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Abstract
The pathophysiology of blepharospasm is incompletely understood. Current concepts suggest that blepharospasm is a network 
disorder, involving basal ganglia, thalamus, cortex, and, possibly, the cerebellum. Tracing, imaging, and clinical studies 
revealed that these structures are also concerned with olfaction and taste. Because of this anatomical overlap, dysfunction 
of the chemical senses in blepharospasm is expected. Injections of botulinum toxin into the eyelid muscles are the first-line 
treatment of blepharospasm. Yet, the effects of botulinum toxin on the chemical senses have not been systematically assessed. 
To contribute to a better understanding of blepharospasm, olfactory and gustatory abilities were assessed in 17 subjects with 
blepharospasm and 17 age-/sex-matched healthy controls. Sniffin Sticks were used to assess odor threshold, odor discrimina-
tion, and odor identification. Results of these three Sniffin Sticks subtests were added to the composite olfactory score. The 
Taste Strips were applied to assess taste. In an adjacent study, we assessed the sense of smell and taste in eight subjects with 
blepharospasm before and 4 weeks after botulinum toxin treatment. Subjects with blepharospasm had significantly lower 
(= worse) scores for odor threshold and for the composite olfactory score than healthy controls, while odor discrimination, 
odor identification, and the composite taste score were not different between groups. The adjacent study revealed that botuli-
num toxin did not impact the chemical senses. In this study, subjects with blepharospasm had a lower (= worse) odor threshold 
than healthy controls. As olfaction is important in daily life, findings justify further research of olfaction in blepharospasm.

Keywords Non-motor deficit · Network · Basal ganglia · Thalamus · Cerebellum · Cortex

Introduction

Blepharospasm (BSP) is a dystonia subtype that is charac-
terized by stereotyped, bilateral, and synchronous spasms 
of the orbicularis oculi muscle in combination with sensory 
tricks and increased blinking (Defazio et al. 2017). Subjects 
with BSP may be functionally blind and unable to live a nor-
mal life due to spasms of the eyelid muscles (Valls-Sole and 
Defazio 2016). Additionally, sensory (such as dry eye and 
photophobia), psychiatric (such as depression and anxiety), 
and cognitive alterations (such as memory and executive 
function) are possible or putative non-motor deficits of BSP 
which negatively impact the quality of life (Ferrazzano et al. 
2019; Girach et al. 2019). BSP may present secondary to a 
different illness, such as focal lesion in the brain, or in com-
bination with other dystonias such as oro-mandibular dysto-
nia (Albanese et al. 2013). When BSP occurs in isolation and 
is unrelated to a different condition, it is termed idiopathic 
BSP (Albanese et al. 2013). Although being the most com-
mon cranial dystonia and the second most common focal 
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dystonia (ESDE 2000; Defazio et al. 2017), the pathophysi-
ology of idiopathic BSP is incompletely understood (Defazio 
et al. 2017). A better understanding of its pathophysiology 
may provide diagnostic biomarkers or novel gateways for its 
treatment. Such understanding is highly relevant as motor 
and non-motor alterations cause significant disability for 
subjects with idiopathic BSP (Ferrazzano et al. 2019; Girach 
et al. 2019).

Current concepts on the pathophysiology of idiopathic 
BSP suggest that it is related to alterations in a network 
of sensorimotor control that includes the sensorimotor 
and parietal cortex, basal ganglia, thalamus, brainstem, 
and, possibly, the cerebellum (Defazio et al. 2017; Chiru-
mamilla et al. 2019; Glickman et al. 2020; Mascia et al. 
2020). Tracing studies in animals (Ikai et al. 1992; Price 
2003), functional imaging studies in healthy human subjects 
(Sobel et al. 1998; Savic et al. 2000) and clinicopathological 
studies (Mainland et al. 2005; Zobel et al. 2010; Wistehube 
et al. 2018) revealed that the basal ganglia, thalamus, cer-
ebellum, and sensorimotor cortex are also concerned with 
the processing of information related to the chemical senses. 
Because of the anatomical overlap of structures involved 
in the pathophysiology of idiopathic BSP and the chemical 
senses, an impairment of the sense of smell and taste may be 
found in subjects with idiopathic BSP. This idea is supported 
by diminished chemical senses in subjects with cervical dys-
tonia (CD) (Marek et al. 2018; Herr et al. 2020), where alter-
ations in the sensorimotor control network are also found 
(Jinnah et al. 2013, 2017). Although largely overlooked, the 
chemical senses fulfill fundamental aspects important for 
daily life (Croy et al. 2014; Doty 2019). For instance, they 
contribute to the quality of life, they can warn us of hazards, 
and they are important for social relations (Stevenson 2010; 
Gelstein et al. 2011; Croy et al. 2014). Diminished chemical 
senses may worsen the situation of subjects with idiopathic 
BSP. To contribute to a better understanding of idiopathic 
BSP, the sense of smell and the sense of taste were sys-
tematically assessed in subjects with idiopathic BSP and 
compared to matched healthy controls.

The pathophysiology of BSP is incompletely understood 
and there is no curative treatment for BSP at present (Hallett 
et al. 2008; Defazio et al. 2017). Thus, currently available 
treatment options for BSP are symptomatic (Hallett et al. 
2008; Defazio et al. 2017). Injections of botulinum toxin 
(BoNT) into the eyelid muscles are the first-line treatment 
for subjects with idiopathic BSP (Hallett et al. 2013; Hassell 
and Charles 2020). BoNT blocks the release of acetylcholine 
from axon endings at the neuromuscular junctions to cause 
a flaccid paralysis (Figgitt and Noble 2002; Hallett et al. 
2013; Hassell and Charles 2020). Yet, it may also diffuse to 
other structures such as the glands in the nose and mouth, 
where acetylcholine is also a neurotransmitter (Schulte-Mat-
tler 2008; Hallett et al. 2013). As a result, BoNT treatment 

may diminish the functioning of these glands and cause dry 
mouth and dry nose (Hallett et al. 2013; Hassell and Charles 
2020). As saliva in the mouth and mucus in the nose are 
important for olfactory and gustatory molecules to dissolve, 
to bind as well as to stimulate the olfactory and gustatory 
receptors (Rawal et al. 2016; Doty 2019), a decline in the 
sense of smell and taste may occur with BoNT treatment due 
to its side effects of dry mucous membranes (Hassell and 
Charles 2020). To the best of our knowledge, the effects of 
BoNT on olfactory and gustatory abilities have not thus far 
been systematically assessed. Therefore, the chemical senses 
in subjects with idiopathic BSP were assessed before and 
4 weeks after BoNT injections in an adjacent study. Findings 
of this adjacent study were compared to healthy subjects, 
who were also assessed twice 4 weeks apart but without 
BoNT treatment.

