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Abstract

Objectives: Olfactory training (OT) has emerged as a first-line therapeutic approach
to the management of olfactory dysfunction. Conventional OT (COT) involves the
systematic home-based exposure to four distinct odors. Previous research has dem-
onstrated that immersive OT (IOT) involving full-body exposure to dozens of distinct
odors could also improve overall olfactory function. This study compared IOT and
COT in terms of efficacy.

Methods: A total of 60 patients were enrolled and assigned to three groups. The IOT
group (n = 25) underwent immersive exposure to 64 odors once daily in a specialized
theater. COT participants (n = 17) sniffed four typical odors in a set of four jars twice
daily at home. A control group (n = 18) underwent passive observation. Olfactory
function was assessed before and after training.

Results: Significant improvements in composite threshold-discrimination-identifica-
tion (TDI) scores were observed after training in both the IOT (mean
difference = 2.5+ 1.1. p = .030) and COT (mean difference = 4.2 + 1.3, p = .002)
groups. No changes were observed in the control group. A significantly higher pro-
portion of patients in the COT group (41%) presented improvements of clinical
importance (TDI >5.5) compared to the controls (p =.018). The improvements
attained in the 10T group (20%) were less pronounced (p = .38).

Conclusion: While IOT did not exhibit the same efficacy as COT in restoring olfactory
function, it still demonstrated promising outcomes. Future efforts to advance olfac-
tory recovery should focus on cross-modal integration.

Level of Evidence: Level 3.
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1 | INTRODUCTION

Olfactory training (OT) has emerged as a first-line therapeutic
approach to the management of olfactory dysfunction arising from
various causes, particularly viral infection or head trauma.® This non-
pharmacological rehabilitative treatment involves exposing patients to
odorants at home in a set of four jars, each of which contains one aro-
matic compound (rose, eucalyptus, lemon, or cloves), twice daily for at
least 3 months.2 A number of studies and meta-analyses have corrob-
orated the efficacy of conventional OT (COT)®~%; however, inconsis-
tencies in the results have prompted efforts to refine the OT protocol.
Refinements include extending the training duration,” altering the
odor concentration® or molecular characteristics,’ cycling through
multiple sets of odors,®1! doubling the number of odors per training
session,'2 concurrently applying visual and olfactory stimuli during

1314 and incorporating smell diaries'®> and novel odor-

training,
presenting devices® to promote adherence.

Immersive olfactory training (IOT) is a notable innovation featur-
ing an integrated olfactometer that automates the delivery of dozens
of distinct odors within a spacious chamber. Multiple participants
seated within the chamber are subjected to immersive olfactory expo-
sure over a period of 24 min once daily for 14 days. In a previous
study on 25 subjects with olfactory dysfunction of various etiologies,
significant improvements in overall olfactory test scores were noted
following this intervention.?” This implies that the scope of OT could
extend beyond simply sniffing a limited number of odors, toward more
immersive exposure to a diverse variety of odorous stimuli.

Our objective in the current study was to verify the efficacy of
IOT under an extended training duration. Building upon previous
observations, the therapeutic efficacy of IOT was compared with that
of COT. To rule out the potential influence of spontaneous recovery
in olfactory function, we also included a control group, which did not

undergo any structured training.

2 | MATERIALS AND METHODS

21 | Participants and study design

This study enrolled patients who reported subjective olfactory dys-
function. Patients who reported spontaneous recovery or fluctuations
in olfactory function were excluded. To ensure a meaningful sample
size, we opted not to exclude patients diagnosed with normosmia
(based on objective measurements). We also retained patients with
head trauma, based on previous reports pertaining to the efficacy of
OT in these cases.* All participants underwent a comprehensive
assessment, including a review of their medical history and a psycho-
physical olfactory testing.

