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Exposure to odours improves olfactory function in healthy 
children*

Abstract 
Background: Short-term exposure to odours, also called “olfactory training” has been shown to improve olfactory function in 
healthy people but also in people with olfactory loss. Aim of this single center, prospective, controlled study was to investigate the 
change of olfactory function following twice-daily, short-term exposure to 4 odours over a period of approximately 12 weeks. 

Material and Methods: We compared odour identification abilities and odour thresholds between an olfactory training group 
(TR group) and a group that did not perform such training (noTR group). Participants exposed themselves twice daily to 4 odours 
(“rose”, “eucalyptus”, “lemon”, “clove”). Olfactory testing was performed before and after the training period using the “Sniffin’ Sticks” 
test kit (odour identification plus odour thresholds). 

Results: At baseline the two groups were not significantly different in terms of age and measures of olfactory sensitivity. The TR 
group performed significantly better for odour thresholds for all 4 odours compared to the noTR group after 12 weeks of olfactory 
training. Also, with regard to odour identification the TR group outperformed the noTR group. No significant differences were 
found for diary-based intensity ratings. 

Conclusion: Repeated exposure to odours seems to improve general olfactory sensitivity in children.
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Introduction
Short-term exposure to odours, also called “olfactory training” 
has been shown to improve olfactory function in healthy people 
but also in people with olfactory loss (1-4). Older people respon-
ded to olfactory training only tentatively (5). This indicated that 
the olfactory system may become less plastic in relation to age. 
If this was true, it could be concluded that olfactory training 
would work best in children. 

Aim of this single center, prospective, controlled study was to in-
vestigate the change of olfactory function following twice-daily, 

short-term exposure to 4 odours over a period of approximately 
12 weeks. We compared odour identification abilities and odour 
thresholds between an olfactory training group and a group 
that did not perform such training.

Materials and methods
Participants 
All participants and their parents/legal representatives provided 
written informed consent. The experimental design was ap-
proved by the Ethics Committee of the Medical Faculty of the TU 
Dresden (study number EK386112011). 
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A total of 72 children participated in the study (41 girls, 31 boys). 
Based on previous studies (e.g. (6,7)) this sample size appeared to 
be adequate to study potential effects of the training procedure. 
The mean age was 11.6 years (range 9–15 years). The parti-
cipants received a thorough, standardized history related to 
potential causes of olfactory loss. Exclusion criteria were chronic 
sinunasal disease, or acute nasal diseases, e.g., acute viral infec-
tions or acute allergies. In the training group (TR) were 29 girls 
and 11 boys (mean age 11.5 years, range 9–15 years), in the non-
training group (noTR) were 12 girls and 20 boys, respectively 
(mean age 11.7 years, range 9–14 years). We did not calculate 
a sample size because experience on olfactory training sofar is 
only available on adults; in addition, the study was thought to 
be absolutely harmless so that there was no reason to calculate 
the lowest possible number of subjects that should be included 
in this study. According to our experience, however, a size of 
30-40 individuals per group appeared to be sufficient to demon-
strate effects of olfactory training on the sense of smell.  
Although the composition of both groups was similar in terms 
of age and pre-existing olfactory function, they differed in age 
(Fisher’s exact test: p = 0.0041). Although there was no randomi-
zation plan, subjects were included in the training or no-training 
group based on the sequence how they were presented them to 
the experimenter.

