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Abstract

Olfactory dysfunction is a frequent early non-motor symptom of Parkinson’s disease (PD). There is evidence that with regard
to trigeminal perception, PD-related olfactory dysfunction is different from other olfactory disorders. More specifically,
trigeminal sensitivity, when measured behaviorally, was unimpaired in PD patients as opposed to patients with non-Parkin-
sonian olfactory dysfunction (NPOD). We sought to investigate the trigeminal pathway by measuring electrophysiological
recordings from the nasal epithelium and EEG-derived event-related potentials in response to a specific trigeminal stimulus
in 21 PD patients and compare them to 23 patients with NPOD and 25 controls (C). The peripheral trigeminal response, as
measured by the negative-mucosa potential, showed no difference between patients with PD and controls whereas PD patients
showed faster responses than patients with NPOD, the latter having shown slower and larger responses than controls (18 PD,
14 NPOD, 20 C). The central trigeminal response, as measured by event-related potentials, revealed larger early component
response in PD patients compared to patients with NPOD (15 PD, 21 NPOD, 23 C). As expected, psychophysical olfactory
testing showed impaired olfactory function in both groups of patients as opposed to controls. Discriminant analysis revealed
a model that could predict group membership for 80% of participants based on the negative-mucosa potential latency, olfac-
tory threshold and discrimination tests. These results provide novel insights into the pattern of trigeminal activation in PD
which will help to differentiate PD-related olfactory loss from NPOD, a crucial step towards establishing early screening
batteries for PD including smell tests.
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Introduction

Olfactory dysfunction (OD) is an early non-motor symptom
Antje Haehner and Johannes Frasnelli contributed equally to the of Parkinson’s disease (PD) present in 90-96% of patients
manuscript. [1, 2]. Olfactory loss related to PD seems to be distinct from
B Cécilia Tremblay other forms of OD (e.g., due to viral infection, sinonasal

cecilia.tremblay @uqtr.ca disease, or traumatic brain injuries), especially with regard
to its influence on the trigeminal system. This third chem-
osensory system, next to smell and taste, is stimulated by
most volatiles and allows for the perception of sensations
such as freshness, warmth, stinging, or tickling from odorous
stimuli [3]. The trigeminal system is intimately connected to
the olfactory system as both systems are stimulated simul-
taneously by most of odorants [4]. Both systems interact by
mutually enhancing or suppressing each other [5] and the
stimulation with respective stimuli leads to central activa-
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this connection, the trigeminal system is typically impaired
in patients with OD when compared to healthy controls
[7-10]. This appears to be different in PD: when measured
by the behavioral trigeminal localization task, the trigeminal
sensitivity is not impaired in patients with PD compared
to patients with non-Parkinsonian olfactory dysfunction
(NPOD) [11]. This task is based on the fact that localiza-
tion of an odorous stimulus presented to one nostril is only
possible if the stimulus also activates the trigeminal system.
This result suggests that the assessment of trigeminal sensi-
tivity may help to discriminate between PD-related OD and
NPOD. This finding may contribute to an early diagnosis of
the disease, which is needed to evaluate the potential of early
therapeutic interventions [12]. However, the underlying
mechanisms behind this disparity still need to be elucidated.

To understand the reason why the trigeminal system is not
affected—or affected differently—in PD-related OD, one has
to look at how OD typically impairs trigeminal processing.
Electrophysiological methods allow for the investigation of
trigeminal processing at different levels with high temporal
precision. When applied to patients with NPOD, a typical
pattern emerges in response to trigeminal stimuli: central
measures, such as the EEG-derived trigeminal event-related
potentials (tERP) are significantly smaller in patients with
OD compared to controls [10, 13, 14], in line with behav-
ioral results [7]. However, on the receptor level at the nasal
respiratory mucosa, the negative-mucosa potential (NMP
[15]) shows increased peripheral responses with larger
amplitudes in patients with NPOD. This is likely to be a
consequence of compensation [16] and underlines the inti-
mate connection between both sensory systems.

It is still unknown whether the different levels of trigemi-
nal processing are affected in the same way in patients with
PD as in patients with NPOD. There is some indirect evi-
dence that this is not the case. First, patients with PD have
significantly superior abilities than patients with NPOD to
localize odorous stimuli [11] and they perceive the trigemi-
nal dimensions of odors as well as controls [17]. Second,
tERP are not different between patients with PD and con-
trols with a normal sense of smell [18-20]. A differentia-
tion between groups would allow to characterize a specific
pattern of OD in PD. However, no study has yet compared
patients with PD and patients with NPOD using these elec-
trophysiological measurements. Further, no investigations
on the peripheral trigeminal system in PD have been con-
ducted so far. Measuring electrophysiological responses to
trigeminal stimulation may help to comprehend how PD
affects olfactory and trigeminal processing. Two possible
alternative hypotheses may be put forward: (1) the entire
trigeminal pathway, including its periphery, may be unim-
paired in patients with PD and show similar responses as
in controls. In other words, one would expect significantly
smaller peripheral and significantly larger central responses

in patients with PD compared to patients with NPOD. Alter-
natively, (2) the peripheral compensation observed in NPOD
may be even more pronounced in patients with PD. In other
words, one would find significantly larger peripheral and
significantly larger central responses in patients with PD
compared to patients with NPOD.

To investigate these hypotheses, this study was designed
to assess the trigeminal pathway by measuring peripheral
NMP and central ERP electrophysiological responses to
trigeminal stimuli in (1) patients with PD and compare them
to (2) patients with NPOD and to (3) healthy controls.

