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Prof Debra Picone AM
Chief Executive Officer
Australian Commission on Safety and Quality in Health Care
Level 5, 255 Elizabeth Street
Sydney
NSW 2000
Via email: mail@safetyandquality.gov.au

Dear Professor Picone
Re:

Quality Use of Medicines and Medicines Safety – Phase 1: Aged care

Thank you for providing the Australian Dental Association (ADA) with the opportunity to provide feedback
on the discussion paper on the Quality Use of Medicines and Medicine Safety. The overlap between the
quality use of medicines, medication safety and oral health has been a concern for the ADA for some
time. Therefore, we would like to offer the following insights as part of your consideration of the issues
related to oral health and quality use of medicines.
Medications frequently cause adverse effects to oral health, and particularly so in aged care, as this
section of the population is more likely to have multiple health problems and more likely to be treated
with multiple medicines. It is an adage in dentistry that ‘polypharmacy causes dry mouth,’ but it can
cause much more than that.
There are many adverse drug effects that manifest in the oral cavity, of which dry mouth just one
important one. These include : Hyposalivation/xerostomia, hypersalivation, tooth/tongue/ mucosa
discolouration, gingival hypertrophy, oral inflammation,oral ulceration, dysaethesia/burning mouth,
neuropathy/neuropathic pain, lichenoid reactions, bullous disorders, fibrovascular hyperplasia,
Keratosis/epithelial hyperplasia, osteonecrosis of the jaws, bacterila/fungal overgrowth, angioedema,
orobuccal dyskinesia/dystonia and bruxism.
All of the above can be drug-induced, and the vast majority would resolve if the drug were either ceased
or the dose reduced.
To diagnose these accurately, a dentist or dental specialist would have to be seeing the aged care patient
with access to accurate and up-to-date records of the patient’s medications. Unfortunately, this is not
always the case with medication lists often not complete or up to date. Medication issues may be further
compromised if there is no pharmacist providing services to the facility monitoring documentation and
identifying adverse events.
With polypharmacy there is a greater chance of drug-induced adverse, in particular dry mouth which
leads to caries, pain, gum damage and tooth loss.

ada.org.au

In terms of transitions of care, studies have shown that most medication lists for patients undergoing a
transition of care contain errors and omissions. An incomplete or incorrect medication list prevents
accurate diagnosis of drug-induced adverse effects, which are very common in the oral cavity.
Antipsychotics can cause major adverse oral effect, hyper and hyposalivation, oro-buccal
dyskinesia/dystonia and delirium. Reduced prescribing of these drugs for aged care patients will be
beneficial to their oral health.
Attached are articles on the review and a guide to drug‐associated oral adverse effects, highlighting that
oral adverse drug reactions are associated with commonly dispensed medicines. The research on oral
drug reactions would be prevalent in the elderly, where polypharmacy is common.
Please do not hesitate to contact Mr Damian Mitsch, Chief Executive Office on ceo@ada.org.au or
alternatively on, 02 8815 3333 if you require any further information.

Yours sincerely

Dr Carmelo Bonanno
Federal President
Enc.

ada.org.au
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SPECIAL ISSUE ARTICLE

A review and guide to drug‐associated oral adverse effects—
Dental, salivary and neurosensory reactions. Part 1
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Numerous adverse drug reactions (ADR) manifest in the oral cavity and orofacial re‐
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recognised as being drug‐induced nor reported to pharmacovigilance agencies. The

gion. Dentists and other health professionals commonly encounter and manage these
adverse effects however, due to lack of awareness and training, they are not always
broad diversity and increasing number of medications for which dental pharmacovig‐
ilance is needed can be overwhelming for all health professionals. Thus, the aim of
this review and guide was to outline the common medications associated with oro‐
facial side effects so as to improve recognition, management and reporting of ADR.
Adverse effects discussed in Part 1 include drug‐induced bruxism, tardive dyskinesia,
hairy tongue, gingival enlargement, hypersalivation, xerostomia, tooth discolouration
and taste disturbance.
KEYWORDS

adverse drug reactions, drug induced salivary changes, neurosensory drug reactions
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have contributed merely 0.1% of ADR reports since voluntary re‐
cording began in 1971.6 Previous studies have also shown variable

Medicine use is common with 87.1% of Australians older than
50 years taking one or more medicines regularly, with polypharmacy

awareness and knowledge of ADR reporting by dentists.7,8
While some oral adverse effects such as xerostomia and dys‐

occurring more frequently with increasing age. An adverse drug

geusia are common, others such as lichenoid reactions are rare and

reaction (ADR) is defined by the World Health Organisation as “a

not usually detected until the drug has been marketed for some

response to a medicine which is noxious and unintended, and oc‐

years. By the time of licensing, most drugs have only been trialled

1

curs at doses normally used in man.” The prevalence and severity of

in 1000‐2000 subjects, and exposure to less than 5000 human sub‐

ADRs have been shown to occur via a meta‐analysis in nearly 16%

jects allows only the more common ADRs to be detected, whereas

3

at least 30 000 subjects are needed to ensure an ADR with an in‐

2

of patients during hospitalisation with substantial impact on public
health.

cidence of 1 in 10 000 subjects is detected. 2 Indeed, the adverse

Oral ADRs are common, with xerostomia alone being reported

effect of bisphosphonate‐induced osteonecrosis of the jaw was

in association with approximately 80% of the 100 most frequently

only identified through post‐marketing ADR reporting that has sub‐

Dentists are in an

sequently influenced the dental management of patients on these

ideal position to observe or ask about oral ADRs as taking a medi‐

medicines today. Drug surveillance during the post‐marketing period

cation history, and oral examination are integral to a dental consul‐

is essential to allow the detection of unexpected, rare, and some‐

prescribed medications in the United States.

4,5

tation. Although ADRs are underreported throughout the health

times serious ADRs.5

industry, the contribution by dentists is extremely limited with

The increased access to medications due to the Internet, wider

47 cases of ADRs reported by dentists in the past decade to the

prescribing rights and greater off‐label uses, requires close monitor‐

Therapeutic Goods Administration (TGA) in Australia, and dentists

ing of drug safety. It is hoped that this two‐part series of articles on

J Oral Pathol Med. 2019;00:1–11.
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oral adverse effects will raise awareness of ADRs that manifest in

TA B L E 1

the orofacial region and prompt dentists to report them. Thus, the

Drugs associated with bruxisma

Drug class

Drug

Antidepressants

Citalopram

Paroxetine

management and reporting of ADRs. Adverse effects discussed

Escitalopram

Sertraline

include bruxism, tardive dyskinesia, hairy tongue, gingival enlarge‐

Duloxetine

Venlafaxine

ment, hypersalivation, xerostomia, tooth discolouration and taste

Fluoxetine

disturbance. All oral mucosal and bullous disorders are discussed in

Fluvoxamine

aim of this review and guide is to outline the commonly implicated
medications associated with orofacial ADRs to improve recognition,

Part 2 of this review. Since the authors of this review practise in

Antipsychotics

Australia, only drugs that are currently marketed for use in Australia

Chlorpromazine
Fluphenazine

have been included in this review.

Haloperidol
Drugs for ADHD

Atomoxetine

a
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Adapted from Garrett and Hawley, 201814 and Fratto and Manzon,
2014.13

Bruxism is defined as “a repetitive jaw‐muscle activity characterised

of TDK and the most common form. They usually present as lip‐

by clenching or grinding of the teeth and/or bracing or thrusting of the

smacking, grimacing, puckering, rapid eye blinking and dyskinetic

mandible. Bruxism has two distinct circadian manifestations: it can

tongue movements, such as protrusion and tongue rolling. 20,22,23

occur during sleep (indicated as sleep bruxism) or during wakefulness

TDK can be stigmatising for patients, and adversely affect medi‐

(indicated as awake bruxism).”9 The incidence of bruxism has been

cation adherence and quality of life, 24 sometimes persisting even

with a systematic

after the medication is stopped. 25 It is believed that the pathophys‐

review reporting a prevalence of 18.6% in adults.11 Consequences

iology of TDK arise from drugs that block central dopamine recep‐

of bruxism include jaw‐muscle hypertrophy, tooth wear, fracture or

tors, although other neurotransmitters may be involved. 24

10

reported to range from 14% to 20% in children,

failure of teeth, restorations or implants, sensitivity or pain of teeth,

Metoclopramide and prochlorperazine, dopamine receptor‐2

muscles or joints and temporomandibular joint disc displacements.11

antagonists indicated for treatment and prevention of nausea and

A range of medications have been associated with causing brux‐

vomiting, can cause a variety of extrapyramidal disorders, with tar‐

ism. Both typical and atypical antipsychotic drugs have inhibitory ef‐

dive dyskinesia being most common. 25-27 The risk for both drugs in‐

fects on dopamine‐2 receptors in the central nervous system (CNS)