Training with odorants 
Olfactory training was performed over a period of 12 weeks. 
Participants exposed themselves twice daily to 4 odours (“rose”, 
“eucalyptus”, “lemon”, “clove”). Different from previous studies, 
however, we did not use single molecules (e.g., phenyl ethyl 
alcohol [PEA], eucalyptol, citronellal, eugenol) but complex 
mixtures of odours that were especially prepared for the use in 
children (odours provided by Frey and Lau, Henstedt-Ulzburg, 
Germany; rose: order number P0604034; lemon: P0119551; 
eucalyptus: P0113975; clove: P0114500). This was done to not 
expose the participants to any even remotely possible toxic 
concentrations of odorants used. The 4 odours were chosen to 
be representative of 4 odour categories claimed by Henning (8) 
in his work on the “odour prism” (“Geruchsprisma”) where he 
tried to identify primary odours (compare (9)). The categories are 
flowery [“blumig;” e.g., rose], foul [“faulig”], fruity [“fruchtig;” e.g., 
lemon], aromatic [“würzig;” e.g., clove], burnt [“brenzlich”], and 
resinous [“harzig;” e.g., eucalyptus]. For training participants re-
ceived 4 brown glass jars (total volume 50 ml) with the 4 odours 
in it (4 ml each, soaked in cotton pads to prevent spilling). All 
jars were labelled with the odour name. 

Participants in the TR group were advised to sniff the odours in 
the morning and in the evening for approximately 10 seconds 
each. To additionally focus the attention on the training, they 
were asked to keep a “diary” where they rated the intensity of 

each of the four odours each Sunday; ratings ranged between 0 
(no odour perceived) and 10 (very strong odour). Participants in 
the noTR group received no such instructions. 
Compliance with training was not explicitly tested, although 
children of the TR group maintained upon questioning that 
they had performed the training. Parents also confirmed these 
statements. 

Olfactory testing
Olfactory testing was performed before and after the training 
period of 12 weeks using the “Sniffin’ Sticks” test kit (10), which 
involved tests for odour threshold, and odour identification 
(Burghart, Wedel, Germany). Using commercially available 
felt-tip pens, the odorants were presented approximately 2 
cm in front of both nostrils for 2 seconds. PEA odour threshold 
was assessed by a single-staircase, 3-alternative forced choice 
(3-AFC) procedure in blindfolded subjects. Three pens were pre-
sented to the participant in a randomized order, two contained 
odorless solvent and the other odorant in a certain dilution. The 
participants’ task was to indicate the pen with the odorant. Con-
centration was increased if one of the blanks was chosen, and it 
was decreased if the correct pen was identified twice in a row. 
The mean of the last 4 of a total of 7 reversal points was used as 
detection threshold (ranging from 1 to 16). A total of 16 odour 
concentrations were tested starting from a 4% stock solution 
(dilution ratio 1:2; solvent propylene glycol). 
For testing of odour identification 16 pens containing common 
odours were offered. The participant had to identify each of 
the odorants from a list of four descriptors. For 16-item odour 
identification testing with the Sniffin’ Sticks in children aged 
5-15 years scores indicating hyposmia are 10 and less; for odour 
thresholds these scores are 4.50 or less (11). According to a study 
in adults clinical improvement is seen at scores of 5.75 and 
higher (12). 

Threshold measures 
While thresholds for PEA were measured using the single 
staircase paradigm within the “Sniffin’ Sticks” test kit (see above), 
thresholds for the other odours used for training (eucalyptus, 
clove, lemon) were assessed by means of the method of ascen-
ding limits (e.g., (13)), using a 3-AFC procedure. This procedure 
was chosen because it is slightly faster than the staircase proce-
dure although it may be less reliable (14). 
Odours were presented in brown glass jars using a procedure 
similar to the presentation of PEA with the “Sniffin’ Sticks”. Two 
of the jars contained odorless solvent (propylene glycol; Sigma, 
Deisenhofen, Germany), the other one odorant in a certain con-
centration. The participants’ task was to indicate the jar with the 
odorant. Correct identification was assumed when the partici-
pant correctly identified the same odour concentration 3 times 
in a row. A total of 8 concentrations for each odour were tested 
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Figure 1. The graphs show mean (± standard errors) results for odour thresholds children who did (right) and who did not (left) perform olfactory 

training, separately for odour thresholds obtained before (solid bars) and after (bars with stripes) the intervention. The left hand scale relates to 

thresholds obtained for the odours eucalyptus, cloves, and lemon, the right hand scale relates to thresholds measured for rose odour, because 

odours were resented slightly differently – rose in pens, the other odours in bottles. Higher scores indicate higher sensitivity. Significant differences 

between measures before and after are indicated with an asterisk.     

starting from 4% stock solutions (dilution ratio 1:4; solvent pro-
pylene glycol). Between tests of the odorants subjects rested for 
approximately 5 min to minimize desensitization.