Methods

This study was conducted at the Smell and Taste Clinic of
the Department of Otolaryngology of the Technical Univer-
sity of Dresden (TU Dresden). All aspects of the study were
performed in accordance with the Declaration of Helsinki
on biomedical research involving human subjects. The study
protocol was approved by the TU Dresden Ethics Committee
(EK 268072017). After a detailed explanation of the study,
all participants provided written informed consent prior to
their inclusion in the study. The total testing last 3 h includ-
ing breaks.

Participants

A total of 69 participants were tested. Twenty-one were PD
patients and were recruited from the Department of Neurol-
ogy at the TU Dresden and the local PD association. All
participants went through a complete neurological exam and
had received the diagnosis of PD according to United King-
dom PD Society Brain Bank diagnostic criteria [21]. All
Parkinson patients were on stable anti-Parkinsonian medi-
cation. We recorded disease duration, age of onset, Unified
PD Rating Scale (UPDRS) motor score, Hoehn and Yahr
stage, medication, and we calculated the levodopa equiva-
lent daily dose (LEDD) [22]. Patients with unclear diagno-
sis or symptoms compatible with an atypical Parkinsonian
syndrome were excluded. Patients with nasal pathology that
might have caused concurrent OD non-related to the disease
(such as sinonasal pathologies, head trauma, or viral infec-
tions) were excluded. Furthermore, 23 patients with NPOD
were recruited from the Smell and Taste Clinic. They were
examined and diagnosed for post-infectious olfactory loss
by an ENT specialist and they had an olfactory score indica-
tive of hyposmia or anosmia. The mean duration of OD was
9.9 months. Patients with idiopathic olfactory loss were spe-
cifically excluded considering their possibly elevated risk
of developing PD [23]. Twenty-five healthy control partici-
pants, in good general health with a normal sense of smell,
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were enrolled from the community. They were matched in
terms of sex and age to patients with PD (Table 1).

To avoid any effect of cognition or depression, cognitive
function was assessed using the Montreal Cognitive Assess-
ment (MoCA) [24] and possible depression was addressed
with the Beck Depression Inventory (BDI) questionnaire
[25].

Electrophysiological measurements

NMP recordings, as previously described [15, 16, 26], were
obtained using a tubular electrode, polytetrafluoroethylene
tubing filled with 1% Ringer agar containing a silver chloride
wire [27]. A new electrode was prepared for each partici-
pant. The electrode was placed onto the nasal septum, site
of high trigeminal sensitivity [28], under endoscopic control
in the most easily accessible nostril. The electrode was fixed
to an adjustable clip mounted on a frame similar to lensless
glasses. To validate the position of the electrode, one test
stimulus of CO, was delivered. If no NMP was recorded, the
electrode was replaced in another position, up to five times.
In case of no signal, the participant was excluded [15].

Simultaneously to the NMP recordings, tERPs were
obtained from position Fz, Cz and Pz (according to the
International 10/20 System). For reference, electrodes were
placed on both earlobes. An electrode at position Fp2 was
used to track eye blinks. Recordings were made with an EEG
amplifier (SIR, Rottenbach, Germany). The sampling fre-
quency was 125 Hz, and the measurement period of 8.2 s
including a 0.5-s pre-trigger period; time constant was 5 s
with a low pass of 15 Hz.

During recording, participants were comfortably seated
in an air-conditioned room. White noise was used to mask
the noise from the switching clicks of the stimulator. Partici-
pants were instructed to perform a tracking task on a video
monitor to keep them in a wake and vigilant state during the
recording [29]. Participants were taught to use a specific
breathing technique (velopharyngeal closure [30]) to avoid
respiratory flow inside the nasal cavity.

Stimuli were presented using a computer-controlled olfac-
tometer (OM6b, Burghart, Wedel, Germany) that allows
for the presentation of odorants in a constant odorless air
flow of 7 L/min, humidified air of controlled temperature
(36 °C, relative humidity 80%) [15]. The stimuli were pre-
sented by means of a Teflon tube (8 cm length, 4/2 mm
outer/inner diameter) inserted into the same nostril of the
NMP recording electrode. CO, was selected as a selective
trigeminal stimulus which does not produce olfactory co-
activation [31]. Each participant received 25 stimulations
of CO, (concentration 50% v/v; Air Liquide, Diisseldorf,
Germany), embedded in the air flow. The number of stimula-
tions was chosen to avoid the effect of fatigue as well as to
obtain enough epochs to analyze [32]. The duration of each
stimulus was 500 ms with an inter-stimulus interval (IST) of
30 (+3) s to avoid habituation.

Psychophysical tests

Olfactory function was assessed using the “Sniffin Sticks”
test (Burghart, Wedel, Germany), details are described
elsewhere [33]. It includes three individual subtests: phenyl
ethyl alcohol odor threshold, odor discrimination, and odor
identification. As it is standard procedure, we obtained a

Table 1 Characteristics of study

. . Variable Controls (n=25) PD patients (n=21) NPOD
population and main results patients
(n=23)
Sex (F/M) 16;9 11;10 18;5
Age 63.0+7.3 66.33+5.5 62.0+7.8
Female 62.5+6.9 65.4+4.8 62.6+7.8
Male 63.7+8.4 67.4+4.8 59.6+7.9
Age at onset (years) NA 59.9+6.7 NA
Disease duration (years) NA 6.39+4.6 NA
UPDRS motor score NA 24.7+12.8 NA
Hoehn and Yahr stage NA 2.4+0.7 (1-3) NA
LEDD (mg) NA 709.7+326.3 (0-1500) NA
MoCA test 27.1+54 26.4+2.7 26.5+2.3
BDI 142+1.6 2.67+3.0 1.8+2.2
TDI score 345+3.1 17.8+6.7 20.4+4.3

Data are shown as means and standard deviation

LEDD levodopa equivalent daily dose, MoCA Montreal Cognitive Assessment, UPDRS Unified Parkin-
son Disease Rating Scale, BDI Beck Depression Inventory, 7DI summation of the three olfactory subtests;
threshold, discrimination and identification
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global olfactory score by adding the results of the three sub-
tests (TDI score) for which normative values are available
to allow for the diagnosis of anosmia (below 16), hyposmia
(between 16 and 30.3) and normosmia (above 30.3) [33].

