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Abstract. Despite clinical evidence of poor oral health and hygiene in Parkinson’s disease (PD) patients, the mouth is often
overlooked by both patients and the medical community, who generally focus on motor or psychiatric disorders considered
more burdensome. Yet, oral health is in a two-way relationship with overall health—a weakened status triggering a decline
in the quality of life. Here, we aim at giving a comprehensive overview of oral health disorders in PD, while identifying their
etiologies and consequences. The physical (abnormal posture, muscle tone, tremor, and dyskinesia), behavioral (cognitive
and neuropsychiatric disorders), and iatrogenic patterns associated with PD have an overall detrimental effect on patients’
oral health, putting them at risk for other disorders (infections, aspiration, pain, malnutrition), reducing their quality of life
and increasing their isolation (anxiety, depression, communication issues). Interdisciplinary cooperation for prevention, man-
agement and follow-up strategies need to be implemented at an early stage to maintain and improve patients’ overall comfort
and condition. Recommendations for practice, including (non-)pharmacological management strategies are discussed, with
an emphasis on the neurologists’ role. Of interest, the oral cavity may become a valuable tool for diagnosis and prognosis in
the near future (biomarkers). This overlooked but critical issue requires further attention and interdisciplinary research.
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INTRODUCTION

“As far as the fields of dentistry and neurology
are concerned, they should be especially close
[ . . . ] I am convinced that every neurologist
should know more dentistry, and that the average
dentist would profit in many ways if he had more
information about neurology.”
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jean - Bât. 40L27, 2 Rue Henri le Guilloux, 35033 Rennes Cedex,
France. E-mail: auffret.manon@gmail.com, manon.auffret@
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Roland P. Mackay (1937) Points of contact
between dentistry and neurology. The Journal of
the American Dental Association and The Dental
Cosmos 24(10), 1647–1654.

To this day, oral health is not prioritized in the
management of neurodegenerative diseases. Patients,
caregivers, and the medical community generally
focus on other high-priority problems, like dementia
or movement disorders [1, 2]. Parkinson’s disease
(PD) is no exception [3–5]. Yet, oral health is not
isolated from general health: it is a critical compo-
nent of overall health, well-being and quality of life
[6–10].
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PD is now recognized as a complex multisystem
neurodegenerative disorder [11–13], with growing
awareness and treatment of nonmotor symptoms [14,
15]. Patients’ oral and dental health has, however,
been under-documented, with a lack of high-quality
studies1 and conflicting findings [17]. To our knowl-
edge, no overview of the possible relationships
between oral health, PD clinical picture and the ram-
ification of their intricacy on general health has been
published. Recent efforts have been undertaken to
guide the management of PD patients within den-
tal offices [18] and the inclusion of dentists into a
new outpatient integrated2 PD care model [19–21].
This narrative review therefore aims at summariz-
ing published literature regarding oral health in PD,
exploring the interplay between oral and general
health in PD and highlighting unmet needs in clinical
care and research.

A literature search for original studies, case
reports, case series and review articles published up
to January 31, 2021 (language: English) was per-
formed using the MEDLINE, PubMed, and Google
Scholar databases, with the following inclusion cri-
teria as search terms: “Parkinson disease”, “Oral
Health”, “Stomatognathic Diseases”, “Dentistry”
(MeSH terms), “oral disorders”, “dental”, and “buc-
cal” (non-MeSH terms). Reference lists of relevant
articles were additionally screened to supplement
electronic searching and subsequently reduce the risk
of missing relevant information. Data were combined
and analyzed through a multi-expertise approach
involving a PD specialist (MV), neuroscientists (MA,
MV), a pharmacist (MA), dentists (VM, EB, MBM),
and microbiologists (VM, EB, MBM) to carry out a
comprehensive review and draw new hypotheses.

We firstly report the complex picture of oral
health in PD. Orofacial manifestations, weakened
oral health, and reduced oral care in both home-based
and professional settings are described and explained.
Secondly, we summarize what is at stake for PD
patients and how oral health disorders may have a

deleterious impact on the quality of life and PD pro-
gression. Thirdly, we highlight the central role of the
neurologist and the need for early and close collab-
oration with the dental team. Such integrated care
would be empowering and potentially be both short-

1 According to the criteria of evidence-based medicine [16].
2 “Integrated care is designed according to the multidimensional

needs of the population and the individual and is delivered by a
coordinated multi- or interdisciplinary team of providers working
across settings and levels of care.” [19]

and long-term life-changing for patients. Finally, we
address unmet needs by paving the way towards bet-
ter awareness, assessment, and care of oral health in
PD. We propose future research avenues to unravel
the mechanisms of this two-way relationship and the
potential diagnostic and predictive values of the oral
ecosystem.

ORAL HEALTH IN PARKINSON’S
DISEASE: A COMPLEX PICTURE

Oral health is multidimensional (physical, psy-
chological, emotional, and social), subjective, and
dynamic. It is essential for daily functions like eating,
swallowing, speaking, and socializing [10, 22–24].
These functions involve the action of the teeth,
lips, cheeks, tongue, and oro-facial-pharyngeal mus-
cles. The imbalance caused by motor (voluntary and
involuntary muscle control), nonmotor, and sensory
deficits in PD leads to a variety of orofacial man-
ifestations [25, 26]. To date, there is no consensus
regarding the most prevalent issues in PD patients,
and results vary across studies [3, 4, 21, 27, 28]. Sev-
eral factors may account for these discrepancies [1,
4, 29, 30], as many papers failed to adjust for clinical,
environmental, and pharmaceutical variables. Differ-
ences are identified within study populations: gender,
age, comorbidities, and subjects randomly selected or
actively seeking dental treatment. Moreover, specific
differences are also found within PD groups: idio-
pathic PD versus parkinsonism, PD stage, subtype,
severity, and duration, antiparkinsonian medications,
living at home versus institutionalized. The qual-
ity, accessibility and affordability of the healthcare
systems also account for discrepancies. Other con-
tributing factors are methodological: subjective and
objective assessments, questionnaires, and ambigu-
ous definitions. However, all studies but two [29, 30]
point out towards a weakened or disturbed oral status
with objective and subjective differences between PD
patients and control groups.

Orofacial manifestations of PD

PD is characterized by a wide range of motor and
nonmotor symptoms, stemming from both dopamin-
ergic and non-dopaminergic alterations [14, 31].
These symptoms include a variety of orofacial
manifestations, underpinned by sensory and motor
dysfunction, occurring in premotor, early, and later
stages [25]. Hyposmia is a well-known prodromal
sign [31, 32]. However, other orofacial manifesta-
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tions can also precede the onset of motor symptoms
and be presenting features: hyposialorrhea [33],
tongue tremor [34–36], upper-body axial symptoms
[37], or even dysphagia on rare occasions [38].
Speech disorders, dysphagia, and drooling are the
most frequently described orofacial disorders in PD
throughout the disease course [14, 25, 31, 39, 40].
At least one of these symptoms was found in more
than half (65%) of a cohort of 419 French PD
patients, whilst a combination of symptoms was
present in one third of them [41]. Regardless of dis-
ease duration, drooling, appetite/weight, speech, loss
of smell/taste and swallowing disorders all appear
in the list of the “24 most bothersome PD-related
symptoms/conditions” as evaluated by patients them-
selves [42]. Notably, the loss of smell/taste is one
of the 5 most prevalent complains in early PD
(<6 years), while drooling is one of the 5 most
prevalent complaints in late PD (≥6 years) [42].
As these disorders have been extensively described
and studied in the literature, this article will not
focus on them (for recent reviews, please refer to
the following references: dysphagia [43, 44], speech
disorders [45, 46], and sialorrhea [47]). Functional
changes of the anatomic system comprising teeth,
jaws and associated soft tissues are reported in PD.
They include masticatory and temporomandibular
joint disorders (muscle rigidity and incoordina-
tion, reduced muscle tone) [5, 25, 26, 48–54],
hypomimia, tremor, dyskinesia [55], dystonia [56],
oral festination [57], and orofacial pain [49, 58, 59].
Dysgeusia [60–64], bruxism [54, 65, 66], and burn-
ing mouth syndrome [66–70] are also inconsistently
reported.

