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✷
®
Background. More than 1.5 million Americans have ✷
Parkinson disease (PD), and this figure is expected to
rise as the population ages. However, the dental literaN
C
U
ture offers little information about the illness.
U
A ING ED 1
RT
Types of Studies Reviewed. The authors conICLE
ducted a MEDLINE search using the key terms “Parkinson’s
disease,” “medical management” and “dentistry.” They selected contemporaneous articles published in peer-reviewed journals and gave preference to
articles reporting randomized controlled trials.
Results. PD is a progressive neurodegenerative disorder caused by loss of
dopaminergic and nondopaminergic neurons in the brain. These deficits
result in tremor, slowness of movement, rigidity, postural instability and
autonomic and behavioral dysfunction. Treatment consists of administering
medications that replace dopamine, stimulate dopamine receptors and modulate other neurotransmitter systems.
Clinical Implications. Oral health may decline because of tremors,
muscle rigidity and cognitive deficits. The dentist should consult with the
patient’s physician to establish the patient’s competence to provide informed
consent and to determine the presence of comorbid illnesses. Scheduling
short morning appointments that begin 90 minutes after administration of
PD medication enhances the patient’s ability to cooperate with care. Inclination of the dental chair at 45o, placement of a bite prop, use of a rubber dam
and high-volume oral evacuation enhance airway protection. To avoid
adverse drug interactions with levodopa and entacapone, the dentist should
limit administration of local anesthetic agents to three cartridges of 2 percent
lidocaine with 1:100,000 epinephrine per half hour, and patients receiving
selegiline should not be given agents containing epinephrine or levonordefrin. The dentist should instruct the patient and the caregiver in good oral
hygiene techniques.
Key Words. Parkinson disease; local anesthetics; saliva.
JADA 2009;140(6):658-669.
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ABSTRACT

CON

arkinson disease (PD)
is a progressive, disabling neurodegenerative disorder that is
characterized by
tremors, slowness of movement
(bradykinesia), muscle rigidity,
postural instability and gait disturbance.1-3 These symptoms
negatively affect the patient’s
quality of life, often resulting in
loss of employment, inability to
drive a car and impairment in
activities of daily living,
including the ability to perform
bodily and oral hygiene
adequately.
PD affects more than 1 million Americans,4 and the associated neuromuscular and cognitive deficits enhance the
progression of dental disease,
impair home care regimens and
encumber in-office dental treatment. To acquaint dentists with
the latest medical advancements
in the treatment of the disorder
and dental management techniques, we conducted a literature review. We conducted a
MEDLINE search using the key
terms “Parkinson’s disease,”
“medical management” and
“dentistry.” We derived the

C L I N I C A L

information we present in this article from contemporaneous articles published in peer-reviewed
journals, giving preference to articles reporting
the results of randomized clinical trials.
PARKINSON DISEASE: SYMPTOMS,
ETIOLOGY AND EPIDEMIOLOGY

Behavioral symptoms. PD also produces a
wide range of behavioral disturbances: depression, cognitive impairment and dementia arising
from the primary illness, as well as psychosis
resulting from the use of dopaminergic PD medications.7 Depression of some degree (major
depression, minor depression or dysthymia)
affects approximately one-half of patients but is
often difficult to diagnose because slowness, lack
of facial expression (sometimes interpreted as
sadness), sleeplessness, weight loss and loss of
energy are signs of both depression and PD.
Almost all patients display mild cognitive deficits;
these often begin early in the disease process.
Late in the disease process, 10 to 30 percent meet
the criteria for dementia, which manifests as
problems with planning, sequencing, visual motor
skills, visuospatial skills, recall of verbal and nonverbal material, and verbal fluency.8 Medicationinduced psychosis affects approximately onequarter of patients and usually begins with visual
hallucinations (often of a stranger sitting quietly
and observing the patient). The psychosis may
then progress to include paranoid delusions, often
involving spousal infidelity and money loss. Persistent psychotic symptoms are associated with
greater burdens on caregivers and nursing home
placement.9
Diagnosis and etiology. Diagnosis. The
diagnosis of PD is based on careful history taking,
physical examination and, in some instances, a
positive sustained response to dopaminergic medications.10 Laboratory tests and imaging studies
are not used routinely.11 A definitive diagnosis
requires postmortem confirmation. The Hoehn
and Yahr12 scale (Table 1), which is based on the
extent of motor symptoms, can assist clinicians in
staging the disorder.
Etiology. The motor dysfunction seen in PD
arises from damage to and loss of between 60 and
70 percent of the neurons that store and release
dopamine in the substantia nigra.13 This loss of
neurons results in the depletion of the neurotransmitter in the striatum (caudate and
putamen) of the basal ganglia, where it is needed
to produce smooth and coordinated body
movement.
The behavioral manifestations of PD are due to
varied patterns of degeneration in dopaminergic
and nondopaminergic (noradrenergic and serotonABBREVIATION KEY. MAOI: Monoamine oxidase
inhibitor. PD: Parkinson disease.
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Symptoms. Motor symptoms. Parkinsonian
tremors generally start in a hand and often
appear as if the person is slowly “rolling a pill”
between the thumb and fingers. The tremors then
may spread to involve the leg, face, tongue and
mandible. These typically are resting tremors,
seen in the relaxed state, with the amplitude
decreasing during purposeful movements. In
addition to bradykinesia, patients also evidence a
relative inability to initiate voluntary and involuntary movements (akinesia). Akinesia is seen as
reduced facial expression, blinking and swallowing; difficulty with dressing, bathing and
arising from a chair; and an overall sense of
weakness or fatigue. Rigidity of skeletal muscles
arising from increased tone is expressed as the
resistance to passive movement of an extremity
around a joint such as the wrist and elbow. Resistance may be smooth or ratchetlike (evoking the
action of a cogwheel).
Postural instability is expressed as a feeling of
imbalance. Gait disturbances are apparent, with
a stooped posture, head leaning forward on the
trunk, knees and hips bent and a reduced arm
swing. Patients with PD find it difficult to initiate
walking, and their steps are short and shuffling.
However, once they begin to walk, they tend to
walk uncontrollably faster to keep from falling
(festination). Turning may decompose into several
steps instead of being a single pivoting maneuver.
Postural instability and gait difficulties ultimately may be the most disabling aspect of PD,
leading to falls that cause injury (including injury
to orofacial structures) and jeopardize the
patient’s independence.5
Nonmotor symptoms. Patients with PD also
have a wide spectrum of nonmotor symptoms.
Autonomic dysfunction, noted in more than onehalf of these patients, manifests itself as variations in blood pressure, particularly orthostatic
hypotension; cardiac dysrhythmias; excessive
sweating; and bladder, bowel (constipation) and
sexual dysfunction.6 Sleep disorders also are
common and include insomnia, sleep apnea and
sleep fragmentation with resultant daytime
drowsiness.

