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Abstract

The standard olfactory training (OT) protocol involves briefly sniffing four different

odors, twice per day, for 12 weeks and significantly increases olfactory function. The

current study's aim was to explore the effectiveness of enhancing olfactory function

using a new OT methodology, specifically, presenting odors over a longer exposure

period. Participants were 50 patients with smell loss (25 idiopathic and 25 sinonasal)

who wore an odorized nasal clip for 3 hr per day, for 4 weeks. The results showed

that only idiopathic patients experienced a significant increase in odor discrimination

after OT. Acoustic rhinometric measurements of nasal cavity surface area and vol-

ume, CO2 threshold scores, and self-reported olfactory function did not significantly

change. While the results provide limited support for the effectiveness of using a

nasal clip for OT, research that more fully explores the factors that are associated

with enhancing olfactory function (e.g., number of odors and exposure duration) is

required to determine its effectiveness more conclusively.

Practical Application

Although the current findings provide limited support, it remains possible that varying

the hours of daily exposure, the duration of treatment and number of odors may

make using an odorized nasal clip an effective, novel, and convenient olfactory train-

ing method to improving olfactory function.

1 | INTRODUCTION

The standard olfactory training (OT) protocol involves briefly smelling

four different odors (lemon, cloves, rose, and eucalyptus) twice a day,

for at least 12 weeks (Hummel et al., 2009), which has been effective

in improving olfactory function due to infection (Oleszkiewicz, Hanf,

Whitcroft, Haehner, & Hummel, 2018), Parkinson's disease (Haehner

et al., 2013), and head trauma (Langdon et al., 2018). Moreover, OT

improved the olfactory function on both the elderly (Schriever, Leh-

mann, Prange, & Hummel, 2014) and children (Mahmut et al., 2021)

without an olfactory dysfunction. The mechanism by which OT

enhances olfactory function may be physiological in nature, evidenced

by increased number of responses from the olfactory epithelium

(Hummel, Stupka, Haehner, & Poletti, 2018) and olfactory bulb vol-

ume after OT (Mahmut, Musch, Han, Abolmaali, & Hummel, 2020)

although cognitive processes (e.g., memory) may in combination boost

olfactory function (Hummel, Haehner, Hummel, Croy, & Iannilli, 2013;

Morquecho-Campos, Larsson, Boesveldt, & Olofsson, 2019).

While research findings have demonstrated that the standard OT

protocol produces reliable improvements in olfactory function

Received: 30 September 2021 Accepted: 1 October 2021

DOI: 10.1111/joss.12721

 Journal of
 Sensory Studies

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2021 The Authors. Journal of Sensory Studies published by Wiley Periodicals LLC.

J Sens Stud. 2022;37:e12721. wileyonlinelibrary.com/journal/joss 1 of 7

https://doi.org/10.1111/joss.12721

https://orcid.org/0000-0002-9228-0884
mailto:mem.mahmut@mq.edu.au
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/joss
https://doi.org/10.1111/joss.12721
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjoss.12721&domain=pdf&date_stamp=2021-10-14


(Sorokowska, Drechsler, Karwowski, & Hummel, 2017), studies that

have manipulated the various factors (e.g., number of odors and expo-

sure duration) of the standard protocol have yielded insights regarding

the role each factor plays in enhancing olfactory function. For exam-

ple, increasing the duration of OT from 3 to 12 months appears to

enhance the improvement in olfactory function (Konstantinidis,

Tsakiropoulou, & Constantinidis, 2016). Moreover, the number of

odors and method of exposure also appears to be important factors in

OT. For example, one study found a significant improvement in olfac-

tory function after dispersing 72 different odors, in a tent-like room,

twice-per day, for 14 consecutive days (Mahmut et al., 2020). In con-

trast, the complexity of OT (e.g., altering odor sets, using multi-

compound mixtures) may not enhance the effectiveness of OT

(Oleszkiewicz, Würfel, Han, & Hummel, 2018).