Oral health is poorer in PD

Few international studies have been published on
oral health in PD patients (Table 1; for detailed
results, please refer to Supplementary Table 1). Dif-
ferences in methodologies, populations, and coun-
tries (underpinning differences in health care
accessibility and affordability) are notable, which
complicates both the interpretation and comparison
of results. However, while many of these studies do
not represent large samples of patients (ranging from
single case reports to hundreds of subjects), they
highlight a concerning oral health deficit, with symp-
toms coexisting in different combinations. Despite
being often underreported, these oral symptoms
increase the overall disease burden as PD progresses
[3, 5, 25, 27, 71, 72]. Compared to controls, PD

patients appear to have a significantly weakened
oral status [5, 27, 48, 68, 71, 72], with periodon-
tal diseases3 and dental caries (tooth decay), leading
to more mobile and missing teeth [3, 5, 27, 28, 68,
72–76]. Patients report more discomfort (pain, dry
mouth, denture issues) as well as chewing difficul-
ties (related to either teeth, denture, or masticatory
function) and dysphagia. They have a worse percep-
tion of their oral health [3, 77], and a decreased oral
health-related quality of life [4, 48, 52, 69, 71, 72, 78,
79]. Of interest, changes in the oral microbiota are
also reported, though the significance and extent of
such alterations, as well as their link with PD remain
to be determined (causal/correlative/consecutive)
[74, 80–82].

This significant oral health inequality is associated
with difficulties in coping with dental treatment at
the dental office and a decreased ability to maintain
adequate levels of daily home oral care, arising from
both motor and nonmotor disorders [5, 83].

PD: An impediment to oral and dental care

Despite being aware of the importance of good
oral care and displaying normal to high toothbrush-
ing habits and yearly dental visits [3, 29, 30, 69,
72, 74, 75], PD patients do not seem to perform
and receive sufficient quality of care. This could be
related to the fact that PD has direct and indirect
impact on oral health and hygiene. As highlighted
in Fig. 1, the physical, psychological, and iatrogenic
(see Table 2) patterns associated with PD are predis-
posing factors of diminished oral health [5, 26, 69,
72, 84–98]. PD severity and duration are both associ-
ated with an increased severity of orofacial and dental
problems [5, 25, 27, 48, 72]. Motor difficulties, cog-
nitive deficiencies and behavioral changes (food and
hygiene habits) compromise daily activities, reduc-
ing the quality and quantity of daily oral care and
dental care utilization [1, 69, 71, 72]. Additionally,
PD patients are more prone to falls, owing to several
conditions, such as gait disorders, postural instabil-
ity and orthostatic hypotension [99, 100]. Falls can in
turn lead to maxillofacial trauma and traumatic dental
injuries [101].

3 Periodontal diseases are characterized by inflammation of tis-
sues surrounding the teeth. They are of two types: gingivitis
(non-destructive and reversible inflammation usually associated
with bacteria accumulation) and periodontitis (chronic and dys-
regulated inflammation associated with multispecies bacterial
community characterized by irreversible alveolar bone loss sur-
rounding the teeth, leading to its mobility and loss).



1510
M

.A
uffretetal./O

ralH
ealth

D
isorders

in
Parkinson’s

D
isease

Table 1
Summary of the main findings found in international literature regarding oral health disorders in patients with Parkinson’s disease (orofacial symptoms, oral health, oral hygiene). For detailed

results, please refer to Supplementary Table 1

Reference/country Methodology: Subjects, type of
assessments and study design

Direct and indirect orofacial
consequences of PD and
PD medication

Main findings for patients with PD

Oral health disorders Oral hygiene Conclusion

Anastassiadou et al., 2002
[73]/Greece

• N = 51, all PD stages
• No control group
• Objective & subjective

assessments
• Cross-sectional study

• Hypomimia, speech
difficulties, facial muscles
rigidity, facial tremor

• Xerostomia, drooling,
chewing, dysphagia, nausea

• Preference for soft food

Periodontal diseases#, dental
caries, erosion, denture
problems, ulcer,
hyperplasia, chewing
(related to teeth or denture),

• Reduced
• Assistance needed

• Orofacial, oral and
dental disorders in PD

• No association with
PD duration

Bakke et al., 2011
[48]/Denmark

• N = 15, mean PD duration 6.7
± 3 y, Hoehn & Yahr stages 2–4

• Impaired masticatory
function

NA NA • Increased impairment
masticatory function
with PD severity• Matched control subjects • Drooling, reduced opening

capacities• Objective & subjective
assessments

• Case control study
Barbe et al., 2017

[3]/Germany
• N = 100, mean PD duration

9.5 ± 6 y
• Snacking behavior
• Xerostomia, drooling,

dysphagia

NA • Reduced
• Lack of dental advise

• Increased impairment
with PD duration

• No control group
• Subjective assessments
• Cross-sectional study

Barbe et al., 2017
[77]/Germany

• N = 26, mean PD duration 9 ± 4 y • Altered taste sensation • Periodontal diseases
(periodontitis), halitosis

NA • Impaired oral
health-related quality
of life

• Matched control subjects • Xerostomia
• Objective & subjective

assessments
• Case control study

Cicciù et al., 2012 [68]/Italy • N = 45, Hoehn & Yahr stages
1–2

• Discomfort with
mouthwashes (fear of
choking?)

• Periodontal diseases
(periodontitis), mobile and
missing teeth

• Reduced • Poorer oral health in
patients with PD

• Matched control subjects
• Objective assessments &

interview
• Case control study

Clifford & Finnerty, 1995
[69]/United Kingdom
(England & Northern
Ireland)

• N = 228, median age 69.5 y,
members of a PD society

• Xerostomia, dysphagia,
burning mouth syndrome

• Periodontal disease
(periodontitis), denture
problems, ulcer, mobile
teeth

• Reduced • Oral health disorders
• Stress with dental

appointment• No control group • Difficulties with dental
appointment (anxiety,
affordability, accessibility)

• Subjective assessments
(self-reporting, postal
questionnaire)

• Cross-sectional study
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Einarsdóttir et al., 2009
[74]/Iceland

• N = 67 • Difficulties with dental
appointment (affordability,
Patients and dentist
reluctance?)

• Periodontal diseases
(periodontitis), dental
caries, missing teeth

• Higher counts of cariogenic
bacteria (Streptococcus
mutans & lactobacilli)

• Reduced • Poorer oral health in
patients with PD• Control subjects (spouse or

family member)
• Objective & subjective

assessments
• Case control study

Frota et al., 2016 [224]/Brazil • N = 35, mean age 71.3 y • Angular cheilitis • Periodontal diseases
(periodontitis), dental
caries, denture problems,
missing teeth, bruxism

NA • No difference in oral
disease between PD
and AD group

• Control groups (healthy control
and Alzheimer’s disease)

• Objective assessments
• Case control study

Fukayo et al., 2003
[29]/Japan

• N = 31, aged ≥ 60 y, Hoehn &
Yahr stages 1–3

• Preference for soft food NA • Better • Better dental status∗

• Control group (N = 104,
aged ≥ 60 y)

• Objective & subjective
assessments

• Case control study
Hanaoka & Kashihara, 2009

[27]/Japan
• N = 89, mean PD duration

5.9 ± 5.0 y
NA • Periodontal diseases

(periodontitis), dental
caries, missing teeth

NA • Higher oral health
disorders even in early
stage of PD• Control groups age-matched

(mild neurological disease and
acute and ischemic stroke)

• Case control study
Kennedy et al., 1994

[80]/USA
• N = 28 non-demented PD

patients, mean PD duration
∼9 ± 5.0 y, mean Hoehn &
Yahr stage ∼3 ± 0.8, divided
into 2 groups: “crave sweets” and
“not crave sweets”

• Xerostomia • Mucositis
• Higher counts of cariogenic

bacteria (Streptococcus
mutans)

NA • More mucositis and
higher counts in
cariogenic bacteria in
patient with PD

• Control group (age and sex, mean
age = 64.1 ± 6.8 y)

• Objective assessments
• Case control study

(Continued)
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Table 1
(Continued)

Reference/country Methodology: Subjects, type of
assessments and study design

Direct and indirect orofacial
consequences of PD and
PD medication

Main findings for patients with PD

Oral health disorders Oral hygiene Conclusion

Lyra et al., 2020 [75]/Portugal • N = 28, mean age 72.3 ± 8.1 y,
idiopathic PD (82.1%) or other
parkinsonisms, mild to severe
motor impairment

• Xerostomia • Periodontal diseases
(periodontitis), mobile and
missing teeth

• Reduced • Association between
PD progression
(upper extremity
rigidity, hand posture
and tremor) and
impaired oral hygiene
habits and severity of
periodontitis

• No control group
• Objective & subjective

assessments
• Cross-sectional study

Müller et al., 2011
[28]/Germany

• N = 101, mean age 66.2 ± 10.5 y;
Hoehn & Yahr stages 1–4

• Reduced salivary flow • Periodontal diseases
(periodontitis), dental
caries, mobile teeth.