P R A C T I C E
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TABLE 1

Hoehn and Yahr scale*: five stages
of Parkinson disease.
STAGES

SYMPTOMS
Only one side of the body is
affected (for example, tremor of
one limb), usually with minimal
or no functional impairment

II

Both sides of the body are
affected but posture and
balance remain normal

III (Moderate Disease)

Both sides of the body are
affected, and there is mild
imbalance when standing or
walking; however, the person
remains independent

IV (Advanced Disease)

Both sides of the body are
affected, and there is disabling
instability while standing or
walking; the person in this stage
requires substantial help and
cannot live alone

V

Severe, fully developed disease
is present; the person often is
cachectic, restricted to bed or
wheelchair unless aided

* Source: Hoehn and Yahr.12

ergic) neuronal systems located in the hippocampus and the amygdala.14,15 Autonomic nervous system symptoms arise because of parasympathetic cholinergic failure (dry mouth, constipation, urinary retention, erectile dysfunction), sympathetic cholinergic failure (decreased sweating)
and sympathetic noradrenergic failure (orthostatic hypotension).16,17
The causes of neuronal cell death are poorly
understood; thus, the disorder occasionally is
termed “idiopathic PD” or “sporadic PD.” Although most cases do not result from simple
inheritance patterns, genetic abnormalities have
been identified. However, it is hypothesized that
PD results from a complex interaction between
multiple predisposing genes and uncertain personal factors (for example, head injury) and environmental factors (for example, exposure to pesticides or the neurotoxin 1-methyl-4-phenyl1,2,3,6-tetrahydropyridine).
Of specific interest is the identification of factors responsible for the development of intraneuronal cytoplasmic fibrillar aggregates of the protein α-synuclein. These aggregates, found in the
surviving neurons and known as “Lewy bodies,”
are believed to be involved in the process that
damages and destroys the neurons.18 The possible
neuroprotective effects provided by caffeine in
660
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MEDICAL MANAGEMENT OF PARKINSON
DISEASE

Administration of medications (Table 2) usually is
initiated when symptoms interfere with the
patient’s level of functioning.23 Therapy, however,
has not been proved to alter the underlying progression of PD.
Orally administered levodopa crosses the
blood-brain barrier, is taken up by the remaining
neurons of the substantia nigra and is transformed into dopamine, thereby facilitating
synaptic transmissions. The medication almost
always is administered in combination with carbidopa and entacapone, which prevent levodopa
from being converted to dopamine in the systemic
circulation and, thus, increase the amount of levodopa available to enter the brain.24
Long-term (five years or longer) administration
of levodopa results in 50 to 75 percent of patients’
becoming partially unresponsive to the medication, with fluctuations in symptoms often seen
during a 24-hour cycle. The switch between relative freedom from symptoms with good motor
function (the “on” period, when the medication is
working) to periods of severe immobility (the “off”
period, when the medication is not working) is
common. Within five years of beginning levodopa
treatment, 50 to 75 percent of patients also
develop levodopa-induced dyskinesias, which
manifest as abnormal, involuntary movements
such as purposeless dancelike movements
(chorea) of the extremities, trunk, head (wagging), face (grimacing) or tongue (lingual-labial
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I (Mild/Early Disease)

coffee and tea, nicotine in cigarettes and use of
nonsteroidal anti-inflammatory drugs have been
linked to a reduced occurrence of the disorder.19-21
Epidemiology. The National Parkinson Foundation4 reported that in 2009, in the United
States, approximately 1.5 million people have the
disease and that an estimated 60,000 new cases
are diagnosed each year. While the condition usually develops in people older than 65 years, 15
percent of those diagnosed are younger than 50
years. PD affects men and women in almost equal
numbers. Although therapeutic regimens can
ameliorate the symptoms, the disease continues
to be associated with progressive disability, albeit
at a rate that varies greatly from one person to
another. Increased mortality depends on disease
duration and often results from aspiration pneumonia, pressure sores and urinary tract
infections.22

C L I N I C A L

P R A C T I C E

TABLE 2

Medications used to treat Parkinson disease: mechanism of action
and adverse systemic reactions.
TRADE NAME
(MANUFACTURER)

Amantadine

Symmetrel
(Endo
Pharmaceuticals,
Chadds Ford, Pa.)

Amantadine is an antiviral agent also featuring
pharmacological properties that increase dopamine
release, inhibit dopamine reuptake, stimulate
dopamine receptors and possibly exert central
anticholinergic effects

Confusion, hallucinations and a
worsening of glaucoma and congestive
heart failure; elderly patients are more
susceptible to these adverse side effects

Benztropine

Cogentin
(Merck & Co., West
Point, Pa.)

Benztropine is an anticholinergic medication useful
in treating tremor but less useful in alleviating
muscle rigidity and bradykinesia; it is effective
because it counteracts the cholinergic sensitivity that
arises in response to dopamine depletion

Confusion, blurred vision, worsening
of glaucoma, urinary retention, cardiac
dysrhythmia; elderly patients are more
susceptible to these adverse side effects

Cabergoline

Dostinex
(Pharmacia &
Upjohn, Peapack,
N.J.)
(off-label use)

Cabergoline is a dopamine agonist that bypasses
the depleted neurons in the substantia nigra and
provides long-lasting direct stimulation of dopamine
receptors

Orthostatic hypotension, nausea, vomiting,
confusion, and hallucinations; elderly and
cognitively impaired patients are more susceptible to these adverse effects; cabergoline, an ergot-related dopamine agonist,
has been associated with the development
of stiff fibrotic heart valve leaflets, which
are unable to close completely, thereby
possibly increasing the risk of endocarditis

Levodopa

Numerous names
and multiple
manufacturers

Levodopa is a dopamine precursor, which is taken up
by the remaining neurons in the substantia nigra
and transformed into dopamine, thereby facilitating
synaptic transmissions; the medication ameliorates
bradykinesia and muscle rigidity, but postural
instability and gait disturbances are somewhat
less responsive

Nausea, orthostatic hypotension;
levodopa treatment results in 50 to 75
percent of patients’ becoming less responsive to the medication within five years of
starting treatment, as well as developing
new involuntary movements (dyskinesias)

Levodopa and
Carbidopa

Sinemet (DuPont
Pharmaceuticals,
Wilmington, Del.)

