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Diagnostics of olfactory dysfunction in Parkinson’s disease – a literature 
overview and case series

Libor Vasina1,2#, Nikola Pastorkova3, Oleksii Vorobiov2,4, Karla Janouskova2,4, Petra Dytrych5,6, Jiri Hlozek2,4, Sarka Musilova3, 
Jaromir Astl2,4, Richard Holy2,4#

Olfactory dysfunction is increasingly recognised for its predictive value as an early indicator of a number of degenera-
tive neuropathologies including Parkinson’s Disease (PD). In this overview, we cover the relationship between PD and 
olfactory dysfunction (OD). Prodromal premotor symptoms of PD include sleep disturbances, psychiatric disorders, con-
stipation and OD. The latter can precede motor symptoms by several years and its occurrence is frequent in Parkinson 
s disease with a prevalence that can range from 45%–90%.  Olfactory perception in these cases can be tested using 
subjective and objective methods. Commonly used psychophysical tests in the Czech Republic include Sniffin’ Sticks 
Tests and the Odorized Marker Test but these may be inaccurate and demanding on patients with cognitive deficits in 
addition to motor symptoms. For these reasons, objective electrophysiological olfactory tests that depend on olfac-
tory/trigeminal event-related potentials (OERPs/TERPs) for example are more useful.  In this paper we describe a series 
of case reports, demonstrating the importance of comprehensive olfactory examination. The significance of objective 
electrophysiological olfactory/ trigeminal tests in the diagnosis of PD, is underscored given the rising incidence of this 
condition and the need for early diagnosis. 
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Olfactory dysfunction should therefore be considered a reliable marker of the Parkinson's disease. Olfactory perception in Parkinson's

disease can be tested by psychophysical and objective methods. Psychophysical smell tests can be burdened by inaccuracy and poorer

cooperation of subjects with Parkinson's disease.

Objective electrophysiological olfactory tests include olfactory/ trigeminal

event-related potentials (OERPs/TERPs). These objective tests may be suitable

for olfactory testing in subjects with Parkinson's disease, who, in addition to motor

symptoms of the disease, may also have a cognitive deficit.

DIAGNOSTICS OF OLFACTORY DYSFUNCTION IN PARKINSON'S DISEASE

In the review and case series, we demonstrate the importance of comprehensive olfactory examination in 
Parkinson's disease.
Vasina L. et al., doi: 10.5507/bp.2025.021
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INTRODUCTION

In this overview, we cover the relationship between PD 
and olfactory dysfunction (OD). Parkinson’s disease (PD) 
is a neurodegenerative disorder manifested by resting 
tremor, rigidity, bradykinesia, and postural instability1,2. 
This motor phase of the disease is preceded by a premotor 
prodromal phase. Symptoms of this phase include psychi-
atric and cognitive disorders, rapid eye movement (REM) 
sleep disorder, dysautonomia, and olfactory dysfunction 
(OD) (ref.2,3). OD can appear several years before the di-
agnosis of PD is established4. OD affects the quality of life 
of patients5, as the sense of smell has a fundamental influ-
ence on the taste of food and the identification of harm-
ful volatile compounds. PD is the second most common 
neurodegenerative disease in the world after Alzheimer’s 
dementia. It is estimated that there are more than 10 mil-
lion people with PD worldwide6. The incidence of PD is 
10–50 cases per 100,000 inhabitants per year. The preva-
lence rate is 100–300 patients per 100,000 inhabitants 
per year, PD has a higher prevalence in men. It typically 
occurs between the ages of 65 and 70. There are known 
cases (5%) where PD appears in subjects younger than 40 
years7,8. From a quantitative perspective, severe hyposmia 
to anosmia is relatively often found in PD (ref.9). The 
abilities of the sense of smell include detection (sensitivity 
to the lowest concentration of a substance – threshold), 
discrimination (distinguishing odors at suprathreshold 
concentrations), and identification (naming the source 
of an odor)10.

Olfaction can be tested by psychophysical and objec-
tive neurophysiological methods11,12. Psychophysical tests 
– the Sniffin’ Sticks Identification Test (SSIT) (ref.11,13), 
frequently used in our region. Worldwide, the University 
of Pennsylvania Smell Identification Test (UPSIT)14 is 
widely used, which is based on the “scratch and sniff” 
technology15. Its reduced version is the Brief Smell 
Identification Test (B-SIT) (ref.16). A commonly used 
screening psychophysical test in the Czech Republic is 
the Odorized Marker Test (OMT) (ref.17,18), invented by 
researchers in Pardubice19. Objective neurophysiological 
methods of olfactory examination include the evaluation 
of olfactory event-related potentials (OERPs) and tri-
geminal event-related potentials (TERPs) (ref.11,20). The 
advantage of the objective method is that OERPs are less 
distorted than routinely used psychophysical olfactory 
tests21. A clinical olfactometer provides precisely defined 
olfactory stimuli necessary to elicit OERPs and TERPs 
(ref.22). The principle of the method is based on the pre-
sentation of an odorant through a special device in the 
patient’s nasal cavity and the registration of the brain’s 
response to olfactory and trigeminal stimuli using electro-
encephalography (EEG) (ref.21). In OERPs and TERPs, 
we evaluate the latencies and amplitudes of individual 
peaks and the N1–P2 interval9,23. The absence of OERPs 
is a strong predictor of the presence of OD (ref.20,22). In 
practice, the clinical olfactometer OL 024 Burghart and 
the eight-channel EEG system OL 026 Burghart are most 
commonly used. Objective electrophysiological methods 
have increasing potential, especially in individuals who 