• Reduced • Poorer oral health in
patients with PD

• Unmatched control subjects
• Objective & subjective

assessments, including a blind
assessment (clinical status/dental
hygienist)

• Case control study
Nakayama et al., 2004

[71]/Japan
• N = 104, aged > 60 y, Hoehn &

Yahr stages 3–5
• Control group (N = 191,

age ≥ 60y)
• Objective & subjective

assessments
• Case control study

• Dysphagia
• Difficulties with dental

appointment (accessibility)

• Periodontal diseases
(gingivitis), missing teeth,
denture problem, chewing
difficulties (related to teeth
or denture)

• Reduced
• Assistance needed
• Lack of dental advise

• Complain about oral
health

• Difficulties with
denture (in/out)

• Expect home visiting
dental service

Persson et al., 1992
[30]/Sweden

• N = 30, mean age 73 ± 7.3 y,
mean PD duration 11 ± 5.4 y

• Control group (N = 585, geriatric
population age ≥ 70 y)

• Dysphagia NA • Reduced • Good oral health∗∗
• Motor symptoms

(impairment of motor skills)
• Difficulties in

performing oral
hygiene correlated to
the severity of
hypokinesia

• Objective & subjective
assessments

• Case control study
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Pradeep et al., 2015
[72]/India

• N = 45, mean age 64.5 ± 9.1 y,
divided into 5 groups according
to Hoehn & Yahr stages

NA • Periodontal diseases
(periodontitis)

• Reduced (deteriorating with
PD severity)

• Deteriorating oral
health in PD patients
even at early stage
(Hoehn and Yahr
stage 1)

• Control group (age-matched
familly member)

• Objective (blinded) & subjective
assessments

• Case control study
Ribeiro et al., 2016 [4]/Brazil • N = 17 removable prosthesis

wearers PD patients, mean age
69.6 ± 5.1 y, mean PD duration
6.8 ± 3.8 y

• Motor symptoms NA NA • Negative perception
of oral health but no
objective difference
(PD severity not
recorded)• Control group (N = 20 removable

prosthesis control, mean age
72.0 ± 5.7 y)

• Objective & subjective
assessments

• Case control study
Schwarz et al., 2006

[76]/Germany
• N = 70, mean age 64.5 y • Motor symptoms

(impairment of motor skills)
• Periodontal diseases

(periodontitis)
• Reduced • Periodontal diseases

increased in patient
with PD

• Control subjects, age-matched
• Objective assessment
• Case control study

van Stiphout et al., 2018
[5]/Netherlands

• N = 74, mean age 70.2 ± 8.8 y,
mean PD duration 9.1 ± 6.4 y,
Hoehn & Yahr stages 1–5

• Matched group control

• Altered taste sensation
• Xerostomia

• Periodontal diseases
(periodontitis), dental
caries, mobile teeth,
chewing difficulties (related
to teeth or denture)

• Reduced (deteriorating with
PD severity)

• Weakened oral health
status

• Disease severity and
duration were
associated with more
oral health and
hygiene care problems

• Objective & subjective
assessments

• Case control study

LEDD, levodopa equivalent daily dose; PD, Parkinson’s disease; NA, not assessed. ∗Since the present study only deals with patients with mild symptoms, it should be noted that the results shown
here may not be applicable to advanced PD patients. ∗∗Authors’ hypotheses: “general conscientiousness in patients and relatives”. #Periodontal disease account for gingivitis, periodontitis.
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Fig. 1. The direct and indirect impact of Parkinson’s disease on oral health and hygiene: contributing physical, psychological (blue boxes)
and iatrogenic (red box) factors. (See online version for colour figure.)

Considering the fact that orofacial symptoms and a
weakened oral health status are present even at early
stages, additional factors, different from motor and
cognitive impairments, may also be involved [25, 27,
28, 72, 81]. (Non)dopaminergic imbalance and auto-
nomic dysfunction likely play a role in the emergence
and aggravation of these orofacial and oral health
disorders [41].

Problems faced in maintaining good oral care
at home

Brushing, flossing, and interproximal brushing are
critical components of oral self-care [3, 41, 79]. These
hygiene maneuvers require muscle-eye coordination,
digital dexterity, and tongue-cheek-lip control. Such
actions become more difficult to achieve as PD pro-
gresses, due to tremor of hands, lips and tongue,
bradykinesia, dyskinesia of the hands and jaws, fluc-
tuations, muscle stiffness, and postural deformities
[3, 4, 18, 28, 30, 48, 52, 76, 102, 103]. Decline in

the quality of the toothbrushing (not necessarily in
the frequency [74]) and lack of interdental clean-
ing reduce the efficacy of plaque control, promoting
gingivitis, and initiating or aggravating periodonti-
tis and dental caries. Moreover, such fine movement
impairments induce more difficulties in the frequency
and quality of prosthesis hygiene, leading to biofilm
accumulation [78]. Discomfort with mouthwashes,
possibly due to dysphagia and fear of choking,
has also been reported [68]. These ineffective oral
hygiene measures add to the pre-existing disturbed
self-cleaning mechanisms of the mouth (dyspha-
gia, chewing disorders, oral dyskinesia and saliva
changes) [4, 5, 30, 68, 72, 74, 75, 80].

Finally, when present, neuropsychiatric disor-
ders also contribute to patients’ difficulties: apathy,
depression, fatigue, anosognosia, cognitive decline
and dementia may all lead to negligence in daily
care, making compliance with a home care regimen
difficult [1, 3, 28, 68].
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Table 2
Antiparkinsonian treatments and dentistry: potential local and general side effects and drug interactions [26, 69, 84–98, 225]

Classification – Generic
names

Relevant local (orofacial) and general side effects Interactions with drugs used in dentistry

Anticholinergics • Local: xerostomia, dry throat Sedatives (e.g.: narcotic analgesics, antihistamines)
Benztropine • General: nausea/vomiting, loss of appetite, mental

confusion, dizziness, depressionBiperiden
Trihexyphenydil
Botulinum toxin
Botulinum neurotoxin A
Botulinum toxin B

• Local: dry mouth, subjective saliva thickening, oral
microbiota changes neck pain

None reported at the time of our writing

• General: swelling, pain, nausea, drowsiness, anxiety,
difficulty falling asleep or staying asleep

Dopamine receptor
agonists

Apomorphine • Local: none reported at the time of our writing Sedatives (e.g.: narcotic analgesics, antihistamines)
• General: orthostatic hypotension, nausea/vomiting,

confusion
Bromocriptine • Local: none reported at the time of our writing Sedatives (e.g.: narcotic analgesics, antihistamines)

• General: nausea/vomiting, heartburn, stomach
cramps, loss of appetite, orthostatic hypotension

Cabergoline • Local: xerostomia, toothache, throat irritation Sedatives (e.g.: narcotic analgesics, antihistamines)
• General: nausea/vomiting, heartburn, orthostatic

hypotension, fatigue
Pergolide • Local: xerostomia Sedatives (e.g.: narcotic analgesics, antihistamines)

• General: orthostatic hypotension
Pramipexole • Local: dry mouth Sedatives (e.g.: narcotic analgesics, antihistamines)

• General: nausea, heartburn, orthostatic hypotension
Ropinirole • Local: xerostomia, gingivitis, glossitis, tongue

edema, toothache, pharyngitis
• Fluoroquinolones (CYP1A2 inhibitor → influence

the elimination of ropinirole)
• General: nausea/vomiting, heartburn, stomach pain,

orthostatic hypotension, sedation, loss of
appetite/weight loss, anxiety

• Sedatives (e.g.: narcotic analgesics, antihistamines)

Levodopa
Levodopa-carbidopa • Local: xerostomia, dysgeusia, glossitis, parafunction

((awake) bruxism, clenching), glossodynia, “dark”
saliva/teeth pigmentation, dysphagia, Burning
mouth syndrome, mouth and throat pain, serpentine
tongue, lingual protrusion dystonia, Meige’s
syndrome

• Anesthetic agents containing epinephrine (blood
pressure & heart rate)

• Benzodiazepines (sedation, hypotension)
• Promethazine, prochlorperazine & droperidol (block

dopaminergic receptors within the central nervous
system)

• General: orthostatic hypotension, nausea/vomiting,
dyskinesia, loss of appetite/anorexia, forgetfulness
or confusion