Carbidopa inhibits the decarboxylase enzyme
None of major significance
that converts levodopa to dopamine in the systemic
circulation and liver, thus increasing the amount of
levodopa available to cross the blood-brain barrier;
carbidopa also decreases the adverse systemic effects
of levodopa

Levodopa and
Carbidopa and
Entacapone

Stalevo (Novartis,
East Hanover, N.J.)

Entacaptone reduces O-methylation of levodopa in
the gastrointestinal tract, thereby increasing the
amount of levodopa available to cross the
blood-brain barrier

None of major significance

Pramipexole

Mirapex
(Pharmacia
& Upjohn)

Pramipexole is a dopamine agonist, which bypasses
the depleted neurons in the substantia nigra and
provides long-lasting direct stimulation of dopamine
receptors

Orthostatic hypotension, nausea, vomiting,
confusion, hallucinations; elderly and
cognitively impaired patients are more
susceptible to these adverse effects

Rasagiline

Azilect
(Teva Neuroscience,
Kansas City, Mo.)

Rasagiline blocks monoamine oxidase B from
metabolizing dopamine in the brain, thereby
potentiating and prolonging the effects of the
often coadministered levodopa; the metabolism of
this medication does not result in the production of
amphetamine byproducts

Less than 10 percent of patients develop
dyskinesia and headache

Ropinirole

Requip
(GlaxoSmithKline,
Research Triangle
Park, N.C.)

Ropinirole is a dopamine agonist that bypasses
the depleted neurons in the substantia nigra and
provides long-lasting direct stimulation of dopamine
receptors

Orthostatic hypotension, nausea, vomiting,
confusion, hallucinations; elderly and
cognitively impaired patients are more
susceptible to these adverse effects

Selegiline

Eldepryl (Somerset
Pharmaceuticals,
Tampa, Fla.)

Selegiline blocks monoamine oxidase B from metabolizing dopamine in the brain, thereby potentiating
and prolonging the effects of the often coadministered levodopa; selegiline is metabolized in the liver
to l-methamphetamine and l-amphetamine

Cardiac dysrhythmias and possible
sensitivity to sympathomimetics because
of the presence of the amphetamine
byproducts

Trihexyphenidyl is an anticholinergic medication
useful in treating tremor but less useful in alleviating
muscle rigidity and bradykinesia; it is effective
because it counteracts the cholinergic sensitivity that
arises in response to dopamine depletion

Confusion, blurred vision, worsening
of glaucoma, urinary retention, cardiac
dysrhythmias; elderly patients are more
susceptible to these adverse side effects

Trihexyphenidyl Artane (Lederle
Laboratories, Pearl
River, N.Y.)