Methods

Study subjects

Study participants were recruited through the Ophthalmol-
ogy Department and Neurology Department at the Univer-
sity Hospital Greifswald before January 2020. Inclusion 
criteria for BSP subjects were standardized criteria for idi-
opathic BSP without evidence of a different neurological ill-
ness and/or other causes of involuntary lid closure (Defazio 
and Livrea 2004; Defazio et al. 2017). Healthy subjects 
matched for age, sex, education, and handedness of the BSP 
subjects were included as healthy controls. The exclusion 
criteria were chosen, so that no other neurological disease 
and no disorder of the peripheral olfactory and gustatory 
system could influence the test results. Exclusion criteria 
applied to both groups were a score below 26 in the Mon-
treal Cognitive Assessment (MoCA) (Freitas et al. 2012), 
post-infectious olfactory dysfunction, post-traumatic olfac-
tory dysfunction, olfactory dysfunction secondary to sinon-
asal disease, congenital olfactory dysfunction, idiopathic 
olfactory dysfunction, any history of or current radiation 
and chemotherapy, past or present tobacco smoking, use of 
central nervous system (CNS) active medication, anatomi-
cal deformities or pathologies of the mouth, ear and nose, 
medical or surgical conditions which could impede smell 
or taste, as well as history of head trauma, abnormal find-
ings on routine neuroimaging studies and abnormal find-
ings on laboratory work-up done for routine care (Jankovic 
and Orman 1987; Heckmann et al. 2003; Doty 2019). Also, 
excluded from the study were subjects taking medication or 
who were under exposure to toxins which cause dysfunction 
of the chemical senses (Hummel et al. 2016; Doty 2019; 
Kronenbürger and Pilgramm 2020).
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After approval of the study protocol by the local ethics 
board, all subjects with the diagnosis of blepharospasm who 
presented to the Department of Ophthalmology and to the 
Department of Neurology outpatient clinics between Janu-
ary 2015 and January 2020 were identified in the hospital 
electronic record system of the University Hospital Greif-
swald. Thereafter, using the available health information in 
the hospital electronic medical records system, the inclusion 
and exclusion criteria were checked in the identified subjects 
with blepharospasms. In the following step, the remaining 
subjects with blepharospasms who met the inclusion cri-
teria and did not have any exclusion criteria were mailed a 
letter about the study and—if they were interested to volun-
tarily participate in the study—invited to contact the study 
investigators. Subjects with BSP who showed interest and 
who contacted the study investigators were interviewed over 
the phone if they met the inclusion criteria and if they had 
no exclusion criteria. Thereafter, respective BSP subjects 
obtained an appointment for the study, where they were 
examined and once more interviewed in regards to inclu-
sion and exclusion criteria. Subjects with BSP who met the 
inclusion criteria and did not have any exclusion criteria 
were considered to have idiopathic BSP.

Healthy controls were recruited by flyers, which were 
distributed at the Department of Ophthalmology and at the 
Department of Neurology outpatient clinics. As with the 
subjects with idiopathic BSP, healthy controls interested to 
participate in the study and who called the study investiga-
tors were interviewed over the phone and scheduled for an 
appointment for the study if they met the inclusion criteria 
and if they did not have any exclusion criteria. Other selec-
tion criteria were that the healthy controls matched age, 
sex, education, and handedness of the subjects with BSP. 
At the study appointment, healthy controls were examined 
and again interviewed regarding the inclusion and exclusion 
criteria.

As we wanted to assess olfactory abilities in a cohort of 
subjects with idiopathic BSP, subjective olfactory decline 
was neither an inclusion nor an exclusion criterion for sub-
jects with BSP or healthy controls. Thus, for screening and 
subsequent recruitment for this study, study participants 
were not inquired about their subjective olfactory function-
ing before entering the study. Once the study participants 
were included in the study, they were asked about their sub-
jective rating of their olfactory abilities and their gustatory 
abilities (please see “Clinical interview, exam, and scores”).

Clinical interview, exam, and scores

In addition to clinical chart review, demographic as well as 
clinical data were collected during the in-person interview. 
A neurological exam in all study subjects was performed by 
a fellowship-trained, senior movement disorders neurologist 

(MK). The Jankovic Ratings Scale (JRS) (Jankovic and 
Orman 1987) and the Blepharospasm Severity Rating Scale 
(BSRS) (Defazio et al. 2015) were applied to assess BSP. 
To assess cognitive and psychiatric alterations that could 
potentially impede the chemical senses (Hedner et al. 2010; 
Kamath et al. 2018), the protocol included the MoCA (Frei-
tas et al. 2012), the Trail-Making-Test (Brown et al. 1958), 
the Digit-Span-Test (de Paula et al. 2016), the FAS-Test 
(Machado et al. 2009), and the Brief Symptom Inventory 
(Franke 2000). All participants were examined in a well-
rested state. An anterior rhinoscopy, as well as a clinical 
exam of the oral cavity were performed on all participants 
to exclude any conditions which could cause impairment of 
the chemical senses. BSP subjects on BoNT treatment were 
assessed three months after their last treatment when the 
effects of BoNT had wasted. To assess saliva production, 
the study participants were asked to place two cotton swabs 
in their check pouch for 1 min. The weight of the cotton 
swabs was measured before and after the subjects had them 
in their mouth.

All study participants were asked to gauge their overall 
olfactory ability (= subjective olfactory ability rating) and 
their overall gustatory ability (= subjective gustatory rating) 
on a scale from 0 (absent) to 10 (superb) before the begin-
ning of the Sniffin Sticks and Taste Stripe test as described 
below.

An adjacent study assessed the effects of BoNT treatment 
on the chemical senses. BSP subjects currently treated with 
BoNT were either examined right before their next BoNT 
injections and then examined 4 weeks thereafter, or they 
were examined in reverse order. The BoNT treatment was 
applied consistent with standard injection protocols, in 
standard doses with four-to-six injection sites per eye (Has-
sell and Charles 2020). To document the effects of BoNT 
treatment, the JRS was done right before the BoNT injec-
tions and 4 weeks thereafter. Self-assessment of the effects 
of BoNT in the BSP subjects was done using the Global 
Assessment Score (Wabbels et al. 2011). Using this scale, 
the BSP subjects were asked to rate the response to BoNT 
treatment from − 4 to + 4 (“− 4” indicated marked worsen-
ing of symptoms, “0” no change, and “+ 4” marked improve-
ment of symptoms). For comparison, matched healthy con-
trols were assessed twice, 4 weeks apart but without BoNT 
treatment.

Olfactory testing

The participants’ sense of smell was assessed using Sniffin 
Sticks (Hummel et al. 1997). These included three subtests 
for odor threshold, odor identification, and odor discrimi-
nation. The Sniffin Sticks have the shape of a pen and 
a removable cap. The participants were requested not to 
eat or use chewing gum an hour before the examination. 
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Taking sips of water was allowed for the participants. To 
prevent visual identification, all study participants were 
tested blindfolded. For olfactory testing, the cap of the 
Sniffin Sticks pen was removed and the pen was presented 
under the nostrils for 3 s. Sufficient breaks were made 
between the presentation of the pens.