Levodopa-carbidopa-
entacapone

• Local: xerostomia, dysgeusia, glossitis, parafunction
((awake) bruxism, clenching), glossodynia, “dark”
saliva, teeth pigmentation, dysphagia, mouth and
throat pain, dyskinesia

• General: orthostatic hypotension, nausea/vomiting,
dyskinesia, loss of appetite/anorexia, forgetfulness
or confusion

• Anesthetic agents containing epinephrine (blood
pressure & heart rate)

• Erythomycin & ampicillin (interfere with biliary
excretion of entacapone)

• Benzodiazepines (sedation, hypotension)
• Promethazine, prochlorperazine & droperidol (block

dopaminergic receptors within the central nervous
system)

Enzyme inhibitors
Entacapone • Local: none reported at the time of our writing

• General: stomach pain, nausea/vomiting,
drowsiness/dizziness

• May potentiate the chronotropic and arrhythmogenic
effects of isoproterenol and epinephrine

• Erythomycin & ampicillin (interfere with biliary
excretion of entacapone)

Rasagiline • Local: xerostomia, swollen gums
• General: vertigo/dizziness, nausea/vomiting,

stomach pain, orthostatic hypotension, somnolence,
neck pain, loss of appetite/weight loss, depression

• Meperidine hydrochloride (hyperthermia,
hypertension, tachycardia)

• Fluoroquinolones (CYP1A2 inhibitor → influence
the elimination of rasagiline)

• Pethidine (hyperthermia, delirium, muscle rigidity)
Selegiline • Local: dysgueusia, bruxism, sublingual oral

ulcerations, burning lips/mouth, facial grimacing,
dry mouth, difficulty swallowing

• General: nausea/vomiting, heartburn, stomach pain,
orthostatic hypotension, somnolence, depression

• Levonordefrin (severe hypertension)
• Epinephrin (severe hypertension)
• Meperidine, propoxyphene (acute serotonin

syndrome/ hypertensive crisis, seizures, and coma)
• Pethidine (hyperthermia, delirium, muscle rigidity)

(Continued)
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Table 2
(Continued)

Classification – Generic
names

Relevant local (orofacial) and general side effects Interactions with drugs used in dentistry

N-methyl-d-aspartate
(NMDA) receptor
antagonists

Amantadine • Local: xerostomia Sedatives (e.g.: narcotic analgesics, antihistamines)
• General: nausea/vomiting, decreased appetite,

orthostatic hypotension, mental confusion
Surgical treatment
Deep Brain Stimulation

• Surgical and device related: infections, mental status
change

Diathermy, electrocautery (thermic neural lesion)

• Stimulation-induced: neuropsychiatric disorders
(depression), dysarthria (loss of verbal fluency),
postural instability/gait disturbances

Dental appointments: a challenge to both
patients and dentists

The use of dental care services mainly depends on
their accessibility (distance, transportation, reduced
mobility access) and affordability (healthcare sys-
tem, dental insurance, socioeconomic status) [10,
104, 105]. While several barriers have been identi-
fied at the individual, organizational and policy levels
[104] for elders and vulnerable people, PD patients
have to face even more challenges in accessing and
undergoing dental treatment.

Cognitive decline and dementia may prevent
patients from reporting oral and dental symptomatol-
ogy and complying with dental treatment [1, 106].
In addition, cognitive disorders make them more
likely to miss dental appointments or react with care-
resistant behavior [107] when receiving assistance
[1, 106].

For dental clinicians, PD patients are a challenge,
as PD symptoms complicate treatment plans, execu-
tion, and outcome [1, 18, 86, 108, 109]. Akinesia,
hypokinesia, bradykinesia, gait disorders, orthostatic
hypotension, postural deformities [103, 110], and
muscle related problems (spasms, rigidity, tremors,
and dyskinesia) cause difficulties in getting in and
out of the dental chair and staying still during dental
treatment [18, 86]. Because of motor and nonmo-
tor fluctuations, patients’ behavior can change from
minute to minute and may require stopping den-
tal procedures [18, 83], while anxiety and stress
worsen motor symptoms [111]. Muscle rigidity, poor
muscle control (lips, jaw, tongue), oral festination
[57], facial dystonia [56], orolingual tremor [34, 35,
112–114], dyskinesia (flycatcher tongue), impaired
neck and head posture, or dysphagia (saliva accumu-
lation) lead to difficulties in dental examination and
oral rehabilitation [30, 48, 83, 102, 108, 109], and
can even compel the use of general anesthesia [102].

The supine position during dental procedures may
increase the risk of aspiration and ingestion of dental
instruments, adding to the already existing risk fac-
tors related to PD [26, 115]. Fatigue, urinary [116]
and bowel issues may require treatment cessation,
preventing extensive treatment plans which require
extended chair time [18, 83, 86, 106, 108].

Finally, dentists may have limited knowledge and
experience regarding the specific needs and man-
agement of PD patients [17, 74, 86, 102]. The
patient-dentist relationship is hampered by several
PD-related verbal and non-verbal communication
impairments. Hypomimia and amimia [117] are
linked with reduced facial expressiveness, fixed
gaze, disruption of facial emotion recognition [118],
and alterations in the facial expression of pain
[119]. Speech and language disorders [45, 46, 120]
(dysarthria, hypophonia) directly impair verbal com-
munication, while cognitive impairment as well as
micrography and other handwriting abnormalities
[121] complicate the picture.

Although not surprising to the neurologist, these
issues can become very difficult to overcome and lead
to frustrating situations for both patient and dental
practitioner if the professional is not aware of them
and is therefore unable to adjust. Such challenges
make patients and dental team reluctant to embark
on complex dental procedures [17, 74, 86]. As a
result, orofacial symptoms in PD are rarely assessed
and detected, making them unaddressed for too long
[106].

ORAL HEALTH DISORDERS: WHAT IS AT
STAKE FOR PD PATIENTS? A REVIEW
AND NEW HYPOTHESES

Oral diseases are associated with a variety of
local and general disorders [6, 10, 24, 122–126]
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and can severely impair quality of life [7, 22].
Being chronic and progressive, they are major func-
tional, psychosocial and economic burdens [10],
like PD. Epidemiological data, and studies on
microbiological and inflammatory processes have
highlighted a link between dysregulated immune and
inflammatory response in periodontitis and the ini-
tiation and progression of systemic diseases, such
as diabetes, cardiovascular disease (atherosclerosis,
stroke), cancer, Alzheimer’s disease, or respiratory
tract infections [6, 9, 123, 127–130]. The inattention
to oral health is therefore concerning in PD patients,
considering its direct (pain, orofunctional problems,
psychosocial wellbeing) and indirect (increased risk
of infections, inflammation and systemic diseases)
impacts (Figs. 2 and 3). Table 3 summarizes the
possible etiologies and contributing factors to oral
health disorders in PD patients, their consequences on
general health and available prevention/management
strategies.

Polypharmacy, motor disorders, cognitive impair-
ment, and the subsequent decline in dental care
utilization put patients at risk for dental caries and
periodontal diseases (Table 1), paving the way to
tooth mobility and, finally, tooth loss [131]. Speech
disorders, drooling, halitosis and tooth loss impair
appearance and phonetics, reducing social life and
increasing isolation, thereby triggering a decline in
quality of life [4, 79, 132–134].

A compromised oral health and impaired orofa-
cial function can alter basic function like eating [132,
135], negatively impacting food intake [136, 137]. In
PD, taste disturbances, hyposmia/anosmia [64, 138],

orofacial pain, masticatory disorders and dyspha-
gia [52, 136, 139] induce prolonged mealtimes and
ingestion of insufficiently masticated food, putting
the patient at risk of a decline in the quality and
quantity of food intake, up to malnutrition. Gastroin-
testinal disorders may also arise and hamper drug
absorption [140, 141]. Conversely, changes in eat-
ing habits [142] may favor cariogenic environments,
inducing oral diseases [74, 80, 143]. Such modifi-
cations include taste preferences [61, 64, 144] and
craving for sweets [80], need for softer food [73]
or high-energy food supplements, and use of syrup-
based medications [145].

Fig. 2. More than meets the eye: Consequences of oral health dis-
orders in Parkinson’s disease.