MECHANISM OF ACTION
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dyskinesia) or sustained abnormal contractions
ulation results in inhibition of movement and sus(dystonia) of the feet and the muscles of masticatained improvements in tremor, bradykinesia,
tion.25,26 These movements expend large amounts
muscle rigidity, levodopa-related motor complicaof energy and, when combined with chewing and
tions and decrease in the required dose of
swallowing problems, may result in significant
dopaminergic medication.34-36
27
weight loss.
Management of associated symptoms.
Selegiline often is used in combination with
Depression is treated with selective serotonin
levodopa, and it inhibits the metabolism of
reuptake inhibitors, tricyclic antidepressant
dopamine in the brain, thereby prolonging the
agents, venlafaxine or bupropion. Hallucinations
effect of levodopa.28 The medication, however, is
and paranoid delusions arise frequently secmetabolized in the liver to l-methamphetamine
ondary to dopaminergic therapy, which causes
and l-amphetamine, both of which are implicated
overactivity in the pathways to the limbic system
in causing cardiac dysrhythmias and sensitivity
and cerebral cortex. These psychotic symptoms
to sympathomimetics.29 Rasagiline similarly
are managed initially by reduction in the dosage
blocks the metabolism of dopamine
of medication.37 Persistent sympin the brain but is not associated
toms are managed by administering
Parkinsonian tremor
with amphetamine metabolic
atypical neuroleptic agents (such as
byproducts.30
quetiapine). Orthostatic hypotenand rigidity of the
The continued loss of neuronal
orofacial musculature sion may arise as a consequence of
cells that metabolize levodopa to
the dopaminergic medication regmay induce
dopamine and the complications
imen. Dosage modification, use of
orofacial pain,
associated with levodopa use have
support stockings and increased
temporomandibular
led to the development of dopamine
intake of fluids and sodium often
joint discomfort,
agonists. These drugs bypass the
are effective in ameliorating the
depleted nigral neurons and stimuproblem.
cracked teeth and
late dopamine receptors directly.
dental attrition.
OROFACIAL FINDINGS
These medications can be used
AND INTERDISCIPLINARY
alone as first-line agents or in comMANAGEMENT
bination with levodopa. Most frequently administered are pramipexole, ropinirole and cabergoline.
The orofacial complex exhibits numerous signs of
Of specific concern to dentists is cabergoline,
PD. They occasionally are seen early in the diswhich is associated with the development of stiff
ease process and, at that point, usually respond to
fibrotic heart valve leaflets that are unable to
dopaminergic medication; however, they usually
close completely, possibly increasing the risk of
are not seen until later in the disease process,
endocarditis.31 Amantadine, a medication with
when they are refractory to treatment. The usual
both dopamine-agonist and antiviral properties,
blink rate of 12 to 20 per minute is markedly
is prescribed by some clinicians because of its
reduced, there is limitation in upward gaze, and a
effectiveness in the treatment of tremor, hypokimasklike, impassive facial appearance arises
nesia and postural instability.
because of a reduction in the movements of the
Anticholinergic agents (for example, trismall facial muscles (hypomimia).38,39 Parkinhexyphenidyl and benztropine) are used by some
sonian tremors are seen in the forehead, eyelids
clinicians to treat tremors, but these medications
and lip and tongue musculature and in involunare less useful in alleviating rigidity and bradykitary mandibular movements. Tremor and rigidity
nesia. Older patients frequently are intolerant of
of the orofacial musculature may induce orofacial
these anticholinergics.32 Anticholinergic agents’
pain, temporomandibular joint discomfort,
adverse effects likewise limit the drugs’ effectivecracked teeth and dental attrition and may create
ness in older patients.33
difficulties in controlling and retaining dentures.40
Surgery for medically refractory disease conInitially the voice of a patient with PD softens
sists of deep-brain stimulation of the motor com(hypophonia) and speech seems hurried, monotoponents of the subthalamic nucleus. Electrodes
nous and mumbling. As the disease progresses,
connected to a pulse generator are passed
the voice becomes less audible and, finally, the
through surgically created burr holes in the skull
patient only whispers. These vocal problems arise
and into the subthalamic nucleus. Electrical stimfrom rigidity and hypokinesia (that is, reduced
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frequency and amplitude of movement) of the resorly flexed head position.55-62 Treatment, however,
41
piratory, phonatory and articular apparatus.
is directed toward decreasing salivary flow and
People with PD tend to have a gaunt facial
includes administration of anticholinergic medappearance and be underweight because of excesications (such as glycopyrrolate and benztropine),
sive energy expenditures resulting from involuninjection of botulinum toxin type A into the salitary muscle movements and an inadequate intake
vary glands at approximately five-month interof food.42 A disease-related loss in the sense of
vals, transposition of salivary gland excretory
smell (hyposmia or anosmia), possibly arising
ducts and salivary gland excision and
from a loss of neurons in the anterior olfactory
irradiation.62-68
nucleus, and a PD-associated impairment in taste
Burning mouth syndrome—manifesting as dishave been implicated in patients’ loss of interest
comfort of the tongue, floor of the mouth, lips and
in ingesting food.43,44 Compounding this latter
cheek—is a complaint in one-quarter of people
issue is an alteration in taste that commonly
with PD. Although the burning sensation has
results from using many of the PD medications.45
been attributed to a variety of factors (for
Further complicating this issue is
example, xerostomia, parafuncthe prolonged time that it takes
tional purposeless chewing activity,
patients with PD to consume food
depression and levodopa therapy),
To provide safe
because of manipulative difficulties
the exact cause or causes remain
therapeutic strategies, obscure.69
in transporting it to the mouth,
the dentist must
slowness in chewing (bradykinesia),
The extent of dental caries in
reduced tongue movement with conpatients with PD is also somewhat
consult with the
sequent loss of bolus formation and
controversial. Results of two studies
patient’s physician
propulsion of the food to the back of
indicate that the caries rate among
to identify any need
the oral cavity, and difficulty in
patients with PD does not appear to
for modifications of
swallowing (dysphagia) because of
be greater than that in like-aged
typical treatment
pharyngeal motor deficits.46-48 To
patients without PD.61,70 However,
practices.
stem the often-noted weight loss,
other researchers have claimed that
speech therapists teach patients
there is an increased incidence of
various strategies to compensate for
root caries in patients with PD.71
the slowed reflexes. Dietitians recFurther complicating this issue is
ommend cutting food into smaller pieces, as well
the increased craving for sweets among patients
as altering its texture and consistency to facilitate
with PD, as well as a greater frequency of Strepswallowing.27,49-52
tococcus mutans noted in plaque samples
In a small (three-subject) uncontrolled study,
obtained from this population.72 Researchers have
use of dental implant–supported prostheses was
reported that the extent of periodontal disease in
associated with marked subjective improvement
patients with PD appears to be significantly
in chewing ability and an average weight gain of
greater than that among control subjects and that
5 pounds.53 The authors concluded that implantit may stem from impaired oral hygiene owing to
supported overdentures overcome some of the
compromised manual dexterity, which results
eating difficulties encountered by edentulous
from loss of fine motor movements.73 The extent of
patients who wear conventional complete denedentulism also is significantly greater among
tures and have PD-associated deficits in their
those with PD than among control subjects, posoropharyngeal musculature, tremors and rigidity
sibly because of advanced periodontal disease.74
of orofacial musculature and changes in quality
The U.S. Food and Drug Administration medand quantity of saliva.54
ication package insert accompanying each of the
Drooling of saliva from the corners of the
medications used in treating PD and an analysis
mouth—with the often-associated angular
of the current medical literature reveals that
cheilosis, skin irritation and odor—is apparent in
these medications cause numerous adverse orofaapproximately 75 percent of people with PD. Most
cial reactions of concern to dentists (Table 375-78).
researchers believe that this drooling probably
Parkinsonian tremors of the orofacial muscularesults from a PD-related inability to swallow
ture and the use of levodopa-containing medicaefficiently and with normal frequency, an
tions may cause bruxism; therefore, the dentist
inability to close the mouth fully and an anterishould examine the dentition of a patient with PD
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TABLE 3

Adverse orofacial reactions to medications used to treat
Parkinson disease.*
XEROSTOMIA‡

SIALADENITIS

DYSGEUSIA

STOMATITIS

Amantadine (Symmetrel)

+

0

0

0

0

0

Benztropine (Cogentin)

+

0

0

0

0

0

Cabergoline (Dostinex)

+

0

0

0

0

0

Levodopa With Carbidopa
(Sinemet)

+

0

+

0

0

+

Levodopa With Carbidopa
and Entacapone (Stalevo)

+

0

+

0

0

+

Rasagiline (Azilect)

+

0

0

0

0

0

Ropinirole (Requip)

+

0

0

0

+

+

Selegiline (Eldepryl)

0

0

+

0

0

0

Trihexyphenidyl (Artane)

+

0

0

0

0

0

GENERIC NAME
(TRADE NAME†)

GINGIVITIS GLOSSITIS

for excessive loss of tooth structure.79,80 Interventions may include consultation with the patient’s
physician to discuss the possibility of changing
the medication to one not associated with causing
bruxism or, if necessary, fabricating a prosthetic
appliance to protect the dentition.81
The ergot-derived dopamine agonist cabergoline has been implicated in damaging heart
valves and possibly predisposing patients to endocarditis.82 (Another ergot-derived dopamine agonist, pergolide, has been removed from the
market.) The dentist should query the patient, his
or her caregiver and his or her physician as to use
of these medications. People who have bacterial
endocarditis or a prosthetic cardiac valve meet
the American Heart Association criteria requiring
an antibiotic prophylaxis regimen during dental
procedures that involve manipulation of gingival
tissue or the periapical region of teeth or perforation of the oral mucosa.83
DENTAL TREATMENT