To further assess any possible correlation between
trigeminal sensitivity and pain threshold, electrical pain
threshold was measured (model DS7a; Digitimer Ltd., Wel-
wyn Garden City, UK). Electrical stimuli were presented
through a stimulating bar electrode placed on the forearm
of the participant. The stimulation started at 0.5 mA with a
stimulus duration of 500 ms. Every 20 s, the intensity was
gradually increased up to a maximum of 10 mA. Participants
were asked to rate the intensity of the stimulus after each
stimulation from O (no irritation) to 10 (very irritating) and
to stop when the stimulus would be irritating for them. The
mean mA value of two trials was used as pain threshold.

Participants were asked to rate the intensity and the pain
perceived of the CO, presented during the electrophysiologi-
cal recordings twice, after the first test stimulation and after
25 stimulations. They rated the stimulus on Likert scales
graded from O to 10, O being “not perceived” to 10 “very
intense” and 0 being “not painful” to 10 “very painful”,
respectively.

Statistical analysis

Pre-processing of electrophysiological data was carried out
using Letswave 5 software in Matlab (R2017). First, record-
ings that might have been contaminated by movements,
blinks or other artifacts were excluded from further analysis.
After artifact rejection on the data, some participants had
to be excluded from further analysis because of insufficient
number of epochs; therefore, NMP analysis included 18 PD
patients, 14 NPOD patients and 20 control participants, and
ERP analysis included 15 PD patients, 21 NPOD patients
and 23 controls. Then all remaining epochs were baseline
corrected and filtered (low-pass filter, 15 Hz). For the NMP
signal, epochs were averaged, peak amplitudes, latency (P1,
N1) and peak-to-peak amplitudes (P1N1) were measured.
For the ERP signal from electrodes Fz, Cz and Pz, peak
amplitudes, latencies (P1, N1, P2) and peak-to-peak ampli-
tudes (PIN1 and N1P2) were measured.

There were no dropouts; therefore, all participants were
included in the analysis and no measured variable was dis-
carded. Statistical analyses were carried out using SPSS 23.0
(SPSS Inc., IL, USA). For NMP measurements, separate
univariate ANOVA analyses were computed to compare the
amplitude of the negativity, the latency of the negativity
and peak-to-peak amplitude (positivity/baseline to the nega-
tivity) between groups, with post hoc group comparisons
(Bonferroni corrected unless otherwise stated).

For ERP analysis, separate multivariate ANOVAs were
computed to compare effects between groups. Specifically,

the dependent variables were (1) ERP peak-to-peak ampli-
tude PIN1 and N1P2 with group (three levels: PD, NPOD,
control) as between-subject factor and position (three lev-
els: Fz, Cz, Pz), and measure (two levels: PIN1, N1P2) as
within-subject variable; (2) ERP latency and amplitude
using group (three levels) as between-subject factors and
position (three levels: Fz, Cz Pz) and latencies or amplitude
(three levels: P1, N1, P2) as within-subject variable. Sepa-
rate univariate ANOVAs were computed for amplitudes and
latencies for each ERP peak (P1, N1, P2).

For behavioral data, separate univariate ANOVAs were
computed to compare the TDI, pain threshold, CO, inten-
sity ratings, CO, pain ratings, BDI and MoCA, with post
hoc group comparisons. We computed Pearson correlation
between trigeminal measurements (NMP negativity, ERP
amplitudes), and cognitive function (MoCA), and motor
severity scores (UPDRS, Hoehn and Yahr stage, disease
duration, LEED), amongst the PD group.

Further, a predictive discriminant analysis was computed
to determine the probability of group membership based on
predictor variable. This analysis looks for a linear combina-
tion of variables which best describe the major differences
between groups and classify the subjects into different
groups. Therefore, this analysis points to which variables
amongst those we measured would help the best to differ-
entiate the three groups of participants and how accurately
the discriminant function can predict group membership.
To do so, group was used as the dependent variable and all
the measured variables (NMP amplitude and latency, EEG
amplitudes and latencies, olfactory threshold, identification
and discrimination, pain threshold, CO, intensity ratings and
CO, pain ratings) were included in the analysis as potential
predictors.

For all analyses, the level of significance was set at
p<0.05.

Results
Negative mucosa potential

With regard to peak latency, a significant effect of group was
observed [F(2,49)=7.08; p=0.002, ;7P2 =0.224]; post hoc
comparisons revealed a significantly prolonged latency in
patients with NPOD compared to controls (p =0.005) and
to patients with PD (p=0.005) but no differences between
patients with PD and controls. With regard to peak ampli-
tudes, again an effect of group was found [F(2,49)=4.87;
p=0.012, np2 =0.224]; post hoc comparisons revealed a sig-
nificantly larger amplitude in patients with NPOD compared
to controls (p =0.01). There were no differences between
patients with PD and patients with NPOD patients and
between patients with PD and controls (Fig. 1).
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Fig. 1 Peripheral negative mucosa potential response. a Grand means
of the peripheral negative mucosa potential (NMP) in response to
trigeminal stimulus in patients with PD (PD), patients with non-
parkinsonian olfactory dysfunction (NPOD) and healthy controls.
b Latency of the response for the three groups. ¢ Amplitude of the
response for the three groups. Data are presented as means and stand-
ard deviation of the mean
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Event-related potentials

With regard to peak-to-peak amplitudes, multivariate
ANOVA revealed a significant effect of measure [F(1,
47)=122.63; p<0.001, np2 =0.584], position [F(2,
47)=61.10; p<0.001, np2 =0.722] and an interaction
between measure and position [F(2, 47)=25.38; p <0.001,
np2= 0.519]. To disentangle these effects, separate multi-
variate ANOVA was carried out for peak-to-peak ampli-
tudes PIN1 and N1P2.

