) or 36 weeks (= 36w; recruitment period from 2008 to 
2018; Liu et al.) between both consultations. The descrip-
tion of the study group is provided in the above mentioned 
publications. All inclucded patients had post-infectious OD. 
The patient data has been pseudonymised, preventing any 
conclusions about the identity of the individual.

Procedure

Psychophysical testing of olfactory function

Participants and patients were tested twice, before and 
after three month of OT. Psychophysical testing of olfac-
tory function was performed using the “Sniffin’ Sticks” 
(Burghart Messtechnik, Holm, Germany) compromising 
three subsets, namely Threshold, Discrimination, and Iden-
tification (TDI). Odors are presented in pen-like odor dis-
pensers. Threshold testing was performed using a triad of 
pens where one had the target odor, while two other pens 
were filled with solvent (3-alternative forced choice task, 
3-AFC). For testing n-butanol was presented in 16 dilu-
tion steps starting from 4% n-butanol (dilution ratio 1:2). 
Triplets were successively presented to an individual start-
ing from the lowest concentration following a staircase 
method where two consecutive correct or one incorrect 
response results in a respective decrease or increase in the 

Table 1 Descriptive statistic of the study group
Normosmic
(n = 18)

Normos-
mic + 4-OT 
(n = 18)

Normos-
mic + 7-OT 
(n = 15)

OD + 4-OT
(n = 16)

OD + 7-OT
(n = 17)

Age Mean 33.2 39.2 41.3 41.0 38.2
SD 11.0 15.7 13.7 13.1 14.8

OT days Mean - 107.9 100.6 109.2 112.1
SD - 11.9 25.3 15.8 18.6

Gender (n) women 13 12 10 10 12
men 5 6 5 6 5

Quantitative 
OD (n)

normosmic (no) 16 16 14 4 4
hyposmic (hy) 2 2 1 10 8
anosmic (an) 0 0 0 2 5

Qualitative OD 
(n)

Parosmia 0 0 0 9 (no = 3; hy = 5; an 
= 1)

11 (no = 2; hy = 7; an 
= 2)

Phantosmia 0 0 0 4 (no = 1; hy = 3) 4 (no = 1; hy = 2; an = 1)
Ethiology (n) post-viral 0 0 0 7 5

COVID-19 0 0 0 13 15
Duration of 
disease (n)

< 3 months - - - 2 1
> 3 months - - - 14 16

n = number, OT = olfactory training, OD = olfactory dysfunction, SD = standard deviation; 4-OT = 4 item olfactory training, 7-OT = 7 item 
oflactory training
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visit, participants and patients were asked if there was an 
improvement of olfactory ability, a change in aroma rec-
ognition, and a changed perception of parosmia and phan-
tosmia with following categories: worse, equal, never a 
problem, slightly improved, clearly improved, and not 
anymore a problem. All individuals who stated “never a 
problem” were excluded in the analysis. All patients who 
performed OT were additionally asked if the perception of 
odors in general and of the trained odors changed with fol-
lowing categories: less attention to odors, no change, and 
more attention to odors.

OT and compliance

In order to verify the adherence of OT, a modified 4-item 
Morisky scale was adapted [10, 41]. All participants were 
asked to complete a diary during OT. At the end, a score 
was assigned according to the proportion of the completed 
diary, which was composed as follows: Forgotten (no/yes), 
negligence (no/yes), discontinued (no/yes), complete olfac-
tory diary (no/yes). Therefore, a score ranging from 0 to 4 
was reached. Based on median split, a cut-off value of ≥ 2 
was set, with 0 and 1 indicating good compliance and 2–4 
indicating moderate to low compliance.

Statistics and data visualization

Statistical analysis was performed with IBM SPSS Statis-
tics (version 28.0.1.0; IBM, Chicago, Ill., USA). In Table 1 
we reported the descriptive statistics following the prin-
ciple intention-to-treat analysis [42]. There we reported all 
recruited study participants independent of their dropouts. 
First, group homogeneity was verified for gender, drop-
outs, age, education years, and compliances score of OT 
(Morisky score; [41]) among groups. Pearson’s Chi square 
test showed no significant differences regarding gender 
distribution and dropouts. One-Way ANOVA followed by 
Bonferroni correction for multiple comparison yielded no 
significant differences for age, education years, and Morisky 
score between groups. Further, independent-samples Mann-
Whitney U Test showed no significant differences of the 
described parameters across dropouts. Therefore, group 
homogeneity was assumed.