The participants were divided into an IOT group, a COT group,
and a control group of patients who did not undergo any form of OT
during the study period. Note that patient assignment was based pri-
marily on considerations of convenience, including ease of access to

the training facility and availability for daily training. Follow-up

olfactory assessment was conducted at no less than 2 months after
the initial evaluation. Using G*Power software (version 3.1.9.7),%8 it
was determined that a sample size of 66 subjects in total would be
required to detect a moderate effect of f = 0.25%7 (alpha level set to
.05) via repeated measures analyses of variance (rm-ANOVA) involv-
ing between-within group interactions.

The study procedures adhered to the Declaration of Helsinki and
received approval from the ethics committee of the Charité University
Medicine Berlin (application number EA2/070/22). Written informed

consent was obtained from each participant.

2.2 | Measurement of olfactory function

Participants were asked to rate their olfactory and gustatory
function using visual analog scales (left hand end—0—no smell/taste;
right hand end—100—excellent function).?® Olfactory function was
assessed using the Sniffin' Sticks test (Burghart Messtechnik GmbH,
Holm, Germany), comprising subtests for detection threshold, discrim-
ination, and identification.?%2?? The olfactory detection threshold was
determined through an adaptive staircase procedure employing step-
wise dilutions of phenylethyl alcohol (rose-like odor). Participants
were required to discern the one pen that contains an odor versus
two blanks (three-alternative forced choice). Odor discrimination abil-
ity was assessed using 16 pen triplets in which two pens contained
the same odor and the third pen contained a different odor. The par-
ticipants were required to choose the odd pen with the pens pre-
sented in random order. Odor identification ability was assessed using
16 common odors. This involved selecting the correct term for a given
pen from a list of four descriptors. The scores of each subtest were
(threshold
+ discrimination -+ identification), where normosmia was defined as a
TDI score > 30.5, hyposmia was defined as 30.5 = TDI > 16.5, and
functional anosmia was defined as TDI <16.5.2°

summed to produce a composite TDI score

23 |
function

Assessment of well-being and cognitive

Olfactory function can have a profound effect on one's overall well-
being.2* This study used the World Health Organization Well-Being
Index (WHO-5) for the assessment of subjective well-being, in which
five items are rated using a 6-point Likert-type scale ranging from
0 (at no time) to 5 (all the time).2°> The participants were tasked with
evaluating the degree to which the five statements resonated
with their experiences over the previous 14 days. Cumulative WHO-5
score ranged from O to 25, with higher scores indicating a higher sub-
jective assessment of well-being.

We also explored the effect of OT on perceived cognitive func-
tion.2 Participants were asked to rate their perceived age based on
four dimensions: perception of how one feels (“I feel like I'm ____
years old”), outward appearance (“My appearance aligns with that of

a -year-old”), activities (“| engage in activities similar to those of a
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-year-old”), and personal interests (“My interests resemble those
’7).27

of a -year-old

A composite cognitive age was derived as the

average of the scores across the four subscales.

24 | Conventional olfactory training

Patients in the COT group were instructed to perform the
training regimen at their homes twice daily until their second clinical
visit. Training was performed using four odorants sourced from
Sigma-Aldrich in Steinheim, Germany, including rose (phenylethanol,
#77861), eucalyptus (eucalyptol, #C80601), lemon (citronellal,
#27470), and cloves (eugenol, #W246700). Undiluted odorants were
applied to cotton pads and placed in individual brown glass jars. Expo-

sure involved sniffing the content of each jar for 20 to 30 s.

2.5 | Immersive olfactory training
Participants in the IOT group attended an immersive odor-presenting
theater once daily, 6 days a week (excluding Mondays). During each
session, the participants were exposed to 64 odors (four 12-min
blocks of 16 odors each). Odor delivery was performed using an elec-
tronically controlled olfactometer (Smeller 2.0; Georgsdorf, Berlin,
Germany; http://smeller.net, patent number: DE10308619A1).2” An
odor inlet operated by digitally automated valves was integrated
within a perforated steel wall (measuring 7 x 4 m?) located at one
end of a chamber formed by a suspended tent made of white sail fab-
ric, measuring 25 m (length) x 7 m (width) x 4 m (height) (Figure 1A).
Suction units and an exhaust vent concealed at the opposite end of
the chamber wafted the odors from one end of the chamber to the
other.