creases with the cumulative dose and length of treatment. 21

and thereby can cause extrapyramidal involuntary movements that

Tardive dyskinesias can appear after medium‐ to long‐term treat‐

often affect the orofacial region including bruxism, orofacial dysto‐

ment with antipsychotic medications,21 typically 1‐2 years after com‐

nia and oromandibular dyskinesia.12,13 Selective serotonin reuptake

mencing the offending medication.22 It is reported that TDK will occur

inhibitors (SSRIs), including citalopram, escitalopram, fluoxetine,

in up to one‐third of people who have taken an older antipsychotic

fluvoxamine, paroxetine and sertraline all commonly prescribed for

for 10 years or longer.21 First generation antipsychotics, haloperidol,

anxiety and depression,12,14,15 and serotonin and noradrenaline re‐

fluphenazine and trifluoperazine are all associated with having the

uptake inhibitors (SNRIs) atomoxetine, venlafaxine and duloxetine

highest risk of TDK.21 Clozapine carries a lower risk of tardive dyskine‐

A recent systematic

sia.21 Newer antipsychotics such as olanzapine, quetiapine and risperi‐

review of the relationship between serotonergic antidepressants

done have a reduced incidence of TDK compared with first generation

and bruxism showed that medicines most commonly reported with

antipsychotics as they have greater affinity for serotonin receptors

14,16,17

have also been associated with bruxism.

The aver‐

than dopamine, but the risk is still substantial.24,28 While these med‐

age time of onset was 3‐4 weeks after starting the medication or

ications are classified as antipsychotics, their indications for use have

with dose escalation as the effect appears to be dose‐dependent.14

expanded over the years to include conditions such as anxiety, mania,

In addition, two case reports have been published associating brux‐

adjunct treatment of alcohol withdrawal, and behavioural disturbances

ism with atomoxetine, a drug used for treatment of attention deficit

in dementia and autism.21,28 Dentists should be aware of the possible

14

this effect were fluoxetine, venlafaxine and sertraline.

18,19

hyperactivity disorder.

Medication‐induced bruxism is under‐

recognised in dentistry,14 and associated drugs are listed in Table 1.

adverse effects from these medications as they are being prescribed
more frequently and across a wider range of age groups.28 Table 2 lists
the medicines associated with TDK.
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Tardive dyskinesias (TDK) are persistent, involuntary abnormal
movements that can involve the face, head, neck, limbs and trunk. 20-

Hairy tongue occurs when hypertrophied filiform papillae of the

22

Orobuccofacial dyskinesias, which are dyskinesias involving the

dorsal surface of the tongue become stained by epithelial cells, ex‐

face, mandible, lips and tongue, are often the first manifestation

ogenous material and overgrowth of chromogenic organisms. 29,30

|
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3

Drugs associated with tardive dyskinesia

Drug class

Drug

Antipsychotics

Amisulpride

Olanzapine

Aripiprazole

Paliperidone

Chlorpromazine

Pericyazine

Clozapine

Quetiapine

Droperidol

Risperidone

Flupenthixol

Trifluoperazine

Fluphenazine

Ziprasidone

Haloperidol

Zuclopenthixol

Lurasidone
Dopamine antagonists

Metoclopramide
Prochlorperazine

This benign, self‐limiting disorder can have a black, brown, yellow or
green discolouration.30 Several factors have been identified in the
pathogenesis of hairy tongue, including tobacco use, alcohol and in‐
travenous drug use, poor oral hygiene, xerostomia, recent radiation
therapy, and antibiotics and other medicines.

Several case reports have associated linezolid,
chlorpromazine

Drugs associated with hairy tongue

Drug class
Antibiotics

Drug
Penicillins

32-34

and long‐term use of erythromycin

olanzapine,
36

Amoxicillin
Amoxicillin/clavulanic acid

30,31

The mechanism for drug‐induced hairy tongue is unknown.
31

TA B L E 3

30

Ampicillin

35

Phenoxymethylpenicillin

with hairy

Macrolides

Erythromycin

tongue. Antibiotic use in general predisposes to developing hairy

Nitroimidazoles

Metronidazole

tongue due to their ability to modify the local oral flora,31 with some

Oxazolidinones

Linezolid

Tetracyclines

Doxycycline

penicillins,37,38 doxycycline,38 metronidazole39 and the antifungal
griseofulvin39 implicated as listed in Table 3.

Antifungals

Griseofulvin

Antipsychotics

Olanzapine
Chlorpromazine
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introduction in the 1960s.41,46 Prevalence has been reported be‐

Drug‐induced gingival enlargement (DGE) is characterised by over‐

tween 13% and 50%,43,47,48 with a retrospective analysis of ADR

growth of the gingiva accompanied by swelling, bleeding and can

databases finding that DGE was observed around 1‐3 months

The swol‐

after starting phenytoin.40 Case reports of other anticonvulsants

len interdental papillae can have a nodular‐like appearance, with

associated with DGE include valproate, 49 vigabatrin50 and pheno‐

the overgrowth most often affecting the anterior buccal marginal

barbitone, 51 but these reports are rare or less well documented

and attached gingiva.41,42 While the enlarged tissue is often healthy,

(Tables 4,5).

cause problems with speech, function and aesthetics.

40

it impedes the patient's ability to maintain their oral hygiene, and

Cyclosporin is an immunosuppressant used for the prevention

plaque accumulation will lead to inflammatory changes including

of transplant rejection and management of autoimmune diseases. 21

oedema and bleeding.42

Case reports of cyclosporin being associated with DGE appeared

The mechanism by which drugs cause DGE is poorly under‐
43

soon after its introduction into clinical use in the 1980s52 with prev‐

While it seems a minimum threshold plasma level of the

alence estimated to be around 25%‐30% in adults and >70% in chil‐

drug is required before overgrowth starts,42,44 there is conflict‐

dren43 and time to onset 1‐4 months.40 Studies have indicated that

ing evidence regarding whether severity or incidence is related to

there is a likely positive correlation between cyclosporin plasma lev‐

dosage, duration of use or the pharmacodynamics of the causative

els and incidence of overgrowth.44

stood.

medicines.

41,44

Calcium channel blockers (CCBs) are indicated for management

It is well established that the anticonvulsant phenytoin is as‐

of hypertension, arrhythmias and angina21 and most have been as‐

sociated with DGE.41 While this drug is no longer frequently pre‐

sociated with DGE, with the first case report of nifedipine being as‐

scribed, in 2015 over 100 000 prescriptions were dispensed for

sociated with gingival hyperplasia in 1984.53 The median onset time

phenytoin in Australia.

45

Reports associating phenytoin with gin‐

gival overgrowth appeared in the literature soon after its clinical

to develop gingival overgrowth is reported to be between 2 and 14
months.40

4
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and zuclopenthixol are also associated with drooling or sialor‐

Drugs associated with gingival enlargement

Drug class

Drug

Anticonvulsants

Phenytoin

Calcium channel blockers

Dihydropyridines

Non‐dihydropyridines
Immunosuppressants

rhea.56,59 This adverse effect is thought to occur due to a combina‐
tion of at least three factors: dopamine receptor blockade causing
bradykinesia and impaired swallowing; alpha‐2 adrenergic receptor

Amlodipine

blockade leading to reduced sympathetic innervation of the salivary

Nifedipine

glands; and stimulation of M3 muscarinic receptors increasing para‐

Felodipine

sympathetic stimulation of salivary glands.54

Diltiazem

Drugs that inhibit the enzyme acetylcholinesterase are also

Verapamil

associated with hypersalivation, most likely due to increased cho‐

Cyclosporin

linergic stimulation of the salivary glands by acetylcholine.54 The
anticholinesterases used for Alzheimer's disease including done‐
pezil, galantamine and rivastigmine have a weaker association with

TA B L E 5

Drugs associated with hypersalivation

hypersalivation60-62 than the anticholinesterase drug pyridostig‐
mine, 21,54 for which it is well established. Interestingly, betel nut

Drug class

Drug

Acetylcholinesterase
inhibitors

Donepezil

contains arecoline, which is a muscarinic agonist also associated with
sialorrhea.54

Galantamine
Pyridostigmine

6.2 | Xerostomia

Rivastigmine
Antipsychotics

Haloperidol

Olanzapine

Xerostomia refers to the subjective complaint of dry mouth that

Amisulpride

Quetiapine

may or may not be associated with reduced salivary flow, whereas

Chlorpromazine

Risperidone

salivary gland hypofunction is an objective decrease in the quantity

Clozapine

Zuclopenthixol

of saliva. 29 The prevalence of xerostomia has been estimated to be
around 17%‐29% of patients.54,63 A cross‐sectional survey reported

Fluphenazine
Other

a xerostomia incidence of 20% with risk factors including older age,

Betel nut

use of medication and polypharmacy.64
It is established that xerostomia can reduce the quality of life,
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making individuals at greater risk of smooth surface dental caries,
gingivitis, worsening of periodontitis, increased risk of oral candido‐
sis, taste disturbance and dysphagia. 29,64 People can also experience