For the comparison to the retrospectively collected data, 
mean age of the 36w group (66.33 ± 10.06) was significantly 
higher when compared to all other groups (F4 = 21.93).

In the further analysis, only samples are considered 
which are present in both time points. As a next step, data 
was checked for normal distribution with Shapiro-Wilk 
test. For normal distributed data, parametric tests were per-
formed, otherwise non-parametric tests were applied. Time 
and group effects of olfactory functioning (TDI score), the 

subsequently presented concentration. The discrimination 
test uses the same 3-AFC method as threshold, but each 
triplet is instead composed of two pens with the same odor 
and one with a different one. In the identification test, 16 
odors are presented, which are each identified from lists of 
four descriptors. The sum of scores from the three subsets 
results in a composite TDI score, which allows to diagnose 
participants with normosmia (> 30.5 points), hyposmia 
(≤ 30.5 points), or anosmia (< 16.5) [34]. In addition to the 
standard psychophysical testing, thresholds were assessed 
for β-damascenone, L-()-carvone, and salicylic acid benzyl 
ester. The additional three odors were diluted 1:10 starting 
from 1% slution and threshold testing was performed as 
previously described in Hummel et al. [3]. Only 8 dilution 
levels were tested.

In order to evaluate the recovery rate of OT, the MCID 
was used after Gudziol et al. [25]. The MCID is defined for 
n-butanol as “probability of subjectively improved odor 
sensitivity as a function of improving test scores“ [25]. A 
MCID was set as an increase in composite TDI score of at 
least 5.5 points or in the threshold subtest (n-butanol) of at 
least 2.5 points. Accordingly, because of the higher dilution 
ratio of 1:10 for β-damascenone, L-(–)-carvone, and sali-
cylic acid benzyl ester, the MCID was assumed at a change 
of 1 point. However, this adaption is providing an estimate.

Cognitive tests

The Montreal Cognitive Assessment (MOCA) is a screening 
tool for the onset of a mild cognitive impairment or stron-
ger cognitive dysfunctions [35]. A cut-off value of ≤ 23 out 
of 30 was implemented to exclude subjects with possible 
onset of dementia. A score of ≥ 27 points was considered as 
healthy [36].

The verbal fluency test is a brief test of verbal function-
ing. Participants are asked to generate as many single words 
as possible within a semantic category (category fluency) or 
beginning with a given letter (letter fluency) within 1 min 
[37].

The d2-R test is a fast test to measure the concentration 
performance. Subjects are ask to tick in a list with d’s and 
p’s only the letter d with to lines either above or under the 
letter within one minute. In doing so, “percentage of errors, 
concentration performance, errors of omission, and/or errors 
of commission” were retrieved from this test [38–40].

Self-reported perception of odors

Participants and patients were asked in their first medical 
interview to rate in a 7-point scale their olfactory ability) 
in the following categories: no olfactory ability, very bad, 
bad, intermediate, good, and very good. In the follow-up 
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the healthy controls as well as in the patient groups. There-
fore, we merged the data and displayed combined groups to 
emphasize the effect of OT and to increase the sample size 
for statistical analysis (normosmic, normosmic + OT, and 
OD + OT; Fig. 1E-H). The mean increase of the patient’s 
TDI score was 3.48 ± 4.21 higher after OT.

The results for the odor threshold concentration of 
β-damascenone, L-(–)-carvone, and salicylic acid benzyl 
ester are shown as odor concentration in % (Fig. 2). In healthy 
participants OT was asscoiated with significantly higher 
sensitivity towards β-damascenone (p < 0.001, Fig. 2B) and 
salicylic acid benzyl ester (p < 0.01, Fig. 2D) and towards 
n-butanol in patients with OD (p < 0.01, Fig. 2A). A ten-
dency of this effect was also observed in OD + OT group 
towards salicylic acid benzyl ester (Fig. 2D). Hence, the 
results indicate a beneficial effect of OT per se regarding 
specific anosmia towards β-damascenone and salicylic 
acid benzyl ester with a higher improvement in healthy 
participants.