have difficulty with commonly available psychophysical 
olfactory testing, such as individuals with neurodegenera-
tive diseases9,20. A common finding in PD is the absence 
or abnormality of OERPs (ref.24). Some studies describe 
that, in terms of trigeminal nerve perception, the olfactory 
dysfunction in Parkinson’s disease is different from other 
olfactory disorders. The sensitivity of the trigeminal nerve 
is not impaired in patients with PD (ref.25). 

It is necessary to mention objective imaging methods 
such as magnetic resonance imaging (MRI) of the olfac-
tory bulb and olfactory sulcus. This method finds applica-
tion in patients with epilepsy, schizophrenia, Parkinson’s 
disease, Alzheimer’s disease26. 

Another objective imaging modality cannot be over-
looked, that is functional magnetic resonance imaging 
(fMRI). The use of fMRI has advanced our understanding 
of OD specifically in PD patients27,28.

SERIES OF CASE REPORTS

We refer to a series of three case reports. All three 
subjects had confirmed PD and OD. 

A comprehensive olfactory examination was per-
formed on the examined subjects using both subjective 
and objective electrophysiological olfactory tests. All sub-
jects underwent MRI of the brain.

Case Report 1
A 77-year-old male, diagnosed with PD since 2007. 

The first symptom was tremor. He has noticed olfactory 
dysfunction since 2020. Psychophysical smell tests were 
performed. OMT resultes: 6+2=8 points (hyposmia). 
SSIT: 13 incorrect answers / 3 correct answers (anos-
mia). Subsequently, electrophysiological olfactory tests 
OERPs/TERPs were performed. OERPs curves were ab-
sent. TERPs curves were present. Wave N1 (latency /
amplitude): 264 milliseconds (ms) / −4 microvolts (uV). 
Wave P2 (latency/amplitude): 381 ms / 7 uV.  (see Fig. 1 
and 2). Brain MRI was performed with the conclusion: 
cerebral atrophy, advanced glial changes.

Psychophysical smell tests demonstrate OD, objec-
tive tests show the absence of OERPs, and the presence 
of TERPs.

Case Report 2
A 64-year-old male, diagnosed with PD since 11/2023. 

The first symptom was tremor. He has noticed olfactory 
dysfunction since 2021, two years before being diagnosed 
with PD. 

Psychophysical smell tests were performed. OMT 
results: 5+1=6 points (hyposmia). SSIT: 7 incorrect 
answers/ 9 correct answers (hyposmia). Subsequently, 
electrophysiological olfactory tests OERPs/TERPs were 
performed. OERPs curves were absent, TERPs curves 
were absent (see Fig. 3 and 4). Brain MRI was performed 
with the conclusion: glial changes in white matter.

Psychophysical smell tests demonstrate OD, objective 
tests show the absence of both OERPs and TERPs.
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Fig. 1. Absence of OERPs curves in Parkinson's disease (Case 
report 1) (from the archive of co-author MUDr. Holý).

Fig. 2. Presence of TERPs curves in Parkinson's disease (Case 
report 1) (from the archive of co-author MUDr. Holý).

Fig. 3. Absence of OERPs curves in Parkinson's disease (Case 
report 2) (from the archive of co-author MUDr. Holý).

Fig. 4. Absence of TERPs curves in Parkinson's disease (Case 
report 2) (from the archive of co-author MUDr. Holý).

Fig. 5. Presence of OERPs curves in Parkinson's disease (Case 
report 3) (from the archive of co-author MUDr. Holý).

Fig. 6. Presence of TERPs curves in Parkinson's disease (Case 
report 3) (from the archive of co-author MUDr. Holý).
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Case Report 3
A 64-year-old male, diagnosed with PD since 3/2023. 

The first symptoms were tremor and limb stiffness. He 
has noticed OD since 1993. Psychophysical smell tests 
were performed. OMT results: 6+3=9 points (normos-
mia). SSIT: 13 incorrect answers / 3 correct answers 
(anosmia). Subsequently, electrophysiological olfactory 
tests OERPs/TERPs were performed. OERPs curves were 
present. TERPs curves were present (see Fig. 5 and 6). 

OERPs (latency/amplitude): Wave N1 511 ms / −4 uV. 
Wave P2: 601 ms / 7 uV.

TERPs (latency/amplitude): Wave N1 399 ms / −2 uV. 
Wave P2: 588 ms / 11 uV.

Brain MRI was performed with the conclusion: mul-
tiple foci of glial changes, ventriculomegaly.

Psychophysical smell tests demonstrate OD, objective 
tests show the presence of both OERPs and TERPs.