Salivary secretory disorders are common in the community, with

difficulty swallowing dry foods, complain of halitosis and a burning

drugs being one of several causes.54

sensation, and it makes the retention of dentures more difficult. 29,64
Medications are reported as the most common cause of dry
mouth,65 with some authors66 identifying more than 400 drugs as‐

6.1 | Hypersalivation and drooling

sociated with xerostomia or salivary gland hypofunction. The useful‐

Sialorrhea or hypersalivation is the increased flow of saliva diag‐

ness of such a long list is questionable as the inclusion of most drugs

nosed by quantitative sialometry.54 Drooling is not necessarily a

listed is based on expert opinion or case reports where other com‐

consequence of hypersalivation, where flow and production of sa‐

pounding factors are usually present.65 In addition, polypharmacy is

54

common in the older population5 so it is difficult to identify both the

Sialorrhea and drooling can be stigmatising and embarrassing for

causative medication as well as the possibility that the dry mouth is

patients, with potential consequences being sleep disturbance and

caused by cumulative drug effects and comorbidities.65 Medications

social impairment.55 In addition, long‐term hypersalivation can cause

listed in Table 6 and discussed below as associated with xerosto‐

salivary gland swelling and inflammation, parotitis, skin irritation and

mia were identified from a systematic review by Wolff et al, 59 which

liva can be normal but there is inadequate handling of the saliva.

aspiration pneumonia.

21,55

grouped medications according to their level of evidence.

The pathophysiology of drug‐induced hypersalivation is un‐

There are various mechanisms by which drugs cause xerostomia,

clear, but is thought to arise from increased cholinergic stimulation

but some are often not well documented. Drugs that have anticholin‐

of salivary glands. The most common drug associated with hyper‐

ergic or antimuscarinic action decrease parasympathetic innervation

salivation is clozapine, 56 with sialorrhea being its second most

of the salivary gland and therefore cause reduced saliva secretion.54

common adverse effect.

55

Despite clozapine being useful for treat‐

ment‐refractory schizophrenia,

21

the high incidence of sialorrhea

of around 31% can adversely affect treatment adherence. 55,57,58

This can be part of the drug's primary action, such as with oxybu‐
tynin, or a side effect such as the anticholinergic effects of antihis‐
tamines, antidepressants and antipsychotics.63 Antidepressants that

Other antipsychotic drugs including amisulpride, chlorproma‐

increase the effect of serotonin, such as fluoxetine, are also strongly

zine, fluphenazine, haloperidol, olanzapine, risperidone, quetiapine

associated with causing xerostomia.67 Adrenergic or psychostimulant

Antipsychotics

Lurasidone

Paliperidone
Risperidone

Quetiapine

Haloperidol

Olanzapine

Amisulpride
Asenapine

Ziprasidone

Terazosin

Metoprolol

Methyldopa

Chlorpromazine

Aripiprazole

Diphenhydramine

Desloratadine

Lisinopril

Dimenhydrinate

Perindopril

Diltiazem

Pheniramine

Chlorpheniramine

Cetirizine

Phenelzine

Moclobemide

Mirtazapine

Clomipramine

Ipratropium

(Continues)

Medications with a weaker level
of evidence

Azelastine

Enalapril

Imipramine

Atenolol

Vortioxetine

Fluoxetine

Doxepin

Verapamil

Venlafaxine

Escitalopram

Clonidine

Sertraline

Duloxetine

Dothiepin

Desvenlafaxine

Antihypertensives

Reboxetine

Citalopram

Doxylamine

Paroxetine

Amitriptyline

Antidepressants

Sodium valproate

Antihistamines

Nortriptyline

Gabapentin

Anticonvulsants

Tolterodine

Solifenacin

Scopolamine

Pregabalin

Hyoscine

Propantheline

Darifenacin

Oxybutynin

Medications with a moderate Level
of evidence

Atropine

Medications with a higher level of
evidence

Drugs associated with xerostomia or salivary gland hypofunctiona

Anticholinergic/ antimuscarinic medicines
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a

59

Adapted from Wolff et al (2017),

Moxifloxacin
Pseudoephedrine
Selegiline

Phentermine
Rotigotine
Timolol

classifications of drugs are from AMH. 21

Tiotropium

Modafinil

Methylphenidate

Disopyramide

Cisplatin

Levomepromazine

Orlistat

Bupropion

Granisetron

Nicotine

Brimonidine

Atomoxetine

Apraclonidine

Lithium

Naltrexone

Pethidine

Amiloride

Medications with a weaker level
of evidence

Lisdexamfetamine

Dexmedetomidine

Zopiclone

Bevacizumab

Zolpidem

Sedatives and hypnotics

Tramadol

Tapentadol

Morphine

Fentanyl

Dihydrocodeine

Tolvaptan

Saquinavir

Raltegravir

Nevirapine

Maraviroc

Lamivudine

Etravirine

Didanosine

Medications with a moderate Level
of evidence

Alendronate

Buprenorphine

Opioid analgesics

Other medicines

Baclofen

Muscle relaxants

Medications with a higher level of
evidence

Frusemide

(Continued)

Diuretics

Antivirals

TA B L E 6
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agents such as lisdexamfetamine and methylphenidate are agonists

the staining occurs is unknown. The stain can also occur on the roots

of the sympathetic nervous system and therefore also decrease se‐

of teeth, causing a “black” or “green” discolouration which has been

cretion of saliva.54

noted after extractions.70,74,75 Minocycline can cause pigmentation
in other tissues, including alveolar bone, producing a “black bone”
appearance.75,77 Eisen78 reported that alveolar bone pigmentation
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is most clinically noticeable beneath the semitranslucent maxillary
and mandibular anterior alveolar mucosa, followed by the mandib‐
ular posterior lingual mucosa and the hard palate, and that the inci‐

Tooth discolouration can be either extrinsic, where the stain devel‐

dence of minocycline‐induced bone pigmentation is estimated to be

ops after tooth eruption, or intrinsic, where tooth discolouration oc‐

around 10% after 1 year in patients taking at least 100mg of minocy‐

curs during tooth development.68 Chlorhexidine is well established

cline daily, with the incidence increasing to 20% after 4 years, and is

in causing extrinsic staining of teeth, restorative materials and dor‐

thought not to be reversible.78

sum of the tongue.

68

Orally administered iron salts in liquid form can

It should also be noted that there are case reports of doxycycline

cause greenish‐black discolouration of the teeth, and to avoid this

being associated with discolouration of the erupted dentition,74,79

effect, it is recommended to drink iron liquid using a straw and fol‐

while ciprofloxacin has also been associated with causing an intrinsic

low with water. 21 Several case reports have recently emerged of the

green stain on teeth when used in infants.74

antibiotic linezolid causing both extrinsic yellow tooth and tongue
staining in children.33,69
Tetracycline antibiotics are a well‐established cause of intrin‐
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sic tooth discolouration, with a prevalence of 3%‐4%.70 The tetra‐
cycline chelates with calcium ions during tooth development and

Many drugs can interfere with the perception of taste, and this has

70,71

been reviewed in detail by Henkin et al,80 Ackerman et al81 and Naik

As the tetracycline layer inside the tooth is oxidised by light, it

et al82 Dysgeusia, the experience of distortion or misinterpreta‐

forms a tetracycline‐calcium orthophosphate complex in teeth.

The appearance of the yellow,

tion of taste, is the most common taste disorder caused by drugs.82

grey or brown permanent discolouration tends to be on the cer‐

Other categories include ageusia (the absence of one or more of the

forms visible discolouration.

71,72

vical one‐third of the crowns,

72

with the degree of staining being

basic taste sensations of sweet, salty, sour or bitter), hypogeusia

related to the duration and timing of drug administration.70 Reports

(the decrease in taste sensitivity) and parageusia (the perception of

emerged in the 1960s of tooth discolouration caused by tetracy‐

a spoiled taste).81,82 Various studies have estimated the prevalence

leading to the avoidance of tetracyclines in the second and

between 3% and 11%,82 but difficulty arises in determining true in‐

third trimester of pregnant women and children up to 8 years of

cidence due to the subjective interpretation of the disorder. 82 Onset

age (Table 7).

of most taste disturbances occurs early in treatment even from the

cline,

73

Minocycline, a derivative of tetracycline commonly used for
the management of acne, 21,71 not only causes tooth discolouration
71,74

but also gum and alveolar bone pigmentation.

first dose and usually persists for several weeks after the drug has
been ceased.

While tetracy‐

An extensive number of drugs have been associated with causing

cline staining affects the developing dentition, minocycline can also

taste disorders80,81; however, those listed here have been previously

cause staining in fully erupted teeth, after the period of odontogen‐

reported by Naik et al82 and are in agreement with those specifi‐

75

esis.

