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INTRODUCTION
Olfactory tests are very important for clinical diagnosis of
otorhinolaryngologic and neurological disorders as well as for
experimental research (1-4). Especially, odour detection thresh-
old tests are used for clinical evaluation of patients with neuro-
logical disorders (1,5,6), and to assess olfactory function in psy-
chophysical studies (7-9).

Tests for the assessment of olfactory function have been
numerously described in the literature (10). In clinical practice,
few of them are actually used because of inconsistency of
some tests, poor validation, time needed for administration,
and their limited availability (11). The most widely known
instruments currently available for olfactory testing are the
‘‘University of Pennsylvania Smell Identification Test”
(UPSIT) (12,13), its down-scaled version the “Cross Cultural
Smell Identification Test” (CC-SIT) (14), the “Connecticut
Chemosensory Clinical Research Center Test’’ (CCCRC) (15,16),
and the olfactory test battery “Sniffin’ Sticks” (17,18). Most of

these olfactory tests are positively correlated with each other
and measure common attributes (19). 
The Sniffin’ Sticks test is a well-established test battery for
combined testing of olfactory function. It comprises three sub-
tests, namely odour threshold, odour discrimination, and
odour identification using pen-like odour-dispensing devices
for odour presentation. It was introduced by Kobal et al. (17)

and Hummel et al. (18) in Germany. The Sniffin’ Sticks test bat-
tery is in daily use by many practitioners all across Europe (20),
but it is also used in Australia and North America for olfactory
testing (9,21). For the Australian population, normative data has
been published by Mackay-Sim et al. (21). In Korea, a modified
version of the Sniffin’ Sticks is commercially available (Korean
version of the Sniffin’ Stick, KVSS I and KVSS II) which was
recently validated in comparison with the CC-SIT (22).

Most of the studies mentioned above were carried out with the
Sniffin’ Sticks using n-butanol as odour detection threshold
task. This test battery has been thoroughly validated; norma-

The olfactory test battery Sniffin’ Sticks is a test of nasal chemosensory function that is based

on pen-like devices for odour presentation. It consists of three olfactory subtests: threshold, dis-

crimination, and identification. The detection threshold can be measured using two different

odorants – n-butanol or PEA (phenylethyl alcohol). Both tasks are commonly applied in pub-

lished studies, but little is known about the formal comparison of values obtained using them.

Unlike the Sniffin’ Sticks with n-butanol as odorant, there is poor validation for the threshold

subtest with the odorant PEA.

The purpose of this study was to compare these two different odorants. Both odorants were

applied to 100 normosmic, healthy subjects (50 females). The experiment was divided into two

sessions performed on two different days. After each threshold test the discrimination and iden-

tification subtests were conducted. 

We obtained significant differences in detection thresholds of PEA and n-butanol. The mean

score of PEA threshold and PEA TDI (sum of threshold, discrimination, identification) was

significantly higher compared to n-butanol. No significant correlation between individual PEA

and n-butanol thresholds was observed. 

The differences between both odorants indicate that a formal validation of the Sniffin’ Sticks

with PEA as odorant for probing olfactory thresholds may be required.
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tive data are based on investigations in more than 3000 sub-
jects (23,24). Besides the n-butanol detection threshold test,
another detection threshold test of the Sniffin’ Sticks is in
common use. The threshold can also be measured using
phenylethyl alcohol (PEA) as odorant. In comparison to n-
butanol, PEA has a pleasant rose-like smell and produces little,
if any, trigeminal sensations (25). Therefore, PEA is frequently
selected as a test odorant (9,26-30) but little is known about the
validity of the PEA threshold test (29), in contrast to the Sniffin’
Sticks with n-butanol as odorant for detecting the olfactory
threshold. Croy et al. (31) compared these two odour threshold
subtests in 116 subjects using different numbers of dilution
steps. They did not observe significant differences between the
n-butanol and the PEA threshold tests, and found a significant
correlation between both odorants. In spite of the findings of
Croy et al. (31), in the present study we conducted a formal
comparison of the two different odorants, PEA and n-butanol,
in an olfactory detection threshold subtest of the Sniffin’
Sticks, using the common staircase method.