To assess the odor threshold, 16 triplets were used. Each 
triplet consisted of one pen, which contained the odor-
ant n-butanol in different dilutions, and two pens which 
contained an odorless solvent. Thus, the odor threshold 
test of the Sniffin Sticks had 16 sticks, which contained 
n-butanol. The Sniffin Sticks pen with the highest con-
centration of the odorant had an n-butanol concentration 
of 4%. The difference between the n-butanol dilution in 
the different pens which contained the odorant was step-
wise with a ratio of 1:2 per step. At the beginning of the 
test, the study participants were offered the pen with the 
highest concentration of the odorant, so that they could 
familiarize themselves with the fragrance. Thereafter, the 
triplet with the lowest odor concentration was presented. 
The three pens of a triplet were presented in alternating 
order. In a forced-choice procedure (AFC-procedure), the 
subjects were instructed to decide in which pen they had 
perceived a fragrance. In case the study participants were 
uncertain, they had to guess the answer. If the participants 
gave an incorrect answer, the triplet with the next higher 
concentration was presented until the study participants 
gave the correct answer. If the participants gave the correct 
answer during the first attempt, the triplet with the same 
concentration was offered to them again. When subjects 
had again chosen the correct pen, the test continued with 
the next lower concentration. This was done until the par-
ticipants gave an incorrect answer, and then, the concen-
tration was increased. The change between increasing and 
decreasing concentration (or vice versa) resulted in turn-
ing points. Results were documented on a documentation 
sheet. A total of seven turning points were determined, 
with the last four being considered for evaluation. The 
mean was calculated from these four turning points. This 
mean value indicated the olfactory threshold concentration 
of the study participants and could take values between 
zero (absent) and 16 (excellent). Thus, a low number in the 
odor threshold test also called “low odor threshold” indi-
cated a worse or an impaired odor threshold. For example, 
if the group of subjects with idiopathic BSP had a lower 
odor threshold than the group of healthy controls, the odor 
threshold of subjects with BSP was deemed worse than the 
odor threshold of healthy controls.

For the assessment of odor discrimination, 16 triplets 
were used. A triplet included two pens with the same odor 
and one pen with a different odorant. The participants had 
to identify the stick with the different fragrances during this 
examination. The participants could achieve a maximum of 

16 points. A lower score in the odor discrimination test indi-
cated a worse performance than did a higher score.

Odor identification was assessed with 16 pens. These 
had different fragrances that represented known smells; for 
example, orange, leather, coffee, or garlic. After one pen 
was presented, four predetermined answer options were read 
out to the participants and they had to indicate which of the 
four was most likely the correct answer. The correct answers 
were noted and added at the end of the examination. Similar 
to the other tests, a maximum total of 16 points was possi-
ble. A lower score in the odor identification test indicated a 
worse performance than did a higher score.

The three Sniffin Sticks subtests (odor threshold, odor 
discrimination, and odor identification) were added to the 
composite olfactory score. Results with low cores indicated 
worse performance than did high scores. For example, a 
lower score of the Sniffin Sticks test in the group of subjects 
with BSP than in the group of healthy controls indicated that 
the result of the group of subjects with idiopathic BSP was 
worse than the result of the healthy controls. A composite 
olfactory score of lower than 30 was considered as hyposmia 
(Haehner et al. 2009).

Gustatory testing

The Taste Strips were used for the assessment of the com-
posite taste scores (Mueller et al. 2003). Each taste strip 
was impregnated with one of the four flavors in four differ-
ent concentrations. The four flavors were "sweet", "sour", 
"salty", or "bitter". There were also two strips without taste, 
the so-called “blanks”. The participants were presented 
the 18 strips in a predetermined order based on increasing 
flavor concentration, but the four flavors were presented in 
randomized order. Sufficient breaks were provided, and the 
participants were asked to drink some water regularly in 
between tastes, to avoid falsifying the results. In a forced-
choice procedure, the participants were requested to indicate 
which taste they noticed. To evaluate the test, the number 
of correct answers was added (max. 16 points). The results 
of the two blanks were not recorded. A lower score in the 
Taste Stripe test indicated a worse performance than did a 
higher score. A composite taste score of lower than 9 was 
considered as hypogeusia (Mueller et al. 2003).

Statistics

SPSS Statistics 25 software (SPSS Inc., Chicago, IL, USA) 
was used. The exact Mann–Whitney U test and Fisher’s test 
were used, since sample sizes were low and non-parametric 
tests are less likely to be affected by outliers. In the case 
of statistically significant differences between BSP subjects 
and healthy controls, multiple linear regression analysis was 
performed to assess whether clinical characteristics of BSP 
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predicted performance on the tests of the chemical sense. 
Factors included were age, sex, education, disease duration 
of BSP, BoNT treatment, JRS, presence of tremor, saliva 
production, performance on the cognitive tests, as well as 
BSI depression and anxiety sub-scores. The critical p value 
was set to 0.05.

The study was approved by the local ethics committee 
(BB 004/19) and was performed in accordance with the ethi-
cal standards laid down in the 1964 Declaration of Helsinki 
and its later amendments. All study participants gave their 
informed consent before their inclusion in the study.

Results

Olfactory and gustatory ability in BSP subjects 
and healthy controls

For this study, 115 subjects with BSP were screened. Details 
on the subjects with BSP screened and the number as well as 
causes of exclusion can be found in the flow chart in Fig. 1 
in the Electronic Supplementary Material. Also, 26 healthy 
controls were screened (please see flowchart in Fig. 2 in 
the Electronic Supplementary Material). Seventeen subjects 
with idiopathic BSP and 17 healthy controls, who were will-
ing to voluntarily participate, met the inclusion criteria, and 
did not have any exclusion criteria as defined by the study 
protocol, were finally included in this study as study par-
ticipants. Additionally, healthy controls were matched for 
age, sex, education, and handedness of the subjects with idi-
opathic BSP. Population characteristics of the study partici-
pants are summarized in Table 1. All study participants were 
right-handed and Caucasian. Two subjects with idiopathic 
BSP had a slight action tremor of the hands consistent with 
tremor associated with dystonia (Bhatia et al. 2018).

The group of BSP subjects had a lower (= worse) odor 
threshold (5.7 ± 2.1 versus 8.4 ± 2.2, p = 0.002) and a lower 
(= worse) composite olfactory score (30.6 ± 3.9 versus 
34.6 ± 6.0, p = 0.009) than the group of healthy controls, 
while odor discrimination (12.5 ± 1.6 versus 13.1 ± 2.3, 
p = 0.3) and odor identification (12.4 ± 1.9 versus 13.1 ± 2.5, 
p = 0.1) were not statistically different between the two 
groups (Fig. 1a,b). There were 8 subjects with idiopathic 
BSP (that is, 47% of the group of subjects with idiopathic 
BSP studied) and 3 healthy controls (that is, 18% of the 
group of healthy controls studied) with hyposmia. The dif-
ference in the prevalence of hyposmia in the two groups 
compared was only marginally significant (p = 0.06) as 
assessed through the Fisher’s test. An odor threshold below 
the 10th percentile of the norm (that is, a score below 5.75 
points) is regarded as a pathological odor threshold (Olesz-
kiewicz et al. 2019). Based on this criterion, 8 out of 17 sub-
jects with idiopathic BSP had a pathologic odor threshold, 

which represents 47% of the group of subjects with idio-
pathic BSP studied. In comparison, only one healthy con-
trol had a pathologic odor threshold, which represents 6% 
of the group of healthy controls studied. The comparison 
of subjects with a pathologic odor threshold in each group 
through the use of the Fisher test revealed that this differ-
ence was statistically significant (p = 0.017). Subjective 
olfactory functioning in subjects with idiopathic BSP was 
lower (= worse) than in healthy controls, but the difference 
was not statistically significant (7.0 ± 1.7 versus 7.8 ± 1.6, 
p > 0.05). The subjects with idiopathic BSP were not aware 
of their olfactory dysfunction. None of the subjects with idi-
opathic BSP described that they had an olfactory impairment 
as indicated by a subjective olfactory ability rating of lower 
than 5. Additionally, there were non-significant poor corre-
lations between subjective olfactory functioning and results 
of the Sniffin Sticks test in the subjects with idiopathic BSP 
(Spearmen correlation coefficient between 0.2 to − 0.2; p 
values > 0.3). Multiple linear regression analysis revealed 
that neither demographic characteristics, motor manifesta-
tions as assessed with the JRS nor non-motor alterations of 
BSP including performance with the cognitive tests as well 
as the BSI were predictors for low odor threshold or the 
composite olfactory score in subjects with idiopathic BSP.