One of the OT factors that remains unexplored is the impact of

relatively long odor exposure durations. In previous OT studies, the

duration of bi-daily odor exposure has either been a few minutes

(as per the standard OT protocol) or 20 min (Mahmut, Uecker,

et al., 2020). Until recently, long odor exposure OT studies were not

practically feasible due to the difficulty of continually providing an

odor to the nostrils without impacting a participant's daily life. How-

ever, the recent release of a commercially available odorized nasal clip

(aspUraclip, Berlin, Germany) has allowed researchers to investigate

the impact of long odor exposure durations with minimal impact on a

participant's daily routine.

Therefore, the aim of the current study was to investigate the

impact of long odor exposure duration on olfactory function using a

novel approach to OT, namely, an odorized nasal clip, worn for at least

3 hr per day, for 30 consecutive days. We employed the standard pre-

and post-OT outcome measures to test the impact of OT on olfactory

function, namely the “Sniffin' Sticks” (which measures odor thresholds,

discrimination, and identification; Oleszkiewicz, Schriever, Croy,

Hähner, & Hummel, 2019), plus three additional measures to provide a

complete assessment of olfactory function. One of the additional olfac-

tory function measures assessed trigeminal sensitivity via a CO2 detec-

tion threshold test (Hummel, Kaehling, & Grosse, 2016). The second

measure assessed the surface area and volume of the nasal cavity using

acoustic rhinometry as higher odor threshold ability is associated with

smaller nostril area but larger volume (Masala, Käehling, Fall, &

Hummel, 2019). The third measure was a four-item self-report survey

where participants rated their olfactory and trigeminal function. Based

on previous research findings (e.g., Mahmut, Uecker, et al., 2020), we

hypothesized that OT would result in an increase of olfactory function

as assessed by the Sniffin' Sticks and self-reported measures but no

changes in nasal cavity surface area or volume were predicted.

2 | MATERIALS AND METHODS

2.1 | Patients

Fifty-three patients (32 females and 21 males) with idiopathic (n = 26;

18 females and 8 males) or sinonasal (n = 27; 14 females and

13 males) cause of smell loss enrolled in the present study. The mean

age of idiopathic patients was 67.4 years (SD = 12.2), whereas the

mean age of sinonasal patients was 54.9 years (SD = 12.7). Overall,

the patients ages ranged from 30 to 84 years (M = 61.0 years and

SD = 13.9 years), and the duration of olfactory loss for each patient

was at least 24 months. Patients attended and were recruited from

the Smell and Taste Clinic, Department of Otorhinolaryngology, TU

Dresden, where they sought specialist care for olfactory loss. This

study was approved by TU Dresden's Ethics Committee

(EK 60032013), and all participants gave informed, written consent.

2.2 | Procedure

This study was conducted in two sessions. In the first session, the

olfactory and general health of each patient were assessed. This was

followed by four separate measures of chemosensory function. The

first test patients completed was the extended Sniffin' Sticks test bat-

tery (Oleszkiewicz et al., 2019), followed by the CO2 thresholds test

(Hummel et al., 2016), the acoustic rhinometry (Masala et al., 2019),

and finally a subjective assessment of their olfactory functioning. For

the following 30 days, patients completed OT by wearing a nasal clip

for a minimum of 3 hr, every day. Upon completing the OT, patients

returned to clinic for a second session where they completed the

same four measures of chemosensory function again.

2.3 | Materials: Olfactory function testing

Olfactory function was tested using the three subtests of the “Sniffin'
Sticks,” which measures odor acuity, odor discrimination, and odor

identification ability with odors presented in felt-tip pens. The three

subtests' procedure has been described in detail in previous publica-

tions (e.g., Hummel, Sekinger, Wolf, Pauli, & Kobal, 1997). In brief, odor

acuity is measured using an olfactory thresholds test where the target

odor (phenylethylalcohol or “rose”) is presented at 16 successive 1:2

dilution steps, the strongest being a 4% solution. Using a three-alterna-

tive, forced-choice task (where one pen has the target odor and two

are blanks), participants are presented pens at intervals of 3 s in front

of the nostrils). A staircase paradigm is used, where two successive cor-

rect responses or one incorrect response triggers a staircase reversal.