Each individual odor was issued in 5-s waves to form a continu-

ous stream of fresh airflow moving at 1.5 km/h. Between each block

of 16 odors, all of the ambient air within the chamber was expelled
and then replaced with fresh air. This 90-s flushing process was meant
to remove all remnants of previously introduced odors. The partici-
pants were instructed to sit in the central seating area of the chamber
(Figure 1B) and breathe naturally to prevent hyperventilation.

The odors covered a wide range of categories: including rose, fish,
sweat, raspberry, horse, short circuit, railway station, hay, natural and
urban environment smells, body odors, animal odors, flowers, fruits,
technical devices, hygienic products, lubricants, fuels, and basic mate-
rials, such as wood, earth, and grass.

10T could be performed only during the operation of the odor-
presenting theater (July 1 to October 7, 2022). Following the comple-
tion of the event, the patients were scheduled for a second visit to

the lab for post-training evaluation (Figure 2).

2.6 | Statistical analysis

Statistical analysis was conducted using IBM SPSS Statistics for
Windows, version 28 (IBM Corp., Armonk, N.Y., USA). In dealing

with between-group demographic and behavioral data, one-way

test-1 test-2
10T L - ! >
OT duration
test-1 test-2
coT — —
OT duration
test-1 test-2
Control —% 1 >
FIGURE 2 Experimental timeline of each group. OT, olfactory
training.

FIGURE 1

Immersive odor-presenting theater. (A) Electronically controlled olfactometer, Smell 2.0. (B) Spacious chamber in which the
participants underwent immersive exposure to odors.
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ANOVA was employed for continuous variables, while Chi-squared
tests were employed for categorical variables. rm-ANOVA was
used to assess changes in T, D, | and composite TDI scores, as well
as subjective ratings of olfactory/gustatory function, WHO-5
scores and assessments of cognitive age between pre- and post-
training sessions.

Sessions were treated as within-subject variables, groups were
treated as a between-subject factor, and chronological age was
treated as a covariate. The Bonferroni method was adopted for
post hoc pairwise analysis with the mean difference (MD) reported.
The participants were categorized as responders (ATDI 25.5) or
non-responders (ATDI <5.5) in ascertaining whether the effects of
OT reached the threshold of clinical significance (minimal clinically

important difference; MCI D).28

We then compared the numbers of
responders in the IOT and COT groups to those in the control
group using the Fischer exact test. The threshold for statistical sig-

nificance was set at p < .05.

3 | RESULTS
3.1 | Patient demographics data

We enrolled a cohort of 60 patients complaining of olfactory dysfunc-
tion (35 women and 25 men, mean age: 51.6 + 14.8 years old, range:
from 18 to 85 years). The patients exhibited various etiologies, includ-
ing upper respiratory tract infections (60%), head trauma (5%), chronic
rhinosinusitis (5%), and idiopathic cases (30%). The severity of olfac-
tory dysfunction varied among the patients, as assessed by the com-
posite TDI scores: anosmia (12 patients; 20%), hyposmia (31 patients;
52%), and normosmia (17 patients; 28%).

As shown in Table 1, all participants were divided into three
groups: |IOT group (25 patients; 42%), COT group (17 patients; 28%),
and control group (18 patients; 30%). The fact that mean patient age
was significantly higher in the IOT group (p = .016) prompted us to
treat “age” as a covariate of non-interest in subsequent rm-ANOVA.

TABLE 1 Patient demographic data and baseline function.