DISCUSSION

The occurrence of OD in PD is frequent. Current data 
on the prevalence of OD in Parkinson’s disease range be-
tween 45% and 90%. OD should therefore be considered 
a reliable marker of the disease29. Approximately 68% of 
patients with PD are unaware of OD (ref.30). Therefore, a 
comprehensive understanding of OD in subjects with PD 
is essential for improving early diagnosis and therapy31. 
A decline in olfactory function precedes classic motor 
symptoms of PD by years and thus serves as a preclinical 
or premotor biomarker of PD (ref.32-34). In a study involv-
ing over 2000 men, the B-SIT test found that impaired 
identification occurs at least four years before motor 
symptoms of PD (ref.34). Similar results were obtained 
using the SSIT (ref.32). OD was also found in familial par-
kinsonism35 and in first-degree relatives of patients with 
sporadic PD who do not exhibit motor symptoms of the 
disease. Patients are unaware of the deterioration of their 
sense of smell36. In our three examined subjects, OD ap-
peared in a range of 20 years before the diagnosis of PD 
to 13 years after the diagnosis of PD.

Factors affecting olfactory test scores include gender 
and age7,8. In accordance with literary data, our three sub-
jects were all males aged 64–77 years. In our smell lab, we 
investigated a subject with PD aged 47. Antiparkinsonian 
therapy does not affect olfactory function37-40. Milder OD 
accompanies progressive supranuclear palsy, multiple sys-
tem atrophy, and essential tremor. In the UPSIT test, pa-
tients with progressive supranuclear palsy did not show a 
significant difference compared to healthy individuals41-43. 
Multiple system atrophy is accompanied by a mild decline 
in olfactory function41,44-47. Unlike quantitative olfactory 
disorders, the occurrence of dysosmia in PD is not com-
mon. The study by Landis and Burkhart describes the 
development of PD simultaneously with the disappear-
ance of phantosmia in two patients who did not show 
severe quantitative olfactory disorders. They believe that 
phantosmia could be a premotor symptom of PD (ref.48). 
Another study found that none of the 44 patients with id-
iopathic phantosmia developed PD during 10 years of fol-

low-up. According to the authors, phantosmia is therefore 
a rather insignificant symptom than an early biomarker of 
PD (ref.49). Another study reports the occurrence of olfac-
tory hallucinations in 10% of 87 patients with PD, but in 
none of the control subjects50. In our case report series, 
we did not record olfactory hallucinations or parosmia.

Hummel et al. found that stimuli presented using a 
clinical olfactometer were rated as less intense but more 
pleasant by patients compared to the control group51. The 
difference in the evaluation of perceptual characteristics 
of stimuli between patients with PD and the control group 
may depend on the nature of the presented stimuli and 
their ability to irritate the trigeminal nerve. In patients 
with PD, the decline across olfactory abilities is more 
homogeneous51.

It has been reported that compared to Alzheimer’s 
dementia, detection thresholds are increased, meaning 
olfactory sensitivity is reduced52. One of the reasons could 
be reduced activity of odorant inhalation37. However, the 
decline in olfactory function cannot be explained by this 
deficit, as objective instrumental olfactometry does not 
require the cooperation of examined subjects. Namely, 
the examined person does not actively inhale the stimuli, 
the air with the odorant is instrumentally guided to the 
nasal mucosa53.

In 2010, Vodička et al. in the Czech Republic success-
fully attempted to demonstrate the application of psycho-
physical smell tests OMT and SSIT used in our region 
in the detection of OD in PD (ref.18). In our case report 
series, we demonstrated OD using psychophysical tests 
in all three referred subjects. German authors report 96% 
hyposmia/anosmia detected by SSIT in their big group 
of subjects with PD (ref.29). For OMT, achieved values 
were 6 to 9 points. Vodička et al. report a median value 
of 6 points (range 2–8) in PD. For SSIT, we detected 3 
to 9 points, Vodička et al. report a median of 8 points 
(range 4–11) (ref.18). Researchers from Dresden also re-
port a median SSIT result of 8 points54 and the detection 
of 96% hyposmia/anosmia using SSIT in subjects with 
PD (ref.28,54). British researchers Hawkes et al. reported 
in their study the occurrence of OD in more than 70% of 
subjects with PD. They tested smell using psychophysical 
tests24. In our smell lab, according to preliminary measure-
ments, we recorded anosmia in 70% of cases and hypos-
mia in 27%. We have identified OD in more than 97% of 
subjects with PD so far.

It is reported that in PD, quantitative impairment of 
olfactory abilities (detection, discrimination, identifica-
tion), as cognitive abilities55, reflects a progressive deficit 
in executive functions and semantic memory56-58. 

Some studies report that the results of psychophysical 
tests in cognitive disorders can be significantly distorted. 
Therefore, it is more advantageous to use methods less de-
pendent on cognitive functions, namely objective electro-
physiological olfactory tests OERPs/TERPs. Interestingly, 
if a healthy subject undergoing an olfactory examination 
shows worse results than expected in the age group of the 
healthy population, they have an increased relative risk 
of developing PD. Examination of olfactory function can 
help in establishing a diagnosis. It can help reveal changes 
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in function in brain areas co-responsible for processing 
olfactory information59,60.