The odor threshold score was the mean of the last four out of seven

reversals (normal values >6; Oleszkiewicz et al., 2019).

Odor discrimination ability was assessed with 16 different triplets

of pens where two contain the same odor and the third contains a dif-

ferent, “target” odor (normal score ≥ 11 correct, Hummel et al., 1997).

The odor identification subtest comprised of 16 commonly known

odors (Hummel et al., 1997) and required participants to select the

correct odor label from a list of four (normal score: ≥12 correct identi-

fications). The olfactory diagnosis was derived from the sum of all

three subtests and referred to as the threshold discrimination identifi-

cation (TDI) score (Wolfensberger, Schnieper, & Welge-Lussen, 2000).

A diagnosis of normosmia requires a score > 30.5 while hyposmia is

defined at 30.5 ≥ TDI > 15.5 and functional anosmia at TDI ≤ 15.5

(Kobal et al., 2000; Oleszkiewicz et al., 2019).
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2.4 | Materials: Health assessment

Patients were interviewed about the nature and duration of their

olfactory dysfunction using a detailed, structured medical history and

a physical otorhinolaryngological examination including nasal endos-

copy (Welge-Luessen, Leopold, & Miwa, 2013). Demographic vari-

ables such as age and sex were also recorded. We also asked patients

to note down every day that they wore the nasal clip, so we could

check compliance with our instructions.

2.5 | Materials: Trigeminal thresholds for CO2

Trigeminal sensitivity was assessed using quasi-detection thresholds

for the odorless carbon dioxide (CO2; Hummel et al., 2016). The stim-

uli were presented to both nostrils using a custom-built computer-

controlled stimulator (Hummel et al., 2016). The CO2 pulses had dif-

ferent durations, starting at a duration of 50 ms, with increments of

50 ms and a maximum of 2000 ms. Quasi-CO2-thresholds were

assessed using a single staircase. Participants pushed a button as soon

as they perceived a slightly tingling sensation. Based on the partici-

pant's response, stimulus duration was decreased or increased, until

seven reversals of the staircase had been reached. The CO2 threshold

score was calculated by averaging the last four staircase reversals.

Higher scores indicate slower responses and, therefore, poorer tri-

geminal sensitivity.

2.6 | Materials: Anatomical measures using
acoustic rhinometry

A computer-aided acoustic rhinometer (GM Instruments LTD,

Kilwinning, KA13, 6PU, UK) was used to assess the anterior portion of

the nasal cavity. Acoustic rhinometry (AR) is considered a rapid, non-

invasive, and objective technique to evaluate the morphology of the

anterior nasal cavity using the reflection of sound waves (Min &

Jang, 1995; Roithmann et al., 1994). The 24-cm-long rhinometry tube

is placed against each nostril forming a tight seal without deforming

the shape of the nostril. Measurements were made while patients

were holding their breath. The AR allows to obtain measurements of

the anterior nasal cavity in rapid succession, separately for the left

and right sides. Variations in the cross-sectional area (e.g., created by

the lower turbinate) reflect the sound waves (Zhao, Scherer, Hajiloo, &

Dalton, 2004). Two different types of measurements are calculated,

one being the minimum cross-sectional area (cm2) (MCSA; Roithmann

et al., 1994), and the second being the volume (cm3) calculated at a

distance from 0 to 4.7 cm, separately for each nostril. While measure-

ments for each nostril were calculated separately, correlation analyses

revealed left and right nostril results were highly correlated, so left

and right nostril values were summed to produce a total score. Note

that one participant's left-nostril MCSA and volume data were not

accurately recorded in the first testing session due to a technical diffi-

cultly, so their AR data were not included in the analyses.