Mean % SD 10T (n = 25) COT (n = 17)
Age (year) 57.9 +14.2 469 +13.8
Gender, n (%)
Women 13 (52%) 11 (65%)
Men 12 (48%) 6 (35%)
Cause, n (%)
URI 14 (56%) 13 (76%)
Idiopathic 9 (36%) 2 (12%)
Trauma 2 (8%) 0
CRS 0 2 (12%)
Test interval (week) 10.1+£2.8 16.2 £ 4.0
Baseline function
Threshold 57+31 35+26
Discrimination 9.8+33 9.2+39
Identification 9.7+38 8.6 +4.3
Composite TDI 25.1+85 214 +88
Normosmia 8 (32%) 2 (12%)
Hyposmia 11 (44%) 11 (65%)
Anosmia 6 (24%) 4 (23%)
Rated olfaction (n=19) (n = 10)
08+21 1.5+30
Rated gustation (n=20) (n = 10)
0.9+33 21+42
WHO-5 (n = 25) (n = 15)
16.3 + 3.8 12.1+5.7
Cognitive age (h = 25) (n = 15)
46.0+12.1 40.0+12.8

Control (n = 18) F X p

47.1+1338 4.46 .016?
0.75 .686

11 (61%)

7 (39%)

9 (50%)

7 (38%)

1(6%)

1(6%)

144+ 34 18.1 <.001°

44+26 2.96 .060

11.2+26 1.62 .206

11.8+3.3 3.34 .042°

274+71 2.48 .093

7 (39%)

9 (50%)

2 (11%)

(n=14) 1.95 156

-0.3+0.9

(n=14) 1.63 .209

-0.8+3.2

(n=18) 2.06 137

15.7 + 3.3

(n=17) 3.19 .049°

385+11.8

Abbreviations: COT, conventional olfactory training; CRS, chronic rhinosinusitis; IOT, immersive olfactory training; TDI, threshold + discrimination
+ identification; URI, upper airway infection; WHO-5, questionnaire for well-being.

Statistical significance.



CHAOQO ET AL

Laryngoscope

50f8

The average interval between the two test sessions was 94 + 30 days
(range: 50 to 163 days). The average training duration in the 10T
group was 58.7 + 13.8 days, and the average training duration in the
COT group was 115.0 + 28.9 days. Note that the training period was
significantly shorter in the IOT group than in the COT group
(p < .001), due to time constraints pertaining to the operations of the

odor-presenting theater.

3.2 | Baseline olfactory function

The baseline olfactory function in the three groups is shown in
Table 1. One-way ANOVA revealed a significant inter-group differ-
ence in odor identification performance (F = 3.34, p = .042). Subse-
qguent rm-ANOVA also revealed a significant main effect of group on
the odor detection threshold (F [2, 56] = 6.2, p = .004), wherein the
10T group outperformed the COT group in the pre-training session
(MD =27+0.9, p=.012) (Figure 3A). Odor identification scores
were significantly lower in the COT group than in the control group
(MD =3.3+1.2, p=.031) (Figure 3C). The mean composite TDI
score was significantly higher in the 10T group than in the COT group
(MD = 6.7 £ 2.4, p = .025) (Figure 3D). Overall, The IOT participants
outperformed COT participants in baseline measures.

3.3 | Changes of olfactory function: Between-
group differences

The between-group differences in olfactory performance were initially
analyzed using one-way ANOVA (Table 2). We observed only sub-
significant differences between the groups in terms of changes in
odor identification (F = 2.80, p =.070) and composite TDI score
(F = 2.70, p = .076). Most of these differences involved IOT and COT
participants improving, while the controls remained at the same level
or declined.

In subsequent rm-ANOVA (Figure 3), detection threshold testing
did not reveal significant interaction effects between group and ses-
sion, except for a trend of improvement in the IOT group (MD = 1.2
+ 0.7, p = .086). Odor discrimination testing did not reveal significant
main effects, except for a trend of improvement in the COT group
(MD =1.1+£0.6, p =.051). Odor identification testing revealed a
trend of interaction between group and session (F [2, 56] = 2.8,
p =.069), including a significant improvement in the COT group
(MD = 1.8 £ 0.7, p = .010). The composite TDI score also exhibited a
trend of interaction between group and session (F [2, 56] = 2.5,
p = .089) with significant improvements observed in both the IOT
(MD=25+11, p=.030) and COT (MD=4.2+13, p=.002)
groups.