We know from the literature that OERPs are typi-
cally severely delayed or even absent in subjects with 
PD. However, there are not many studies in the litera-
ture that deal with electrophysiological olfactory tests in 
PD. Hawkes et al. report abnormal OERP recordings in 
49% of subjects with PD in their study24. Welge-Lüssen 
et al. reported a 50% absence of OERPs in 18 subjects27. 
Preliminary data from our smell laboratory detects the 
absence of OERPs in 51% of subjects with PD.

Several studies have reported the presence of OD in 
PD in association with the absence of OERPs.  

On the other hand, trigeminal nerve function in 
Parkinson’s disease is very rarely reported in the litera-
ture. Intact trigeminal sensitivity is described in subjects 
with PD. Tremblay et al. in a Canadian-German studies 
reported that on electrophysiological olfactory measure-
ments, subjects with Parkinson’s disease showed simi-
lar trigeminal sensitivity to healthy control subjects25,61. 
A similar experience was reported by German authors in 
their study53. This fact could distinguish OD in PD sub-
jects from other OD in the future25,61. In our laboratory, 
preliminary analyses suggest that we observed the absence 
of OERPs in the simultaneous presence of TERPs in 16% 
of subjects with PD examined by electrophysiological ol-
factory methods.

In our case report series, the findings of OERPs and 
TERPs were interesting. In two cases, we detected the 
absence of OERPs, and in one case, OERPs were present, 
but compared to pilot data in healthy subjects20, the N1 
and P2 curves were prolonged by more than 100 milisec-
onds. The findings of TERPs were also interesting. TERPs 
were absent once when OERPs were absent. In two case 
reports, TERPs were present, once when OERPs were 
absent and once when OERPs were present. The laten-
cies of TERPs did not significantly differ from pilot data 
of healthy subjects20. By examining olfaction along with 
other methods, we can monitor disease progression62. 

The importance of objective imaging methods in the 
diagnosis of OD in subjects with PD has been reported in 
the literature. In brain MRI, the examination is focused 
on the olfactory bulbus and olfactory sulcus. For the ol-
factory bulb, we are interested in its volume. It has been 
described in the literature that its volume varies in neuro-
degenerative diseases, for example. Rombaux et al. in their 
study did not observe olfactory bulb volume differences 
in subjects with PD (ref.63). Recently, some studies have 
addressed the importance of brain fMRI in PD. Hummel 
et al. report in detail how olfactory stimuli applied during 
fMRI scans can show modulation of central nervous sys-
tem structures related to PD. This is an important factor 
for our detailed understanding of OD in PD patients26.

Some older studies have already presented the hypoth-
esis that OD precedes motor symptoms in subjects with 
PD. A study that provided more significant evidence in 
this regard was conducted by Ross et al. They studied 
olfactory function in 2267 men without clinical symp-
toms of PD for eight years. During this period, 35 cases 
of Parkinson’s disease were diagnosed. It was found that 

those who scored lower on the subjective olfactory exami-
nation using SSIT had a higher risk of developing PD in 
the following four years4. Subsequently, other prospective 
studies were conducted to clarify the role of OD in the 
prodromal stage of PD. Haehner et al. followed a group of 
30 patients with idiopathic hyposmia. After four years, PD 
developed in 7% of people, so the authors concluded that 
hyposmia could be the first symptom of PD (ref.32). Then, 
in 2018, Haehner et al. followed 474 patients with idio-
pathic loss of smell, with an average of 11 years later, 45 of 
them (9.8%) developed PD (ref.29). Given the above, OD 
could be an early biomarker of PD and therefore could be 
a valuable indicator in the early diagnosis of PD (ref.64).

CONCLUSION

In this overview, we report that olfactory dysfunction 
is a common and early symptom of PD. The literature 
suggests the use of olfactory testing as a biomarker for 
the early diagnosis of PD and further in the assessment 
of its progression. Objectified OD may be an important 
indicator in identifying the prodromal phase of PD.  OD 
is now recognized as a supportive diagnostic criterion for 
early screening of PD. For accurate measurement of OD 
in subjects with PD, it is advisable to use a comprehen-
sive olfactory examination that includes not only standard 
psychophysical olfactory tests but also electrophysiologi-
cal examination of not only the sense of smell but also 
trigeminal function. It is certainly advisable to also indi-
cate brain MRI with a focus on the olfactory bulb. In the 
future, brain fMRI technology will also be developed for 
the diagnosis of PD. Recently, the importance of OERP/
TERP in the diagnosis of PD has been growing. The ab-
sence of OERPs is a strong predictor of the presence of 
OD. The presence of TERPs could help in the detailed 
differentiation of olfactory dysfunction in PD from other 
OD. In the future, detailed research on OD in PD can be 
expected, using comprehensive olfactory testing with a 
special focus on OERPs/TERPs.