To provide safe therapeutic strategies, the dentist
must consult with the patient’s physician to identify any need for modifications of typical treatment practices (Table 4). The necessary information includes disease stage, the patient’s cognitive
ability to provide consent for treatment, disease
prognosis, drug regimen and identification of
664
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other medical conditions (for example, a history of
endocarditis) that may influence treatment. Caregivers should be involved in the consent process
even when patients are competent, because their
informational support enhances patient comprehension and recall of information contained in the
consent form.84 In the event the physician believes
the patient incapable of providing consent, the
patient’s legal guardian must provide it instead.
The dentist should devise a realistic treatment
plan for a patient with PD. Restoration of oral
health is best completed as early as possible in
the PD process, because the patient’s ability to
cooperate diminishes as functional and cognitive
abilities decline.85 The plan also must take into
account the patient’s prognosis in relation to
immediate versus long-term dental needs (for
example, giving greater weight to removing a
jagged nonrestorable tooth that is damaging the
adjacent mucosa than to repairing early recurrent
caries surrounding a crown), the patient’s desires,
if expressible, and the caregiver’s desires, if
reasonable.
Patients with PD should be scheduled for short
appointments (no longer than 45 minutes) in the
early morning when they usually are least bothered by their symptoms and when their medication is most effective. The peak effectiveness of
most PD medications begins within 60 to 90 min-
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* Sources: Physicians’ Desk Reference,75 McEvoy,76 Wynn and colleagues,77 “Sublingual selegiline: new formulation—new risk of oral adverse
effects.”78
† Manufacturers are listed in Table 2. Trade names given are examples only.
‡ Plus sign (+) indicates “yes”; zero (0), “no.”
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such as the taking of
blood pressure or the
application of a rubber
dam may arouse
intense anxiety or
TONGUE
COATED
BRUXISM
MISCELLANEOUS
EDEMA
TONGUE
irrational behavior in
0
0
0
Nasal dryness
a patient who has not
been forewarned. The
0
0
0
Vomiting, throat and nasal dryness
dentist should begin
0
0
0
Toothache, rhinitis, throat irritation, periorbital edema
each conversation
0
0
+
Glossodynia, trismus, sialorrhea, “dark” saliva,
with self-identification
pigmentation of teeth, dysphagia, bruxism, trismus
(“I am Dr. Smith, your
0
0
+
Sialorrhea, “dark” saliva, pigmentation of teeth,
bruxism, trismus
dentist.”); use questions that require
0
0
0
Neck pain, vertigo, rhinitis, conjunctivitis
simple yes/no
+
0
0
Falling asleep in dental chair (secondary to sedation),
toothache, headache, pharyngitis, tinnitus
responses; explain
procedures before per0
0
+
Sublingual oral ulcerations, burning lips, burning mouth,
facial grimacing, supraorbital pain
forming them (“I
would like to examine
0
0
0
Suppurative parotitis secondary to excessive
dryness of mouth
your teeth.”); use
simple words, short
sentences and nouns
rather than pronouns;
and limit use of the
utes after administration. Before entering the
face mask as much as possible. Smiling, direct
dental operatory, these patients should empty
eye contact and gently touching help convey
their bladders, because PD often is associated
appropriate cues. The patient’s caregiver can sit
with urinary urgency and incontinence.86 Assistnext to him or her in the operatory to help alleance into and out of the dental chair is critical in
viate stress and anxiety, provide a distraction and
light of mobility issues. The dentist should raise
hold the patient’s hand if needed.
the dental chair slowly, allowing the patient to
Drugs: interactions and adverse reacadjust to the upright sitting position, to accommotions. Dentists must be aware of a number of
date PD-associated autonomic dysfunction; this
potentially significant adverse interactions that
dysfunction frequently gives rise to orthostatic
may occur when prescribing dental therapeutic
hypotension and the possibility of a syncopal
agents to patients receiving medication for PD.
episode and resulting injury.87,88
Practitioners must take precautions when adminA subgroup of patients—often those with a hisistering local anesthetic agents containing epitory of younger age at disease onset, higher
nephrine in patients being treated with levodopaintake of dopaminergic drugs, greater use of
containing medications and medications
experimental drugs and higher intake of
containing entacapone, because these patients
alcohol—occasionally may make inappropriate
may experience an exaggerated effect on blood
sexual advances or remarks to members of the
pressure and heart rate.91 Therefore, it is prudent
dental office staff. This behavior appears to be
to administer no more than 0.05 milligrams of
caused by “spillover” from the effects of dopamine
epinephrine—as is found in three cartridges of
on the brain’s reward system.89,90
2 percent lidocaine with 1:100,000 epinephrine—
Patients with cognitive deficits can become
per 30-minute period, with careful aspiration to
frustrated and irritable when confronted with
avoid intravascular administration. Monitoring of
unfamiliar circumstances or with questions,
the patient’s vital signs also is recommended.92
instructions or information that they do not
Entacapone is excreted via bile, so the dentist
understand. However, with the appropriate psyshould be cautious when prescribing erythrochological set on the part of the dentist and the
mycin and ampicillin, both medications known to
ancillary staff, most routine care can be provided
interfere with biliary excretion.
with only minor modification. Routine procedures
Patients being treated with the monoamine
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TABLE 4

Dental implications and treatment modifications for patients with
Parkinson disease.
COMPONENTS OF DENTAL
TREATMENT

MODIFICATION, IF INDICATED

Consult with patient’s physician to determine Parkinson disease (PD) stage, cognitive ability to
provide consent, and presence of comorbid illnesses requiring treatment modification

Treatment Planning

Major dental interventions should be accomplished early in the course of PD because of the
disease’s progressive nature; in later stages of disease, a conservative approach is appropriate

Initiation of Treatment

Appointments should be short (45 minutes) and should begin approximately 90 minutes after
administration of PD medication; after patient empties bladder, assist him or her into dental
chair, use bite prop to keep mouth open, incline chair at 45o and use rubber dam and highvolume oral evacuation to protect airway

Administration of Local
Anesthetic Agent

For patients receiving levodopa and/or entacapone, limit administration to three cartridges of
2 percent lidocaine with 1:100,000 epinephrine per 30-minute period to avoid tachycardia and
hypertension; avoid prescribing erythromycin and ampicillin so as not to interfere with biliary
excretion of entacapone
For patients receiving selegiline, do not administer agents containing epinephrine or
levonordefrin because of adverse interaction, which may result in severe hypertension

Administration of Pain
Medication

For patients receiving selegiline or rasagiline, do not prescribe or administer meperidine
hydrochloride because of a severe interaction that may result in severe hyperthermia, hypertension and tachycardia; prescribe or administer other narcotic analgesics at one-half usual
dosage