Fig. 3. The interplay between oral health disorders and Parkinson’s disease.
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Table 3
Oral health disorders in parkinsonian patients: symptoms, etiologies, consequences (on local & general health) and available prevention and management strategies

Symptom Etiologies – Contributing factors Consequences Prevention and management strategies

Dysphagia
[3,23,27,39,42–45,141,147,148,

151,190,218,231–234]
[3,21,38,39,41,43,44,47,139,142,

145,148,153,173,174,226–230]

Prevalence: 35% subjective vs 82% objective
• DA (supramedullary swallowing system) &

non DA mechanisms (Lewy body pathology,
substance P)

• Poor lip seal & saliva accumulation
• Tongue rigidity and repetitive pumping action
• Delayed swallowing
• Irregular movements of the epiglottis
• Impaired esophagus peristalsis
• Low body weight
• Female gender
• Drug-induced: botulinum toxins (rare)

• Increased risk of choking, aspiration and
pneumonia

• Gastro-esophageal reflux
• Eating difficulties, modification of food

choices and intake limitations (→
malnutrition, dehydration, weight loss)

• Isolation, reduced social contact
(→depression)

• Fear & anxiety
• Impaired pill swallowing and possible reduced

efficacy of oral medications
• Reduced quality of life
• Colonization of the oropharynx with

Gram-negative bacilli

• Eating habits: cut food into smaller pieces,
alter texture and consistency to facilitate
swallowing

• Oral hygiene: avoid mouthwashes (or prefer
non-alcoholic, fluoridated mouthwashes)

• Speech & language therapy - Biofeedback
• Pharmacological interventions, including

dopaminergic medication optimization
• Sugar-free gums

Hypomimia
[25,26,31,42,118]

• DA deficiency
• Reduced muscle tone, reduced blinking rate
• Male gender

• Impaired verbal & non-verbal communication
• Impaired emotion recognition (social skill)
• Drooling
• Social stigma

• Speech therapy to enhance verbal
communication (facial mobility)

Speech disorders
[25,41,45,46,231,232]
e.g.: dysarthria, hypophonia,

slurred words, fast speech, or
hesitation before speaking

Up to 89% of patients
• Oropharyngeal bradykinesia
• Xerostomia & oral irritation
• Motor & nonmotor deficits (PD)
• Male gender

• Difficulties in communication
• Isolation, reduced social contact
• Marginalization from discussions about

clinical care

• Speech therapy (voice modulation, volume,
intonation, articulation)

• Prosthetic rehabilitation and follow-up

Altered taste sensation
[5,61,64,138,144,233]
(e.g., reduced food flavor, bad

taste in the mouth)

Up to 27%
• Drug-induced dysgeusia (levodopa, pergolide)
• Olfactory dysfunction (hyposmia, anosmia)
• Reduced saliva secretion
• Acid reflux, heartburn
• PD-associated (CNS degeneration)
• Nausea (levodopa and dopaminergic agonists)

• Decreased appetite, loss of interest in ingesting
food, modification of food choices

• Discomfort
• Decrease in oral hygiene

• Food changes (nausea)
• Domperidone (nausea)
• Drug adjustments (drug-induced side effect)

Xerostomia (subjective)
Hyposalivation (objective)
[5,18,26,69,80,81,86,115,233,234]

Up to 87%
• Autonomic disorders
• Drug-induced:

- anticholinergic drugs,
- Levodopa (may reduce salivary secretion)
- dopaminergic drugs,
- botulinum toxins

• Reduced saliva rate flow

• Reduces antibacterial and cleansing action of
saliva and tongue → risk factor for oral
diseases and lesions

• Changes of the microbiota
• Discomfort and increased risk of painful oral

soft tissue lesions leading to denture issues
• Eating difficulties: dysgueusia, chewing

difficulties → reduced nutritional status
• Speech problems

• Lubricating sprays (malic acid),
physostigmine gels, saliva substitutes
(particularly at meal times) & artificial salivary
products (evidence grade B/moderate)

• Sipping water frequently
• Sugar-free hard candies or gums

(xylitol-containing)
• Cholinergic agonists
• Avoid acidic or fizzy drinks
• Review of current medication
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Drooling
[3,15,18,25,26,41,88,94,229,230,

235–239]

Various prevalence depending on disease stage
(10-84%), with diurnal (23-28%) & nocturnal
(up to 58%) drooling

• Autonomic disorders
• Dysphagia, oropharyngeal bradykinesia,

hypomimia (poor lip closure, involuntary
mouth opening & loss of facial muscle tone)
→ excess pooling of saliva in the mouth

• Antecollis (flexed head posture)
• Exacerbation with acute dental issues
• PD severity

• Dermatitis, angular cheilosis, skin irritation
• Saliva pH changes, microbiota changes,

halitosis
• Disabling social impact (++ diurnal):

embarrassment, low self-esteem, social
unacceptability and stigma

• Increased risk of silent aspiration, choking and
aspiration pneumonia

• Compromised denture retention

• Intrasalivary gland injection of botulinum
toxin (BTX-A/B), every 3 months (evidence
grade A, high)

• Glycopyrrolate
• 1% atropine solution sublingually twice a day
• Behavioral management techniques, swallow

periodically to avoid saliva build-up
(conscious effort)

• MAO-B inhibitor?
• Greater sialorrhea reduction in patients with

imipraminics? [10]
• During dental procedures: four-handed

dentistry (assistant to suction the build-up of
saliva & avoid aspiration), patient positioned
in a semi reclining 45◦ angle

Bruxism
[54,65,66,102,240]
- Awake bruxism (AB)
- Sleep bruxism (SB)

• Non-dopaminergic mechanisms
• Dyskinesia
• Drug-induced (e.g. long-term use of L-dopa)
• Stress, anxiety, depression (AB)

• Attrition → teeth, implant and crowns
breakage

• Trauma to the tongue
• Compromised denture retention
• Orofacial pain (temporomandibular disorders)

& headaches
• Swallowing & speech disorders
• Depression

• Custom-made thermoplastic bruxism splint
• Botulinum toxin injections
• Benzodiazepines, antidepressants
• Dopaminergic drugs (++ SB)
• Mouthguard

Mastication &
temporomandibular disorders

[5,26,49,51,54,108,115,136,227]

• Reduced muscle tone (jaw, tongue, lips,
oropharynx)

• Dyskinesia & tremor (face, jaw)
• Drug-induced dyskinesia
• Teeth loss, edentulous mouth (chewing

issues + impairs feedback from the periodontal
ligament, temporomandibular joint, and
musculature receptors)

• Xerostomia & oral irritation
• Postural alterations
• Parafunctional habits (e.g., bruxism, lip

biting), stress, anxiety

• Chewing disorders, impaired food intake,
preference for softer food (→ malnutrition,
weight loss)

• Discomfort, pain (orofacial pain, toothaches)
• Biting of tongue, lips & cheeks
• Cracked teeth
• Displaced restoration, compromised denture

retention → ill-fitting dentures leading to
mucosal lesions

• Limited mouth opening, jaw locking (issues
with difficult dental assessment & treatment)

• Sleep disturbances, fatigue, depression

• Maintenance of natural teeth trough avoidance
of dental disease & dental caries

• Cut food into smaller pieces, alter texture and
consistency to facilitate swallowing

• Prosthetic rehabilitation and follow-up:
intraoral occlusal appliance, implants

• Mandibular rehabilitation
• Denture hygiene
• Physical therapy

(Continued)
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Table 3
(Continued)

Symptom Etiologies – Contributing factors Consequences Prevention and management strategies

Reduced ability to perform oral
hygiene

[18,28,78,102,136]

• DA & non DA mechanisms
• Muscle incoordination, motor impairment

(tremor, reduced fine motor skills)
• Motor fluctuations
• Cognitive disturbances (apathy, depression,

anosognosia, dementia)

• Increased risk of caries and periodontal
diseases

• Biofilm presence on prosthesis
→ risk of infections (local and general)

• Repeated instructions on proper brushing &
flossing techniques

• Electronic/power toothbrushes, wider
grip/thicker handle for toothbrush

• Toothbrushes with soft bristles and small
heads (change every 3 months)

• Toothpaste pumps (squeezing difficulty with
tube)

• Fluorination: professional and toothpaste
• Dental floss with floss holders & interproximal

brushes
• Denture/prosthesis hygiene (combination of

mechanical and chemical methods)
• Recall dental appointments at short intervals

and periodic instruction in oral health and
prosthesis cleaning

• Dietary advice (to limit the induction of
cariogenic environment)

• Oral health education and home visiting dental
services

Denture problems, poor denture
retention

[68,71,79,83,88,102,108,115,
234,241]

• Muscle incoordination (tongue, lips, jaw) &
inadequate amount of saliva (→ lack of
denture control)