Minocycline staining tends to take on a blue‐grey hue, mostly
70,72,74

cally identified in the monographs for each drug in the Australian

The prevalence

Medicines Handbook. 21 It is thought that drugs can alter taste sen‐

of minocycline staining has been reported to be between 3% and

sation by affecting ion channel receptors of taste buds or their sec‐

6%,74-76 and while various theories exist, the mechanism by which

ond messenger systems that relay the sensation of taste via cranial

at the incisal and middle thirds of the crown.

nerves to the brainstem.81,82 Several anti‐hypertensive medicines
TA B L E 7

can cause dysgeusia, including captopril, which is associated with

Drug‐associated tooth discolourationa
Drug class

Tooth discolouration
(extrinsic)

a metallic or bitter taste.81,82 CCBs, including nifedipine and dilti‐
Drug

azem, are associated with dysgeusia.81 Acetazolamide, used for

Chlorhexidine

glaucoma can cause a bitter or metallic taste, possibly secondary to

Linezolid
Oral liquid iron

Tooth discolouration
(intrinsic)

Fluoroquinolones

Ciprofloxacin

Tetracyclines

Doxycycline
Minocycline
Tetracycline

a

Adapted from Tredwin et al (2005).68

acidosis caused by its effect as a carbonic anhydrase inhibitor.81,83
Metronidazole, the second most commonly prescribed antibiotic
in dentistry,84 frequently causes a metallic taste as a side effect. 21
The oral antifungal medicines griseofulvin and terbinafine can cause
taste disturbances, 21 with terbinafine also being associated with
ageusia.81 Several anti‐inflammatory drugs, immunosuppressants
and anti‐neoplastics have been reported to be associated with one
or more of the different taste disorders as listed in Table 8.
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Some drugs associated with taste disturbancea

TA B L E 9

Medication‐related osteonecrosis of the jawa

Drug class

Drug

Drug class

Drug

Anticonvulsants

Topiramate

Bisphosphonates

Alendronate

Antifungals

Griseofulvin

Clodronate

Terbinafine

Ibandronic acid

Antibacterials

Metronidazole

Pamidronate

Antihypertensives and other cardiac
medicines

Amiodarone

Risedronate

Anti‐inflammatory and immunosuppressants

Captopril

Zoledronic acid

Nifedipine

Human monoclonal antibody

Denosumab

Diltiazem

Mammalian target of rapamycin inhibitor

Sirolimus

Losartan

VEGF antineoplastic antibody

Bevacizumab

Candesartan

Tyrosine kinase inhibitor

Sorafenib

Auranofin

Sunitinib

Aurothiomalate

a

Adapted from Ruggiero et al (2014).

86

Penicillamine
Interferon alfa

patients.86 They also report other invasive dental procedures as risk

Carboplatin

factors, including dental implant placement, periapical surgery and

Cyclophosphamide

periodontal surgery involving osseous injury.89 Twice as many cases

Antispychotics

Lithium

of MRONJ have been reported in the mandible compared to the

Drugs for glaucoma

Acetazolamide

maxilla,87-89 and an increased risk is shown with the concurrent use

Hypnotics

Zopliclone

of systemic corticosteroids.86

Antineoplastics

While it is well established that bisphosphonates (BPs) carry

Zolpidem

an increased risk of causing MRONJ, the exact pathogenesis is

a
Adapted from Naik et al (2017) 82 and Australian Medicines
Handbook. 21

unknown. 86 Various theories exist for both BPs and the anti‐an‐
giogenic drugs, mostly involving altered bone remodelling, sup‐
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pression of bone resorption and inhibition of new blood vessel
formation. 86 More potent IV nitrogen‐containing BPs carry a
greater risk, with pamidronate and zoledronic acid (the latter being

Medication‐related osteonecrosis of the jaw (MRONJ) is a rare but

100 000 times more potent than etidronate)90 having a greater risk

serious adverse effect that causes substantial morbidity for pa‐

for MRONJ than the oral BP alendronate. 88,90 A recent system‐

85

atic review and meta‐analysis has shown that the risk of MRONJ

there have been many case reports and a plethora of literature on

is also greater in oncology patients who are exposed to antire‐

this relatively recently recognised condition. The list of drugs im‐

sorptive drugs than those who are treated for osteoporosis. 87 The

plicated in triggering MRONJ has grown since the early days when

Australian survey‐based study by Mavrokokki et al 88 reports a risk

bisphosphonates were considered the main cause, to now includ‐

of 0.09%‐0.34% for patients who are taking BPs for osteoporosis

tients. Since the first published report of MRONJ by Marx in 2003,

ing many types of drugs.

86

MRONJ is defined by the following three

characteristics:86,87

and have had a tooth extraction, and a subsequent greater risk
of 6.67%‐9.1% in oncology patients undergoing an extraction.
Increased duration of treatment and exposure to these medicines

1. Current or previous treatment with antiresorptive or anti‐an‐
giogenic agents

also correlates with higher risk of developing MRONJ. 87,89
Denosumab reduces bone resorption by binding to the receptor

2. Exposed bone or bone that can be probed through an intraoral or

activator of nuclear factor‐kappa B ligand (RANKL), which causes

extraoral fistula in the maxillofacial region that has persisted for

decreased formation and activity of osteoclasts, 21 and its associa‐

longer than 8 weeks

tion with MRONJ is well established.91,92 Longer treatment duration

3. No history of radiation therapy to the jaws or obvious metastatic
disease to the jaws

and higher doses are correlated with an increased risk for MRONJ.
An international, randomised double‐blinded phase 3 study using
high dose denosumab for patients with multiple myeloma showed

Risk factors for MRONJ include dentoalveolar surgery, with tooth ex‐

that the incidence of MRONJ in the denosumab group was 2.0%

traction most commonly reported as the precipitating event in 73%

during the first year of treatment, 5.0% in the second year and 4.5%

of cases in an Australian study,88 and the American Association of

per year thereafter.91,93 The AAMOS reported the risk of develop‐

Oral and Maxillofacial Surgeons (AAOMS) position paper on MRONJ

ing MRONJ for oncology patients exposed to denosumab to be be‐

reports tooth extraction as the predisposing event in 52%‐61% of

tween 0.7% and 1.9%, proportionate to the risk by zoledronic acid.86
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Anti‐angiogenic therapies, including sunitinib, sorafenib, bev‐
acizumab and sirolimus, have had increasing case reports regard‐
ing their association with MRONJ. 86,94,95 A pooled analysis from
two randomised prospective trials showed that the risk of devel‐

9
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oping MRONJ in an oncology patient exposed to bevacizumab is
0.2%. 86,96 There is also a case report of aflibercept, in combination
with fluorouracil and irinotecan being associated with this condi‐
tion, highlighting the association between anti‐angiogenic thera‐
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pies and MRONJ.97
Furthermore, there are case reports of methotrexate its asso‐
ciation with MRONJ, possibly due to its inhibitory effects on os‐
teoclasts and impairment of wound healing.98 Some TNF‐alpha
inhibitors, adalimumab and etanercept are also implicated, as well
as the antineoplastic antibody, rituximab.99 These recent reports ac‐
centuate the growing number of drugs from different drug classes
associated with MRONJ (Table 9).
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Oral ADRs are often a neglected area of pharmacovigilance. In
Australia, an ADR can be reported to the TGA (https://www.tga.gov.
au/publication/repor ting-adverse-drug-reactions)
A survey of dentists in the UK revealed that one reason for the
lack of reporting of ADRs by dentists was the rarity of oral adverse
effects.7 Previous suggestions to improve ADR reporting include
collaboration between dental and pharmacy industries to target rec‐
ognition of oral ADRs7 and the incorporation of pharmacovigilance
education into undergraduate dental training.100 It is also recom‐
mended to list oral ADRs separately in the registered product infor‐
mation so they are easily found, as the current convention is to list
them in the “gastrointestinal” section. Not only does this obscure
useful information for dentists as they can be easily overlooked in
a section assumed to be about the stomach and bowel, but implies
they are not important enough to list separately or that they do not
exist.
Other recommendations include a focus on pharmacovigilance
as part of dental continuing education programs, or as suggested
by Patel et al,8 considering changing voluntary ADR reporting in
Australia to a compulsory system, similar to some European coun‐
tries. These concepts, as well as other oral adverse effects including
lichenoid reactions and drug‐induced oral mucosal lesions, will be
further discussed in Part 2 of this series.
In summary, there is an increasing array of drugs available in
health care today, with increasing availability, wider variety of
prescribers and broadening range of uses. As it is likely that the
incidence of oral adverse effects will increase, it behoves dental
professionals to consider drug‐induced oral adverse effects. The
importance of establishing a correct diagnosis using an adverse
drug validation algorithm to confirm the reaction if possible and re‐
porting of adverse reactions to drug regulatory agencies cannot be
underestimated.
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improve the management, recognition and reporting of adverse drug effects. This

age adverse medicine effects that manifest in the orofacial region. Numerous medi‐
cines are associated with a variety of oral adverse effects. However, due to lack of
use and are underreported to pharmacovigilance agencies by dentists and other
health professionals. This article aims to inform health professionals about the vari‐
ous oral adverse effects that can occur and the most commonly implicated drugs to
article follows on from Part 1; however, the focus here is on lichenoid reactions and
oral mucosal disorders including oral aphthous‐like ulceration, mucositis and bullous
disorders such as drug‐induced pemphigus, pemphigoid, Stevens‐Johnson syndrome
and toxic epidermal necrolysis.
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1 | I NTRO D U C TI O N

being marketed today makes it even more important for oral health
pharmacovigilance to become embedded in current dental practice.