2.7 | Materials: Nasal clip for OT

A small (approximately 2 cm) clear, soft plastic, horseshoe-shaped

nasal clip (manufactured by aspUraclip, Berlin, Germany) was worn on

the nasal septum by participants for a minimum of 3 hr each day, for a

total of 30 days (see Figure 1). The nasal clip was filled with a pepper-

mint and eucalyptus oil mixture to stimulate the olfactory and trigemi-

nal nerves. Participants were given two nasal clips and instructed to

use one for 15 days only.

2.8 | Materials: Self-assessment of olfactory
function

A patient's self-assessment of their olfactory function can be an

important piece of clinical information to gauge the patient's physical

and psychological experiences of their smell loss and recovery. There-

fore, patients were asked to rate their overall olfactory function using

the following four questions (response options in brackets): (a) How

much do you feel impaired because of your smelling disorder?

(0 = not at all impaired, 10 = extremely impaired), (b) please evaluate

your olfactory function (0 = very poor, 10 = excellent), (c) please eval-

uate your nasal patency (0 = very poor, 10 = excellent), and (d) Please

evaluate your nasal sensitivity (0 = very poor, 10 = excellent). After

reverse scoring question 1, a total score was created by summing the

F IGURE 1 Picture of nasal clip
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response options for the four questions, such that higher scores indi-

cate higher levels of self-reported olfactory ability.

2.9 | Data analysis

Statistical Packages for Social Sciences (SPSS, version 26, SPSS Inc.,

Chicago, IL, USA) was the software used to analyze the data collected.

First, a one-way multivariate analysis of variance (MANOVA) was con-

ducted to investigate if the three olfactory function subtests scores

(odor thresholds, discrimination, and identification) and AR test scores

(left and right volume and surface area) changed based on patient

group from pre- to post-OT. Significant MANOVA findings were

followed-up by post hoc tests with a Bonferroni adjustment for multi-

ple comparisons using separate, one-way analysis of variance

(ANOVA) to determine if scores differed across the two test sessions

(the within-subjects factor). To determine whether CO2 thresholds

and self-assessments of olfactory function improved after the odor

exposure sessions, separate one-way ANOVAs were conducted. Cor-

relation analyses were also conducted to determine the extent to

which olfactory function (as assessed by the Sniffin' Sticks) was asso-

ciated with the other measures of olfactory function. Finally, to

explore the associations among the measures employed, a correlation

analysis was conducted. Note that three participants did not return to

complete the second session of testing leaving a total of 50 partici-

pants (25 sinonasal and 25 idiopathic) who completed the entire

study. As patients in the idiopathic group were significantly older than

those in the sinonasal group, age was initially included in all analyses

as a covariate but removed from the subsequent analyses presented

as it was not a significant factor.

3 | RESULTS

The descriptive statistics for each of the dependent variables

(i.e., psychophysiological, physiological, and self-assessment scores)

pre- and post-OT are presented in Table 1.

3.1 | TDI scores pre- and post-OT

The first ANOVA was run to determine whether overall olfactory

function, as measured by the TDI score, improved after OT. The

results revealed a significant main effect for patient group, F

(1, 48) = 5.43, p < .001, indicating a difference in TDI scores between

the idiopathic and sinonasal patients. Post hoc tests using a

Bonferroni adjustment for multiple comparisons revealed the TDI

score after OT was significantly higher for idiopathic patients (mean

difference 2.40, p < .01), but not for sinonasal patients (mean differ-

ence .87, p > .05). The subsequent ANOVAs were conducted to deter-

mine which specific components of olfactory function (i.e., odor

thresholds, discrimination, and identification) improved using three

separate, one-way repeated measures ANOVAs.