• Rigid facial muscles
• Xerostomia
• Weight loss
• Oral dyskinesia
• Drug-induced oral dyskinesia

• Discomfort, denture-related oral mucosal
lesions: local/diffuse inflammation,
hyperplasia, ulcers

• Eating & drinking difficulties → compound to
existing eating and swallowing issues

• Social stigma, decreased self-esteem and
social acceptability

• Biofilm accumulation (pathogens reservoir)
• Risk of aspiration

• Prosthetic rehabilitation and follow-up
• Water based denture adhesive
• Denture hygiene (brushing, sodium

hypochlorite soaking) & regular checkups
• Nutritional drinks (weight stabilization)
• Recall dental appointments at short intervals

and periodic instruction in oral health and
prosthesis cleaning

• Review of current medication (drug-induced
side effect)

Increased number of caries
[18,27,28,68,74,136,149,242]

• Cariogenic environment: changes in eating
habits: craving for sweets, altered taste
sensation & use of high-calorie dietary
supplements

• Changes in salivary pH & composition
• Xerostomia
• Reduced oral hygiene (plaque formation)
• Changes in microbiota (Streptococcus mutans,

Lactobacilli)

• Discomfort (pain, sensitivity)
• Local infection (inflammation, abscess)
• Dissemination of the infection
• Eventually, loss of teeth
• Risk factor for pneumonia

• Fluoridated toothpaste 2500–5000 ppm & gels
(evidence grade A, high)

• Dietary changes (avoid sweet and sticky food)
• Preventive dentistry with dentist visits every 4

months
• Electronic toothbrushes
• Alleviate xerostomia
• Removable prosthesis hygiene
• Recall dental appointments at short intervals

and periodic instruction in oral health and
prosthesis cleaning

• Dental flossing
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Increased prevalence and severity
of periodontal diseases

(gingivitis and periodontitis)
[5,27,28,68,72–77,224]

• Reduced oral hygiene (plaque formation)
• Changes in salivary pH & composition
• Xerostomia
• Microbiota dysbiosis

• Discomfort (pain, sensitivity)
• Local infection (inflammation, abscess)
• Dissemination of the infection
• Mobile, and eventually loss of teeth
• Risk factor for systemic diseases (pneumonia)

• Restore and maintain appropriate oral hygiene
• Electronic toothbrushes
• Dental flossing
• Alleviate xerostomia
• Preventive dentistry with dentist visits every

4 months
• Recall dental appointments at short intervals

and periodic instruction in oral health and
prosthesis cleaning

Erosion, attrition & teeth
breakage

[27,28,74,78,108]

• Falls (postural hypotension, gait disorders)
• Rigor & tremor
• Dyskinesia
• Bruxism
• Acid reflux due to dysphagia
• Changes in salivary pH

• Discomfort (pain, sensitivity)
• Eating difficulties, impaired masticatory

performance
• Compromised denture retention

• Mouth guard
• Splint therapy (bruxism)
• PD drugs adjustment (dyskinesia)
• Erosion: swish with water, enamel protection

(fluoride), avoid acidic or fizzy drinks,
treatment of acid reflux

Tooth loss
[27,79,108]

• Caries & periodontal disease
• Attrition & teeth breakage (falls & jaw

disorders)
• Removal to avoid complex dental procedures

• Chewing disorders, eating difficulties and
self-feeding impairment

• Discomfort (pain, sensitivity)
• Speech disorders
• Social stigma (appearance & phonetics)

• Prosthetic rehabilitation and follow-up
• Recall dental appointments at short intervals

and periodic instruction in oral health and
prosthesis cleaning

Burning mouth syndrome (BMS)
[26,66,67,70,86,108,243,244]

Prevalence: 4–24%
• DA receptors dysfunction
• Dysautonomia
• Depression, anxiety, stress
• Levodopa (parafunctional chewing)
• Vitamins & mineral (nutritional) deficiencies
• Hormonal imbalance
• Xerostomia, parafunction & purposeless

chewing

• Discomfort, pain
• Dysgeusia
• Less incline to eat (weight loss)

• Cognitive behavioral therapy, psychotherapy,
behavioral feedback

• Pramipexole
• Iron, vitamin B
• Antifungal
• Clonazepam
• Alpha-lipoic acid
Frequent water sipping and artificial saliva

substitute, water-based denture products

AB, awake bruxism; BMS, burning mouth syndrome; BTX, botulinum toxin; CNS, central nervous system; DA, dopaminergic; L-dopa, levodopa; MAO-B, monoamine oxidase-B; PD, Parkinson’s
disease; SB, sleep bruxism.
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Poorly cleaned dentures [71, 78] facilitate biofilm
accumulation, making them a reservoir for respira-
tory pathogens and encouraging opportunistic oral
infections [146]. The oral cavity may also act as
an important reservoir of �-lactam resistance genes
facilitating infections with multiple drug resistant
bacteria [147]. Oromuscular dysfunction contributes
to changes in the oral flora: aerobic Gram negative
bacilli have been isolated in the oropharynx of a
small sample of PD patients, potentially shedding
light on contributing factors to aspiration pneumo-
nia [148], aspiration of oropharyngeal bacteria being
linked to pneumonia [6, 149], which is the main cause
of death in PD [150]. Enhanced oral hygiene inter-
ventions [151–153] may therefore be of interest in
PD to mitigate the risk for aspiration and pneumo-
nia, though evidence is still lacking at the time of our
writing. Bacteriemia and infections stemming from
the oral cavity are also a concern regarding the motor
deterioration that may follow systemic infections and
inflammation in PD [154].

Along with the increased risk of systemic dis-
eases, periodontal diseases (gingivitis, periodontitis)
induce a systemic peripheral inflammation that may
contribute to oxidative stress, neurodegeneration and
influence PD progression [28, 155, 156]. However,
the extent of it needs to be prospectively explored
[81].

Finally and yet importantly, delivery systems tar-
geting the mucosa of the oral cavity [157–159]
for administering PD drugs have been investigated
(piribedil [160]), are under development (ropini-
role [161], levodopa/carbidopa or selegiline [162])
or have recently reached the market (apomorphine
[163]). As the integrity of the oral mucosa influence
the extent of drug absorption [159], oral health dis-
orders definitely need to be addressed.

THE NEUROLOGIST’S ROLE IN
SUPPORTING SUCCESSFUL
PREVENTION, MANAGEMENT, AND
FOLLOW-UP ORAL HEALTH STRATEGIES

Oral and dental “problems caused by PD are accen-
tuated by physicians’ lack of dental knowledge and
dentists’ lack of awareness of many of the oral impli-
cations of PD” [88]. However, oral diseases are
largely preventable (Table 3) even in vulnerable pop-
ulations [22, 88]. The maintenance of the oral health
of PD patients should be of prime importance in pro-
viding complete health care [21, 88]. Initial steps have
been recently taken, with the publication of clinical

practice guidelines [18], although evidence-based
recommendations are still scarce [15]. As dentists
and dental hygienists play an integral role in provid-
ing health care to PD patients, they must be involved
as early and often as possible [18, 21, 28, 86, 88].

As PD experts, neurologists and PD nurses have
a major role in initiating integrated care coopera-
tion (Fig. 4). They should coordinate appropriate,
continuous, individualized, either pharmacological
or non-pharmacological interventions and follow-up
that target oral health. This should be done through
regular patient referral to the other members of the
interdisciplinary [19] team: dentists, dental hygien-
ists, community pharmacists, nutritionists/dieticians
and speech therapists [20, 21, 164–166]. Due to
the progressive nature of PD, early and preventive
interventions are necessary. Dental input should be
requested at a very early stage, ideally immedi-
ately after initial PD diagnosis, to favor prompt and
comprehensive interventions, including restorative
procedures if needed, and prevent further complica-
tions [18, 28, 143]. Periodontally compromised teeth
should be evaluated and endodontic treatment con-
sidered, as later infection may affect patients’ motor
state and response to PD treatment [154]. A conser-
vative approach may be more appropriate in later
stages of PD, considering patients’ increased dis-
ability in tolerating longer appointments, performing
oral hygiene maneuvers and making medical deci-
sions as the disease progresses [18, 28, 83]. Treatment
plan should be realistic, collaborative, and continuous
with routine prophylaxis and regular visits, ideally
3 to 4 times a year. Interventions should be tai-
lored to the patient’s immediate and long-term dental
needs. They should take into account concomitant
medications (Table 2), medical prognosis, homecare
abilities and settings, as well as psychosocial dimen-
sions (anxiety, cosmetics needs), with input from
the neurologist [18, 28, 83, 86, 88, 167]. Dental
appointments should be as brief and as comfort-
able as possible, with an empathetic approach, and
an understanding of PD specificities and limitations
[18, 108]. Table 4 summarizes recommendations for
building PD-suited dental appointments, which can
be discussed between the dental and the movement
disorders teams.