(A) Threshold (B) Discrimination
8 1 14
# - |OT
6- 12 l % COT
* - control
o x o
9 4- g 10+
(/2] ()
2 8-
0 T T 6 T T
Before After Before After
Session Session
(C) Identification (D) Composite TDI
* %
144 30
*
124
25—
o o ¥,
O 104 * (<]
FIGURE 3 Difference between t})’ é”
training sessions in terms of measured 20—
olfactory function. Error bars represent 8-
standard error of the mean. * p < .05;
#0.05<p < .1. The color of asterisk and 6 15
hashtag represent the corresponding ! ! ! !
group of significance. TDI, threshold- Before After Before After
discrimination-identification. Session Session
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The number of patients with MCID was significantly higher in the
COT group than in the control group (p = .018), while the difference
between the IOT group and the controls did not reach the level of sig-

nificance (Table 2).

3.4 | Changes of self-ratings: Between-group
differences

All participants completed the olfactory function test; however, some

of the self-rating data were inadvertently lost due to human error.

Mean + SD 10T (n = 25) COT (n=17) control (n = 18)
AThreshold 1.1+38 1.3+3.2 -02+17
ADiscrimination 1.0+£25 1.0+£25 0.6 +1.9
Aldentification 0.7+3.1 1.6+3.1 -0.5+1.3
AComposite TDI 28+59 3.9+62 —-0.1+31
MCID, n (%)

10T vs. control 5 (20%) 1(6%)

COT vs. control 7 (41%) 1(6%)

Abbreviation: MCID, minimal clinical important difference (TDI>5.5).
#Fischer exact test.
bStatistical significance.

(A) Rated olfaction (B)

Table 1 lists the precise number of patients for whom rating data is
available. As shown in Figure 4, we observed a significant main effect
of group on self-rated olfactory and gustatory function (olfaction:
F [2, 48] = 3.6, p = .034; gustation: F [2, 45] = 4.0, p = .024), includ-
ing a pairwise difference between the COT and control groups (olfac-
tion: MD = 0.4 + 0.1, p = .029; gustation: MD = 0.4 £ 0.1, p = .008).
The COT group exhibited significant improvements in self-rated olfac-
tory function (MD =0.2+0.1, p=.021) and gustatory function
(MD = 0.4 +0.1, p =.008). A significant interaction effect between
group and session was also observed in rated gustatory function
(F[2,45] = 3.4,p = .044).

TABLE 2 Olfactory change.

F p

1.29 284

0.13 .880

2.80 070

2.70 076
3752
0180

Rated gustation

8- 8 *
1
-~ |OT
74 * 7 - COT
1
-k control
g 61 o 64
S 3
» 54 . ) 54
4 4
3 T T 3 T T
Before After Before After
Session Session
(C) WHO-5 (D) Cognitive age
18- 50 - X X
16 45- ‘
[) ()
S 14 g S 40-
) O
(72} (72}

124 35— FIGURE 4 Difference between
training sessions in terms of self-rating
scales. Error bars represent standard error

10 I I 30 I 1 of the mean. *p < .05. The color of

Before After Before After asterisk represents the group of
Session Session significance.
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We observed a significant main effect of group on WHO-5 score
(F [2, 54] = 3.3, p = .043), which included a difference in post-training
scores between the |IOT and COT groups (MD = 4.1 + 1.5, p = .023).
We did not observe significant main effect or interactions between
group and session in cognitive age scores. Pairwise comparisons
revealed a significant increase in cognitive age across sessions in all
groups (IOT: MD=43+0.9, p<.001; COT: MD=55+11,
p < .001; control: MD = 5.5 + 1.1, p < .001).