Search strategy and selection criteria 
Our search strategy aimed to evaluate current stud-

ies and reviews published olfactory dysfunction in 
Parkinson’s disease. Scientific articles were searched using 
the PubMed and Web of Science and Medvik databases. 
All searches were up to June 2025. The search terms 
included “smell”, “olfactory dysfunction”, “Parkinson’s 
disease”, “OERPs”, “TERPs”. Only the full texts of the 
articles in English were reviewed.

Acknowledgement: This paper was funded by Project MO 
1012 of the Ministry of Defence of the Czech Republic. 
Author contributions: LV, NP, JA, KJ, PD, RH, SM: con-
ceptualization; LV, JH, OV, KJ, SM, RH: validation, data 
curation; RH, LV, KJ, SM, NP, OV, KJ: investigation and 
visualization; JA, JH, OV, LV, RH, PD: resources; LV, 
RH, NP, KJ, OV, PD: writing – original draft prepara-
tion; LV, NP, KJ, RH, SM, JH: writing-review and editing; 
RH, JH, PD, JA: supervision; LV, RH, KJ, JH: project 



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2026; 170(1):8–14.

13

administration; LV, RH, JA: funding acquisition. All au-
thors have read and agreed to the published version of 
the manuscript.
Conflict of interest statement: The authors state that there 
are no conflicts of interest regarding the publication of 
this article.
Ethic approval: Our study was approved by the Ethics 
Committee of the Military University Hospital Prague – 
Reference Number 108/16-24/2021. 
Informed consent statement: The patients presented in this 
manuscript signed an informed consent for the olfactory 
examination.

REFERENCES

	 1.	 Erkkinen MG, Kim MO, Geschwind MD. Clinical Neurology and 
Epidemiology of the Major Neurodegenerative Diseases. Cold Spring 
Harb Perspect Biol 2018;10(4):a033118. doi: 10.1101/cshperspect.
a033118

	 2.	 Tolosa E, Gaig C, Santamaría J, Compta Y. Diagnosis and the premotor 
phase of Parkinson disease. Neurology 2009;72(7 Suppl):S12-20. doi: 
10.1212/WNL.0b013e318198db11

	 3.	 Stevenson TJ, Murray HC, Turner C, Faull RLM, Dieriks BV, Curtis MA. 
α-synuclein inclusions are abundant in non-neuronal cells in the 
anterior olfactory nucleus of the Parkinson’s disease olfactory bulb. 
Sci Rep 2020;10(1):6682. doi: 10.1038/s41598-020-63412-x

	 4.	 Ross GW, Petrovitch H, Abbott RD, Tanner CM, Popper J, Masaki K, 
Launer L, White, L.R. Association of olfactory dysfunction with risk 
for future Parkinson’s disease. Ann Neurol 2008;63(2):167-73. doi: 
10.1002/ana.21291

	 5.	 Blomqvist, EH, Brämerson A, Stjärn, P, Nordin S. Consequences 
of olfactory loss and adopted coping strategies. Rhinology 
2004;42(4):189-94. 

	 6. 	 Ball N, Teo WP, Chandra S, Chapman J. Parkinson’s Disease and 
the Environment. Front. Neurol 2019;10:218.   doi: 10.3389/
fneur.2019.00218 

	 7.	 Tysnes OB, Storstein A. Epidemiology of Parkinson’s disease. J. Neural 
Transm 2017;124(8):901-5.  doi: 10.1007/s00702-017-1686-y

	 8.	 Bartoníková T, Menšíková K, Janout V, Kaňovský P. Epidemiologie 
Parkinsonovy nemoci. Neurol Praxi 2020;21(5):390-4.

	 9.	 Holý R, Vorobiov O, Janoušková K, Vašina L, Mamiňák K, Vodička 
J, Augste E, Dytrych P, Zavázalová Š, Funda D, Astl J. Olfactory 
event-related potentials and trigeminal event-related poten-
tials – first experience with objective olfactometry in the Czech 
Republic. Otorinolaryngol Foniatr 2024;73(3):134-43. doi: 10.48095/
ccorl2024134

10. Martinec Nováková L, Štěpánková H, Vodička J, Havlíček J. 
Contribution of Olfactory Tests to Diagnosis of Neurodegenerative 
Diseases. Cesk Slov Neurol N 2015;78/111(5):517-25. 

11.	 Červený K, Janoušková K, Vaněčková K, Zavázalová Š, Funda D, Astl 
J, Holý R. Olfactory Evaluation in Clinical Medical Practice. J Clin Med 
2022;11(22):6628. doi: 10.3390/jcm11226628 

12.	 Kovář D, Holý R, Voldřich Z, Fundová P, Astl J. The Contribution 
of CT Navigation in Endoscopic Sinus Surgery: an Evaluation of 
Patient Postoperative Quality of Life and Olfaction Function Results. 
Otorinolaryngol Foniatr 2017;66(4):205-9. 