Table 1  Demographic and clinical data of the study participants

Values are mean ± standard deviation; BSP, blepharospasm; p values 
marked with *are based on the Fisher test; otherwise, exact Mann–
Whitney U test was applied; MoCA, Montreal Cognitive Assessment 
(Freitas et  al. 2012); ΔTMT, Difference between Trail-Making-Test 
part B—part A (Brown et al. 1958); DST, sum of Digit-Span-Test (de 
Paula et al. 2016); FAS, FAS-Test (Machado et al. 2009); BSI, Brief 
symptom inventory (Franke 2000); BSRS, Blepharospasm Severity 
Rating Scale (Defazio et al. 2015); JRS, Jankovic Rating Scale (Jank-
ovic and Orman 1987).

BSP subjects Healthy controls p value

Number of subjects 17 17
Age, years 66.6 ± 8.4 66.7 ± 8.3 0.9
Sex (female/male/inter-

sex)
12/5/0 12/5/0 1*

Education, years 9.8 ± 1.7 10.2 ± 1.9 0.6
ΔWeight cotton swabs, g 1.9 ± 0.9 1.8 ± 1.4 0.8
MoCA 29.0 ± 1.4 29.1 ± 1.1 0.7
ΔTMT, s 49.2 ± 22.7 56.8 ± 30.7 0.4
DST 16.3 ± 4.2 16.6 ± 2.8 0.5
FAS 37.6 ± 8.9 43.2 ± 13.5 0.2
BSI, depression sub-score 2.2 ± 4.5 1.4 ± 1.5 0.6
BSI, anxiety sub-score 2.6 ± 2.6 1.9 ± 2.1 0.5
Disease duration of BSP, 

years
9.8 ± 7.0

BSRS total 8.3 ± 2.7
JRS, severity 2.3 ± 0.8
JRS, frequency 2.9 ± 0.7
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The group of subjects with idiopathic BSP had a slightly 
lower (= worse) composite gustatory score than the group 
of healthy controls (10.3 ± 3.1 versus 11.7 ± 2.9, p = 0.2) 
(Fig. 1c), and more subjects with idiopathic BSP had hypo-
geusia than healthy controls (29% versus 6%, p > 0.05), but 
the differences were statistically non-significant. Subjective 
gustatory functioning in subjects with idiopathic BSP was 
not found to differ compared to healthy controls (7.4 ± 1.7 
versus 7.9 ± 1.5, p > 0.05).

Effects of BoNT treatment on the chemical senses 
in subjects with BSP

In an adjacent study, 8 subjects with idiopathic BSP on 
BoNT treatment in standard doses (2 treated with abobo-
tulinumtoxin A, 2 treated with onabotulinumtoxin A, and 
4 treated with incobotulinumtoxin) were assessed twice. 
Details on the BoNT doses used in the subjects with idi-
opathic BSP in this study can be found in Electronic Supple-
mentary Material Table 1. Four BSP subjects were assessed 
before the BoNT injections, and 4 weeks after, they had 
obtained their BoNT injections as part of routine care, 
while the other 4 subjects with idiopathic BSP on BoNT 

treatment were assessed in reverse order. For comparison, 
eight healthy controls were assessed twice, 4 weeks apart. 
The statistical analyses revealed that BoNT treatment had no 
effect on the chemical senses of the subjects with idiopathic 
BSP studied (Table 2).

Discussion

To contribute to the better understanding of idiopathic BSP, 
the primary aim of this study was to systematically analyze 
the sense of smell and the sense of taste in idiopathic BSP. 
Therefore, we assessed 17 subjects with idiopathic BSP 
compared to 17 healthy controls matched for age, sex, edu-
cation, and handedness. The main findings are that the group 
of subjects with idiopathic BSP had a lower (= worse) odor 
threshold and a lower (= worse) composite olfactory score 
than the group of healthy controls, while the sense of taste 
was not impaired in subjects with idiopathic BSP compared 
to healthy controls. An adjacent study showed that BoNT did 
not affect the chemical senses in the subjects with idiopathic 
BSP studied.

Fig. 1  The figure shows the results of the three Sniffin Sticks sub-
scores (a), results of the composite olfactory score from the Snif-
fin Sticks (b), and the results of the composite gustatory score from 
the Taste Strips (c). The black bars represent the results for the sub-

jects with idiopathic blepharospasm and the white bars represent the 
results for the healthy controls. Values are presented as means and 
standard deviations. P values refer to the results of the Mann–Whit-
ney U test
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Olfactory dysfunction can be classified according to the 
underlying etiology such as olfactory dysfunction second-
ary to sinonasal disease, post-infectious olfactory dysfunc-
tion, and post-traumatic olfactory dysfunction (Hummel 
et al. 2016). As we have excluded other potential causes 
of olfactory dysfunction via history and clinical exam, the 
olfactory decline we found in subjects with idiopathic BSP 
may be classified as olfactory dysfunction associated with 
neurological disease (Hummel et al. 2016). Through the 
use of a well-established test to assess different olfactory 
abilities, the group of subjects with idiopathic BSP was 
found to have a lower (= worse) odor threshold compared 
to the group of healthy controls. Additionally, more sub-
jects with idiopathic BSP had a pathological odor thresh-
old than did healthy controls. Findings from functional 
neuroimaging studies in healthy human subjects (Savic 
et al. 2000; Suzuki et al. 2001; Kareken et al. 2003; Kjel-
vik et al. 2012) and clinical studies in patients with degen-
erative or focal disease of the brain (Abele et al. 2003; 
Mainland et al. 2005; Kronenbuerger et al. 2010; Zobel 
et al. 2010) suggest that structures such as the cerebellum, 
the thalamus, and the sensorimotor cortex as well as their 
connecting circuits are involved in odor threshold (Sobel 
et al. 1998; Johnson et al. 2003; Mainland et al. 2005). 
Further research is needed to investigate which patho-
physiological mechanisms may contribute to altered odor 

threshold in subjects with idiopathic BSP and whether 
disturbances exist within these structures and their con-
necting circuits.

The subjects with idiopathic BSP were not aware of their 
olfactory dysfunction. None of the subjects with idiopathic 
BSP described that they had an olfactory impairment as 
indicated by subjective ability rating of lower than 5 on a 
scale from zero (absent) to ten (superb). Additionally, there 
were non-significant poor correlations between the subjec-
tive olfactory rating and the results of the Sniffin Sticks 
test in the subjects with idiopathic BSP in this study. This 
is consistent with results of studies on the chemosensory 
system involving large numbers of humans where subjec-
tive olfactory rating poorly correlated with more objective 
olfactory tests such as the Sniffin Sticks test (Nordin et al. 
1995; Delank and Stoll 1998; Landis et al. 2003; Doty 2005; 
Wehling et al. 2011; Knaapila et al. 2017; Adams et al. 2017; 
Hummel et al. 2017; Lötsch and Hummel 2019). Thus, olfac-
tory deficits may be present without that the subjects being 
aware of it (Landis et al. 2003; Adams et al. 2017; Hummel 
et al. 2017). Therefore, the use of more objective olfactory 
tests such as the Sniffin Sticks test is recommended when 
it comes to the assessment of olfactory abilities (Hummel 
et al. 2017). However, subjective olfactory ratings may be 
considered as part of a comprehensive test battery of olfac-
tion (Hummel et al. 2017).