4 | DISCUSSION

The current study assessed the effects of three treatment regimens
for olfactory dysfunction, including IOT with full body odor expo-
sure, COT with home-based odor exposure from jars, and a passive
observational approach (control). In comparison to the control
group, both IOT and COT demonstrated significant improvements
in olfactory function (composite TDI score). By regularly exposing
patients to odors in close proximity to the nostrils, COT is clinical in
nature. In contrast, by exposing the entire body to a wide variety of
odors, IOT is seen as a more natural approach to olfactory
perception.?’

Exposure to a wider range of odors in IOT may be beneficial. It is
important to consider that different odor molecules elicit a unique
pattern of neural activation by binding to specific sets of olfactory
receptor neurons. Repeated exposure to a single odorant has been
shown to enhance the detection threshold for that particular
scent.2?2% A modified OT protocol in which multiple sets of odors
were used throughout the training course has been shown to improve
outcomes.’®3! Note that those studies were similar to the current
study in terms of study design and sample size; however, exposure in
those studies was performed at home, unlike the group-based 10T
in a central location in the current study.

Adherence is crucial to OT treatment outcomes. Patients in the
10T group were required to establish a daily schedule to ensure atten-
dance at the odor-presenting theater, thereby increasing the likeli-
hood of adherence. Conversely, patients in the COT group conducted
their training at home, which rendered them susceptible to interrup-
tions.3? Patients in the 10T group also underwent training in a group
setting, which provided the opportunity to connect with others facing
similar challenges and has proven particularly effective in many
behavioral studies.®® A group setting allows people to exchange expe-
riences, cultivate empathy, and foster a sense of belonging, thereby
mitigating feelings of isolation. The advantages of such group therapy
have the potential for olfactory recovery.

Contrary to expectations, our results revealed that 10T is less
effective than COT in overcoming olfactory dysfunction, based on the
number of individuals who achieved significant improvements. Note
that the patients in the COT group started with lower baseline olfac-
tory function, thereby providing more room for improvement.3*3°
Future research should include more patients with lower baseline
olfactory function in order to evaluate the efficacy of IOT within these

specific patient subgroups. Note also that the participants in the IOT

group were older than those in the COT group. Attempts were made
to account for age as a covariate in our analysis; however, age
remained a potential source of bias in our results. Considering that
advanced age has been linked to poor olfactory recovery following
OT,** a more modest improvement in the IOT group could be
anticipated.

This study was subject to a number of limitations; therefore, the
results should be interpreted with caution. First, the fact that all IOT
sessions were conducted in a single location may have limited the
diversity of patient recruitment in terms of age distribution, OD etiol-
ogy, and/or baseline olfactory function. It is also likely that the limited
timeframe for the operation of the odor-presenting theater affected
the interval between testing sessions and the overall duration of OT
in the IOT group, with corresponding effects on the generalizability of
our findings. Despite these limitations, patients in the IOT group still
demonstrated significant improvements in composite TDI scores.
Note also that the proportion of patients who achieved MCID was
comparable to that observed in a previous study employing a similar
immersive approach.'”

Immersive training can also include multisensory stimulation,
which may promote cross-modal integration®® and thereby enhance
the efficacy of treatment. The introduction of visual stimulation dur-
ing OT has shown promise in improving olfactory outcomes.'®*
Recent advances in visual reality technology could potentially be used
to enhance the immersivity of the olfactory experience, particularly
when implemented in the form of a game®” and learning task.%® It is
also likely that engaging in activities that involve gustatory and tri-
geminal perceptions, such as cooking and food preparation, could help
patients to regain their olfactory capacity and enjoyment of
foods.2?*° Future research could focus on expanding the range of OT
tasks incorporating multisensory stimulation aimed at amplifying the

immersive experiences.

5 | CONCLUSIONS

In the current study, the efficacy of IOT did not reach the level of
COT in restoring olfactory function; however, it still appears to be a
promising approach to the development of treatments. Further
research focusing on cross-modal integration has considerable poten-

tial for the advancement of olfactory recovery strategies.
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