To improve oral hygiene and comfort, appropri-
ate oral healthcare tools (electric toothbrushes) and
symptom-relieving products (gels, sprays) are avail-
able, and patients choice should be guided by inputs
from his dental team and pharmacist [3, 165]. PD
patients and their caregivers should be educated and
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Fig. 4. Addressing oral health disorders in Parkinson’s disease: An integrated care approach, coordinated by the movement disorders team
(neurologist and PD nurse).

motivated to maintain good oral hygiene routines at
home, by both the dental and movement disorders
teams [18, 21, 88]. Live demonstrations, verbal and
written repeated instructions, and positive reinforce-
ment are effective in PD [78, 136]. By contributing to
a better oral health, they decrease the risk of local and
general complications— thus reducing the associated
health care costs [6].

FUTURE DIRECTIONS AND AREAS FOR
FURTHER STUDY

To provide holistic care, clinicians must under-
stand the overlap between neurology, internal
medicine [168] and dentistry in PD. As previously

mentioned, oral health education and interdisci-
plinary cooperation are all initiatives that favor
patients’ autonomy and would therefore be empower-
ing. The under-reporting of oral health disorders may
be partly due to anosognosia. However, the fact that
clinicians (neurologist and dentist alike) do not focus
on these disorders certainly contributes to such issue
[3]. This could be due to a lack of awareness, diag-
nostic criteria, and available routine screening tools,
which need to be properly addressed.

Towards better oral health awareness in PD

Promotion of oral health awareness must be put on
the agenda of movement disorders teams. Dentistry
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Table 4
Prevention and management strategies at the dental office: advices from the neurologist to the dental team [3,18,21,26,68,78,79,86,102,106,

108,115,136,245–248]

Parkinson’s disease (PD) specificities Prevention and management strategies
(symptoms, risks & specific needs)

General comments • Education & training (i.e., PD rounds/students, courses/students & continuing
medical education) to enhance PD knowledge and interdisciplinary cooperation

• Consult with the neurologist to identify PD stage (cognitive status, disease
prognosis) and drug regimens

• Tailor the appointments to patient’s specific condition (fluctuations and drug
regimens)

• Advise:
– Oral hygiene/home care program with appropriate oral healthcare tools
– Symptom-relieving products (with the help of pharmacist if needed),
– Home training program

• Ensure repeated oral health education
Accessibility • Ensure accessibility to the dental office (steps & lifts/cane, walker, wheelchair)

• Provide assistance to get in and out of the dental chair (if needed)
Communication issues • Identify the underlying type of issue
• Cognitive disorders and dementia • Face-to-face communication (eye contact) in a quiet room, with no or limited

background noise• Reduced non-verbal communication
(facial expression, hand gesture) • Use closed-ended questions (yes/no), simple words & short sentences

• Speech and language disorders • Allow adequate time for the patient to respond (slower response rate)
• Use visual aids and written materials if needed
• Allow caregiver’s presence beside next to the operating chair (may help

interpreting the patient’s speech) -but do not ignore the patient by talking only to
the caregiver

• Referral to speech and language therapy if needed
Medical/surgical interactions • Take a detailed medical history before any dental treatment (overall health,

allergies, medical diagnosis, up-to-date list of medications, history of any
surgeries)

• Consult with the neurologist/physician and pharmacist if needed
• In case of sedation, consider using a slower titration regime
• Look for a history of deep brain stimulation (DBS): diathermy and

electrocautery may cause thermic neural lesion
Autonomic dysfunction Postural hypotension

(risk of falls)
• If possible, vital signs (blood pressure, heart rate, pulse) measurements on every

visit
• Provide assistance to get in and out of the dental chair (if needed)
• Allow adequate time for the patient to change position, raise the chair slowly to

the upright position
Urinary incontinence • Ensure that washrooms are accessible within the dental office

• Advice patients to empty their bladder before beginning any dental procedure
Motor symptoms Fluctuations • Tailor the appointments to each patient condition

• Quiet room, stress-free environment (stress may exacerbate motor symptoms)
• Plan a series of brief office visits rather than few long visits (more realistic &

more productive): short (<45 min), early or mid-morning appointments, 60–90
minutes after PD drugs intake (“Best ON”)

• Adjustment to the chair and interruption of dental treatment if needed (tremors,
dyskinesia)

Dysphagia • Dental chair inclined at 30–45 degrees to facilitate the swallowing (adjust if
needed to avoid aspiration)

• Use of dental rubber dam
• Adapt the use of the aspirator tip to patient’s saliva characteristics (quality,

quantity)
• Allow regular breaks during treatment
• Tilt head to one side (pooling in cheek)

Reduced mouth
opening

• Use of extraoral ratchet-type mouth prop and intraoral rubber bite block
• Consult with the neurologist to adjust PD medication if needed (fluctuations)
• Home training program: jaw opening and lip and chewing exercises

Neuropsychiatric disorders Anxiety, stress (can
exacerbate motor
symptoms)

• Self-identification, smile, direct eye contact and gentle touch
• Patients should always be treated by the same dentist
• Explain each step of the procedure before performing them
• Regularly reassure & consult the patient for any discomfort
• Allow caregiver’s presence beside next to the operating chair
• Good time management (avoid the sense of rushing)
• Use anxiety/stress (non-)pharmacological reduction techniques (if needed)

(Continued)
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Table 4
(Continued)

Parkinson’s disease (PD) specificities Prevention and management strategies
(symptoms, risks & specific needs)

Cognitive deficits,
dementia

• Make sure to get appropriate consent
• Patients should always be treated by the same dentist.
• Compassionate, stress-free and caring environment.
• Use simple words & short sentences
• Allow caregiver’s presence beside next to the operating chair (stress,

communication)
• Limit the use of face mask (stress/anxiety)
• Use the VERA framework for communication: Validate the person, Emotional

context, Reassurance, Activity
Aspiration during dental

procedure
• Prevention:

– Patients should not be treated in the supine position but in a more vertical
position (≥30–45 degrees)

– Four-handed dentistry
– Use of rubber dental dams or (small) gauze screens (to protect the oropharynx)

or use clasps with floss if needed (small-sized objects should be secured with
dental floss to secure and aid retrieval)

– Aggressive oral suctioning (in case of dysphagia)
– Use smaller amounts of water and reduced flow during procedures

• Management: immediate emergency care, bronchoscopy

DBS, deep brain surgery; PD, Parkinson’s disease.

should be integrated into PD course of care, alongside
neurology and other medical consultations [21]. It is
probable that patients would be more active in search-
ing for access to oral care if they were aware of the link
between oral and systemic health [169]. Awareness-
raising actions involving movement disorders teams,
dental teams and PD patients’ associations are to be
carried out.

Regarding clinicians’ education, oral health mod-
ules developed in cooperation with dentistry schools
and targeted to neurologists and PD nurses should
be considered, as previous experiences of integrating
such educational programs into the medical curricu-
lum were positively received [170–172]. In order to
enhance knowledge of PD oral and general specifici-
ties and limitations, dental students should join PD
rounds in teaching hospitals whenever possible [21].
PD modules [173] targeted to educate dental students
and update oral health professionals on caring for PD
patients should also be created and routinely imple-
mented. This would increase the cooperation between
dentists and neurologists.

Towards better assessment and care

The oral health deserves more attention in PD
than a sole assessment of dysphagia, sialorrhea and
dysarthria. To overcome the limitations of the MDS-
UPDRS scale as a measurement of PD orofacial
symptoms [75, 174], there is a need for better tools
and questionnaires assessing all the oral symptoms

associated with PD that could be used routinely by the
neurologist and dental teams [3, 173]. Fully address-
ing these disorders is a first step for offering optimal
treatment [41, 66].

In general, patients and caregivers should be en-
couraged to be aware of oral symptoms and to report
them during consultations. Specific PD patient-rated
assessments of discomfort and oral health impact on
quality of life should also be developed, to favor
symptoms reporting during dental and neurology
consults.