Table 2  Effects of botulinum 
toxin on olfactory and gustatory 
functioning in subjects with 
blepharospasm compared to 
healthy controls

Values are mean ± standard deviation; BSP, blepharospasm; BoNT, botulinum toxin; before BoNT, assess-
ment just before the next BoNT injections; after BoNT, assessment 4 weeks after BoNT injections; p value 
as assessed with exact Mann–Whitney U test to compare the difference between before BoNT injections 
and 4  weeks thereafter in the BSP subjects with the difference between the first and the second assess-
ment of the healthy controls; ΔWeight cotton swabs, difference of weight of two cotton swabs before and 
after the study participants kept them in their check pouch for 1 min. JRS, Jankovic Rating Scale (Jankovic 
and Orman 1987); Global Assessment, self-assessment of the effect of BoNT on BSP by the BSP subjects 
comparing the status 4 weeks after the last BoNT injections with the status before the BoNT injections 
(Defazio et al. 2015)

BSP subjects Healthy controls p value

Before BoNT With BoNT 1. exam 2. Exam

Number of subjects 8 8
Age, years 69.7 ± 5.4 66.6 ± 7.3
Sex (female/male/intersex) 5/3/0 6/2/0
Education, years 10.1 ± 2.0 10.2 ± 1.9
Disease duration, years 10.6 ± 8.3 –
ΔWEIGHT cotton swabs, g 2.0 ± 1.2 2.2 ± 1.5 1.7 ± 1.4 1.5 ± 1.1 0.4
Composite olfactory score 32.6 ± 3.4 32.5 ± 3.9 35.9 ± 4.8 35.7 ± 3.7 0.9
Odor threshold 6.5 ± 2.1 6.8 ± 1.9 8.1 ± 1.3 8.0 ± 1.4 0.2
Odor discrimination 12.9 ± 1.6 12.4 ± 1.9 13.8 ± 1.9 13.6 ± 1.4 0.5
Odor identification 13.3 ± 1.2 13.3 ± 1.5 14.0 ± 2.1 14.1 ± 1.6 0.7
Composite gustatory score 10.9 ± 2.7 11.4 ± 2.9 11.1 ± 2.9 12.9 ± 1.6 0.3
JRS, severity 2.3 ± 0.5 3.5 ± 1.5
JRS, frequency 2.9 ± 0.8 3.5 ± 1.5
Global assessment  + 2.3 ± 0.9
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Using the same study set-up, our previous study found 
that CD subjects had diminished (= worse) odor threshold in 
addition to impairment of odor identification and impairment 
of gustatory ability (Herr et al. 2020). This stands in contrast 
to the findings of the present study, where subjects with idi-
opathic BSP were found only to have diminished (= worse) 
odor threshold and not diminishment in taste. Although the 
sensorimotor network is involved in the pathophysiology of 
focal dystonia, the degree of alteration within this network 
may differ (Jinnah and Hess 2018). For instance, findings 
from imaging studies suggest that the microstructure of 
cortical and subcortical brain regions in CD differs from 
BSP (Obermann et al. 2007; Berman et al. 2018). Further 
research may focus on the question if this difference may 
have possibly contributed to the contrasting findings in idi-
opathic BSP and CD in terms of the chemical senses.

The adjacent study revealed that BoNT treatment did not 
alter the chemical senses when it was used in standard doses 
to treat BSP. Yet, further study is needed to clarify whether 
BoNT is safe regarding its impact on the chemical senses in 
BSP. It may be of interest if treatment with higher doses of 
BoNT—where medically indicated—may impact the chemi-
cal senses. For instance, for the treatment of subjects with 
CD, higher doses of BoNT are used than are in subjects with 
BSP (Hallett et al. 2013; Hassell and Charles 2020). Thus, a 
future study may assess the impact of BoNT in the chemical 
senses in subjects with CD treated with BoNT.

This study has strengths and limitations. This is the first 
study of the chemical senses in idiopathic BSP and it is the 
first study that assessed the impact of BoNT on the sense of 
smell and taste. Additionally, the subjects with idiopathic 
BSP in this study were carefully selected and systematically 
examined. Furthermore, subjects with causes of olfactory or 
gustatory decline other than idiopathic BSP were excluded 
from this study. This led to a limited number of subjects with 
idiopathic BSP assessed. As a result, co-factors of olfactory 
decline in subjects with idiopathic BSP with small-to-mod-
erate impact may have been missed. Future studies assess-
ing a larger number of subjects with idiopathic BSP may 
confirm whether olfactory decline is a non-motor manifesta-
tion separate from other non-motor alterations of idiopathic 
BSP. Key symptoms of the novel coronavirus (COVID-19) 
include loss of smell and taste (Whitcroft and Hummel 
2020). As this study was completed before the outbreak of 
COVID-19 in Germany, the olfactory dysfunction found in 
idiopathic BSP was most likely not caused by COVID-19. 
However, COVID-19 may further worsen olfactory function-
ing in subjects with idiopathic BSP. This may be the focus 
of a separate study.

In conclusion, in this study, subjects with idiopathic BSP 
had a lower (= worse) odor threshold than healthy controls. 
As olfaction is important in daily life, findings justify further 

study on olfactory abilities in a larger number of subjects 
with idiopathic BSP.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00702- 021- 02366-4.

Acknowledgements We thank Professor Thomas Hummel, Depart-
ment of Otorhinolaryngology, TU Dresden, Dresden, Germany for 
critical comments on the manuscript. Additionally, we thank Profes-
sor Ulf Schminke, Department of Neurology, University of Greifswald, 
Greifswald, Germany for referring subjects with idiopathic BSP to 
the study. Furthermore, we would like to thank Rosalie Donaldson-
Kronenbuerger for English language editing. The study was funded by 
internal grants of the Department of Neurology, University of Greif-
swald, Greifswald, Germany.

Author contributions Conceptualization: JG; MK. Methodology: JG. 
Formal analysis and investigation: JG; MV; FT; MK. Writing—origi-
nal draft preparation: JG. Writing—review and editing: JG; TH; RF; 
AS; MV; CW; BV; BL, J-UM; FS; FT; MK. Funding acquisition: MK. 
Resources: JG; MK. Supervision: MK.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This study was funded by internal Grants of the Department 
of Neurology, University of Greifswald, Greifswald, Germany.

Data availability All authors had full access to all data collected and 
analyzed for this study. The data that support the findings of this study 
are available from the corresponding author upon reasonable request.

Declarations 

Conflicts of interest The authors declare that they have no competing 
interests.

Ethics approval The study was approved by the local ethics commit-
tee (BB 004/19) and was performed in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki and its later 
amendments.

Consent to participate All study participants gave their informed con-
sent before their inclusion in the study.

Consent for publication All study participants gave consent for pub-
lishing the data collected for this study.