A wide range of medications have been associated with causing

To do this, dental practitioners require an understanding about

adverse drug reactions (ADRs) in the oral cavity. However, due the

the range of oral ADRs that have been reported, and the medicines

limitations of standard clinical trials and a lack of oral health phar‐

that they are associated. Thus, the aim of this review and guide was

macovigilance by medical researchers and patients themselves, oral

to summarise the commonly implicated drugs associated with oro‐

ADRs are often missed during clinical trials. Short‐term and well‐

facial adverse effects for health professionals to help with patient

known symptoms such as dry mouth and taste disturbances may be

management in clinical practice. This review follows on from Part

reported, but more obscure diagnoses such as oral mucosal changes

1, with the focus here on the oral mucosal adverse effects including

as well as long‐term oral effects such as osteonecrosis of the jaw are

bullous disorders and lichenoid reactions. Since the authors of this

not usually identified as being drug‐induced until a drug has been

review practise in Australia, only drugs that are currently marketed

1,2

on the market for many years.

This highlights the need for oral

in Australia have been included in this review.

health practitioners to be aware of the limitations of oral ADR in‐
formation with new drugs, and the importance of their involvement
in post‐marketing drug safety monitoring, as it may only be dental
practitioners who will observe oral symptoms or are in a position to

2 | D RU G ‐ I N D U C E D LI C H E N O I D
R E AC TI O N S

ask about ADRs that manifest in the mouth. Moreover, dentists need
to be aware that oral ADRs need to be reported to pharmacovigi‐

Lichen planus is a chronic inflammatory disease that can affect

lance agencies to be recognised and collated with data from other

the skin and any lining mucosa, including the oral, oesophageal

countries. The increasing diversity and complexity of medications
J Oral Pathol Med. 2019;00:1–10.

and genital mucosa.3 It is reported to affect approximately 2% of

wileyonlinelibrary.com/journal/jop 
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the population, with women more commonly affected than men.3

and 8 months after starting therapy, where the lesions resolved after

Oral lichen planus typically occurs on the buccal mucosa, tongue

discontinuation. 22,23

and gingivae and can have a variety of clinical presentations, from a

NSAIDs have been implicated in causing OLRs, 24 with naproxen

white striated reticular pattern to white and red confluent plaques,

having the most evidence for both skin and oral lesions. 25,26 One

4

ulcerations or erosions. While the aetiology is unclear, it is thought

retrospective study showed that the oral lesions developed between

it be an immunologically mediated reaction of the lymphocytes to

2 weeks and 3 months, with lesion resolution on withdrawal. 26

5

the basal keratinocytes on the surface of the skin or mucosa. Oral

However, the literature is contradictory regarding the link between

lichenoid reactions (OLRs) refer to a lesion that clinically and histo‐

NSAIDs and OLRs, with one prospective study not finding any as‐

logically resembles lichen planus.6 A wide range of drugs have been

sociation between oral keratoses (lichen planus and leukoplakia)

implicated in causing oral lichenoid reactions with conflicting pres‐

and use of NSAIDs, 27 while in contrast, another retrospective study

7

entations. The ambiguity of these case reports arise from the lack

supported the association between beta‐blockers and NSAIDs in the

of biopsy confirming the diagnosis, the use of imprecise terminology

pathogenesis of OLRs. 28 Finally, one case report clearly detailed a

when establishing a full diagnosis, when the histological appearance

strong association between the use of indomethacin provoking an

8

is similar to but not consistent with classical lichen planus, as well as

OLR, which recurred on rechallenge. 29

the lack of the use of an adverse drug reaction validation protocol,

There is a long list of other drugs considered capable of causing

such as the challenge‐dechallenge‐rechallenge (C‐D‐R) procedure or

OLRs, but many case reports lack detail in terms of confirmation of

Naranjo algorithm.7,9

the diagnosis by histopathology, or absence of a definite diagnosis

While there are numerous case reports of medications associated

by use of imprecise terminology regarding histological findings.7

with oral lichenoid reactions, a systematic review showed that most

Other medications that may be drugs associated with OLRs include

evidence for this rare adverse effect exists for a few drugs only.7 Of

lithium carbonate,30 hepatitis B vaccine,31 clopidogrel,32 ribavirin,33

the cardiac medications, most evidence exists for methyldopa, with

carbamazepine,34 risperidone,34 certolizumab,35 glimepiride,36 du‐

one case of the reappearance of the oral lesions on rechallenge.10

loxetine37 and secukinumab.38 Most of these medications however

There are single case reports of other cardiac drugs, including ox‐

have only single or a few case reports associating them with OLRs,

prenolol,11 atenolol,12 captopril and enalapril13 also demonstrating

although all have had a biopsy or immunofluorescence to determine

oral lichenoid lesions on both clinical and histological examination.

the diagnosis of oral lichenoid lesion and some have shown that a

The immunosuppressants imatinib, infliximab and interferon‐
alpha (IFN‐alpha) appear to have substantial evidence to support
their association with causing OLR.7 Imatinib is a tyrosine kinase

TA B L E 1

inhibitor, which inhibits the effect of specific tyrosine kinases that
14

can be abnormally activated in certain cancers.

Each case report

Drugs associated with lichenoid reactionsa

Drug class

Drug

Antihypertensives

Atenolol

for imatinib describes the OLR appearing between 3 and 12 months

Captopril

after starting therapy.15,16 The oral lesions either resolved on with‐

Enalapril

drawal of imatinib or were treated, and one case also confirms the

Oxprenolol

adverse effect by demonstrating the reappearance of the oral le‐

Methyldopa

sions after the reintroduction of imatinib.17

Immunosuppressants

Tumour necrosis factor‐alpha (TNF‐alpha) inhibitors infliximab

Adalimumab
Imatinib

and adalimumab are used as immunosuppressants for conditions
such as rheumatoid arthritis and inflammatory bowel disease, in‐

Infliximab

cluding Crohn's disease and ulcerative colitis. TNF‐alpha is a signal‐

Interferon‐alpha
NSAIDs

ling molecule involved in the aetiopathogenesis of inflammatory and
immune responses.14 Several cutaneous and mucosal lesions have

Indomethacin
Naproxen

been described, with most case reports detailing OLR for inflix‐

Other

Carbamazepine

imab developing between 3 and 8 weeks after commencement.18,19

Certolizumab

Withdrawal of the drug resulted in either partial or complete resolu‐

Clopidogrel

tion of the OLR. No rechallenges or adverse drug reaction validation

Duloxetine

protocol was undertaken or recorded in these cases. Two case re‐

Glimepiride

ports have been described for adalimumab, 20 with one showing that

Hepatitis B vaccine

rechallenge of the medication resulted in an OLR. 21

Lithium carbonate

Interferon‐alpha is an immunosuppressant drug that has multiple

Ribavirin

actions including suppression of cell proliferation and other immu‐

Risperidone

nomodulatory effects. It is mostly used in certain cancers including

Secukinumab

chronic myeloid leukaemia and renal cell cancer. Several case reports
have detailed the adverse effect of OLR occurring between 10 days

a

Adapted from Fortuna et al 2017.7
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rechallenge of the culprit medication has resulted in reappearance

the role of drug exposure in aphthous ulcer formation found an as‐

of the reaction. Drug‐induced OLRs are a rare adverse effect so it

sociation between beta‐blockers and NSAIDs.44

is important for health practitioners to be aware of this possibility,

Many case reports have been published regarding the asso‐

confirm the diagnosis by an adverse drug algorithm and report the

ciation between the oral bisphosphonate alendronate and oral

case to their respective drug regulatory authority. In agreement with

ulceration.45,46 Oesophageal and gastrointestinal ulceration are

Fortuna et al7 and Myers et al,8 a universal protocol should be estab‐

well‐established side effects of alendronate, but oral ulceration is

lished to conclusively prove this association for each case. Table 1

less widely known.45 Many case reports attribute the development

details drugs associated with lichenoid‐like reactions, and is adapted

of oral ulceration with incorrect use of the medication, where the

from Fortuna et al7

patient keeps the tablet in the mouth for a prolonged period instead
of immediately swallowing it.47 However, reports have surfaced in
which the adverse reaction has occurred when alendronate has been