This finding is underlined by the number of healthy par-
ticipants and patients who improved in the MCID, which 
reflects the OT-mediated recovery rate (Table 2). The cut-off 
value emerged from the quantitative relationship between 
test scores and percept of olfactory function which was 
adapted after Gudziol et al. [25]. Normosmics with OT 
revealed the highest number of participants which improved 
in the MCID in the threshold test for β-damascenone (n = 21) 
followed by salicylic acid benzyl ester (n = 15). The largest 
number of patients showing a MCID was found for salicylic 
acid benzyl ester (n = 14), followed by β-damascenone, 
and L-(–)-carvone) (n = 10). Summarizing, OT led to an 
improvement of the TDI score in approximately one third 
of patients with OD.

OT ameliorated MOCA score in patients with OD

OT led to a significant increase of the verbal fluency in both 
groups (Fig. 3A + 3B; F1,80 = 15.20 for time effect, norm-
osmics + OT p < 0.001; OD + OT p < 0.019). Then, in the 
MOCA test all groups exhibited a mean MOCA score ≥ 27 
points and were considered as healthy regarding cogni-
tive impairment. But, OT improved significantly the mean 
MOCA score in patients with OD from 27.22 ± 2.08 points 
to 28.16 ± 1.57 points (Fig. 3C; F1,74 = 7.22 for time effect, 
p < 0.001). However, this cognitive improvement was not 
related to better concentration performance (Fig. 3D). To 
sum it up, in OD patients OT was associated with small but 
significant improvement of cognitive abilities.

additional three threshold test (threshold scores), and cogni-
tive tests (verbal fluency test, MOCA test, d2-R test) were 
analysed by using general linear model followed by Bon-
ferroni post hoc tests for multiple comparisons. In order to 
compare thresholds displayed as odor concentration, two 
different test were performed: To analyse a time effect within 
one threshold test, a related-samples Wilcoxon Signed Rank 
test was performed. To evaluate an effect between groups, 
an independent-samples Kruskal-Wallis test was performed 
followed by Bonferroni post hoc tests for multiple compari-
son on ranks. Ratings of olfactory impairment and ability, 
perception and changes of perceived odors, perception of 
parosmia and phantosmia were analysed at T1 (after OT). 
For this purpose, an One-Way ANOVA was performed fol-
lowed by Bonferroni post hoc tests for multiple comparison. 
In order to examine differences in change over time (T1 – 
T0), a One-Way ANOVA was performed followed by Bon-
ferroni post hoc tests for multiple comparison.

Level of significance was set at p < 0.05 with * p < 0.05; 
** p < 0.01; and *** p < 0.001. The correlation plot was 
implemented in R in RStudio (RStudio for windows, ver-
sion 2022.07.1, Boston, USA), and all other data was visu-
alized with Graphpad Prism (version 8.4.3; Boston, USA), 
and shows the data as median ± standard deviation (SD) if 
not stated differently.

Results

After OT the composite TDI score improved 
significantly in patients with OD

In order to receive an estimate about the beneficial extend of 
OT, patient data with OT (OD + 4-OT and OD + 7-OT) was 
compared to patients with OD without OT either 8 weeks 
or 36 weeks between two visits (S2 FigA-D). A significant 
increase of the composite TDI score of in both patient groups 
with OD was visible with p ˂ 0.001 after three months but 
not for patients without OT (after 8 weeks or 36 weeks).

Next, patients with OD were compared to normosmics 
receiving OT or no OT. There, after three months of OT, a 
significant increase of the composite TDI score of in both 
patient groups with OD was visible with p ˂ 0.001 (Fig. 1A, 
F1,79 = 18.53 for time effect and F4,79 = 3.58 for time*group 
interaction effect). The TDI score increased for OD + 4-OT 
3.16 ± 4,46 points and for OD + 4-OT about 3.79 ± 3.79 
points. This improvement was mainly related to an increase 
of identification score (Fig. 1B-D, p ˂ 0.001 and p ˂ 0.01). 
Despite OT, the TDI score of the patient groups remained 
significantly lower when compared to the healthy controls 
(p ˂ 0.001). No differences in the mean TDI score were 
detected between four and seven item OT groups both in 
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Fig. 1 Changes in threshold, discrimination, identification, and com-
bined TDI scores. A: After three months olfactory training patients 
with olfactory dysfunction showed a significant increase of the com-
posite TDI score with p ˂ 0.001. B–C: Scores of threshold, discrimi-
nation and identification tests. Normosmic n = 18, normosmic + 4-OT 
n = 18, normosmic + 7-OT n = 15, OD + 4-OT n = 16, OD + 7-OT 
n = 17. E–H: Composite TDI, threshold, discrimination, and iden-
tification test with combined normosmic participants with OT and 
patients with OD and OT (normosmic n = 18, normosmic + OT n = 33, 
OD + OT n = 33). For better visuality, the significant values between 