Prevention of Oral Disease

The patient, as well as the caregiver, should be instructed in good oral hygiene techniques
because cognitive impairment and loss of motor skills during the disease process may hamper
the patient’s ability to comply autonomously

oxidase inhibitor (MAOI) rasagiline can receive
local anesthetic solutions containing levonordefrin or epinephrine because MAOIs do not potentiate the pressor or cardiac effects of these directacting catecholamines. However, the MAOI
selegiline is unique in that it undergoes extensive
first-pass metabolism to l-methamphetamine and
l-amphetamine, and interactions with levonordefrin or epinephrine may result in severe hypertension.93 Therefore, it is prudent to use a local
anesthetic agent devoid of a vasoconstrictor
agent. Dentists should not prescribe meperidine
hydrochloride to patients being treated with the
MAOIs selegiline and rasagiline because of a
potentially toxic interaction in which severe
hyperthermia, hypertension and tachycardia may
develop.94 MAOIs also increase the potency of
other narcotic analgesic agents, so the dentist
would be prudent to prescribe only one-half the
usual dosage of the narcotic agent.
Practical aspects of treatment. Dental
treatment of a patient with PD often is hampered
by the patient’s inability to keep his or her mouth
open, manage saliva, restrict tongue movements
and keep his or her head from moving. Placement
of an extraoral ratchet-type prop or intraoral
rubber bite block will assist in keeping the mouth
open. To facilitate the patient’s swallowing, the
dentist should avoid inclining the dental chair
666
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more than 45˚. An aspirator tip placed under a
rubber dam and stabilized by an assistant (while
he or she simultaneously steadies the patient’s
head) will assist the patient in managing saliva
while the dam prevents contamination of the restoration placement. The dam also protects the
tongue from injury; patients with PD often have
weakness and rigidity of the tongue that prevents
them from keeping it in a safe position.95,96 Lastly,
the dam also provides protection of the airway,
which is vital in patients with PD because they
are in danger of aspiration secondary to a diminished cough reflex.97 However, the dental team
must be vigilant when using the rubber dam and
have a high-volume oral evacuation system at
hand because saliva may build up excessively in
the mouth behind the dam. Four- to six-handed
dentistry may be required to provide safe care for
these patients.
Glass ionomers and resin-modified glass
ionomers are most appropriate for the restoration
of carious lesions in patients with PD, including
lesions that involve the root surfaces, because
they bond to both dentin and cementum and
release fluoride.
In the late stages of PD, the patient may be
unable to cooperate during most forms of treatment. For these patients, care is best provided in
the dental office with the patient’s being under
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Visits
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CONCLUSION

PD represents a growing burden on the health
care system because of its occurrence among the
increasing proportion of elderly people in the
United States. Dentistry, in concert with medicine, has much to offer patients with this disease.
Dentists familiar with the manifestations of the
illness and its medical management can confidently offer these patients appropriately timed
dental treatment options. ■
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intravenous sedation administered by a trained
anesthesiologist or under general anesthesia in
the operating room of a surgical center or
hospital.
Oral hygiene. Maintenance of good oral
hygiene is paramount for people with PD.
Patients with no cognitive impairments should be
given instructions in proper toothbrushing and
flossing methods that maximize removal of dental
plaque. However, dental professionals must recognize that these patients may have subtle cognitive deficits as well as depression, which may
impair their ability to perform all aspects of personal hygiene, and that toothbrushing and
flossing may be particularly difficult because of
these deficits as well as because the disease often
precludes repetitive movements.98-100 Use of the
Collis-Curve toothbrush (Collis-Curve Toothbrush, Brownsville, Texas) and mechanical toothbrushes, as well as caregiver assistance with
brushing, may help these patients maintain their
teeth. Caregivers should receive oral and written
instructions in proper toothbrushing and flossing
methods and how to apply topical sodium fluoride
(5,000 parts per million) to the patient’s teeth
with a toothbrush or sponge applicator. Oralrinse topical agents such as chlorhexidine gluconate may not be appropriate, because many
patients with PD may not be able to swish and
expectorate to minimize ingestion. Lastly, artificial salivary products should be prescribed for
patients showing signs of xerostomia.
The dentist should provide a clinical examination, oral prophylaxis and application of topical
fluorides, including a 5 percent fluoride varnish,
to the patient with PD at follow-up visits every
three months.101 He or she also should address
defects in the natural dentition or prostheses
during these recall visits.