A significant effect of group was found for PIN1 [F(2,
48)=4.23; p=0.02, ;1p2 =0.150], but no effect of position
[F(2,48)=1.27; p=0.28, npzz 0.052] and no interaction
between position and group [F(2, 48)=0.73; p=0.57,
nP2=0.030] were found. Post hoc group comparisons
detected significantly larger amplitudes in patients with
PD compared to patients with NPOD (p =0.026), no sig-
nificant difference but a trend was found between patients
with PD and controls (p =0.059) with the former having
larger amplitudes. There were no differences between
patients with NPOD and controls either.

No effect of group [F(2, 48)=0.63; p=0.94,
11P2=O.003], position nor any interaction was found for
NI1P2.

Moreover, there was no effect on amplitudes or laten-
cies of the peaks P1, N1, and P2 (all p > 0.05) (Fig. 2).

Psychophysical tests

One patient with PD exhibited olfactory score indicating
normosmia, 13 patients exhibited hyposmia and 7 func-
tional anosmia. In patients with NPOD, the corresponding
numbers were 0, 21 and 2. All controls had normal olfac-
tory function. Comparison of olfactory function (TDI),
revealed a significant effect of group [F(2,64)=75.8;
p<0.001, np2:0.703]. Post hoc comparison showed
that the controls performed significantly better than both
patients with PD and patients with NPOD (both p <0.001).

There was no significant difference between groups for
depression [BDI: F(2, 63)=1.671; p=0.196] or cognition
[MoCA: F(2, 64)=0.191; p=0.827]. Similarly, no group
difference was found for pain threshold [F(2,61)=0.46;
p=0.64], CO, intensity [F(2,64)=0.17; p=0.85] and CO,
pain ratings [F(2,62)=0.12; p=0.89] (Fig. 3).

There were no correlations between the trigeminal
measurements and cognitive function; MoCA and NMP
latency (r=0.058, p =0.688), NMP amplitude (r=0.081,
p=0.574), ERP N1 amplitude in Cz (r=-0.126,
p=0.362) and P2 amplitudes in Cz (r=0.082, p=0.553).

No correlations were found between trigeminal meas-
urements and motor symptom severity scores either.
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patients with PD (PD), patients with non-parkinsonian olfactory dys-
function (NPOD) and healthy controls (C). Amplitudes and latencies

Discriminant analysis

The discriminant model obtained identified three significant
predictor variables, namely NMP latency, olfactory thresh-
old, and olfactory discrimination score. Group predictions
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were statistically significant in their accuracy and could
correctly identify group membership for 80.3% of the par-
ticipants, with 76.6% patients with PD, 83.3% of patients
with NPOD and 80.8% of the control group being correctly
classified. The parameters of the two discriminant functions
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pain threshold measure at the forearm for the three groups. ¢ Ratings
of the intensity and the pain perceived of the CO, stimulus presented
during the EEG recordings session for the three groups

are canonical discriminant function 1: D; =—6.207 + 0.528
(NMP latency) + 0.472 (threshold) + 0.342 (discrimina-
tion), eigenvalue =5.38; canonical correlation=0.92;
Wilks’ 4=0.105; p<0.001. Canonical discriminant function
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Fig.4 Discriminant analysis. Distribution of the three groups of
participants (PD, NPOD, C) based on the functions of the predic-
tive discriminant analysis. Three significant predictors variables,
peripheral negative-mucosa potential latency, olfactory threshold
and olfactory discrimination tasks, were identified and included in
the discriminant functions. Discriminant function 1: —6.20740.528
(NMP latency)+0.472 (threshold)+0.342 (discrimination) and dis-
criminant function 2: —9.896+4.698 (NMP latency) —0.239 (thresh-
old) +0.342 (discrimination). The discriminant model obtained based
on these variables could discriminate and predict group membership
correctly for 80.3% of the participants, with 76.6% patients with PD,
83.3% of patients with NPOD and 80.8% of the control group

2; D,=—-9.896+4.698 (NMP latency) —0.239 (thresh-
old) +0.342 (discrimination), eigenvalue =0.493; canoni-
cal correlation=0.575; Wilks’ 1=0.670; p <0.002) (Fig. 4).

Discussion

In this study, we described the result of the evaluation of
the trigeminal pathway by recording electrophysiological
responsiveness to a trigeminal stimulus in patients with PD
compared to patients with NPOD and controls. We showed
a specific pattern of trigeminal activity in patients with PD
which is distinct from one of patients with NPOD. As olfac-
tory loss is an early feature of PD, these results are promis-
ing to help to differentiate PD-related olfactory loss in early
stages of the disease and, therefore, may contribute in the
future to an early diagnosis of the disease.