Statistical analysis
For statistical analyses, SPSS (Statistical Packages for Social 
Sciences, version 21.0, SPSS Inc., Chicago, IL, USA) was used. 
Comparisons between the two groups were performed using 
t-tests for independent samples and Chi2 tests. Correlation 
analyses were performed according to Pearson. The alpha–level 
was set at 0.05.

Results 
At baseline the two groups were not significantly different in 
terms of age and measures of olfactory sensitivity (Table 1) (age: 
t = 0.60, p = 0.55; odour identification: t = 1.87, p = 0.07; odour 
thresholds: all t’s < 1.64, all p’s > 0.11). 

When using t-tests for comparison of differences between 
thresholds obtained after minus those obtained before training, 
the TR group performed significantly better for all 4 odours 
compared to the noTR group (all ts > 4.51, all ps < 0.001) (Table 
1; Figure 1). With regard to odour identification, on average, 
participants in the TR group outperformed the noTR group alt-
hough this was not significant (mean difference between score 
after minus score before training: TR: M = 1.25, SD = 1.79; noTR: 
M = 0.56, SD = 1.48; t = 1.74, p = 0.09). However, when disregar-
ding those pens in the odour identification task the odours of 
which had been used for training, TR group subjects significantly 
outperformed noTR group subjects (mean difference between 

score after minus score before training: TR: M = 1.28, SD = 1.57; 
noTR: M = 0.13, SD = 2.53; t = 2.36, p = 0.021).  

Evaluation of the “smell diary” showed no changes for odor in-
tensity ratings made during the course of the training (MANOVA 
for repeated measures separately for the 4 trained odours: all ps 
> 0.15); in addition comparisons of intensity ratings obtained 
before training and those 12 weeks after training did not yield 
any significant differences (all ps > 0.50).

Discussion
The present results indicate that olfactory training improves 
olfactory sensitivity in children and adolescents at the level of 
odour thresholds and at the level of odour identification. At the 
level of ratings no such effect is seen.

As a rare exception in the central nervous system olfactory 
receptor neurons (ORN) constantly turn over (15-17). In addition, 
mitral/tufted cells exhibit continuous synaptogenesis in the 
olfactory bulb (18). Exposure to odour seems to affect these 
regenerative processes (19). According to this, repeated exposure 
to odours (termed “olfactory training”) has been reported to 
improve olfactory function in patients with olfactory loss (1-3). In 
addition, as a morphological expression of this improvement 
the volume of the olfactory bulb has been found to increase af-
ter such an olfactory training (20,21). However, exposure to odours 
may also improve the general interest in odours so that they 
might have a higher motivation to perform well in the odour 
task, although such an effect does not explain the increase in 
olfactory bulb volume seen in other studies (20,21). 
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On the other hand, in animals neurogenic activity of the olfac-
tory nerve is more efficient in younger than in adult individu-
als (22). Compared to adults, olfactory dysfunction in children 
seems to resolve faster and more effectively for example after 
bone marrow transplantation (23). In addition, the olfactory bulb 
volume in children has been shown to correlate with olfactory 
function (24). Based on this it may be assumed that children may 
benefit more strongly from olfactory training than adults. This is 
indicated by the present data in comparison to previous results 
in older adults where olfactory training exhibited only a slight 
effect on odour thresholds, but no effect on odour identifica-
tion (5). Although olfactory training may still have its place in 
older adults with the possibility of preventing loss of olfactory 
function, probably based on higher plasticity children seem to 
outperform older adults. 