P R A C T I C E

C L I N I C A L

P R A C T I C E

668

JADA, Vol. 140

http://jada.ada.org

22(4):213-215.
58. Tumilasci OR, Cersosimo MG, Belforte JE, Micheli FE, Benarroch
EE, Pazo JH. Quantitative study of salivary secretion in Parkinson’s
disease. Mov Disord 2006;21(5):660-667.
59. Proulx M, de Courval FP, Wiseman MA, Panisset M. Salivary
production in Parkinson’s disease. Mov Disord 2005;20(2):204-207.
60. Persson M, Osterberg T, Granerus AK, Karlsson S. Influence of
Parkinson’s disease on oral health. Acta Odontol Scand 1992;50(1):
37-42.
61. Friedman A, Potulska A. Quantitative assessment of parkinsonian sialorrhea and results of treatment with botulinum toxin.
Parkinsonism Relat Disord 2001;7(4):329-332.
62. Dogu O, Apaydin D, Sevim S, Talas DU, Aral M. Ultrasoundguided versus ‘blind’ intraparotid injections of botulinum toxin-A for
the treatment of sialorrhoea in patients with Parkinson’s disease. Clin
Neurol Neurosurg 2004;106(2):93-96.
63. Pal PK, Calne DM, Calne S, Tsui JK. Botulinum toxin A as treatment for drooling saliva in PD. Neurology 2000;54(1):244-247.
64. Hockstein NG, Samadi DS, Gendron K, Handler SD. Sialorrhea: a
management challenge. Am Fam Physician 2004;69(11):2628-2634.
65. O’Dwyer TP, Conlon BJ. The surgical management of drooling: a
15 year follow-up. Clin Otolaryngol Allied Sci 1997;22(3):284-287.
66. Borg M, Hirst F. The role of radiation therapy in the management
of sialorrhea. Int J Radiat Oncol Biol Phys 1998;41(5):1113-1119.
67. Mancini F, Zangaglia R, Cristina S, et al. Double-blind, placebocontrolled study to evaluate the efficacy and safety of botulinum toxin
type A in the treatment of drooling in parkinsonism. Mov Disord
2003;18(6):685-688.
68. Fuster Torres MA, Berini Aytes L, Gay Esoda C. Salivary gland
application of botulinum toxin for the treatment of sialorrhea. Med
Oral Patol Oral Cir Bucal 2007;12(7):E511-E517.
69. Clifford TJ, Warsi MJ, Burnett CA, Lamey PJ. Burning mouth in
Parkinson’s disease sufferers. Gerodontology 1998;15(2):73-78.
70. Fukayo S, Nonaka K, Shimizu T, Yano E. Oral health of patients
with Parkinson’s disease: factors related to their better dental status.
Tohoku J Exp Med 2003;201(3):171-179.
71. Fiske J, Hyland K. Parkinson’s disease and oral care. Dent
Update 2000;27(2):58-65.
72. Kennedy MA, Rosen S, Paulson GW, Jolly DE, Beck FM. Relationship of oral microflora with oral health status in Parkinson’s disease. Spec Care Dentist 1994;14(4):164-168.
73. Schwarz J, Heimhilger E, Storch A. Increased periodontal
pathology in Parkinson’s disease. J Neurol 2006;253(5):608-611.
74. Nakayama Y, Washio M, Mori M. Oral health conditions in
patients with Parkinson’s disease. J Epidemiol 2004;14(5):143-150.
75. Physicians’ Desk Reference. 60th ed. Montvale, N.J.: Medical Economics; 2008.
76. McEvoy GK, ed. AHFS Drug information 2008. Bethesda, Md.:
American Society of Health-System Pharmacists; 2009.
77. Wynn RL, Meiller TF, Crossley HL, eds. Drug Information for
Dentistry. 9th ed. Hudson, Ohio: Lexi-Comp; 2003.
78. Sublingual selegiline: new formulation—new risk of oral adverse
effects. Prescrire Int 2003;12(67):179.
79. Byrne BE. Oral manifestations of systemic agents. In: Ciancio
SG, ed. ADA Guide to Dental Therapeutics. 3rd ed. Chicago: American
Dental Association; 2003;504-550.
80. Winocur E, Gavish A, Voikovitch M, Emodi-Perlman A, Eli I.
Drugs and bruxism: a critical review. J Orofac Pain 2003;17(2):99-111.
81. Durham TM, Hodges ED, Henry MJ, Geasland J, Straub P. Management of orofacial manifestations of Parkinson’s disease with splint
therapy: a case report. Spec Care Dentist 1993;13(4):155-158.
82. Kenangil G, Ozekmekçi S, Koldas L, Sahin T, Erginöz E. Assessment of valvulopathy in Parkinson’s disease patients on pergolide
and/or cabergoline. Clin Neurol Neurosurg 2007;109(4):350-353.
83. Wilson W, Taubert KA, Gewitz M, et al. Prevention of infective
endocarditis: guidelines from the American Heart Association—a
guideline from the American Heart Association Rheumatic Fever,
Endocarditis and Kawasaki Disease Committee, Council on Cardiovascular Disease in the Young, and the Council on Clinical Cardiology,
Council on Cardiovascular Surgery and Anesthesia, and the Quality of
Care and Outcomes Research Interdisciplinary Working Group. JADA
2007;138(6):739-745, 747-760.
84. Ford ME, Kallen M, Richardson P, et al. Effect of social support
on informed consent in older adults with Parkinson disease and their
caregivers. J Med Ethics 2008;34(1):41-47.
85. Lobbezoo F, Naeije M. Dental implications of some common movement disorders: a concise review. Arch Oral Biol 2007;52(4):395-398.
86. Winge K, Skau AM, Stimpel H, Nielsen KK, Werdelin L. Prevalence of bladder dysfunction in Parkinsons disease. Neurourol Urodyn

June 2009

Copyright © 2009 American Dental Association. All rights reserved. Reprinted by permission.