On peripheral levels, we observed prolonged NMP laten-
cies in patients with NPOD as opposed to both patients with
PD and controls. Additionally, larger NMP amplitudes were
detected in patients with NPOD when compared to controls.
No differences were found between patients with PD and
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controls. The findings on patients with NPOD correspond
to a previous study on patients with acquired post-infec-
tious and post-traumatic OD which reported larger NMP
amplitudes in patients compared to controls [16]. Our result
demonstrates a specific pattern of trigeminal response in
PD-related OD and suggests that the peripheral trigeminal
system is unimpaired in PD, in contrast to patients with
NPOD and in line with our hypothesis 1. As previously
proposed, larger NMP amplitudes in patients with NPOD
may be due to missing olfactory inhibition of the peripheral
trigeminal system [16]. However, this mechanism appears to
be different in patients with PD-related OD. Hence, differ-
ent etiologies of OD seem to affect the peripheral trigemi-
nal system differently. In the present study, patients with
NPOD suffered from post-infectious OD consequent to
upper respiratory tract infection mainly caused by viruses
[34]. These viruses also lead to significant peripheral dam-
age of the olfactory epithelium [35, 36] and the consequent
inflammatory reaction leads to epithelial changes and as a
consequence to olfactory loss [37]. Conversely, in patients
with PD, OD is rather related to central nervous impairment
and no peripheral differences were reported yet. In fact, no
histochemical differences of the olfactory epithelium were
observable [38]. In summary, functional differences between
NPOD and PD-related OD are observable at the level of
the respiratory mucosa. Future studies should investigate to
what extent this difference has a histological underpinning.

On a central level, patients with NPOD exhibited a
smaller PIN1 peak amplitude than patients with PD. The
PINI1 peak is an early-ERP component thought to reflect
the exogenous cortical activity related to sensory detection
and linked, amongst other, to stimulus concentration and
utilization time at the receptor level rather than the cognitive
processing [39, 40]. No group difference was observed for
late-ERP components. These findings could, therefore, again
be explained by a difference in peripheral trigeminal sensi-
tivity in patients with PD compared to patients with NPOD.

Previous studies on trigeminal ERPs in patients with PD
did not report any differences when compared to controls
[18-20]. In contrast to this, we observed a trend to larger
N1P1 peaks in patients with PD compared to controls.
Although this difference was not significant, one may ques-
tion the conclusion that that the whole trigeminal pathway is
unchanged in patients with PD. This is particularly interest-
ing in the context of patients with PD being hypersensitive to
painful stimuli [41]. Actually, stimulation of the trigeminal
system activates chemosensory somatosensory fibers (Ad
and C fibers), leading to the activation of central trigemi-
nal processing areas as well as pain-related pathways. The
CO, stimulus we used was mildly painful, and patients with
PD might be hypersensitive to it as well. In fact, pain is a
common early feature of PD, and patients experience more
pain than age-matched controls [42]. However, we did not

observe any group differences in pain thresholds, possibly
due to the fact that patients were all on anti-Parkinsonian
medication known to affect pain sensitivity [41]. Future
studies with larger samples may have a closer look at the
relation between pain threshold and trigeminal sensitivity,
preferably in non-medicated patients. One potential way
could be to look at correlation between somatosensory elec-
trical and mechanical pain threshold of the trigeminal nerve
and chemosensory stimulation of intranasal branches of the
trigeminal nerve [43].

Typically, patients with OD are known to show reduced
central trigeminal ERP responses when compared to controls
[10, 13, 14, 16]. However, we were unable to detect this
difference; small sample size may have played a role, but
it is also possible that patients with NPOD did not suffer
from a pronounced olfactory loss, as most patients exhibited
hyposmia and only few exhibited functional anosmia [10].

Trigeminal responsiveness in PD exhibits a specific pat-
tern. This suggests that interactions between the olfactory
and the trigeminal systems are affected differently between
different etiologies of OD. In patients with PD, OD is
thought to be related to central nervous impairment, with
the accumulation of Lewy bodies typically starting in olfac-
tory bulb [44], and central cholinergic denervation [45].
There is evidence of functional microstructural changes in
olfactory structures in the early stages of PD as opposed to
controls [46]. Moreover, central ERP responses to olfactory
and trigeminal stimuli display a continuous chaotic brain
pattern in PD, as opposed to the ordered state observed in
healthy participants [20]. Further, the localization of brain
sources provided evidence for differences in mainly late-
EEG components suggesting a decline of central brain
networks as a causal factor for olfactory loss in PD and
indicating a different pattern of olfactory processing in PD
compared to patients with NPOD [47]. Interestingly, pri-
mary olfactory cortex was shown to be hyperactive in PD
despite an impaired olfactory function [48]. These possible
compensatory mechanisms that take place in PD were not
reported in NPOD. In fact, patients with post-viral olfac-
tory loss show an intact central functional olfactory network
despite a reduced connectivity [49]. It is, therefore, con-
ceivable that a deficient olfactory system in PD affects the
trigeminal system differently in these patients. Actually, the
trigeminal system can be affected by the olfactory system by
neuroanatomical connections between both systems at the
level of the olfactory epithelium and bulb [50, 51] and on
central regions responsible for processing of both trigemi-
nal and olfactory stimulus [6, 52]. Our understanding of the
underlying mechanisms would benefit from futures studies
investigating central trigeminal connectivity in patients with
PD compared to patients with NPOD.

Although our conclusions were drawn using a limited
number of participants, we used specific tools to assess the
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trigeminal function and differentiate intranasal and cen-
tral effects that were never used in patients with PD. Even
though these experimental methods are not yet applicable to
large populations in a clinical context clinical, due to tech-
nical and time constraints, we report a specific trigeminal
central activation in PD patients. To elucidate the underlying
mechanism, techniques such as functional MRI should be
used. Our model could correctly predict group membership
in 80% of participants based on olfactory testing and on the
peripheral trigeminal latency response, as evidence that both
olfactory and trigeminal testing could lead to the develop-
ment of crucial tools to discriminate PD-related olfactory
loss. Therefore, the development of more efficient tools to
assess precisely and rapidly the trigeminal sensitivity, for
instance, the reaction time to respond to trigeminal stimuli
is a promising avenue to help the diagnostic of PD.