3.2 | Odor thresholds, discrimination, and
identification scores pre- and post-OT

A 2 � 3 MANOVA revealed there was a statistically significant differ-

ence in the olfactory function tests scores from pre- to post-OT, F

(2, 47) = 129.9, p < .001, Wilk's Λ = .15. Therefore, further analyses

(i.e., one-way repeated measures ANOVAs) were conducted to deter-

mine which of the three olfactory function subtests were driving the

changes in olfactory performance across and between the two patient

groups (see Table 1). The first ANOVA tested if odor thresholds scores

improved after OT, F(1, 48) = 2.60, p = .11, which indicated there was

no significant improvement. The second analysis tested if odor identifi-

cation scores improved after OT, F(1, 48) < 1, again indicating no signif-

icant improvement. Finally, the third ANOVA tested whether odor

discrimination scores increased after OT, which revealed a significant

interaction effect, F(1, 48) = 4.37, p = .042 (see Figure 2). Post hoc

tests indicated the odor discrimination score was significantly higher

after OT for the idiopathic patients (mean difference 1.90, p < .001) but

not the sinonasal patients (mean difference .08, p > .05). Note that the

number of days patients used the nasal clip was included as a covariate

but was a non-significant factor so removed from analyses.

TABLE 1 Mean and SD for all olfactory function measures, by patient group

Idiopathic patients (n = 25) Sinonasal patients (n = 25)

Olfactory function Session 1 mean (SD) Session 2 mean (SD) Session 1 mean (SD) Session 2 mean (SD)

Odor threshold 1.86 (1.09) 2.20 (1.31) 2.90 (2.89) 3.41 (2.64)

Odor discrimination 6.94 (2.87) 8.84 (2.88) 9.12 (4.39) 9.20 (4.10)

Odor identification 6.16 (3.24) 6.32 (3.25) 8.48 (3.77) 8.76 (4.26)

TDI 14.96 (5.32) 17.36 (6.17) 20.50 (9.58) 21.37 (9.46)

CO2 thresholds (ms) 1,396 (497) 1,169 (491) 1,510 (542) 1,487 (489)

Nasal cavity MCSA (L + R) (cm2) 1.08 (.38)a 1.15 (.57)a 1.30 (.48) 1.20 (.50)

Nasal cavity volume (L + R) (cm3) 10.99 (3.73) 11.40 (5.15) 12.50 (3.90) 11.81 (5.17)

Self-assessed olfactory function 19.82 (6.20) 19.72 (5.57) 16.48 (6.54) 18.65 (6.95)

Abbreviations: L + R, left nostril plus right nostril score; MCSA, minimum cross-sectional area; TDI, threshold, discrimination, identification.
an = 24.
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3.3 | CO2 threshold scores pre- and post-OT

The results of the one-way ANOVA revealed a non-significant

between groups effect (idiopathic vs. sinonasal patients; F

(1, 48) = 3.22, p = .079) and non-significant within groups effect

(pre- vs. post-OT; F(1, 48) = 2.65, p = .11) for CO2 threshold scores

(see Table 1). A non-significant patient group � test session was

also found, F(1, 48) = 1.78, p = .19. Overall, the results indicated

there were no significant differences in CO2 threshold scores

between the patient groups nor between the pre- and post-OT

tests.

3.4 | Anatomical measures: MCSA and volume
scores pre- and post-OT

Beginning with an analysis of the MCSA data, the results of a one-

way ANOVA revealed a non-significant between groups effect (idio-

pathic vs. sinonasal patients; F(1, 47) = 1.22, p = .27) and non-

significant within groups effect (pre- vs. post-OT; F(1, 47) = .04,

p = .84) for MCSA scores (see Table 1). A non-significant patient

group � test session was also found, F(1, 47) = 1.60, p = .21. Over-

all, the results indicated there were no significant differences in

MCSA scores between the patients nor between the pre- and post-

OT tests.