Downloaded from jada.ada.org on January 28, 2010

30. Bar-Am O, Yogev-Falach M, Amit T, Sagi Y, Youdim MB. Regulation of protein kinase C by the anti-Parkinson drug, MAO-B inhibitor,
rasagiline and its derivatives, in vivo. J Neurochem 2004;89(5):
1119-1125.
31. Zanettini R, Antonini A, Gatto G, Gentile R, Tesei S, Pezzoli G.
Valvular heart disease and the use of dopamine agonists for
Parkinson’s disease. N Engl J Med 2007;356(1):39-46.
32. Katzenschlager R, Sampaio C, Costa J, Lees A. Anticholinergics
for symptomatic management of Parkinson’s disease. Cochrane Database Syst Rev 2003;(2):CD003735.
33. Crosby N, Deane KH, Clarke CE. Amantadine in Parkinson’s disease. Cochrane Database Syst Rev 2003;(1):CD003468.
34. Amirnovin R, Williams ZM, Cosgrove GR, Eskandar EN. Experience with microelectrode guided subthalamic nucleus deep brain stimulation. Neurosurgery 2006;58(1 suppl):ONS96-ONS102.
35. McClelland S 3rd, Ford B, Senatus PB, et al. Subthalamic stimulation for Parkinson disease: determination of electrode location necessary for clinical efficacy. Neurosurg Focus 2005;19(5):E12.
36. Nimura T, Yamaguchi K, Ando T, et al. Attenuation of fluctuating
striatal synaptic dopamine levels in patients with Parkinson disease in
response to subthalamic nucleus stimulation: a positron emission
tomography study. J Neurosurg 2005;103(6):968-973.
37. Thanvi BR, Lo TC, Harsh DP. Psychosis in Parkinson’s disease.
Postgrad Med J 2005;81(960):644-646.
38. Biousse V, Skibell BC, Watts RL, Loupe DN, Drews-Botsch C,
Newman NJ. Ophthalmologic features of Parkinson’s disease. Neurology 2004;62(2):177-180.
39. Jankovic J. Parkinson’s disease: clinical features and diagnosis. J
Neurol Neurosurg Psychiatry 2008;79(4):368-376.
40. Dirks SJ, Paunovich ED, Terezhalmy GT, Chiodo LK. The patient
with Parkinson’s disease. Quintessence Int 2003;34(5):379-393.
41. Blumin JH, Pcolinsky DE, Atkins JP. Laryngeal findings in
advanced Parkinson’s disease. Ann Otol Rhinol Laryngol 2004;113(4):
253-258.
42. Kashihara K. Weight loss in Parkinson’s disease. J Neurol 2006;
253(suppl 7):VII38-VII41.
43. Katzenschlager R, Lees AJ. Olfaction and Parkinson’s syndromes:
its role in differential diagnosis. Curr Opin Neurol 2004;17(4):417-423.
44. Muller A, Reichmann H, Livermore A, Hummel T. Olfactory function in idiopathic Parkinson’s disease (IPD): results from crosssectional studies in IPD patients and long-term follow-up of de-novo
IPD patients. J Neural Transm 2002;109(5-6):805-811.
45. Siegfried J, Zumstein H. Changes in taste under L-DOPA
therapy. Z Neurol 1971;200(4):345-348.
46. O’Day C, Frank E, Montgomery A, Nichols M, McDade H.
Repeated tongue and hand strength measurements in normal adults
and individuals with Parkinson’s disease. Int J Orofacial Myology
2005;31:15-25.
47. Solomon NP. Assessment of tongue weakness and fatigue. Int J
Orofacial Myology 2004;30:8-19.
48. Ertekin C, Tarlaci S, Aydogdu I, et al. Electrophysiological evaluation of pharyngeal phase of swallowing in patients with Parkinson’s
disease. Mov Disord 2002;17(5):942-949.
49. Shah M, Deeb J, Fernando M, et al. Abnormality of taste and
smell in Parkinson’s disease. Parkinsonism Relat Disord 2009;15(3):
232-237.
50. Beyer PL, Palarino MY, Michalek D, Busenbark K, Koller WC.
Weight change and body composition in patients with Parkinson’s disease. J Am Diet Assoc 1995;95(9):979-983.
51. Sienkiewicz-Jarosz H, Scinska A, Kuran W, et al. Taste responses
in patients with Parkinson’s disease. J Neurol Neurosurg Psychiatry
2005;76(1):40-46.
52. Chaudhuri KR, Martinez-Martin P, Schapira AH, et al. International multicenter pilot study of the first comprehensive self-completed
nonmotor symptoms questionnaire for Parkinson’s disease: the
NMSQuest study. Mov Disord 2006;21(7):916-923.
53. Heckmann SM, Heckmann JG, Weber HP. Clinical outcomes of
three Parkinson’s disease patients treated with mandibular implant
overdentures. Clin Oral Implants Res 2000;11(6):566-571.
54. Clifford T, Finnerty J. The dental awareness and needs of a
Parkinson’s disease population. Gerodontology 1995;12(12):99-103.
55. Wolff A. Salivary gland disorders associated with automatic dysfunction. In: Korczyn AD, ed. Handbook of Autonomic Nervous System
Dysfunction. New York City: Marcel Dekker; 1995:293-309.
56. Johnston BT, Li Q, Castell JA, Castell DO. Swallowing and
esophageal function in Parkinson’s disease. Am J Gastroenterol 1995;
90(10):1741-1746.
57. Bagheri H, Damase-Michel C, Lapeyre-Mestre M, et al. A study of
salivary secretion in Parkinson’s disease. Clin Neuropharmacol 1999;

C L I N I C A L

tongue elevation in Parkinson’s disease. Parkinsonism Related Disord
2005;11(6):353-361.
96. El Sharkawi A, Ramig L, Logemann JA, et al. Swallowing and
voice effects of Lee Silverman Voice Treatment (LSVT): a pilot study. J
Neurol Neurosurg Psychiatry 2002:72(1);31-36.
97. Pitts T, Bolser D, Rosenbek J, Troche M, Sapienza C. Voluntary
cough production and swallow dysfunction in Parkinson’s disease. Dysphagia 2008;23(3):297-301.
98. Seltzer B, Vasterling JJ, Mathias CW, Brennan A. Clinical and
neuropsychological correlates of impaired awareness of deficits in
Alzheimer disease and Parkinson disease: a comparative study. Neuropsychiatry Neuropsychol Behav Neurol 2001;14(2):122-129.
99. Thommessen B, Aarsland D, Braekhus A, Oksengaard AR,
Engedal K, Laake K. The psychosocial burden on spouses of the elderly
with stroke, dementia and Parkinson’s disease. Int J Geriatr Psychiatry 2002;17(1):78-84.
100. Nutt JG, Wooten GF. Clinical practice: diagnosis and initial
management of Parkinson’s disease. N Engl J Med 2005;353(10):10211027.
101. Brailsford SR, Fiske J, Gilbert S, Clark D, Beighton D. The
effects of the combination of chlorhexidine/thymol- and fluoridecontaining varnishes on the severity of root caries lesions in frail institutionalised elderly people. J Dent 2002;30(7-8):319-324.

Downloaded from jada.ada.org on January 28, 2010

2006;25(2):116-122.
87. Collins R. Special considerations for the dental patient with
Parkinson’s disease. Tex Dent J 1990;107(3):31-32.
88. Alexander RE, Gage TW. Parkinson’s disease: an update for dentists. Gen Dent 2000;48(5):572-580.
89. Klos KJ, Bower JH, Josephs KA, Matsumoto JY, Ahlskog JE.
Pathological hypersexuality predominantly linked to adjuvant
dopamine agonist therapy in Parkinson’s disease and multiple system
atrophy. Parkinsonism Relat Disord 2005;11(6):381-386.
90. Evans AH, Lawrence AD, Potts J, Appel S, Lees AJ. Factors influencing susceptibility to compulsive dopaminergic drug use in
Parkinson disease. Neurology 2005;65(10):1570-1574.
91. Gansberg S. Neurological drugs. In: Ciancio SG, ed. ADA Guide to
Dental Therapeutics. 3rd ed. Chicago: ADA Publishing; 2003:366-381.
92. Little JW, Falace DA, Miller CS, Rhodus NL. Dental Management of the Medically Compromised Patient. 6th ed. St. Louis: Mosby;
2002:432.
93. Chen JJ, Swope DM. Clinical pharmacology of rasagiline: a novel,
second-generation propargylamine for the treatment of Parkinson disease. J Clin Pharmacol 2005;45(8):878-894.
94. Yagiela JA. Adverse drug interactions in dental practice: interactions associated with vasoconstrictors—part V of a series. JADA
1999;130(5):701-709.
95. Solomon NP, Robin DA. Perceptions of effort during handgrip and

P R A C T I C E

JADA, Vol. 140

http://jada.ada.org

Copyright © 2009 American Dental Association. All rights reserved. Reprinted by permission.

June 2009

669