the normosmic group and patients with OD are not displayed (for both 
time points: A: p ≤ 0.002; B, E-H: p < 0.001; C: Before OT: normosmic 
vs. OD + 4-OT p < 0.001, normosmic vs. OD + 7-OT non-significant, 
After OT: non-significant, D: Before OT: p ≤ 0.003; After OT: nor-
mosmic vs. OD + 4-OT non-significant, normosmic vs. OD + 7-OT 
p = 0.004; G: Before OT: p < 0.001, After OT: non-significant). Data 
is represented as median ± SD. Abbreviations: 4-OT, 4 item olfactory 
training; 7-OT, 7 item olfactory training; OD, olfactory dysfunction; #, 
non-significant comparison
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Table 2 Number of individuals reaching the MCID in threshold testing and TDI score
Improvement of threshold score Improvement of TDI score ≥ 5.5
≥ 2.5 ≥ 1
n-butanol β-damascenone carvone salicylic acid benzyl ester

Normosmic
(n = 18)

n 3 6 3 3 2
in % 16.67 33.33 16.67 16.67 11.11
Mean 3.58 2.04 1.08 3.42 6.5
SD 0.76 0.84 0.14 1.38 0.35
Minimum 2.75 1 1 2.5 6.25
Maximum 4.25 3 1.25 5 6.75

Normosmic + OT
(n = 33)

n 4 21 4 15 2
in % 12.12 63.64 12.12 45.45 6.06
Mean 4.19 1.83 1.56 2.53 6.38
SD 1.95 0.953 0.43 1.04 0.53
Minimum 2.75 1 1 1 6
Maximum 7 4.75 2 5 6.75

OD + OT
(n = 33)

n 5 9 10 14 12
in % 15.15 27.27 30.30 42.42 36.36
Mean 3.3 2.92 1.88 3.07 8.02
SD 1.12 1.26 0.91 1.21 2.83
Minimum 2.5 1.5 1 1.25 5.5
Maximum 5.25 5 3.75 5.5 12.75

OT = olfactory training, OD = olfactory dysfunction, n = number, SD = standard deviation

Fig. 2 Detected odour threshold 
concentrations of n-butanol (A), 
β-damascenone (B), carvone (C), 
and salicylic acid benzyl ester 
(D). n-Butanol was diluted in 
steps of 1:2 starting with a 4% 
odor concentration and was tested 
by using a 16- staircase [3]. 
The remaining three odors were 
diluted in steps of 1:10 starting 
with a 1% dor concentration. 
Threshold testing were performed 
in a 8-way staircase. Group size: 
Normosmic n = 18, normos-
mic + OT n = 33, OD + OT 
n = 33. Data is represented as 
median ± SD. Abbreviations: OT, 
olfactory training; OD, olfactory 
dysfunction; #, non-significant 
comparison
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carvone, and salicylic acid benzyl ester (n = 16; Fig. 4G). 
A further description of the perception of olfactory func-
tions after OT for parosmia and phantosmia is given in S4 
Fig. The improvement of rated olfactory function in OD 
patients was more pronounced compared to normosmics 
with OT (p < 0.001) (see Table 3). However, no significant 
group effect was obeserved for the perception of parosmia 
and phantosmia.