3 | D RU G ‐A S S O C I ATE D M U COSA L
U LC E R ATI O N , M U COS ITI S A N D B U LLO U S
DISORDERS

administered appropriately.46 While alendronate accounts for the
majority of oral ulceration case reports, there have been cases in‐
volving the use of both etidronate and risedronate.48 Published cases
indicate that improvement occurs within weeks after ceasing the of‐

3.1 | Drug‐associated aphthous‐like ulceration

fending drug, but complete recovery can take several months.48

Recurrent aphthous ulceration (RAS) is defined as an “inflammatory

Aphthous‐like ulceration has also been well‐documented with

condition of unknown aetiology characterised by painful recurrent,

the mammalian target of rapamycin (mTOR) inhibitors used in cancer

single or multiple ulcerations of the oral mucosa.”39 Medications

therapy, including sirolimus, everolimus, temsirolimus and ridaforo‐

have been associated with causing aphthous‐like ulcerations, but
this side effect is generally rare (Table 2).39,40 The oral lesions pre‐
sent as discrete, ovoid, well‐demarcated, relatively shallow ulcers

limus.49-51 The median time to development of mucositis was found
to be a week to 10 days,49,50 and it has been reported to be the most
frequent adverse effect of these medicines. 50 Oral mucosal injury

40

has been reported to account for 27.3% of dose reductions and

describe that the differentiation between RAS and oral ulceration

13.1% of cases of discontinuations of therapy.50 Presentation of the

due to drugs can be difficult, where drug stomatitis generally dis‐

ulceration is described as being “aphthous‐like” and is clinically dis‐

surrounded by a characteristic erythematous border.

41

Lisi et al

plays features such as the presence of numerous and simultaneous

tinct from classic chemotherapy‐induced mucositis.41,50 The patho‐

lesions of a similar size (generally 2‐3 mm), a tendency to coalesce

genesis of how mTOR inhibitors activate the inflammatory cascade

into larger ulcers (0.5‐2 cm), cause severe pain with longer duration

to cause the ulceration is unclear.50

and their recurrence after intake of medicines.
Aphthous‐like ulceration has been associated with the anti‐angi‐
nal drug nicorandil, which has many confirmatory case reports.14,42 It

3.2 | Immunosuppressant‐induced mucositis

is established that these large, painful ulcers mostly occur in the oral

Mucositis is a common, dose‐limiting adverse effect associated with

cavity, but can be in the perianal area, and fistulae can also develop

use of anti‐neoplastic drugs for cancer chemotherapy, with an occur‐

in the gastrointestinal and genital tracts, where healing occurs only

rence of about 40%.52 With the myelosuppression that occurs with

There has been one case report of

cancer treatment and concurrent ulcerative lesions providing access

captopril causing aphthous‐like ulcerations on the tongue and buccal

for microorganisms, mucositis is a significant source of systemic

14

after cessation of nicorandil.
mucosa,

39

and two case reports confirming the association of piroxi‐

infection for these patients.52 Unlike the discrete aphthous‐like ul‐

cam with this adverse effect.40,43 A case‐control study that assessed

ceration, Sonis et al41 describe mucositis as appearing on movable

TA B L E 2

ence of a fibrinous pseudomembrane with cellular debris, and a lack

mucosa and has a non‐uniform shape, increased depth and the pres‐
Drugs associated with oral aphthous‐like ulceration

of a peripheral erythematous border. Lesions tend to develop within

Drug class

Drug

Antianginals

Nicorandil

and can induce such severe pain as to require dose de‐escalation52

Antihypertensives

Captopril

and systemic analgesics.41

NSAIDs

Piroxicam

Bisphosphonates

Alendronate
Etidronate
Risedronate

mTOR inhibitors

Everolimus
Ridaforolimus
Sirolimus
Temsirolimus

4‐5 days after starting chemotherapy, peak between days 7 and 10 41

Many anti‐neoplastics and anti‐metabolites are associated with
oral mucositis as an adverse effect and are listed in Table 3.14 The
exact mechanism by which these drugs cause mucosal toxicity is
largely unknown, but some authors indicate that the pathophysi‐
ology involves pro‐inflammatory cytokines specific to each drug.53
Others propose that this complex process has multiple aetiologies
involving direct action of the drug on the epithelium, the bacterial
flora and the immune status of the patient.52 Oral mucositis is a well‐
documented side effect of the anti‐metabolites methotrexate and

4
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Drug class

Drug

Drug class

Drug

Alkylating agents

Bendamustine

Vinca alkaloids

Vinblastine

Busulfan

Vincristine

Chlorambucil

Vinflunine

Lomustine

Vinorelbine

Melphalan

Other cytotoxic antineoplas‐
tics antineoplastics

Procarbazine
Anthracyclines

Dactinomycin
Eribulin

Doxorubicin

Mitomycin

Epirubicin

Romidepsin

Idarubicin

Trastuzumab
Antineoplastic antibodies

Bevacizumab

Azacitidine

Cetuximab

Capecitabine

Panitumumab

Clofarabine

Pertuzumab

Cytarabine

mTOR inhibitors

Fludarabine

Everolimus
Sirolimus

Fluorouracil

Temsirolimus

Gemcitabine

Tyrosine kinase inhibitors

Afatinib

Hydroxyurea

Axitinib

Mercaptopurine

Dasatinib

Methotrexate

Erlotinib

Pemetrexed

Gefitinib

Raltitrexed

Lapatinib

Thioguanine

Sorafenib

Platinum
compounds

Carboplatin

Sunitinib

Podophyllotoxins

Etopoxide

Oxaliplatin

Other non‐cytotoxic
antibodies

Teniposide
Taxanes

Drugs associated with

Bleomycin

Daunorubicin

Mitozantrone
Antimetabolites

TA B L E 3
mucositisa

Cobimetinib
Trametinib
Tretinoin

Carbazitaxel

Calcineurin inhibitors

Tacrolimus

Docetaxel

Other immunosuppressants

Mycophenolate

Paclitaxel
Topoisomerase I
inhibitors
a

Topotecan

From the Australian Medicines Handbook 2017.14

fluorouracil when used in high dose, and also mycophenolate and
tacrolimus

54

in DIL.59 The mechanism by which the medicines cause lupus‐like

that are used for immunosuppression after organ trans‐

syndrome is unknown, but is postulated to be linked to susceptibil‐

plantation. It has also been proposed that sirolimus, used for kidney

ity of the adaptive immune system to descend into a state of auto‐

transplant recipients, has an antiproliferative effect responsible for

reactivity.60 Procainamide (no longer marketed for use in Australia)

the toxic action on the oral mucosa.

55

and hydralazine (used for moderate to severe hypertension) are
both well‐documented to have the highest risk for developing DIL
of 15%‐20% and 7%‐13% risk, respectively.59 The yearly incidence

3.3 | Drug‐associated lupus

of clinical DIL for hydralazine is 5%‐8% with standard doses. 59,60

Drug‐induced lupus (DIL) is a rare, lupus‐like autoimmune condition

Penicillamine, methyldopa, sulfasalazine, chlorpromazine, carba‐

that usually occurs after long‐term use, from one month to as long

mazepine, isoniazid, captopril, propylthiouracil and minocycline are

as over a decade,

56

of certain drugs with complete resolution after

considered to be of low risk.60-62 There are many other drugs that

While oral ulcerative le‐

have been associated with DIL, but the evidence for association is

sions are common with systemic lupus erythematous,58 they are rare

not strong and only a few case reports exist. More recently, there

withdrawal of the offending medicine.

56,57
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have been increasing case reports of proton‐pump inhibitors being
associated with DIL,

57,63

5

and frusemide, facilitates the development of drug‐induced pemphi‐

and evidence for anti‐TNF‐alpha inhibitors

goid, with the proposal that the free sulfhydryl group can combine

including infliximab, etanercept and adalimumab being associated

with other substrates and result in autoantibody formation to the

with DIL.56,59 The drugs listed in Table 4 are only the established

basement membrane proteins.66

high‐ and low‐risk medicines associated with DIL.

Recently, there have been increasing case reports of other
medicines being associated with bullous pemphigoid, reviewed in
detail in Stavropoulos et al64 An increasing number of case reports

3.4 | Drug‐associated pemphigoid

have shown an association between drug‐induced pemphigoid and

Drug‐induced pemphigoid (DIP) is a variant of the autoimmune

TNF‐alpha inhibitors,64,66 including etanercept69 and adalimumab.70

disease bullous pemphigoid and is characterised by sub‐epithelial

Various vaccines have also been associated with drug‐induced pem‐

blistering, intra‐epidermal vesicles and ulceration following adminis‐

phigoid, with mostly the influenza vaccine implicated.71 Recent case

tration of the offending drug.64 The clinical and histological presen‐

reports have also emerged highlighting an association between

tation and immunopathologic characteristics are similar or identical

drug‐induced pemphigoid and the dipeptidyl peptidase‐4 inhibitors,

to that of the acquired autoimmune disease.