MATERIAL AND METHODS
Subjects

A total of 104 normosmic, healthy subjects attended in this
study. Four participants were excluded because they had a cold
in between the interval of the two sessions. Therefore, 100
subjects were included for statistical analysis (50 males, 50
females; age range 18-51 years: mean age 26.42 years, SD 6.40
years; age range 18-35 years: mean 24.64 years, SD 3.81 years,
n = 89; age range 36-51 years: mean 40.82 years, SD 4.56 years,
n = 11).
Using the screening test Sniffin’ Sticks with thoroughly validat-
ed n-butanol as odour detection threshold, all subjects were
tested for normal olfactory function (18,23,24). Mean age did not
differ significantly between male (mean age 27.14 years, SD
7.52 years) and female (mean age 25.70 years, SD 5.01 years)
subjects (Mann-Whitney-U-Test: p = n.s.). All subjects were
non-smokers and were not taking any medication known to
interfere with sensory perception (32-34). None of them reported
any olfactory disturbances. None of the female subjects report-
ed to be pregnant or to lactate.
The study protocol was approved by the Medical Ethics
Review Committee of the Ludwig-Maximilians-University of
Munich, Germany. This study was performed at the
Department of Neuroradiology of this University. All partici-
pants provided a written informed consent.

Stimulus material

Olfactory testing was performed by means of the Sniffin’ Sticks
test battery (Burghart Instruments, Wedel, Germany) (17,18)

which comprises three subtests, namely odour threshold,
odour discrimination, and odour identification. In the present
study we compared two different olfactory detection threshold
tests available for the Sniffin’ Sticks. The threshold part of the
Sniffin’ Sticks assesses subject’s sensitivity to either the odor-

ant n-butanol or phenylethyl alcohol (PEA). Detection thresh-
olds were determined using a single-‘staircase’, three-alterna-
tive forced-choice procedure described by Doty (35).

Experimental procedures

For threshold measurements, odorants (n-butanol and PEA)
were assessed in sixteen different dilutions starting with the
lowest concentration. Both odorants were diluted in geometric
series consisting of sixteen steps with a dilution ratio of 1:2;
the highest administered concentration of n-butanol and PEA
was 4% v/v, respectively. The odour n-butanol was diluted in
aqua conservata (demineralized water with antidegradants) and
PEA was diluted in propylene glycol. Three sticks were pre-
sented in a randomized order; two of them contained only the
solvent (aqua conservata or propylene glycol) serving as blanks
and the third contained the odour (n-butanol or PEA) at a cer-
tain dilution. Participants had to identify the odour-containing
pen. Two successful identifications in a row or one unsuccess-
ful identification triggered a reversal of the staircase to the next
higher or next lower dilution, respectively. Threshold score
was defined as the mean of the last four out of seven staircase
reversals and ranged from 1 (lowest sensitivity, highest thresh-
old) to 16 (highest sensitivity, lowest threshold).

In the odour discrimination task, sixteen triplets of odorants
were presented in randomized order. In each triplet two sticks
contained the same odour and the third contained a different
odour. Participants were required to determine which of the
three odour-containing sticks smelled differently compared to
the other two sticks. Resulting scores ranged from 0 (no cor-
rect discrimination) to 16 (perfect discrimination). 

Odour identification was assessed by means of sixteen com-
monly known every day odorants in randomized order. Using
a multiple choice task, identification of individual odours was
performed from lists of four descriptors each. Resulting scores
ranged from 0 (no correct identification) to 16 (perfect identifi-
cation). 

From the results of the odour threshold, odour identification,
and odour discrimination tasks, a composite TDI score (sum of
threshold, discrimination, and identification scores) was
derived. The TDI score was used to determine normal olfacto-
ry function. The subjects’ TDI scores could range from 1 to 48.
Normosmia was defined as a TDI score of  > 30 (18,23,24,36).
All subtests were assessed birhinally. During the threshold and
discrimination tasks subjects were blindfolded to prevent any
visual cues during testing.

Using the Sniffin’ Sticks test battery, olfactory sensitivity
(detection threshold) was tested first followed by odour dis-
crimination and odour identification to assess subject’s olfacto-
ry function. Standard procedure for using this test battery is
described by Kobal et al. (17) and Hummel et al. (18). All tests
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were conducted with the Sniffin’ Sticks testing software named
Olaf (37).