13.	 Hummel T, Sekinger B, Wolf SR, Pauli E, Kobal G. ‚Sniffin‘ Sticks‘: 
olfactory performance assessed by the combined testing of odor 
identification, odor discrimination and olfactory threshold. Chem 
Senses 1997;22(1):39-52. doi: 10.1093/chemse/22.1.39

14.	 Doty RL, Shaman P, Kimmelman CP, Dann MS. University of 
Pennsylvania Smell Identification Test: a rapid quantitative olfactory 
function test for the clinic. Laryngoscope 1984;94(2 Pt 1):176-8. doi: 
10.1288/00005537-198402000-00004

15.	 Doty RL. Olfactory dysfunction and its measurement in the clinic. 
World J Otorhinolaryngol Head Neck Surg 2015;1(1):28-33. doi: 
10.1016/j.wjorl.2015.09.007

16.	 Doty RL, Marcus A, Lee WW. Development of the 12-item Cross-
Cultural Smell Identification Test (CC-SIT). Laryngoscope 1996;106(3 
Pt 1):353-6. doi: 10.1097/00005537-199603000-00021

17.	 Vodicka J, Pellant A, Chrobok V. Screening of olfactory function using 
odourized markers. Rhinology 2007;45(2):164-8. 

18.	 Vodička J, Pecková LK, A, Ehler E, Chrobok V. Vyšetření čichu u neu-
rologických onemocnění pomocí Testu parfémovaných fixů. Cesk 
Slov Neurol N 2010;73/106(1):45-50. (In Czech)

19.	 Magerová H, Vyhnálek M, Laczó J, Bojar M, Hort J. Přínos vy-
šetření čichu v časné diagnostice demencí. Cesk Slov Neurol N 
2008;71/104(3):298-302. (In Czech)

20.	 Holý R, Janouskova K, Vasina L, Maute E, Kalfert D, Maminak K, 
Augste E, Hlozek J, Schulz H, Funda D, Astl J. Olfactory event-related 
potentials (OERPs) and trigeminal event-related potentials (TERPs) 
– a pilot study in Czech participants with normal sense of smell. J 
Appl Biomed 2023;21(4):167-73. doi: 10.32725/jab.2023.020

21.	 Rombaux P, Mouraux A, Bertrand B, Guerit JM, Hummel T. 
Assessment of olfactory and trigeminal function using chemosen-
sory event-related potentials. Neurophysiol Clin 2006;36(2):53-62. 
doi: 10.1016/j.neucli.2006.03.005

22.	 Holý R, Kalfeřt D, Vašina L, Vorobiov O, Dytrych P, Janoušková K, 
Augste E, Kashiri S, Pastorková N, Mimiňák K, Hložek J, Kovář D, 
Vodička J, Astl J. Olfactory event-related potentials (OERPs) and 
trigeminal event-related potentials (TERPs) in subjects after under-
going Covid-19 infection: single-center prospective study. J Appl 
Biomed 2024;22(3):149-54. doi: 10.32725/jab.2024.020

23.	 Janouskova K, Vorobiov O, Maminak K, Kalfert D, Vasina L, Dytrych P, 
Pastorkova N, Hlozek J, Kovar D, Vodicka J, Masopust V, Astl J, Holy R. 
The importance of olfactory and trigeminal event-related potentials 
(OERPs/TERPs) in the assessment of olfactory function in subjects 
with chronic rhinosinusitis with nasal polyposis. J Appl Biomed 
2025;23(2):57-62. doi: 10.32725/jab.2025.006

24.	 Hawkes CH, Shephard BC, Daniel SE. Olfactory dysfunction in 
Parkinson‘s disease. J Neurol Neurosurg Psychiatry 1997;62(5):436-
46. doi: 10.1136/jnnp.62.5.436

25. 	 Tremblay C, Emrich R, Cavazzana A, Klingelhoefer L, Brandt MD, 
Hummel T, Haehner A, Frasnelli J. Specific intranasal and central 
trigeminal electrophysiological responses in Parkinson‘s disease. J 
Neurol 2019;266(12):2942-51. doi: 10.1007/s00415-019-09517-4

26. 	 Hummel T, Urbig A, Huart C, Duprez T, Rombaux P. Volume of olfac-
tory bulb and depth of olfactory sulcus in 378 consecutive patients 
with olfactory loss. J Neurol 2015;262(4):1046-51. doi: 10.1007/
s00415-015-7691-x

27. 	 Welge-Lüssen A, Wattendorf E, Schwerdtfeger U, Fuhr P, Bilecen 
D, Hummel T, Westermann B. Olfactory-induced brain activity in 
Parkinson‘s disease relates to the expression of event-related poten-
tials: a functional magnetic resonance imaging study. Neuroscience 
2009;162(2):537-43. doi: 10.1016/j.neuroscience.2009.04.050

28. 	 Hummel T, Fliessbach K, Abele M, Okulla T, Reden J, Reichmann H, 
Wüllner U, Haehner A. Olfactory FMRI in patients with Parkinson's 
disease. Front Integr Neurosci 2010;4:125. doi: 10.3389/
fnint.2010.00125

29. 	 Haehner A, Masala C, Walter S, Reichmann H, Hummel T. Incidence 
of Parkinson’s disease in a large patient cohort with idiopathic smell 
and taste loss. J. Neurol 2018;266(2):339-45.  doi: 10.1007/s00415-
018-9135-x