65

In bullous pemphig‐

oid, the autoantibodies are directed against the antigens located in

sitagliptin and vildagliptin, which are used in the management of
type 2 diabetes.72

the dermo‐epidermal junction,65 however, in drug‐induced pemphi‐
goid, no specific antigens have been identified.64
DIP tends to occur in younger people than bullous pemphigoid, with

3.5 | Drug‐associated pemphigus

generally mild and inconsistent mucosal involvement, and the bullae

Pemphigus is a rare, autoimmune vesiculobullous disease that af‐

heal without scarring.64,66 A drug‐induced bullous eruption can present

fects the skin and mucous membranes,73 and for which drugs are

up to 3 months after the ingestion of the offending medication.

64

the most common trigger.74 Histologically, pemphigus is diagnosed

Table 5 lists the medicines that are reported to trigger DIP,

as an intra‐epithelial split due to loss of cohesion between the

grouped into their likelihood of association.66 Many other drugs have

stratified squamous epithelial cells.75,76 There is also the presence

been implicated; however, these tend to report an association with
no rechallenge for ethical reasons.64-66 It is suspected that drugs act
as triggers in genetically predisposed patients to either alter the im‐

TA B L E 5

Drugs associated with bullous pemphigoidd

mune response or modify the antigenic characteristics of the epi‐

Enalapril

dermal basement membrane to cause the sub‐epithelial blistering.66

Frusemide

Loop diuretics were used significantly more frequently by patients

Ibuprofen

with bullous pemphigoid in a recent case‐control study in the United

Likely associationa

Kingdom67 and a retrospective study confirmed that people taking

Probable association

systemic medicines were more susceptible to the development of

Influenza vaccine
b

Bumetanide

bullous pemphigoid, with patients who had pemphigoid more com‐

Cephalexin

monly taking angiotensin‐converting enzyme inhibitors (ACEIs),
anticoagulants and diuretics.

68

Ampicillin

Fluoxetine

It is postulated that the sulfhydryl

Penicillamine

chemical moiety in some drugs, including penicillamine, captopril

Penicillin

TA B L E 4

Spironolactone

Drugs associated with lupusa

Questionable associationc

Drug

High‐risk

Hydralazine

Chloroquine

Low‐risk

Captopril

Interleukin‐2

Carbamazepine

Omeprazole

Chlorpromazine

Risperidone

Isoniazid

Sulfonamides

Methyldopa

Tetanus toxoid

Captopril

Minocycline
a

Propylthiouracil

b

TNF‐alpha inhibitors
Adapted from Rubin et al 2015.60

Topical fluorouracil

Penicillamine
Sulfasalazine

a

Amiodarone

Drug class

Rechallenge evidence supports association.
Young age group with bullous pemphigoid and temporarily associated
medication, or spontaneous resolution of bullous pemphigoid after drug
withdrawal alone.
c
Elderly age group and temporarily associated medication.
d
Reproduced from Lo Schiavo et al 2013.66
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of predominantly IgG autoantibodies directed against the epithelial

exposure to the phenol drugs that are involved in the acantholytic

cell surface, resulting in damage to the intercellular area between

process in patients with an underlying genetic predisposition.74 The

76

Oral lesions are usu‐

mechanism by which other non‐sulfhydryl, non‐phenol drugs, such

ally present at an early stage and are mostly present on the buccal

keratinocytes and subsequent acantholysis.

as ACEIs, NSAIDs and some calcium channel blockers may trigger

mucosa, palate, ventral tongue and lips.76 They start as blisters and

pemphigus is thought to be due to overexpression of target antigens

progress to chronic erosions and ulcers. In advanced disease, severe

on the keratinocyte combined with an amplification of the immune

desquamative or erosive gingivitis can also be present.76

response.74

There are three separate chemical moieties in drugs that have
been associated with inducing pemphigus: drugs containing a sulf‐
hydryl group; drugs containing a phenol group; and non‐sulfhydryl,

3.6 | Drug‐associated erythema multiforme

non‐phenol drugs.73,74 These drugs are listed in Table 6.74,76,77 Drugs

Erythema multiforme (EM) is an acute, self‐limiting, inflammatory

that are most frequently implicated in triggering pemphigus contain

disorder that is characterised by typical target skin lesions or mu‐

a sulfhydryl group including penicillamine, captopril, penicillin and

cosal ulcerations, or both.78 There are several reports of EM con‐

74

piroxicam.

It has been shown that the incorporation of the sulfhy‐

fined to the oral cavity.79 The frequency of mucosal involvement has

dryl drugs into the keratinocyte can cause changes that result in the

been estimated to be between 25% and 60% in all cases of erythema

production of autoantibodies responsible for the immune‐driven

multiforme,80 often with the appearance of blood crusted lips.81

acantholysis in pemphigus.74 It should be noted that the induction

Mucosal lesions start with erythematous macules that develop into

of this reaction by drugs is rare with the exception of penicillamine,

oedematous vesicles and subsequently rupture forming erosions

where it is estimated that approximately 7% of patients taking pen‐

with a fibrinous pseudomembrane.80,81 They generally heal within

75

icillamine for at least 6 months develop pemphigus.

Phenolic drugs reported to induce pemphigus include cephalo‐
sporins, aspirin, rifampicin, levodopa, heroin and phenobarbitone.74
It is thought that the keratinocytes release specific cytokines on

6 weeks80 without scarring.81 Other mucosa involved can also in‐
clude the eyes, pharyngeal, genital and respiratory tract and is associ‐
ated with significant morbidity.80 When there is skin involvement by
definition, there is less than 10% of body surface area affected.78,82
While EM has a strong association with viruses, such as herpes sim‐

TA B L E 6

Drugs associated with inducing pemphigusa
Penicillamine
Captopril
Penicillin
Cephalosporinsb

Drugs containing a sulfhydryl group

Piroxicam

Drugs containing a phenol ring

Cephalosporinsb

Non‐thiol non‐phenol drugs

Many individual case reports exist that implicate numerous
drugs with EM. Drug‐induced EM, Stevens‐Johnson syndrome (SJS)
and toxic epidermal necrolysis (TEN) have been reviewed in detail by
Lerch et al,78,83 but will be summarised here and in Tables 7 and 8.
A large case‐control study (SCAR study) conducted between 1989
and 1995 quantified the association of specific drugs with EM, SJS
and TEN and showed that the highly implicated drugs were oxicam‐
NSAIDs (piroxicam), phenobarbitone, phenytoin, anti‐bacterial sul‐

Rifampicin

phonamides and allopurinol.78,82,84 A population‐based study found

Levodopa

that allopurinol/diphenhydramine, amoxicillin, ampicillin, erythro‐

Heroin

mycin, diphtheria‐tetanus‐pertussis vaccination, nitrofurantoin, tet‐

Phenobarbitone

racycline and valproic acid were all implicated.78,85 Sulphonamides

Diclofenac

have been reported in several studies, including the trimethoprim/

Fosinopril
Interferon‐alpha
Interferon‐beta
Isotretinoin
Nifedipine
Norfloxacin
Progesterone
Propanolol
Ramipril
77

and candida, drugs are the second most common cause.78

Aspirin

Enalapril

a

plex, and other infectious agents such as mycoplasma pneumoniae

74

From Ruocco et al 2001, Ruocco et al 2013, Scully and Mignogna
2008.76
b
Some cephalosporins contain a sulfhydryl group or a phenol ring.

sulfamethoxazole combination.80
Recently, several case reports have emerged of EM being trig‐
gered by TNF‐alpha inhibitors including adalimumab, infliximab and
etanercept,86 as well as alectinib.87 In addition, a recent case report
has identified the anti‐neoplastic drugs nivolumab and vemurafenib
causing EM.78,88

3.7 | Drug‐associated Stevens‐Johnson
syndrome and toxic epidermal necrolysis
Stevens‐Johnson syndrome and its more severe variant, TEN, are
delayed T‐cell mediated hypersensitivity reactions largely due to
medications,83,89 characterised by blistering and erosion of the skin
and mucous membranes.90 The principal difference between SJS,
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Drugs associated with erythema multiforme

Drug class

Drug

Antibacterials

Amoxicillin

TA B L E 8 Drugs associated with Stevens‐Johnson syndrome and
toxic epidermal necrolysisa
Drug class
High risk