Both odorants (n-butanol and PEA) of the olfactory detection
threshold subtest were presented in two sessions performed on
two different days. For each participant both sessions were car-
ried out at the same time of the day. The interval between
both sessions was between one and ten days (mean 4.11 days,
SD 2.72 days). Order of threshold testing (n-butanol or PEA)
was pseudo randomized and ratio of gender was systematically
counterbalanced.
Since odour discrimination and odour identification tests were
performed twice during the experiment (session 1 and 2), the
sticks of each subtest were administered in randomized order
to prevent learning effects by the participants. 
After each session subjects completed a questionnaire. One
session of the experiment lasted approximately half an hour.

Questionnaire

A questionnaire consisting of eight parameters was employed
to measure the perception of the Sniffin’ Sticks, the recipients’
emotional state, and their current state of hunger. After each
session, subjects rated their current state of hunger (0 = very
hungry, 100 = not hungry at all; 0 = no appetite, 100 = strong
appetite; 0 = empty stomach, 100 = filled stomach), their emo-
tional valence (0 = positive, 100 = negative), their arousal (0 =
aroused, 100 = calm), and their alertness (0 = very inattentive,
100 = very attentive) by using a visual analog scale (VAS).
Furthermore, subjects rated the pleasantness (0 = pleasant, 100
= unpleasant) of the odorants n-butanol and PEA, and the
intensity (0 = very weak, 100 = very strong) of the pen contain-
ing the highest concentration of n-butanol (4% v/v) and PEA
(4% v/v).

The questions were answered by the participants using a VAS.
They gave a response by placing a mark on a 100 mm horizon-
tal line. VAS have been shown to measure even minor
changes in affect with high reliability and validity (38,39).

Statistical analyses

Data were statistically analyzed using SPSS version 16.0 for
Windows (SPSS Inc., Chicago, IL, USA). Normality of the data
was tested using the Kolmogorov-Smirnov test. The non-para-
metric Wilcoxon signed-rank test was used to explore differ-
ences between the odorants, n-butanol and PEA. Results were
illustrated in histograms with means and standard deviations.
Correlation analyses were performed using Spearman’s rank
test to examine the relationship between both odorants. This
correlation was represented in a scatter plot. To analyze gender
differences data were submitted to a Mann-Whitney U test.
Results of the questionnaire were corrected for multiple testing
using the Bonferroni method. The alpha level was set at 0.05. 

RESULTS
Olfactory sensitivity and TDI score

The results of the two different detection threshold tasks of
the Sniffin’ Sticks differed significantly (p < 0.001). Mean olfac-
tory detection threshold was 8.91 (SD 1.71) for n-butanol, and
11.64 (SD 2.50) for PEA (Table 1, Figure 1). Participants
detected PEA at a lower concentration than n-butanol.
Comparison of TDI scores obtained using the two different
sets of the Sniffin’ Sticks (n-butanol versus PEA as odour
detection threshold) also revealed significant differences (p <
0.001). Mean TDI score of the olfactory test battery using PEA
as odour detection threshold was significantly higher (38.59,
SD 3.29; range 31.50-46.50) compared to the test battery using
n-butanol (36.11, SD 2.53; range 31.00-43.75) (Table 1).

Correlation analyses of both olfactory detection threshold tasks
revealed no significant correlation coefficient (Spearman-rho

Table 1. Mean scores and standard deviations of the olfactory subtests
and the composite TDI score of the Sniffin’ Sticks, and means and
standard deviations of the eight parameters of the questionnaire of
both test sessions (interval ≤ 10 days). Asymptotic significance (2-
tailed) of Wilcoxon signed-rank test of the comparison of two odorants
(n-butanol versus PEA) regarding these parameters (n = 100). 

n-butanol PEA Wilcoxon 
session session signed-rank test

Threshold 8.91 (1.71) 11.64 (2.50) 0.000*
Discrimination 13.50 (1.49) 13.42 (1.62) 0.972
Identification 13.69 (1.23) 13.52 (1.49) 0.161
TDI 36.11 (2.53) 38.59 (3.29) 0.000*
Valence 29.09 (18.86) 28.93 (17.90) 0.814
Arousal 77.10 (18.52) 77.32 (18.73) 0.706
Alertness 78.61 (13.73) 78.50 (12.75) 0.796
Intensity 77.06 (18.27) 73.37 (20.32) 0.189
Pleasantness 54.43 (21.01) 22.53 (15.11) 0.000*
Hungriness 60.01 (22.76) 59.32 (22.47) 0.532
Appetite 32.08 (23.83) 31.26 (24.48) 0.953
Fullness of stomach 49.28 (21.49) 48.97 (22.16) 0.561

* Wilcoxon signed-rank test significant with p < 0.001.