To conclude, we found a specific pattern of trigeminal
activation in patients with PD that allowed to differentiate
PD-related olfactory loss from other forms of OD. Futures
studies should now characterize the trigeminal profile in the
prodromal phase to better define this early stage of the dis-
ease and help to establish a biomarker profile including other
early symptoms of PD, in a common goal to select suitable
candidate for potential neuroprotective essay.

Acknowledgements The authors would like to thank the local asso-
ciation of PD (Deutsche Parkinson Vereinigung e.V. and DPV e.V.
Regionalgruppe Dresden) and all the participants. Thanks to C. Guducu
for the help with the olfactometer setting.

Funding This work was supported by grants from the Parkinson Soci-
ety of Canada (JF, 2017-1120), the Quebec research funds (JF, Fonds
de Recherche du Québec—Santé; scholar #32618), the Quebec Bio-
Imaging Network (CT) and the Deutsche Forschungsgemeinschaft
(DFG HU411/18-1).

Compliance with ethical standards

Conflicts of interest The authors declare that they have no conflict of
interest.

References

1. Doty RL (2012) Olfactory dysfunction in Parkinson disease.
Nat Rev Neurol 8(6):329-339. https://doi.org/10.1038/nrneu
r0l.2012.80

2. Haehner A, Boesveldt S, Berendse HW, Mackay-Sim A, Fleis-
chmann J, Silburn PA, Johnston AN, Mellick GD, Herting B,
Reichmann H, Hummel T (2009) Prevalence of smell loss in Par-
kinson’s disease—a multicenter study. Parkinsonism Relat Disord
15(7):490-494. https://doi.org/10.1016/j.parkreldis.2008.12.005

3. Laska M, Distel H, Hudson R (1997) Trigeminal perception of
odorant quality in congenitally anosmic subjects. Chem Senses
22(4):447-456

4. Doty RL, Brugger WE, Jurs PC, Orndorff MA, Snyder PJ,
Lowry LD (1978) Intranasal trigeminal stimulation from

@ Springer

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

odorous volatiles: psychometric responses from anosmic and
normal humans. Physiol Behav 20(2):175-185

Cain WS, Murphy CL (1980) Interaction between chem-
oreceptive modalities of odour and irritation. Nature
284(5753):255-257

Boyle JA, Frasnelli J, Gerber J, Heinke M, Hummel T (2007)
Cross-modal integration of intranasal stimuli: a functional mag-
netic resonance imaging study. Neuroscience 149(1):223-231.
https://doi.org/10.1016/j.neuroscience.2007.06.045

Hummel T, Futschik T, Frasnelli J, Huttenbrink KB (2003) Effects
of olfactory function, age, and gender on trigeminally mediated
sensations: a study based on the lateralization of chemosensory
stimuli. Toxicol Lett 140-141:273-280

Iannilli E, Gerber J, Frasnelli J, Hummel T (2007) Intranasal
trigeminal function in subjects with and without an intact sense
of smell. Brain Res 1139:235-244. https://doi.org/10.1016/j.brain
res.2006.12.082

Frasnelli J, Schuster B, Hummel T (2010) Olfactory dysfunc-
tion affects thresholds to trigeminal chemosensory sensations.
Neurosci Lett 468(3):259-263. https://doi.org/10.1016/j.neule
t.2009.11.008

Rombaux P, Mouraux A, Keller T, Hummel T (2008) Trigeminal
event-related potentials in patients with olfactory dysfunction.
Rhinology 46(3):170-174

Tremblay C, Durand Martel P, Frasnelli J (2017) Trigeminal sys-
tem in Parkinson’s disease: a potential avenue to detect Parkin-
son-specific olfactory dysfunction. Parkinsonism Relat Disord
44:85-90. https://doi.org/10.1016/j.parkreldis.2017.09.010
Darweesh SK, Verlinden VJ, Stricker BH, Hofman A, Koudstaal
PJ, Ikram MA (2017) Trajectories of prediagnostic function-
ing in Parkinson’s disease. Brain 140(2):429-441. https://doi.
org/10.1093/brain/aww291

Ren Y, Yang L, Guo Y, Xutao M, Li K, Wei Y (2012) Intranasal
trigeminal chemosensitivity in patients with postviral and post-
traumatic olfactory dysfunction. Acta Otolaryngol 132(9):974-
980. https://doi.org/10.3109/00016489.2012.663933

Hummel T, Barz S, Lotsch J, Roscher S, Kettenmann B, Kobal G
(1996) Loss of olfactory function leads to a decrease of trigeminal
sensitivity. Chem Senses 21(1):75-79

Kobal G (1985) Pain-related electrical potentials of the
human nasal mucosa elicited by chemical stimulation. Pain
22(2):151-163

Frasnelli Schuster B, Hummel T (2007) Interactions between
olfaction and the trigeminal system: what can be learned from
olfactory loss. Cereb Cortex 17(10):2268-2275. https://doi.
org/10.1093/cercor/bhl135

Tremblay C, Durand Martel P, Frasnelli J (2018) Chemosen-
sory perception is specifically impaired in Parkinson’s disease.
Parkinsonism Relat Disord. https://doi.org/10.1016/j.parkreldis
.2018.08.002

Barz S, Hummel T, Pauli E, Majer M, Lang CJ, Kobal G (1997)
Chemosensory event-related potentials in response to trigeminal
and olfactory stimulation in idiopathic Parkinson’s disease. Neu-
rology 49(5):1424-1431

Hawkes CH, Shephard BC, Daniel SE (1997) Olfactory dys-
function in Parkinson’s disease. J Neurol Neurosurg Psychiatry
62(5):436-446