TDI score ≥ 5.5 correlates with the improvement of 
rated olfactory function

In order to evaluate correlations between all observed 
parameters, a multidimensional correlation matrix was 
implemented (Fig S4; S5 Table). In the following, only sig-
nificant correlations were considered. Naturally, the change 
in the TDI score correlated strongly positive with the change 
of TDI score ≥ 5.5 (= MCID, p < 0.001) and the change of 
n-butanol threshold (p < 0.001). Regarding the difference 
and improvement in cognitive tests which are MOCA, 
d2-R, and verbal fluency tests, there were no significant cor-
relations to the change of TDI score or the change of thresh-
old scores (β-damascenone, L-(–)-carvone, and salicylic 
acid benzyl ester). On the other hand, both, the improve-
ment after OT in TDI score and in the four threshold scores 

Effects of three month OT

In patients with OD, OT was asscoaited with improvement 
of the composite TDI score (S3 Fig A, effect of the factor 
“group”: F2 = 7.18, p < 0.001; p < 0.05 vs. normosmic and 
p < 0.01 vs. normosmic with OT). Additionally, an improve-
ment was observed in the threshold subset for n-butanol 
with p < 0.05 when compared to the other two groups (S3 
Fig B, F2 = 5.72 for between group effect, p = 0.005). In the 
other collected data (S3 Fig C – I), OT was mainly associ-
ated with a training effect within the groups.

Ratings of olfactory function increased after OT

Reported olfactory function increased after OT, especially in 
the patient group. Before OT, all patients (n = 40) reported 
olfactory impairment; 23 patients out of 40 reported to have 
a bad, 9 a very bad, and 5 no olfactory ability (Fig. 4A). 
After OT, 22 patients out of 34 reported a slight improve-
ment of the olfactory ability (Fig. 4B) coupled with a slight 
improvement regarding aroma recognition (n = 20; Fig. 4C), 
parosmic sensations (n = 13; Fig. 4D), and phantosmia 
(n = 6; Fig. 4E). Furthermore, OT led in the patient group to 
more attention on the perception of odors (n = 23; Fig. 4F) 
and also on the trained odors which were β-damascenone, 

Fig. 3 Cognitive abilities. A, B: 
Verbal fluency tests staring with 
letter “F” and “B”. OT led to 
a significant increase of verbal 
fluency in normosmic + OT 
with p < 0.01 and OD + OT with 
p < 0.001 (Before OT: norm-
osmic n = 18, normosmic + OT 
n = 33, OD + OT n = 33; After 
OT: normosmic n = 18, norm-
osmic + OT n = 33, OD + OT 
n = 32.) C: Montreal cognitive 
assessment (MOCA) test. OT led 
in the group OD + OT to a sig-
nificant increase of score points 
with p < 0.001. Participants with 
≤ 23 were excluded from this 
test. (Before OT: normosmic 
n = 15, normosmic + OT n = 32, 
OD + OT n = 30; After: norm-
osmic n = 14, normosmic + OT 
n = 32, OD + OT n = 31). D: d2-R 
test. A positive effect of olfactory 
training on the concentration 
performance was absent (Norm-
osmic n = 18, normosmic + OT 
n = 33, OD + OT n = 33). Data 
is represented as median ± SD. 
Non-significant comparison are 
not shown in the figure. Abbre-
viations: OT, olfactory training; 
OD, olfactory dysfunction
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with the perception of parosmia (r2 = 0.62, p < 0.01). This 
effect mainly relied on the report from 6 out of 10 patients 
with OD indicating a clear improvement of the perception 
of parosmia after OT. To sum it up, the rated improve-
ment of olfactory function correlated with the change of 

correlated with different parameters of ratings of olfactory 
function. For example, the improvement of the threshold for 
salicylic acid benzyl ester correlated with the rated olfactory 
improvement (p < 0.05). Interestingly, the TDI score ‘≥ 5.5 
points’, but not the TDI score per se, correlated positively 

Fig. 4 Ratings about olfactory ability and olfactory function. A: Sub-
jective olfactory ability was assessed with in a standardized medical 
interview. After OT, subjective olfactory improvement (B), aroma 
recognition (C), perception of parosmia (D) and phantosmia (E) was 
assessed in a 6-point Likert-type scale. Additional ratings regarding 

the perception of odors after OT (F) and the trained odors (G) was 
gathered. Data is presented as amount of answer for each question. 
For ratings about olfactory ability from patients with qualitative OD, 
see S3 Fig
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citronella, mint, vanilla, and cedar wood. After four weeks 
of OT with the extended set of odors, the odor identifica-
tion test revealed no increased recovery when compared to 
a four-item OT [44]. This result is in line with the present 
findings where four odorants achieved comparable results 
as a seven-item OT. Another approach to enhance the effec-
tiveness of OT was to train more frequently per day (four 
times) [13]. Oleszkiewicz et al. showed that the intense OT 
did not result in an improvement of olfactory function when 
compared to a regular OT regimen. This outcome supports 
the present results that OT with four odors appears to be 
enough to support recovery of olfactory function.