The analysis of the nasal cavity volume data, using a one-way

ANOVA, revealed a non-significant between groups effect (idiopathic

vs. sinonasal patients; F(1, 47) = .68, p = .42) and non-significant

within groups effect (pre- vs. post-OT; F(1, 47) = .06, p = .81) for vol-

ume scores. A non-significant patient group � test session was also

found, F(1, 47) = .93, p = .34. Overall, the results indicated there were

no significant differences in nasal cavity volume scores between the

patients nor between the pre- and post-OT tests.

3.5 | Self-assessment of olfactory function scores
pre- and post-OT

The results of a one-way ANOVA revealed a non-significant between

groups effect (idiopathic vs. sinonasal patients; F(1, 48) = 1.79,

p = .19) and non-significant within groups effect (pre- vs. post-OT; F

(1, 48) = .01, p = .93) for self-reported olfaction function scores (see

Table 1). A non-significant patient group � test session was also

found, F(1, 48) = 2 .41, p = .13. Overall, the results indicated there

were no significant differences in self-assessed olfactory function

scores between the patients nor between the pre- and post-OT tests.

Post hoc comparisons revealed that for the sinonasal patient group,

self-reported olfactory function ratings bordered on being signifi-

cantly higher after OT (mean difference 2.17; t(24) = 2.03, p = .053).

3.6 | Correlations among variables: Post-OT

To explore the relationships between all the olfactory function mea-

sures administered after OT, a Spearman's correlation analysis was

conducted (see Table 2). The results showed that the Sniffin' Sticks

subtests and total scores were significantly correlated with self-

reported olfactory function, indicating higher scores of measured

olfactory function were associated higher self-reported olfactory abil-

ity. No other correlations between two different olfactory function

measures (excluding the acoustic rhinometry) were significant.

4 | DISCUSSION

The aim of the current study was to determine whether a novel

method of OT, that is, with an odorized nasal clip worn for 3 hr per

day for 30 consecutive days, would enhance olfactory function. Con-

sistent with our hypothesis, OT with the nasal clip resulted in a signifi-

cant increase in odor discrimination ability, but only for patients with

idiopathic smell loss (and not those with sinonasal infection related

smell loss). Patients did not demonstrate significant increases in olfac-

tory function after OT as measured by the other three measures; CO2

thresholds, acoustic rhinometry, or self-report. The current findings

will be discussed in detail below with respect to previous findings,

followed by the study's limitation and directions for future research.

Consistent with the vast majority of previous OT research, the

current study's results revealed odor discrimination scores were sig-

nificantly higher after OT, but for only the idiopathic patient group

(and not the sinonasal patient group). The current finding that only

one of the Sniffin' Sticks subtests' scores was significantly higher after

OT is not uncommon as is our finding that only one patient group

demonstrated a better response to OT (Sorokowska et al., 2017). For

example, after 16 weeks of OT, Konstantinidis, Tsakiropoulou,

Bekiaridou, Kazantzidou, and Constantinidis (2013) found only a sig-

nificant increase in the odor identification subtest score among

patients with post-infection smell loss, but not patients with post-

traumatic injury smell loss. However, the use of a four-week OT

6
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Session 1 Session 2

Odor Discrimination Scores by Patient Group

Idiopathic

Sinonasal

F IGURE 2 Odor discrimination test scores before and after OT,
by patient group
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protocol in the present study clearly differentiates this study from

previous OT research.

In terms of the CO2 threshold measure, our findings are inconsis-

tent with our hypotheses as neither patient group demonstrated a sig-

nificant improvement trigeminal sensitivity after OT. This is the first

study to investigate whether trigeminal sensitivity can change after OT,

so direct comparisons to previous studies are not possible. However, a

comparable study that focused exclusively on “trigeminal training”
found that participants who completed the training (i.e., smelling three

different trigeminal-stimulating odors, four times per day for an average

of 70 days) demonstrated an increase in performance on the CO2

threshold measure (Oleszkiewicz et al., 2018). Given the methodologi-

cal differences between our study and Oleszkiewicz, Schultheiss,

et al.'s (2018) study, it remains unknown whether different OT proto-

cols (e.g., longer training durations, using more odors) may enhance tri-

geminal sensitivity and, therefore, remain avenues of investigations for

future studies. With respect to the acoustic rhinometry measure

results, no changes in nasal cavity surface area and volume were

expected after OT, and our results were consistent with this prediction.