Guducu C, Taslica S, Cakmur R, Ozgoren M, Ikiz AO, Oniz A
(2015) Assessing olfactory function in Parkinson’s disease via
entropy analysis of chemosensory event related potentials. Tohoku
J Exp Med 237(2):111-116. https://doi.org/10.1620/tjem.237.111
Litvan I, Bhatia KP, Burn DJ, Goetz CG, Lang AE, McKeith I,
Quinn N, Sethi KD, Shults C, Wenning GK (2003) Movement
disorders society scientific issues committee report: SIC task force
appraisal of clinical diagnostic criteria for Parkinsonian disorders.
Mov Disord 18(5):467—-486. https://doi.org/10.1002/mds.10459


https://doi.org/10.1038/nrneurol.2012.80
https://doi.org/10.1038/nrneurol.2012.80
https://doi.org/10.1016/j.parkreldis.2008.12.005
https://doi.org/10.1016/j.neuroscience.2007.06.045
https://doi.org/10.1016/j.brainres.2006.12.082
https://doi.org/10.1016/j.brainres.2006.12.082
https://doi.org/10.1016/j.neulet.2009.11.008
https://doi.org/10.1016/j.neulet.2009.11.008
https://doi.org/10.1016/j.parkreldis.2017.09.010
https://doi.org/10.1093/brain/aww291
https://doi.org/10.1093/brain/aww291
https://doi.org/10.3109/00016489.2012.663933
https://doi.org/10.1093/cercor/bhl135
https://doi.org/10.1093/cercor/bhl135
https://doi.org/10.1016/j.parkreldis.2018.08.002
https://doi.org/10.1016/j.parkreldis.2018.08.002
https://doi.org/10.1620/tjem.237.111
https://doi.org/10.1002/mds.10459

Journal of Neurology (2019) 266:2942-2951

2951

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE
(2010) Systematic review of levodopa dose equivalency reporting
in Parkinson’s disease. Mov Disord 25(15):2649-2653. https://doi.
org/10.1002/mds.23429

Ponsen MM, Stoffers D, Twisk JW, Wolters E, Berendse HW
(2009) Hyposmia and executive dysfunction as predictors of
future Parkinson’s disease: a prospective study. Mov Disord
24(7):1060-1065. https://doi.org/10.1002/mds.22534
Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, White-
head V, Collin I, Cummings JL, Chertkow H (2005) The Montreal
cognitive assessment, MoCA: a brief screening tool for mild cog-
nitive impairment. ] Am Geriatr Soc 53(4):695-699. https://doi.
org/10.1111/j.1532-5415.2005.53221.x

Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J (1961)
An inventory for measuring depression. Arch Gen Psychiatry
4:561-571

Thurauf N, Gunther M, Pauli E, Kobal G (2002) Sensitivity of
the negative mucosal potential to the trigeminal target stimulus
CO(2). Brain Res 942(1-2):79-86

Ottoson D (1955) Analysis of the electrical activity of the olfac-
tory epithelium. Acta Physiol Scand Suppl 35(122):1-83
Scheibe M, Schmidt A, Hummel T (2012) Investigation of the top-
ographical differences in somatosensory sensitivity of the human
nasal mucosa. Rhinology 50(3):290-293. https://doi.org/10.4193/
Rhino11.224

Kobal G, Hummel C, Nuernberg B, Brune K (1990) Effects of
pentazocine and acetylsalicylic acid on pain-rating, pain-related
evoked potentials and vigilance in relationship to pharmacokinetic
parameters. Agents Actions 29(3—4):342-359

Kobal G (1981) Elektrophysiologische untersuchungen des men-
schlichen geruchssinns. Thieme, Stuttgart

Hummel T (2000) Assessment of intranasal trigeminal function.
Int J Psychophysiol 36(2):147-155

Rombaux P, Huart C, Mouraux A (2012) Assessment of chem-
osensory function using electroencephalographic techniques. Rhi-
nology 50(1):13-21. https://doi.org/10.4193/Rhino11.126
Hummel T, Kobal G, Gudziol H, Mackay-Sim A (2007) Nor-
mative data for the “Sniffin’ Sticks” including tests of odor
identification, odor discrimination, and olfactory thresholds: an
upgrade based on a group of more than 3,000 subjects. Eur Arch
Otorhinolaryngol 264(3):237-243. https://doi.org/10.1007/s0040
5-006-0173-0

Hummel T, Whitcroft K, Andrews P, Altundag A, Cinghi C, Cos-
tanzo R, Damm M, Frasnelli J, Gudziol H, Gupta N (2017) Posi-
tion paper on olfactory dysfunction. Rhinology 54(Supplement
26):1-30. https://doi.org/10.4193/Rhin16.248

Seiden AM (2004) Postviral olfactory loss. Otolaryngol Clin N
Am 37(6):1159-1166. https://doi.org/10.1016/j.0tc.2004.06.007
Yamagishi M, Fujiwara M, Nakamura H (1994) Olfactory
mucosal findings and clinical course in patients with olfactory
disorders following upper respiratory viral infection. Rhinology
32(3):113-118

Leopold D (2000) A perplexing olfactory loss. Arch Otolaryngol
Head Neck Surg 126(6):803

Witt M, Bormann K, Gudziol V, Pehlke K, Barth K, Minovi A,
Hahner A, Reichmann H, Hummel T (2009) Biopsies of olfac-
tory epithelium in patients with Parkinson’s disease. Mov Disord
24(6):906-914. https://doi.org/10.1002/mds.22464

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Pause BM, Krauel K (2000) Chemosensory event-related poten-
tials (CSERP) as a key to the psychology of odors. Int J Psycho-
physiol 36(2):105-122

Olofsson JK, Nordin S (2004) Gender differences in chem-
osensory perception and event-related potentials. Chem Senses
29(7):629-637. https://doi.org/10.1093/chemse/bjh066