Figure 1. Mean scores and standard deviations of the olfactory subtests

of the Sniffin’ Sticks of two test sessions using n-butanol and PEA as

odorants in the detection threshold task (n = 100). * Wilcoxon signed-

rank test significant with p < 0.001.
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correlation coefficient = - 0.039; p = n.s.) (Figure 2). No signifi-
cant correlation between individual PEA and n-butanol sensi-
tivity was observed.
With regard to the variable gender, there were significant dif-
ferences in olfactory detection thresholds of the odour n-
butanol (p = 0.037), with females (mean 9.24, SD 1.86) being
more sensitive to n-butanol than males (mean 8.59, SD 1.48).
The odorant PEA was also detected at a lower concentration
by women (mean 11.87, SD 2.65) when compared to men
(mean 11.41, SD 2.34) but the difference was not significant (p
= n.s.). The TDI score did not differ significantly between
male and female subjects (p = n.s.).

Olfactory discrimination and olfactory identification

No significant differences in olfactory discrimination (p = n.s.)
as well as olfactory identification tasks (p = n.s.) between the
two sessions were observed (Table 1, Figure 1). The subtests
yielded similar results in both test sessions starting with two
different olfactory detection threshold tasks (n-butanol and
PEA). There were no gender-related differences for these
olfactory subtests (p = n.s.). Descriptive statistics are shown in
Table 1.

Rating of odorants, emotional conditions, and current state of

hunger

Mean ratings of both odorants differed significantly with
respect to pleasantness (p < 0.001). Participants evaluated the
odorant PEA as more pleasant (mean 22.53, SD 15.11) com-
pared to n-butanol (mean 54.43, SD 21.01) (Table 1). Mean rat-
ings of the other parameters did not differ between both ses-
sions. There were no significant differences in emotional con-
ditions (valence, arousal, alertness) and subjects’ evaluations of
their current state of hunger (hungriness, appetite, fullness of

stomach) between both testing days (p = n.s.). The intensity of
the pen containing the highest concentration of n-butanol and
PEA were also rated similar in both measurements (p = n.s.).
Descriptive statistics are shown in Table 1.

DISCUSSION
In the present study, the comparison of two different odorants
utilized in the threshold test of the Sniffin’ Sticks revealed dif-
ferent results in subjects’ olfactory sensitivities and TDI scores,
whereas discrimination and identification tests yielded similar
results across both testing days. 
Unlike the findings of Croy et al. (31), our results of detection
thresholds of n-butanol with a mean score of 8.91 (18,23,24) and of
PEA with a mean score of 11.64 (9,29,30) were similar compared
to previous results. The mean score of PEA (11.87) reported by
Croy et al. (31) was similar to our and previous findings of this
detection threshold test, whereas their results of a mean score
of n-butanol (11.52) are not in line with the existing literature.
The mean TDI score using PEA for detection threshold in the
present study was also significantly higher compared to n-
butanol because the TDI score is a composite score of results
obtained in each subtest of the Sniffin’ Sticks (23,36).

At first sight, it may appear surprising that we did not find a
significant correlation between the subjects’ individual sensitiv-
ities to PEA and n-butanol. Most importantly, this raises the
question if the Sniffin’ Sticks test battery is a poor test for
assessing subjects’ olfactory function, meaning it possesses a
low test-retest reliability. This, however, is not true. Several
studies, including one of our own group, have shown that the
Sniffin’ Sticks with n-butanol as detection threshold task
retains a high test-retest reliability (17,18,40). Why then did we not
find a correlation between the two odorants whereas Croy et
al. (31) observed a significant correlation? Comparing olfactory
sensitivities between different odorants will in most cases yield
at least some correlation within subjects. This is all the more
true when subjects of a higher age range (19-74 years) or sub-
jects who present with olfactory impairment are included as
Croy et al. (31) did. However, Croy et al. (31) presented no results
for correlations regarding normosmic subjects exclusively.
Hyposmic patients will show a lower olfactory sensitivity than
normosmic subjects regardless of the test used, and thus it is
not surprising that comparisons between olfactory tests usually
show high correlations when sensitivity of both healthy and
impaired subjects is investigated. On the other hand, the more
homogeneous a group of subjects is with regard to their olfac-
tory performance, the more important other factors do
become. A subject’s individual sensitivity to a certain odour
depends mainly on the subject’s receptor repertoire. Naturally,
all humans differ in their olfactory receptor repertoire. If the
subsets required for detecting two different odours do widely
overlap, the performance of normosmic subjects will be highly
correlated. This will often be the case, and thus, it is not sur-
prising that there are studies showing that in normal subjects