30. 	 White TL, Sadikot AF, Djordjevic J. Metacognitive knowledge of ol-
factory dysfunction in Parkinson's disease. Brain Cogn 2016;104:1-6. 
doi: 10.1016/j.bandc.2016.01.004

31. 	 Torres-Pasillas G, Chi-Castañeda D, Carrillo-Castilla P, Marín G, 
Hernández-Aguilar ME, Aranda-Abreu GE, Manzo J, García LI. 
Olfactory Dysfunction in Parkinson’s Disease, Its Functional and 
Neuroanatomical Correlates. NeuroSci 2023;4(2):134-51. doi: 
10.3390/neurosci4020013 

32. 	 Haehner A, Hummel T, Hummel C, Sommer U, Junghanns S, 
Reichmann H. Olfactory loss may be a first sign of idiopathic 
Parkinson‘s disease. Mov Disord 2007;22(6):839-42.  doi: 10.1002/
mds.21413

33. 	 Ponsen MM, Stoffers D, BooijJ, van EckSmit BLF, Wolters EC, Berendse 
HW. Idiopathic hyposmia as a preclinical sign of Parkinson‘s disease. 
Ann Neurol 2004; 56(2):173-81. doi: 10.1002/ana.20160

34. 	 Ross GW, Petrovitch H, Abbott RD, Tanner CM, Popper J, Masaki K. 
Association of olfactory dysfunction with risk for future Parkinson‘s 
disease. Ann Neurol 2008;63(2):167-73. doi: 10.1002/ana.21291

35. 	 Markopoulou K, Larsen KW, Wszolek EK, Denson MA, Lang AE, 
Pfeiffer RF, Wszolek ZK. Olfactory dysfunction in familial parkinso-
nism. Neurology 1997;49(5):1262-7. doi: 10.1212/wnl.49.5.1262



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2026; 170(1):8–14.

14

36. 	 Doty RL, Deems DA, Stellar S. Olfactory dysfunction in parkinsoni-
sm: a general deficit unrelated to neurologic signs, disease stage, 
or disease duration. Neurology 1988;38(8):1237-44.  doi: 10.1212/
wnl.38.8.1237

37. 	 Sobel N, Thomason ME, Stappen I, Tanner CM, Tetrud JW, Bower JM, 
Sullivan EV, Gabrieli JD. An impairment in sniffing contributes to the 
olfactory impairment in Parkinson's disease. Proc Natl Acad Sci U S 
A 2001;98(7):4154-9. doi: 10.1073/pnas.071061598

38. 	 Doty RL, Stern MB, Pfeiffer C, Gollomp SM, Hurtig HI. Bilateral ol-
factory dysfunction in early stage treated and untreated idiopathic 
Parkinson‘s disease. J Neurol Neurosurg Psychiatry 1992;55(2):138-
42. doi: 10.1136/jnnp.55.2.138

39. 	 Quinn NP, Rossor MN, Marsden CD. Olfactory threshold in Parkinson‘s 
disease. J Neurol Neurosurg Psychiatry 1987;50(1):88-9. doi: 10.1136/
jnnp.50.1.88 

40. 	 Roth J, Radil T, Ruzicka E, Jech R, Tichy J. Apomorphine does not 
influence olfactory thresholds in Parkinson‘s disease. Funct Neurol 
1998;13(2):99-103.

41. 	 Wenning GK, Shephard B, Hawkes C, Petruckevitch A, Lees A, Quinn 
N. Olfactory function in atypical parkinsonian syndromes. Acta 
Neurol Scand 1995; 91(4):247-50. doi: 10.1111/j.1600-0404.1995.
tb06998.x 

42. 	 Doty RL, Golbe LI, McKeown DA, Stern MB, Lehrach CM, Crawford D. 
Olfactory testing differentiates between progressive supranuclear 
palsy and idiopathic Parkinson‘s disease. Neurology 1993;43(5):962-
5. doi: 10.1212/wnl.43.5.962

43. 	 Silveira-Moriyama L, Hughes G, Church A, Ayling H, Williams DR, 
Petrie A, Holton J, Revesz T, Kingsbury A, Morris HR, Burn DJ, 
Lees AJ. Hyposmia in progressive supranuclear palsy. Mov Disord 
2010;25(5):570-7. doi: 10.1002/mds.22688

44. 	 Abele M, Riet A, Hummel T, Klockgether T, Wullner U. Olfactory dys-
function in cerebellar ataxia and multiple system atrophy. J Neurol 
2003;250(12):1453-5. doi: 10.1007/s00415-003-0248-4 

45. 	 Garland EM, Raj SR, Peltier AC, Robertson D, Biaggioni I. A cross-sec-
tional study contrasting olfactory function in autonomic disorders. 
Neurology 2011;76(5):456-60. doi: 10.1212/WNL.0b013e31820a0caf 