It is important to note that participants in this study not only 
improved in sensitivity for the trained odours but that their 
seemed to be a general improvement of olfactory sensitivity as 
indicated by the increase in odour identification scores. Similar 
effects have also been observed for olfactory training in adults 
(e.g., (4,25)). However, in this group it was especially interesting to 
see that the improvement in general odour identification came 

out best when the performance on the trained odours was dis-
regarded. The likely explanation for this discrepancy lies in the 
fact that participants trained with certain mixtures of odours, 
resembling very nicely the complex smells of rose, clove, euca-
lyptus, and lemon. In the test with the “Sniffin’ Sticks”, however, 
single molecules are used to resemble the smell of rose (phenyl 
ethyl alcohol), clove (eugenol), and lemon (citronellal). It can 
be assumed that the children became experts on the complex 
odours they trained with. When then confronted with the single 
molecules they no longer recognized them as rose etc., but 
searched for alternative, different descriptors. 
With regard to thresholds, it should be noted that a more 
complete assessment of thresholds would have been with the 
inclusion of a novel odour instead of the rose concept.

When studying the ratings made in the diaries no significant 
increase of the intensity ratings was found over time. In light of 
the clear changes of measured olfactory function this indicates 
that ratings can be problematic, for various reasons, one of them 
being the tendency of subjects to provide stable responses. In 
the present design of the diaries subjects always were aware of 
their rating history which may have affected their actual ratings. 
Another aspect could be that ratings of olfactory abilities in ge-

noTR group (n = 32) TR group (n = 40) t-test -  between groups

mean SD mean SD t-value p-value

eucalyptus
 
threshold

baseline 5.23 1.03 5.41 1.00
4.52

 
<0.001

 
end 5.25 0.62 7.10 1.68

clove

threshold

baseline 4.90 0.82 5.03 1.14
5.02

 
<0.001

 
end 5.09 0.57 6.79 1.60

rose

threshold

baseline 4.72 0.79 5.14 1.27
4.68

 
<0.001

 
end 5.06 0.74 7.01 1.81

lemon

threshold

baseline 5.03 0.62 5.31 0.82
5.92

 
<0.001

 
end 5.16 0.65 7.23 1.74

identification

16 item

baseline 12.34 1.68 11.60 1.68
1.60

 
0.11

 
end 12.91 1.25 12.85 1.48

identification

13 item

baseline 10.16 1.30 9.40 1.55
2.20

 
0.03

 
end 10.28 2.10 10.68 1.27

Table 1. Means and standard deviations (SD) of results obtained at baseline and after the training period separately for the 2 groups (no training [n = 

32] / training [n=40]). The Table contains also the results of the statistical comparison between groups using t-tests for independent samples (results 

obtained after training minus results obtained at baseline). The variable “identification 16 item” shows results for the classical 16-item Sniffin Sticks 

test; the available “identification 13-item” shows results without scores for the odours of “rose”, “lemon” and “cloves” (see text for details).  
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neral do not correlate very well with measures of olfactory function 
(26-28).
As olfactory function seems to be improved in children after trai-
ning, it may be speculated how this might affect the lives of these 
individuals if an interest in odours would be a lasting change (29). It 
may be speculated that it might have an effect on the personality 
of children as people with higher olfactory sensitivity have been 
shown to seek more compromise than people who are less sensitive 
(30). It may also be that children with a higher olfactory sensitivity 
enjoy their foods and drinks to a higher degree which may have 
consequences for their diets (31,32).

One concern about the results may relate to the gender distribution 
with the training group performed better and had significantly 
more girls. At this age (11 years mean) girls tend to be a little in 
advance with cognitive functions and girls/women outperform men 
in olfactory tasks (robust effect along many studies). Furthermore, 
a previous study by Dalton et al. (1) showed that there is a gender 
specific olfactory learning for certain odours in favor of female 
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