Code of availability SPSS Statistics 25 software (SPSS Inc., Chicago, 
IL, USA) was used.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

https://doi.org/10.1007/s00702-021-02366-4
http://creativecommons.org/licenses/by/4.0/


1223Smell and taste in idiopathic blepharospasm  

1 3

References

Abele M, Riet A, Hummel T et al (2003) Olfactory dysfunction in 
cerebellar ataxia and multiple system atrophy. J Neurol 250:1453–
1455. https:// doi. org/ 10. 1007/ s00415- 003- 0248-4

Adams DR, Wroblewski KE, Kern DW et al (2017) Factors associated 
with inaccurate self-reporting of olfactory dysfunction in older 
US adults. Chem Senses 42:223–231. https:// doi. org/ 10. 1093/ 
chemse/ bjw108

Albanese A, Bhatia K, Bressman SB et al (2013) Phenomenology 
and classification of dystonia: a consensus update. Mov Disord 
28:863–873. https:// doi. org/ 10. 1002/ mds. 25475

Berman BD, Honce JM, Shelton E et al (2018) Isolated focal dystonia 
phenotypes are associated with distinct patterns of altered micro-
structure. NeuroImage Clin 19:805–812. https:// doi. org/ 10. 1016/j. 
nicl. 2018. 06. 004

Bhatia KP, Bain P, Bajaj N et al (2018) Consensus statement on the 
classification of tremors. From the task force on tremor of the 
International Parkinson and Movement Disorder Society. Mov 
Disord 33:75–87. https:// doi. org/ 10. 1002/ mds. 27121

Brown EC, Casey A, Fisch RI, Neuringer C (1958) Trial making test 
as a screening device for the detection of brain damage. J Consult 
Psychol 22:469–474. https:// doi. org/ 10. 1037/ h0039 980

Chirumamilla VC, Dresel C, Koirala N et al (2019) Structural brain 
network fingerprints of focal dystonia. Ther Adv Neurol Disord 
12:1756286419880664. https:// doi. org/ 10. 1177/ 17562 86419 
880664

Croy I, Nordin S, Hummel T (2014) Olfactory disorders and quality 
of life—an updated review. Chem Senses 39:185–194. https:// doi. 
org/ 10. 1093/ chemse/ bjt072

de Paula JJ, Malloy-Diniz LF, Romano-Silva MA (2016) Reliability 
of working memory assessment in neurocognitive disorders: a 
study of the Digit Span and Corsi Block-Tapping tasks. Rev Bras 
Psiquiatr 38:262–263

Defazio G, Livrea P (2004) Primary blepharospasm: diagnosis and 
management. Drugs 64:237–244. https:// doi. org/ 10. 2165/ 00003 
495- 20046 4030- 00002

Defazio G, Hallett M, Jinnah HA et al (2015) Development and valida-
tion of a clinical scale for rating the severity of blepharospasm. 
Mov Disord 30:525–530. https:// doi. org/ 10. 1002/ mds. 26156

Defazio G, Hallett M, Jinnah HA et al (2017) Blepharospasm 40 years 
later. Mov Disord 32:498–509. https:// doi. org/ 10. 1002/ mds. 26934

Delank KW, Stoll W (1998) Olfactory function after functional endo-
scopic sinus surgery for chronic sinusitis. Rhinology 36:15–19

Doty RL (2005) Clinical studies of olfaction. Chem Senses 30(Suppl 
1):i207–i209. https:// doi. org/ 10. 1093/ chemse/ bjh187

Doty RL (2019) Epidemiology of smell and taste dysfunction. Handb 
Clin Neurol 164:3–13. https:// doi. org/ 10. 1016/ B978-0- 444- 
63855-7. 00001-0

ESDE (2000) A prevalence study of primary dystonia in eight Euro-
pean countries. J Neurol 247:787–792. https:// doi. org/ 10. 1007/ 
s0041 50070 094

Ferrazzano G, Berardelli I, Conte A et al (2019) Motor and non-motor 
symptoms in blepharospasm: clinical and pathophysiological 
implications. J Neurol 266:2780–2785. https:// doi. org/ 10. 1007/ 
s00415- 019- 09484-w

Figgitt DP, Noble S (2002) Botulinum toxin B: a review of its thera-
peutic potential in the management of cervical dystonia. Drugs 
62:705–722. https:// doi. org/ 10. 2165/ 00003 495- 20026 2040- 00011

Franke G (2000) BSI. Brief Symptom Inventory—Deutsche Version. 
Göttingen

Freitas S, Simões MR, Alves L et al (2012) Montreal cognitive assess-
ment (MoCA): validation study for vascular dementia. J Int 

Neuropsychol Soc 18:1031–1040. https:// doi. org/ 10. 1017/ S1355 
61771 20007 7X

Gelstein S, Yeshurun Y, Rozenkrantz L et al (2011) Human tears con-
tain a chemosignal. Science 331:226–230. https:// doi. org/ 10. 1126/ 
scien ce. 11983 31

Girach A, Vinagre Aragon A, Zis P (2019) Quality of life in idiopathic 
dystonia: a systematic review. J Neurol 266:2897–2906. https:// 
doi. org/ 10. 1007/ s00415- 018- 9119-x

Glickman A, Nguyen P, Shelton E et al (2020) Basal ganglia and cer-
ebellar circuits have distinct roles in blepharospasm. Parkinson 
Relat Disord 78:158–164. https:// doi. org/ 10. 1016/j. parkr eldis. 
2020. 06. 034

Haehner A, Boesveldt S, Berendse HW et al (2009) Prevalence of smell 
loss in Parkinson’s disease—a multicenter study. Parkinson Relat 
Disord 15:490–494. https:// doi. org/ 10. 1016/j. parkr eldis. 2008. 12. 
005

Hallett M, Evinger C, Jankovic J, Stacy M (2008) Update on blepharos-
pasm: report from the BEBRF International Workshop. Neurol-
ogy 71:1275–1282. https:// doi. org/ 10. 1212/ 01. wnl. 00003 27601. 
46315. 85

Hallett M, Albanese A, Dressler D et  al (2013) Evidence-based 
review and assessment of botulinum neurotoxin for the treatment 
of movement disorders. Toxicon 67:94–114. https:// doi. org/ 10. 
1016/j. toxic on. 2012. 12. 004

Hassell TJW, Charles D (2020) Treatment of blepharospasm and 
oromandibular dystonia with botulinum toxins. Toxins (basel). 
https:// doi. org/ 10. 3390/ toxin s1204 0269

Heckmann JG, Heckmann SM, Lang CJG, Hummel T (2003) Neu-
rological aspects of taste disorders. Arch Neurol 60:667–671. 
https:// doi. org/ 10. 1001/ archn eur. 60.5. 667

Hedner M, Larsson M, Arnold N et al (2010) Cognitive factors in odor 
detection, odor discrimination, and odor identification tasks. J 
Clin Exp Neuropsychol 32:1062–1067. https:// doi. org/ 10. 1080/ 
13803 39100 36830 70

Herr T, Hummel T, Vollmer M et al (2020) Smell and taste in cervical 
dystonia. J Neural Transm 127:347–354. https:// doi. org/ 10. 1007/ 
s00702- 020- 02156-4

Hummel T, Sekinger B, Wolf SR et al (1997) “Sniffin” sticks’: olfac-
tory performance assessed by the combined testing of odor iden-
tification, odor discrimination and olfactory threshold. Chem 
Senses 22:39–52. https:// doi. org/ 10. 1093/ chemse/ 22.1. 39

Hummel T, Whitcroft KL, Andrews P et al (2016) Position paper on 
olfactory dysfunction. Rhinology 56:1–30. https:// doi. org/ 10. 
4193/ Rhin16. 248

Hummel T, Whitcroft KL, Andrews P et al (2017) Position paper on 
olfactory dysfunction. Rhinol Suppl 54:1–30. https:// doi. org/ 10. 
4193/ Rhino 16. 248