Although sinonasal patients demonstrated an increase in self-

reported olfactory function after OT, the increase was not statistically

significant. Therefore, our findings on the self-reported olfactory func-

tion measure were inconsistent with our predictions and previous stud-

ies. For example, OT studies that have assessed self-reported olfactory

function pre- and post-training have demonstrated a significant

increase in olfactory function (e.g., Konstantinidis et al., 2016; Mahmut,

Uecker, et al., 2020). Given the duration of OT in previous studies that

have reported subjective improvements in olfactory function have

ranged from 14 days to 12 months, the duration of OT in the current

study of 30 days is unlikely to be reason for the lack of self-reported

improvement. Patients may not have perceived subjective increase in

olfactory function, because the long odor exposure duration may have

resulted in adaption, supported by research findings that show people

with poorer olfactory function adapt to odors faster than those with a

normal sense of smell (Chen, Haehner, Mahmut, & Hummel, 2020).

Moreover, in the standard OT protocol, patients are instructed to con-

centrate on the odor when they are sniffing it, and something patients

were not asked to do in the present study.

Taken together, it appears that the inconsistent findings of

the current study to previous studies are attributable to the main

methodological differences in OT protocols, specifically, 3 hr of

daily exposure to a single odor mixture, compared to briefly

sniffing four different odors, twice per day (respectively). The pro-

tocol employed in the current study may have resulted in

unintended effects. For example, the continual and relatively long

exposure to one odor mixture in the current may have caused cen-

tral and/or peripheral habituation to the odor. In turn, habituation

may have reduced the activity of olfactory receptors, ultimately

dampening the physiological changes associated with enhance-

ments to olfactory function. Similarly, the use of a single odor mix-

ture may have resulted in fewer olfactory receptors being

stimulated (compared to using four or more odors), especially

when considering the variability in olfactory receptors that are

stimulated by the same odor in humans (Sinding et al., 2017; Xu

et al., 2020).

The limitations of the current study, namely, only using one odor

mixture (and not multiple) and a relatively long and continual odor

exposure duration, provide fruitful avenues to explore in future

research. Specifically, future studies using odorized nasal clips should

employ protocols similar to those used in standard OT; that is, using

four different odors and explore the impact of shorter exposure dura-

tion (e.g., 5, 10, and 30 min. Finally, increasing the training duration to

the standard 12 weeks may also be helpful in exploring the efficacy of

using an odorized nasal clip for OT, although longer periods

(52 weeks) should be tested, too.

5 | CONCLUSION

The findings of the current study provide limited support for the use

of an odorized nasal clip, with a single odor mixture, as an effective

method of short-term OT for the purposes of increasing olfactory

ability. While the idiopathic patient group experienced a significant

increase in odor discrimination ability after OT, future research with a

more varied protocol is required to determine whether this novel

apparatus is an effective OT option.

TABLE 2 Correlation between
olfactory function measures post-
OT (n = 50)

Variables 2. 3. 4. 5. 6. 7. 8.

1. Odor thresholds .54* .52* .72* �.20 .01 �.003 .56*

2. Odor discrimination .59* .86* �.15 .02 �.07 .64*

3. Odor identification .88* �.12 .05 �.06 .46*

4. TDI �.17 .04 �.07 .62*

5. CO2 thresholds .10 .09 �.19

6. Nasal cavity MCSA (L + R; cm2)a .88* .18

7. Nasal cavity volume (L + R; cm3)a .11

8.Self-reported olfactory function

Note: *p < .01.

Abbreviations: L + R, left nostril plus right nostril score; MCSA, minimum cross-sectional area; TDI,

threshold, discrimination, identification.
an = 49.
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