Figure 2. Correlation between the results of the olfactory detection

threshold test utilizing two different odorants, n-butanol and PEA (n =

100). Spearman-rho correlation coefficient = -0.039, p = 0.699 (n.s.).
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the detection thresholds between different odours are correlat-
ed (41). However, for any two given odorants, this is possible
but it does not need to be the case. There are even odorants
for which a considerable proportion of normosmic participants
are selectively anosmic. Since the two odorants PEA and n-
butanol have not been compared in normosmic subjects
before, and since we have used a methodology which in a pre-
vious study has yielded a high test-retest reliability of the
Sniffin’ Sticks (40), our results suggest, that n-butanol and PEA
are detected by subsets of olfactory receptors, which show a
comparably small degree of receptor overlap. Therefore, sub-
jects showed different sensitivities to both odorants.

Different odorants, like n-butanol and PEA, are recognized by
different combinations of olfactory receptors (42-45). Humans
may have a better receptor repertoire for PEA than for 
n-butanol. As Keller et al. (46) showed that the perception of
odorants is related to human olfactory receptors and their vari-
ations in genotypes. Thus, olfactory receptors affect not only
the detection of odorants, but also the evaluation of pleasant-
ness and intensity. This link between subjective perception and
detection of odorants is, furthermore, supported by the neu-
ronal connection to the limbic system when olfactory stimuli
are processed (47,48). Emotional evaluation of an odorant may
influence subject’s motivation and in consequence odour
detection threshold. Gudziol et al. (49) demonstrated that par-
ticipants inhaled pleasant odours more deeply and for a longer
duration. In our study, subjects’ inhalation of PEA could have
been longer and deeper than participants’ inhalation of 
n-butanol, which in consequence could have influenced their
olfactory sensitivities. 

The solvents that are used to dilute the odorants could also
have influenced subjects’ olfactory sensitivities. Differences in
detection thresholds of PEA have been reported in literature
when different solvents were used (50,51). In our study, the two
different solvents could have activated different olfactory
receptors, additionally, and thus influenced subjects’ sensitivity
to n-butanol and PEA. Furthermore, different solvents affect
the vapour concentrations, which in consequence make it diffi-
cult to compare these two odorants directly. Therefore, the
lack of correlation is not surprising. A profound validation of
the subtest with PEA as odorant is indicated.

Our study revealed differences between the threshold tests of
the Sniffin’ Sticks using two different threshold odorants, n-
butanol and phenylethyl alcohol. Our data confirm previous
reports that the Sniffin’ Sticks with n-butanol as detection
threshold task is an undisputable well established test. Our
results are in line with previously published mean scores of
both detection threshold subtests unlike the findings of Croy
et al. (31) that are not in accordance with the literature. The
observed differences in both threshold subtests could reflect
variances in olfactory function. Different odours influence the

nasal mucosa and the perception of odours in different ways.
In the present study, this could have influenced the olfactory
sensitivity of subjects. 

Both odours used for olfactory detection threshold testing per-
formed equally well in their assessments. However, the scores
achieved in the detection threshold test as well as the compos-
ite TDI scores differed, depending on whether n-butanol or
PEA was selected as odorant. This has implications on the
clinical and scientific use of the Sniffin’ Sticks with PEA as
odorant. It may be appropriate to modify the TDI scale for
assessing normosmia if PEA instead of n-butanol is used for
the threshold test. Both olfactory test batteries are a comfort-
able and simple method for clinical as well as research testing
of olfactory performance. The Sniffin’ Sticks with n-butanol as
detection threshold task is already validated. A profound con-
firmation of the Sniffin’ Sticks with PEA as odorant has not
been probed, yet. An expanded database including healthy par-
ticipants of a widespread age range, as well as patients, but also
studies about the test-retest reliability, and subsequent modifi-
cations of the Sniffin' Sticks threshold subtest with the odorant
PEA is required and should be investigated in further studies.
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