Interestingly, considering a more effective treatment 
towards parosmia, Altundag et al. [45] established a modi-
fied version of OT. Altundag and colleagues extended the 
duration of OT to nine months and changed the odors three 
times during the training period [46]. They demonstrated 
that patients changing the odors every three months scored 
significantly higher in odor identification and discrimi-
nation when compared to a group training with the same 
set of odors for 9 months. The improvement became more 
pronounced the longer the training. In the presently stud-
ied population, we were unable to detect a similar effect. 
However, there is a considerable difference in terms of the 
length of therapy: In the present study, OT was carried out 
for three months; in the previously referred publications, the 
duration of training varied from four weeks [44] to 9 months 
[14]. Thus, one possible explanation of varying outcomes 
might be the duration of training. Possibly, there would have 
been an effect from the seven-item OT if the training had 
been extended to 6 or 9 months. Furthermore, it might be 
also possible that the number of odorants which are used 

measured olfactory function. A slight improvement of the 
perception of parosmia correlated only with the MCID of 
the TDI score.

Discussion

The main findings of the pilot study were that, firstly, OT 
was concomitant with the improvement of the composite 
TDI score of 3.48 points in patients with OD. However, OT 
with seven odors had no additional effects on the improve-
ment of olfactory function. Secondly, for OD patients this 
improvement is reflected in the TDI score-related MCID 
(≥ 5.5 points; a measure for the olfactory recovery) and 
for the salicylic benzyl ester threshold-related MCID (≥ 1 
point). Furthermore, OT improved parameters of cognitive 
function of patients as assessed with the MOCA test and 
rated olfactory improvement or perception of parosmia.

Four item vs. seven-item OT

One idea for using a seven-item OT was that presenting a 
wider range of odors would enhance the effect of OT by 
activating a more diverse set of ORN [43]. In addition, the 
augmented training was thought to be more beneficial for 
OD patients. However, neither one of these effects was 
observed after three-month OT with seven odors. A pre-
vious study by Pires et al. obtained analogous results in 
patients with persistent OD caused by COVID-19 [44]. 
According to the authors, eight representatives of the odor-
ous space regarding citric, floral, aromatic, spicy, minty, 
sweet, and woody aromas were added to essential oils of 

Independent-Samples Krus-
kal-Wallis Test Summary

Bonferroni test for multiple 
comparison

F, DF p-value Normos-
mic vs.
Normos-
mic + OT

Normos-
mic vs. 
OD + OT

Norm-
osmic 
+ OT vs. 
OD + OT

Subjective olfactory ability before OT 42.76
2.00

< 0.001 ns < 0.001 < 0.001

Subjective olfactory improvement after 
OT

28.54
2

< 0.001 ns < 0.001 < 0.001

Subjective aroma recognition after OT 18.26
2

< 0.001 ns < 0.001 < 0.001

Subjective perception of parosmia after 
OT

3.02
2.00

ns - - -

Subjective perception of phantosmia 
after OT

1.46
2.00

ns - - -

Independent-Samples Mann-Whitney 
U Test.p-value

Subjective perception of odors after OT 0.045
Subjective change of perceived trained 
odors

ns - - -

Table 3 Ratings about olfactory 
function after OT (T1)

F = F-value, DF = degree of free-
dom, OT = olfactory training, 
OD = olfactory dysfunction, ns, 
not significant
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began with an early increase in ORN expression [56]. This 
evidence that OT leads to changes at the level of olfactory 
mucosa is also supported by a previous work in humans 
[21]. Patients with OD received four to six months OT 
accompanied by electro-olfactogram recordings derived 
from the olfactory mucosa. As patients with post-infectious 
OD (anosmia) reveal reduced numbers of olfactory recep-
tor neurons [57], lower numbers of electro-olfactograms 
were obtained when compared to the control group without 
OT. In contrast, after OT an increase of electrical activity 
at the level of olfactory epithelium was detected in patients 
[21]. Thus, it was assumed that the concomitant increase 
in electro-olfactogram responses and OT led to an increase 
in expression of olfactory receptors or an increased number 
of ORN [21]. In order to contextualize our own study in 
this regard, we took swabs from the nasal mucosa to gain 
insights if OT leads to altered expression of respective 
olfactory receptors. Still, the present study indicates that OT 
might have an impact on central processing, which is sug-
gested by the significant increase of one point in the MOCA 
test after three months of OT.