The recently published guidelines [18] and this
paper are a frame for designing PD-suited dental
appointments (Table 4). However, it is critical to keep
in mind that dental care, follow-up, and treatment
should be patient-specific: PD stage, (non)motor fea-
tures, comorbidities, medications and psychosocial
factors are all to be considered. Successful cases
of tailored rehabilitation have been described in the
literature [58, 102, 106, 108, 109, 175–179]; this
should encourage clinicians to engage in individu-
alized treatment plans, even in complex cases. Home
training and oral hygiene programs can be easily
implemented and were proved to be successful [136].
Such programs must be broadly offered and can
include training of jaw mobility and masticatory
function, lip and cheek muscles, as well as use of
special toothbrush, denture brush, interdental brush
and flossing. Finally, home visiting dental services
[180–182] for dental check-up and education could
help tackle PD patients’ difficulties in receiving those
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services at dental clinics. Domiciliary professional
oral care [183], with regular professional toothbrush-
ing [184, 185] could improve the quality of oral
hygiene and may contribute to better nutritional sta-
tus and quality of life, although this has yet to be
demonstrated in cohorts of PD patients.

Towards better understanding of the mechanisms
involved

The lack of methodologically sound studies in the
field of neurology in relation to dentistry needs to
be corrected [41]. Longitudinal studies with larger
samples and standardized assessments are needed to
further explore the relationship and pathophysiology
of oral health disorders associated with PD [1, 4, 27,
28, 41, 72, 94, 186].

It has recently been demonstrated in vivo that
periodontal inflammation exacerbates gut inflam-
mation [123, 187]. The connection between the
oral mucosa and the gut (“oral-gut axis”) therefore
needs to be investigated in PD, particularly consid-
ering the growing concerns regarding the role of
the gut-brain axis and gut microbiota in promoting
(neuro)inflammation [188], alpha-synuclein pathol-
ogy [189–191], motor impairments [190, 192] and
impairing levodopa metabolism [193–196]. Simi-
larly, Porphyromonas gingivalis a keystone pathogen
in periodontitis, along with Treponema denticola,
have recently been associated with Alzheimer’s
disease and PD, suggesting a possible bacterial
involvement in the development and course of neu-
rodegenerative disorders [197, 198]. Poor oral health
and periodontitis have indeed been associated with an
increased risk of developing PD later in life in several
recent studies [127, 156, 199–201] whereas dental
scaling was associated with a decreased risk [202],
pointing towards a “multiple-hit” hypothesis [203].
Conversely, the impact of PD on oral microbiota
[204], chronic inflammation, neurodegeneration and
the gut brain axis need to be thoroughly explored
([81, 148], BUCCO-PARK study, NCT039653904).
Taken together, these inter-connections highlight the
relevance of an “oral-gut-brain” axis that needs to be
further explored.

Microbiota on dentures or in weakened oral cav-
ity needs to be evaluated as a potential reservoir for
respiratory multiple drug resistant pathogens in PD
patients [3, 30, 76, 78, 146]. Additionally, the effect
of antiparkinsonian drugs (drug class and levodopa

4 https://clinicaltrials.gov/ct2/show/NCT03965390

equivalent daily dose, Table 2) on the oral ecosystem
needs to be better characterized.

Towards new diagnostic and predictive tools:
Landmark symptoms and biomarkers?

The chronology and combination of orofacial
symptoms may give insights into disease progres-
sion [3, 25, 48]. The Swedish “Jönköping Parkinson
Registry” (N = 314 idiopathic PD patients, prospec-
tive study led between 1998 and 2014) has recently
highlighted that orofacial symptoms were correlated
with PD severity, symmetry of motor disturbances,
and autonomic disorders. The more severe orofacial
burden was at baseline, the faster patients progressed
to more advanced stages [25]. As stated earlier, some
orofacial symptoms occurs early in the disease course
(hyposmia [31], hyposialorrhea [33], tongue tremor
[34–36], upper-body axial symptoms [37]), whereas
others are more apparent and frequent in advanced
stages (dysphagia, drooling). Considering that only a
few of these disorders have been thoroughly assessed
in PD, more longitudinal studies with larger stratified
samples are needed to further explore their predictive
value. A recent Korean nationwide population-based
cohort study has thus suggested that an increased
number of missing teeth may be an important risk
indicator of new-onset PD [205].

Identifying reliable biomarkers is of crucial impor-
tance in PD, particularly regarding the potential
development of neuroprotective treatment strategies.
Readily accessible, saliva allows non-invasive and
convenient sampling for proteomic analysis in PD
[206, 207]. Altered expression of �-synuclein, DJ-
1 protein and microRNAs have been reported in the
saliva of PD patients. They could become promising
biomarkers for PD severity and differential diagnosis
[206–212]. Correlating such peripheral biomarkers
with the emergence and severity of clinical signs
would be a further asset: a decrease in substance P
saliva levels has been associated with early dysphagia
[213]. Biopsies of the submandibular gland to detect
pathological �-synuclein [214–216] may also hold
promises, though such findings need to be supported
by larger cohorts.

Finally, the oral microbiota may offer new insights
into the pathophysiology of PD [81, 82], with a proba-
ble evolution of its composition throughout the course
of the disease. A recent report suggests correlations
between oral microbiota alterations and functional
changes (cognition and balance) in early stage PD
[81]. The currently undergoing BUCCO-PARK study

https://clinicaltrials.gov/ct2/show/NCT03965390
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(NCT03965390) is expected to provide longitudinal
data of a cohort of 50 French PD patients in a prospec-
tive manner. Similarly to other diseases [217–220],
future studies may even be able to identify microbiota
signature associated with disease severity, clinical
symptoms or PD medications in the future. Addition-
ally, the possible interplay between the oral, nasal
and gut microbiota demand further attention [82,
221–223].

CONCLUSION

Though closely located, the central nervous sys-
tem and oral cavity are rarely assessed together. In
PD, orofacial manifestations overlap neurology and
dentistry, with direct and indirect impact on patients’
general well-being and quality of life, regardless of
disease stage. There is still much to do to: 1) improve
oral health awareness among medical professionals,
patients and caregivers [169] and develop efficient
interdisciplinary cooperation [166], 2) specifically
assess and treat oral health disorders in PD patients, 3)
understand the pathophysiological and chronological
mechanisms underlying these disorders, and 4) deter-
mine whether the oral cavity may become an easy
access valuable tool for diagnosis and prognosis. As
a whole, neurologists should be aware of the clinical
implications of oral health disorders in PD and should
initiate and coordinate integrated care. On their own,
dentists need to get more involved into the care of
PD patients and adjust to a personalized approach
for patient-specific needs. Familiarizing neurologists
and dentists with oral health disorders in PD is critical
for better recognition, diagnosis, and correct decision
upon treatment. The consideration of the interplay
between oral and general health is crucial to under-
stand what is at stake for PD patients. Early, proactive,
and preventive interventions are necessary to avoid
reactive care stemming from oral and dental diseases
accumulation. Of course, many of these statements
apply to other neurological diseases involving cog-
nitive or movement disorders, such as Alzheimer’s
disease, multiple sclerosis, or Huntington’s disease.
This paper therefore advocates to end the neglect of
oral health in neurology, and to address the general
paucity of strong literature. Considering the two-way
relationship between oral and general health, and
underlying multimorbidity, it is time to bridge the
gap between neurology and dentistry, avoiding single
provider tunnel vision and siloed care by working in
concert towards patients’ overall health.
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[68] Cicciù M, Risitano G, Lo Giudice G, Bramanti E (2012)
Periodontal health and caries prevalence evaluation in
patients affected by Parkinson’s disease. Parkinsons Dis
2012, 541908.

[69] Clifford T, Finnerty J (1995) The dental awareness and
needs of a Parkinson’s disease population. Gerodontology
12, 99-103.

[70] Coon EA, Laughlin RS (2012) Burning mouth syndrome
in Parkinson’s disease: Dopamine as cure or cause? J
Headache Pain 13, 255-257.

[71] Nakayama Y, Washio M, Mori M (2004) Oral health con-
ditions in patients with Parkinson’s disease. J Epidemiol
14, 143-150.

[72] Pradeep AR, Singh SP, Martande SS, Raju AP, Rustagi
T, Suke DK, Naik SB (2015) Clinical evaluation of
the periodontal health condition and oral health aware-
ness in Parkinson’s disease patients. Gerodontology 32,
100-106.

[73] Anastassiadou V, Katsarou Z, Naka O, Bostanzopoulou
M (2002) Evaluating dental status and prosthetic need in
relation to medical findings in Greek patients suffering
from idiopathic Parkinson’s disease. Eur J Prosthodont
Restor Dent 10, 63-68.
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