Ikai Y, Takada M, Shinonaga Y, Mizuno N (1992) Dopaminergic and 
non-dopaminergic neurons in the ventral tegmental area of the rat 
project, respectively, to the cerebellar cortex and deep cerebellar 
nuclei. Neuroscience 51:719–728. https:// doi. org/ 10. 1016/ 0306- 
4522(92) 90310-x

Jankovic J, Orman J (1987) Botulinum A toxin for cranial–cervical 
dystonia: a double-blind, placebo-controlled study. Neurology 
37:616–623. https:// doi. org/ 10. 1212/ wnl. 37.4. 616

Jinnah HA, Hess EJ (2018) Evolving concepts in the pathogenesis of 
dystonia. Parkinson Relat Disord 46(Suppl 1):S62–S65. https:// 
doi. org/ 10. 1016/j. parkr eldis. 2017. 08. 001

Jinnah HA, Berardelli A, Comella C et al (2013) The focal dystonias: 
current views and challenges for future research. Mov Disord 
28:926–943. https:// doi. org/ 10. 1002/ mds. 25567

Jinnah HA, Neychev V, Hess EJ (2017) The anatomical basis for dys-
tonia: the motor network model. Tremor Other Hyperkinet Mov 
(n y) 7:506. https:// doi. org/ 10. 7916/ D8V69 X3S

https://doi.org/10.1007/s00415-003-0248-4
https://doi.org/10.1093/chemse/bjw108
https://doi.org/10.1093/chemse/bjw108
https://doi.org/10.1002/mds.25475
https://doi.org/10.1016/j.nicl.2018.06.004
https://doi.org/10.1016/j.nicl.2018.06.004
https://doi.org/10.1002/mds.27121
https://doi.org/10.1037/h0039980
https://doi.org/10.1177/1756286419880664
https://doi.org/10.1177/1756286419880664
https://doi.org/10.1093/chemse/bjt072
https://doi.org/10.1093/chemse/bjt072
https://doi.org/10.2165/00003495-200464030-00002
https://doi.org/10.2165/00003495-200464030-00002
https://doi.org/10.1002/mds.26156
https://doi.org/10.1002/mds.26934
https://doi.org/10.1093/chemse/bjh187
https://doi.org/10.1016/B978-0-444-63855-7.00001-0
https://doi.org/10.1016/B978-0-444-63855-7.00001-0
https://doi.org/10.1007/s004150070094
https://doi.org/10.1007/s004150070094
https://doi.org/10.1007/s00415-019-09484-w
https://doi.org/10.1007/s00415-019-09484-w
https://doi.org/10.2165/00003495-200262040-00011
https://doi.org/10.1017/S135561771200077X
https://doi.org/10.1017/S135561771200077X
https://doi.org/10.1126/science.1198331
https://doi.org/10.1126/science.1198331
https://doi.org/10.1007/s00415-018-9119-x
https://doi.org/10.1007/s00415-018-9119-x
https://doi.org/10.1016/j.parkreldis.2020.06.034
https://doi.org/10.1016/j.parkreldis.2020.06.034
https://doi.org/10.1016/j.parkreldis.2008.12.005
https://doi.org/10.1016/j.parkreldis.2008.12.005
https://doi.org/10.1212/01.wnl.0000327601.46315.85
https://doi.org/10.1212/01.wnl.0000327601.46315.85
https://doi.org/10.1016/j.toxicon.2012.12.004
https://doi.org/10.1016/j.toxicon.2012.12.004
https://doi.org/10.3390/toxins12040269
https://doi.org/10.1001/archneur.60.5.667
https://doi.org/10.1080/13803391003683070
https://doi.org/10.1080/13803391003683070
https://doi.org/10.1007/s00702-020-02156-4
https://doi.org/10.1007/s00702-020-02156-4
https://doi.org/10.1093/chemse/22.1.39
https://doi.org/10.4193/Rhin16.248
https://doi.org/10.4193/Rhin16.248
https://doi.org/10.4193/Rhino16.248
https://doi.org/10.4193/Rhino16.248
https://doi.org/10.1016/0306-4522(92)90310-x
https://doi.org/10.1016/0306-4522(92)90310-x
https://doi.org/10.1212/wnl.37.4.616
https://doi.org/10.1016/j.parkreldis.2017.08.001
https://doi.org/10.1016/j.parkreldis.2017.08.001
https://doi.org/10.1002/mds.25567
https://doi.org/10.7916/D8V69X3S


1224 J. Gamain et al.

1 3

Johnson BN, Mainland JD, Sobel N (2003) Rapid olfactory processing 
implicates subcortical control of an olfactomotor system. J Neu-
rophysiol 90:1084–1094. https:// doi. org/ 10. 1152/ jn. 00115. 2003

Kamath V, Paksarian D, Cui L et al (2018) Olfactory processing in 
bipolar disorder, major depression, and anxiety. Bipolar Disord 
20:547–555. https:// doi. org/ 10. 1111/ bdi. 12625

Kareken DA, Mosnik DM, Doty RL et al (2003) Functional anatomy of 
human odor sensation, discrimination, and identification in health 
and aging. Neuropsychology 17:482–495. https:// doi. org/ 10. 1037/ 
0894- 4105. 17.3. 482

Kjelvik G, Evensmoen HR, Brezova V, Håberg AK (2012) The human 
brain representation of odor identification. J Neurophysiol 
108:645–657. https:// doi. org/ 10. 1152/ jn. 01036. 2010

Knaapila A, Raittola A, Sandell M, Yang B (2017) Self-ratings of 
olfactory performance and odor annoyance are associated with 
the affective impact of odor, but not with smell test results. Per-
ception 46:352–365. https:// doi. org/ 10. 1177/ 03010 06616 672222

Kronenbuerger M, Zobel S, Ilgner J et al (2010) Effects of deep brain 
stimulation of the cerebellothalamic pathways on the sense of 
smell. Exp Neurol 222:144–152. https:// doi. org/ 10. 1016/j. expne 
urol. 2009. 12. 024

Kronenbürger M, Pilgramm M (2020) Olfactory testing. StatPearls 
Publishing

Landis BN, Hummel T, Hugentobler M et al (2003) Ratings of overall 
olfactory function. Chem Senses 28:691–694. https:// doi. org/ 10. 
1093/ chemse/ bjg061

Lötsch J, Hummel T (2019) Clinical usefulness of self-rated olfactory 
performance-a data science-based assessment of 6000 patients. 
Chem Senses 44:357–364. https:// doi. org/ 10. 1093/ chemse/ bjz029

Machado TH, Fichman HC, Santos EL et al (2009) Normative data 
for healthy elderly on the phonemic verbal fluency task—FAS. 
Dement Neuropsychol 3:55–60. https:// doi. org/ 10. 1590/ S1980- 
57642 009DN 30100 011

Mainland JD, Johnson BN, Khan R et al (2005) Olfactory impairments 
in patients with unilateral cerebellar lesions are selective to inputs 
from the contralesional nostril. J Neurosci 25:6362–6371. https:// 
doi. org/ 10. 1523/ JNEUR OSCI. 0920- 05. 2005

Marek M, Linnepe S, Klein C et al (2018) High prevalence of olfactory 
dysfunction in cervical dystonia. Parkinson Relat Disord 53:33–
36. https:// doi. org/ 10. 1016/j. parkr eldis. 2018. 04. 028