46. 	 Goldstein DS, Holmes C, Bentho O, Sato T, Moak J, Sharabi Y, Imrich 
R, Conant S, Eldadah BA. Biomarkers to detect central dopamine 
deficiency and distinguish Parkinson disease from multiple system 
atrophy. Parkinsonism Relat Disord 2008;14(8):600-7. doi: 10.1016/j.
parkreldis.2008.01.010 

47. 	 Muller A, Mungersdorf M, Reichmann H, Strehle G, Hummel T. 
Olfactory function in Parkinsonian syndromes. J Clin Neurosci 
2002;9(5):521-4. doi: 10.1054/jocn.2001.1071

48. 	 Landis BN, Burkhard PR. Phantosmias and Parkinson disease. Arch 
Neurol 2008;65(9):1237-9. doi: 10.1001/archneur.65.9.1237

49. 	 Landis BN, Reden J, Haehner A. Idiopathic phantosmia: outcome 
and clinical significance. ORL J Otorhinolaryngol Relat Spec 
2010;72(5):252-5. doi: 10.1159/000317024

50. 	 Bannier S, Berdagué JL, Rieu I, de Chazeron I, Marques A, Derost P, 
Ulla M, Llorca PM, Durif F. Prevalence and phenomenology of ol-
factory hallucinations in Parkinson's disease. J Neurol Neurosurg 
Psychiatry 2012;83(10):1019-21. doi: 10.1136/jnnp-2012-302414

51. 	 Hummel T, Fliessbach K, Abele M, Okulla T, Reden J, Reichmann H, 
Wüllner U, Haehner A. Olfactory FMRI in patients with Parkinson's 
disease. Front Integr Neurosci 2010;4:125. doi: 10.3389/
fnint.2010.00125

52. 	 Rahayel S, Frasnelli J, Joubert S. The effect of Alzheimer‘s disease 
and Parkinson‘s disease on olfaction: a meta-analysis. Behav Brain 
Res 2012;231(1):60-74. doi: 10.1016/j.bbr.2012.02.047 

53. 	 Barz S, Hummel T, Pauli E, Majer M, Lang CJ, Kobal G. Chemosensory 
event-related potentials in response to trigeminal and olfac-
tory stimulation in idiopathic Parkinson‘s disease. Neurology 
1997;49(5):1424-31. doi: 10.1212/wnl.49.5.1424 

54. 	 Iannilli E, Stephan L, Hummel T, Reichmann H, Haehner A. Olfactory 
impairment in Parkinson's disease is a consequence of central ner-
vous system decline. J Neurol 2017;264(6):1236-46. doi: 10.1007/
s00415-017-8521-0

55. 	 Flanagan DP, Harrison PL. Contemporary Intellectual Assessment: 
Theories, Tests, and Issues. 3rd ed. New York: Guilford Press; 2012. 

56. 	 Green J, McDonald WM, Vitek JL, Evatt M, Freeman A, Haber M, Bakay 
RA, Triche S, Sirockman B, DeLong MR. Cognitive impairments in 
advanced PD without dementia. Neurology 2002;59(9):1320-4. doi: 
10.1212/01.wnl.0000031426.21683.e2 

57. 	 Swanberg M, Tractenberg RE, Mohs R, Thal LJ, Cummings 
JL. Executive dysfunction in Alzheimer disease. Arch Neurol 
2004;61(4):556-0. doi: 10.1001/archneur.61.4.556

58. 	 Giffard B, Desgranges B, Nore-Mary F, Lalevée C, de la Sayette V, 
Pasquier F, Eustache F. The nature of semantic memory deficits in 
Alzheimer's disease: new insights from hyperpriming effects. Brain 
2001;124(Pt 8):1522-32. doi: 10.1093/brain/124.8.1522

59. 	 McLaughlin NCR, Westervelt HJ. Odoridentifi cation deficits in fron-
totemporal dementia: a preliminary study. Arch Clin Neuropsychol 
2008;23(1):119-23. doi: 10.1016/j.acn.2007.07.008

60. 	 Attems J, Jellinger KA. Olfactory tau pathology in Alzheimer disease 
and mild cognitive impairment. Clin Neuropathol 2006;25(6):265-71. 

61. 	 Tremblay C, Durand Martel P, Frasnelli J. Trigeminal system in 
Parkinson's disease: A potential avenue to detect Parkinson-specific 
olfactory dysfunction. Parkinsonism Relat Disord 2017;44:85-90. doi: 
10.1016/j.parkreldis.2017.09.010

62. 	 Wesson DW, Wilson DA, Nixon RA. Should olfactory dysfunction be 
used as a bio marker of Alzheimer‘s disease? Expert Rev Neurother 
2010;10(5):633-5. doi: 10.1586/ern.10.33

63. 	 Rombaux P, Duprez T, Hummel T. Olfactory bulb volume in the clini-
cal assessment of olfactory dysfunction. Rhinology 2009;47(1):3-9. 

64. 	 Fullard ME, Morley JF, Duda JE. Olfactory Dysfunction as an Early 
Biomarker in Parkinson's Disease. Neurosci Bull 2017;33(5):515-25. 
doi: 10.1007/s12264-017-0170-x 