Limitation of the study

The study has some limitations. First, the number of par-
ticipants starting with n = 20 per group constitutes a rela-
tively small sample size to evaluate the effects of adding 
additional odors to the OT. However, as all the control 
groups had same group sizes with equal gender, age and 
education distributions, the outcome appears to be valid as 
a prospective and pilot study. In addition, other than pre-
vious work, the present study had a control group which 
adds significant value to the study despite the relatively 
small sample size per group. Further, in order to increase 
the sample size of the patient groups, hyposmic and anos-
mic patients were combined. This results in heterogenous 
groups with different baseline TDI scores which may result 
in different outcomes. Second, a sixth group is missing only 
including patients without OT. This group could further 
validate the effectivness of 4-odor and 7-odor OT. Schepens 
et al. could show that OT in COVID-19 patients improved 
psychophysical olfactory function when compared to 
COVID-19 cohort without OT [58]. However, this effect 
was not dependend to the adherence to OT. In the present 
study ethical considerations precluded the enrollment of a 
patient group without receiving treatment. Summarized in a 
review by Pieniak et al. (2022) [59], a shorter period from 
disease onset to OT initiation is positively associated with 
better TDI scores. The MCID was higher for patients with 
an olfactory loss less than one year prior to OT initiation 
than for patients with a prolonged olfactory loss (63% vs. 
19%, respectively). In addition, OT is cost-efficient and safe 

for training have less impact on the outcome of OT than the 
duration period. Therefore, we hypothesize that, assuming 
consistent adherence to OT [10], possibly the length of OT 
is more crucial than the intensity of OT.

Impact of OT in central or peripheral processes

The results from the present study suggest that OT led to a 
significant increase in cognition assessed by a verbal flu-
ency test and the MOCA test. Of particular interest is the 
observed significant increase in cognition in the patient 
group depicted by the MOCA test. Currently, it is not 
entirely clear which changes the OT will entail (“Training-
Based Enhancement” in [47]). One current opinion assumes 
central cognitive changes. In the literature it is reported that 
OT led to improved olfactory function which was accom-
panied by enhanced cognition and changes in neurological 
structures and connections [48]. In the review by Vance and 
colleagues it was summarized that the changes included the 
attenuation of cognitive decline [24], subjective well-being, 
and improved verbal function [49]. This concept of OT hav-
ing an effect on cognitive components is further supported 
by Olofsson et al. [50]. This work investigated whether 
olfactory-related memory training leads to a carry-over to 
visual memory tasks that have not been trained. The authors 
showed that olfactory but not visual training produced 
transfer effects. Hence, Olofsson and colleagues stated that 
smell-based memory training may result in increased con-
nectivity of the sensory brain areas compared to the visual 
paradigm [50]. One potential underlying mechanism for 
this finding is that olfactory function has a relatively direct 
effect on memory encoding regions. This might lead to a 
greater overlap with the neural networks involved in mem-
ory encoding and thereby facilitating transfer effects [51]. 
Recent work on changes in hippocampal volume (involved 
in memory processing [52]) in relation to OT supports these 
assumptions. Hähner et al. [53] showed that OT had a ben-
eficial effect on the hippocampus by increasing the corti-
cal thickness. However, the olfactory bulb volume was not 
changed. On the other hand, other studies could show an 
effect of OT on the olfactory bulb. For instance, the olfac-
tory bulb volume increased after four month OT in healthy 
adults [54] and after six month of OT for patients with idio-
pathic olfactory loss [55]. Interestingly, OT appears to have 
an impact on memory which may allow a new therapeutic 
use of OT for memory deficits.

The effectiveness of OT depends not only on alterations 
in memory abilities, also peripheral changes are described. 
Kim et al. [20] showed a stimulation of the olfactory recep-
tor expression in the neuroepithelium of mice after OT. 
Consistent with this finding, the same group described one 
year later in mice that olfactory regeneration most likely 
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