Mascia MM, Dagostino S, Defazio G (2020) Does the network model 
fits neurophysiological abnormalities in blepharospasm? Neurol 
Sci 41:2067–2079. https:// doi. org/ 10. 1007/ s10072- 020- 04347-z

Mueller C, Kallert S, Renner B et al (2003) Quantitative assessment of 
gustatory function in a clinical context using impregnated “taste 
strips.” Rhinology 41:2–6

Nordin S, Monsch AU, Murphy C (1995) Unawareness of smell loss 
in normal aging and Alzheimer’s disease: discrepancy between 
self-reported and diagnosed smell sensitivity. J Gerontol B Psy-
chol Sci Soc Sci 50:P187–P192. https:// doi. org/ 10. 1093/ geronb/ 
50b.4. p187

Obermann M, Yaldizli O, De Greiff A et al (2007) Morphometric 
changes of sensorimotor structures in focal dystonia. Mov Disord 
22:1117–1123. https:// doi. org/ 10. 1002/ mds. 21495

Oleszkiewicz A, Schriever VA, Croy I et al (2019) Updated Sniffin’ 
Sticks normative data based on an extended sample of 9139 

subjects. Eur Arch Oto-Rhino-Laryngol 276:719–728. https:// 
doi. org/ 10. 1007/ s00405- 018- 5248-1

Price JL (2003) Comparative aspects of amygdala connectivity. Ann 
N Y Acad Sci 985:50–58. https:// doi. org/ 10. 1111/j. 1749- 6632. 
2003. tb070 70.x

Rawal S, Hoffman HJ, Bainbridge KE et al (2016) Prevalence and risk 
factors of self-reported smell and taste alterations: results from 
the 2011–2012 US National Health and Nutrition Examination 
Survey (NHANES). Chem Senses 41:69–76. https:// doi. org/ 10. 
1093/ chemse/ bjv057

Savic I, Gulyas B, Larsson M, Roland P (2000) Olfactory functions are 
mediated by parallel and hierarchical processing. Neuron 26:735–
745. https:// doi. org/ 10. 1016/ s0896- 6273(00) 81209-x

Schulte-Mattler WJ (2008) Use of botulinum toxin A in adult neu-
rological disorders: efficacy, tolerability and safety. CNS Drugs 
22:725–738. https:// doi. org/ 10. 2165/ 00023 210- 20082 2090- 00002

Sobel N, Prabhakaran V, Hartley CA et al (1998) Odorant-induced 
and sniff-induced activation in the cerebellum of the human. J 
Neurosci 18:8990–9001. https:// doi. org/ 10. 1523/ JNEUR OSCI. 
18- 21- 08990. 1998

Stevenson RJ (2010) An initial evaluation of the functions of human 
olfaction. Chem Senses 35:3–20. https:// doi. org/ 10. 1093/ chemse/ 
bjp083

Suzuki Y, Critchley HD, Suckling J et al (2001) Functional magnetic 
resonance imaging of odor identification: the effect of aging. J 
Gerontol A Biol Sci Med Sci 56:M756–M760. https:// doi. org/ 10. 
1093/ gerona/ 56. 12. m756

Valls-Sole J, Defazio G (2016) Blepharospasm: update on epidemiol-
ogy, clinical aspects, and pathophysiology. Front Neurol 7:45. 
https:// doi. org/ 10. 3389/ fneur. 2016. 00045

Wabbels B, Reichel G, Fulford-Smith A et al (2011) Double-blind, 
randomised, parallel group pilot study comparing two botulinum 
toxin type A products for the treatment of blepharospasm. J Neural 
Transm 118:233–239. https:// doi. org/ 10. 1007/ s00702- 010- 0529-x

Wehling E, Nordin S, Espeseth T et al (2011) Unawareness of olfac-
tory dysfunction and its association with cognitive functioning in 
middle aged and old adults. Arch Clin Neuropsychol 26:260–269. 
https:// doi. org/ 10. 1093/ arclin/ acr019

Whitcroft KL, Hummel T (2020) Olfactory dysfunction in COVID-19: 
diagnosis and management. JAMA 323:2512–2514. https:// doi. 
org/ 10. 1001/ jama. 2020. 8391

Wistehube T, Rullmann M, Wiacek C et al (2018) Fat perception in 
the human frontal operculum, insular and somatosensory cortex. 
Sci Rep 8:11825. https:// doi. org/ 10. 1038/ s41598- 018- 30366-0

Zobel S, Hummel T, Ilgner J et al (2010) Involvement of the human 
ventrolateral thalamus in olfaction. J Neurol 257:2037–2043. 
https:// doi. org/ 10. 1007/ s00415- 010- 5656-7

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1152/jn.00115.2003
https://doi.org/10.1111/bdi.12625
https://doi.org/10.1037/0894-4105.17.3.482
https://doi.org/10.1037/0894-4105.17.3.482
https://doi.org/10.1152/jn.01036.2010
https://doi.org/10.1177/0301006616672222
https://doi.org/10.1016/j.expneurol.2009.12.024
https://doi.org/10.1016/j.expneurol.2009.12.024
https://doi.org/10.1093/chemse/bjg061
https://doi.org/10.1093/chemse/bjg061
https://doi.org/10.1093/chemse/bjz029
https://doi.org/10.1590/S1980-57642009DN30100011
https://doi.org/10.1590/S1980-57642009DN30100011
https://doi.org/10.1523/JNEUROSCI.0920-05.2005
https://doi.org/10.1523/JNEUROSCI.0920-05.2005
https://doi.org/10.1016/j.parkreldis.2018.04.028
https://doi.org/10.1007/s10072-020-04347-z
https://doi.org/10.1093/geronb/50b.4.p187
https://doi.org/10.1093/geronb/50b.4.p187
https://doi.org/10.1002/mds.21495
https://doi.org/10.1007/s00405-018-5248-1
https://doi.org/10.1007/s00405-018-5248-1
https://doi.org/10.1111/j.1749-6632.2003.tb07070.x
https://doi.org/10.1111/j.1749-6632.2003.tb07070.x
https://doi.org/10.1093/chemse/bjv057
https://doi.org/10.1093/chemse/bjv057
https://doi.org/10.1016/s0896-6273(00)81209-x
https://doi.org/10.2165/00023210-200822090-00002
https://doi.org/10.1523/JNEUROSCI.18-21-08990.1998
https://doi.org/10.1523/JNEUROSCI.18-21-08990.1998
https://doi.org/10.1093/chemse/bjp083
https://doi.org/10.1093/chemse/bjp083
https://doi.org/10.1093/gerona/56.12.m756
https://doi.org/10.1093/gerona/56.12.m756
https://doi.org/10.3389/fneur.2016.00045
https://doi.org/10.1007/s00702-010-0529-x
https://doi.org/10.1093/arclin/acr019
https://doi.org/10.1001/jama.2020.8391
https://doi.org/10.1001/jama.2020.8391
https://doi.org/10.1038/s41598-018-30366-0
https://doi.org/10.1007/s00415-010-5656-7

	Smell and taste in idiopathic blepharospasm
	Abstract
	Introduction
	Methods
	Study subjects
	Clinical interview, exam, and scores
	Olfactory testing
	Gustatory testing
	Statistics

	Results
	Olfactory and gustatory ability in BSP subjects and healthy controls
	Effects of BoNT treatment on the chemical senses in subjects with BSP

	Discussion
	Acknowledgements 
	References