Sung S, Vijiaratnam N, Chan DWC, Farrell M, Evans AH (2018)
Pain sensitivity in Parkinson’s disease: systematic review and
meta-analysis. Parkinsonism Relat Disord 48:17-27. https://doi.
org/10.1016/j.parkreldis.2017.12.031

Antonini A, Tinazzi M, Abbruzzese G, Berardelli A, Chaudhuri
KR, Defazio G, Ferreira J, Martinez-Martin P, Trenkwalder C,
Rascol O (2018) Pain in Parkinson’s disease: facts and uncer-
tainties. Eur J Neurol 25(7):917-e969. https://doi.org/10.1111/
ene.13624

Tannilli E, Del Gratta C, Gerber JC, Romani GL, Hummel T (2008)
Trigeminal activation using chemical, electrical, and mechani-
cal stimuli. Pain 139(2):376-388. https://doi.org/10.1016/j.
pain.2008.05.007

Braak H, Del Tredici K, Rub U, de Vos RA, Jansen Steur EN,
Braak E (2003) Staging of brain pathology related to sporadic
Parkinson’s disease. Neurobiol Aging 24(2):197-211

Bohnen NI, Miiller MLTM, Kotagal V, Koeppe RA, Kilbourn
MA, Albin RL, Frey KA (2010) Olfactory dysfunction, central
cholinergic integrity and cognitive impairment in Parkinson’s
disease. Brain 133(6):1747—-1754. https://doi.org/10.1093/brain
/awq079

Joshi N, Rolheiser TM, Fisk JD, McKelvey JR, Schoffer K, Phil-
lips G, Armstrong M, Khan MN, Leslie RA, Rusak B, Robert-
son HA, Good KP (2017) Lateralized microstructural changes in
early-stage Parkinson’s disease in anterior olfactory structures, but
not in substantia nigra. J Neurol 264(7):1497-1505. https://doi.
org/10.1007/s00415-017-8555-3

Tannilli E, Stephan L, Hummel T, Reichmann H, Haehner A
(2017) Olfactory impairment in Parkinson’s disease is a conse-
quence of central nervous system decline. J Neurol 264(6):1236—
1246. https://doi.org/10.1007/s00415-017-8521-0

Moessnang C, Frank G, Bogdahn U, Winkler J, Greenlee MW,
Klucken J (2011) Altered activation patterns within the olfactory
network in Parkinson’s disease. Cereb Cortex 21(6):1246-1253.
https://doi.org/10.1093/cercor/bhq202

Kollndorfer K, Jakab A, Mueller CA, Trattnig S, Schopf V (2015)
Effects of chronic peripheral olfactory loss on functional brain
networks. Neuroscience 310:589-599. https://doi.org/10.1016/].
neuroscience.2015.09.045

Daiber P, Genovese F, Schriever VA, Hummel T, Mohrlen F,
Frings S (2013) Neuropeptide receptors provide a signalling
pathway for trigeminal modulation of olfactory transduction. Eur
J Neurosci 37(4):572-582. https://doi.org/10.1111/ejn.12066
Schaefer ML, Bottger B, Silver WL, Finger TE (2002) Trigeminal
collaterals in the nasal epithelium and olfactory bulb: a potential
route for direct modulation of olfactory information by trigeminal
stimuli. J Comp Neurol 444(3):221-226. https://doi.org/10.1002/
cne.10143

Fournel A, Ferdenzi C, Sezille C, Rouby C, Bensafi M (2016)
Multidimensional representation of odors in the human olfac-
tory cortex. Hum Brain Mapp 37(6):2161-2172. https://doi.
org/10.1002/hbm.23164

@ Springer


https://doi.org/10.1002/mds.23429
https://doi.org/10.1002/mds.23429
https://doi.org/10.1002/mds.22534
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.4193/Rhino11.224
https://doi.org/10.4193/Rhino11.224
https://doi.org/10.4193/Rhino11.126
https://doi.org/10.1007/s00405-006-0173-0
https://doi.org/10.1007/s00405-006-0173-0
https://doi.org/10.4193/Rhin16.248
https://doi.org/10.1016/j.otc.2004.06.007
https://doi.org/10.1002/mds.22464
https://doi.org/10.1093/chemse/bjh066
https://doi.org/10.1016/j.parkreldis.2017.12.031
https://doi.org/10.1016/j.parkreldis.2017.12.031
https://doi.org/10.1111/ene.13624
https://doi.org/10.1111/ene.13624
https://doi.org/10.1016/j.pain.2008.05.007
https://doi.org/10.1016/j.pain.2008.05.007
https://doi.org/10.1093/brain/awq079
https://doi.org/10.1093/brain/awq079
https://doi.org/10.1007/s00415-017-8555-3
https://doi.org/10.1007/s00415-017-8555-3
https://doi.org/10.1007/s00415-017-8521-0
https://doi.org/10.1093/cercor/bhq202
https://doi.org/10.1016/j.neuroscience.2015.09.045
https://doi.org/10.1016/j.neuroscience.2015.09.045
https://doi.org/10.1111/ejn.12066
https://doi.org/10.1002/cne.10143
https://doi.org/10.1002/cne.10143
https://doi.org/10.1002/hbm.23164
https://doi.org/10.1002/hbm.23164

	Specific intranasal and central trigeminal electrophysiological responses in Parkinson’s disease
	Abstract
	Introduction
	Methods
	Participants
	Electrophysiological measurements
	Psychophysical tests
	Statistical analysis

	Results
	Negative mucosa potential
	Event-related potentials
	Psychophysical tests
	Discriminant analysis

	Discussion
	Acknowledgements 
	References