Ampicillin
Erythromycin
Nitrofurantoin
Sulfonamides

Anticonvulsants

Drug

Antibacterials

Trimethoprim/sulfamethoxazole

Sulfonamide
antibiotics

Sulfasalazine

Anticonvulsants

Carbamazepine

Sulfadiazine

Tetracycline

Lamotrigine

Trimethoprim/sulfamethoxazole

Phenytoin
Phenobarbital

Carbemazepine
Oxicam‐NSAIDs

Phenobarbitone

Piroxicam
Meloxicam

Phenytoin
Valproic acid
Antineoplastics

Allopurinol

Acetic acid
NSAIDs

Diclofenac

Nevirapine
Significant
but lower
risk

Nivolumab
Vemurafenib
Piroxicam

TNF‐alpha inhibitors

Adalimumab

Other

Indomethacin
Sulindac
Ketorolac

Macrolides

Etanercept

Azithromycin

Infliximab

Clarithromycin

Allopurinol

Erythromycin
Roxithromycin

Diptheria‐tetanus‐pertussis
vaccination
a

Other

Alectinib

Oxicam‐NSAIDs

7

Quinolones

Ciprofloxacin
Levofloxacin

Adapted from Lerch et al 2018.78

Norfloxacin
Ofloxacin

SJS‐TEN overlap and TEN is determined by the percentage of cu‐

Cephalosporins

taneous involvement, with SJS having <10% of epidermal detach‐

Cephalexin
Ceftriaxone

ment, SJS‐TEN overlap having between 10% and 30% and TEN is

Cefuroxime

having >30% of skin detachment.82,83 While SJS and TEN are rare

Tetracyclines

severe cutaneous adverse reactions with an estimated incidence

Doxycycline
Minocycline

of 2 cases/million population/year, they have a high morbidity and
90

mortality.

Penicillins

The painful widespread oral mucositis causes dyspha‐
91

gia and odynophagia.

The mortality risk is high for TEN (>40%),

and other complications such as ocular involvement are prominent

a

Adapted from Ronjeau et al 1995,
et al 2013.96

Amoxicillin
84

Mockenhaupt et al 2008,90 Patel

in survivors (40%‐50%).92
Exposure to drugs are the leading cause of SJS and TEN, with a

a high‐risk drug in the original SCAR study,82 but this risk was not

delay of 4‐28 days in most cases between the onset of drug intake

confirmed in the EuroSCAR study.90 The same study confirmed that

and commencement of symptoms, although there can be a delay of

allopurinol was the most frequently associated drug with SJS and

up to 30 weeks before symptoms develop for drugs not commonly

TEN, with daily doses of more than 200mg being associated with

associated with SJS/TEN.83,90 While there have been more than 100

increased risk.83,93 A pooled analysis assessing medications as risk

drugs identified in case reports as causes of SJS/TEN, only a lim‐

factors for the development of SJS and TEN in children identified

ited number are responsible for the majority of cases.84 The SCAR

anti‐infective sulphonamides, phenobarbitone, carbamazepine and

study showed that trimethoprim/sulfamethoxazole, oxicam‐NSAIDs

lamotrigine as high‐risk drugs.92 Recent literature has shown that the

(piroxicam), allopurinol, phenobarbitone, phenytoin and carbamaz‐

risk of SJS/TEN with carbamazepine treatment is strongly associated

epine had substantial increased risk for causing SJS/TEN.82,84 A

with people who have variant alleles of the human leucocyte antigen

subsequent similar study, conducted through a hospital network

(HLA‐B 1502 and HLA‐A3101).94 Current recommendations there‐

in Europe from 1997 to 2001 (the EuroSCAR study) that assessed

fore include genetic testing for people in at‐risk populations prior

the risk of medicines for inducing SJS/TEN, showed that nevirap‐

to commencing carbamazepine.94 A retrospective analysis of drug‐

ine, lamotrigine and meloxicam had increased risk, and weaker as‐

related hospitalisations in Portugal from 2009 to 2014 found that

sociations were shown for sertraline.90 Valproic acid was considered

the most frequently associated drug classes with SJS/TEN included
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antibiotics, antivirals, anticonvulsants and uric acid metabolism
95

drugs, and in particular allopurinol and lamotrigine.

A systematic

review of drug‐induced SJS and TEN in the Indian population showed
carbamazepine, phenytoin, fluoroquinolones (gatifloxacin, ciproflox‐
acin, ofloxacin and levofloxacin) and paracetamol as being strongly
associated with SJS/TEN.83,96 Other studies92 have also suspected
paracetamol while others still have questioned its association due to
confounding by indication or other concurrent medication.90

4 | CO N C LU S I O N
Oral ADRs are often a neglected area of pharmacovigilance by all
health professionals. It is suspected that dentists tend not to report
ADRs as they do not recognise it as their role, they may not realise
the condition is drug‐induced, may not know how to report an ADR,
or are not confident that it should even be reported. In Australia, an
ADR can be reported to the Therapeutic Goods Administration (https
://www.tga.gov.au/publication/reporting-adverse-drug-reactions).
A systematic review of the determining factors towards under‐
reporting of adverse drug reactions listed ignorance (where clini‐
cians had the impression that only “severe” ADRs needed reporting),
diffidence, indifference and complacency as some personal reasons
why clinicians chose not to report ADRs.97 Knowledge and attitudes
of clinicians have also been shown to be strongly associated with
pharmacovigilance reporting.97 It is not known which factors are
more specific to dentists, and as such further research investigating
reasons for under‐reporting is required so as to develop specific in‐
terventions targeting dental pharmacovigilance.
With rising numbers of medication use, expanded indications
for current medications, increased access due to wider prescribing
rights and greater access via the Internet, monitoring of drug safety
is more important now than ever. It is hoped that this two‐part se‐
ries of articles on oral adverse effects will raise awareness of ADRs
that manifest in the orofacial region and prompt dentists and other
health professionals to report them. It is also recommended that
pharmacovigilance agencies worldwide make greater efforts to in‐
clude dentists and other oral health professionals in their activities.
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Abstract
Objectives Oral adverse drug reactions are common and are associated with
some of our most frequently used medicines. It is important to identify and
manage oral adverse drug effects promptly as they not only negatively impact
dental health, but also adversely affect medication adherence, clinical outcomes
and patient quality of life. This study assessed the location of oral drug-induced
adverse effects in the registered drug company product information (PI) of the
top 100 most commonly used drugs in Australia as dispensed on the Pharmaceutical Benefits Scheme in 2018.
Method Publicly available data on dispensed medicines were accessed from the
Australian Commonwealth Department of Health, to determine the top 100
medicines. The drug company PI for each of these drugs was manually
searched to find their oral adverse effects. The number, type and location of
the oral adverse drug reactions (ADRs) were recorded.
Key findings Oral ADRs were commonly found varying in nature and severity.
However, they were difficult to find as there is no dedicated section for oral/dental adverse effects in the PI and the section they are in is inconsistently applied.
Conclusions We recommend that regulatory authorities such as the Therapeutic
Goods Administration in Australia create an additional section for oral/dental
adverse effects so they are easier to find, which may assist health professionals
detect recognise and report adverse drug effects manifesting in the oral cavity.

Introduction
An adverse drug reaction (ADR) is defined by the World
Health Organisation as ‘a response to a medicine which is
noxious and unintended, and which occurs at doses normally used in man’.[1] Adverse drug effects are frequent
consequence of medicine use, especially in the context of
polypharmacy. A recent population-based study showed
that polypharmacy is common among older Australians,
and the number of affected people continuing to rise,
despite the increased risk of drug interactions, adverse
drug effects and of medication errors.[2] The most recent
Australian Institute of Health and Welfare report showed
that people of 50 years and over were the recipients of
75% of all dispensed medicines on the Australian national
subsidised medicines program, the Pharmaceutical Benefits Scheme (PBS) in 2017.[3] Adverse drug reactions and
medication-related issues account for approximately
250 000 yearly hospital admissions, with 50% of this
© 2020 Royal Pharmaceutical Society

harm being preventable,[4] and are estimated to be
between the 4th and 6th leading cause of death in the
United States.[5]
Adverse drug reactions occur frequently in the oral cavity, affecting every structure of the mouth from oral
mucosa to the teeth and tongue. These ADRs can arise
from medications used either locally in the mouth or systemically. Expected oral side effects such as dry mouth
are well documented for drugs such as anticholinergic
medicines,[6] but many oral adverse reactions are unrelated to the known pharmacology of the drug (i.e. type
B) and therefore may go undiagnosed and unreported. As
type B oral ADRs are unexpected, they can be difficult for
patients and health professionals to recognise as being
drug-induced. The clinical presentation of oral adverse
drug effects, such as oral lichen planus, bruxism and
orobuccolingual dyskinesia, can be difficult to assess for
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non-dental professionals so may be misdiagnosed as a
new medical condition or related to an existing medical
condition. To make matters worse, there is little current
literature on oral ADRs how to diagnose them and, in
particular, how frequently they occur. A retrospective
study of oral ADR reports from the US Food and Drug
Administration determined the most frequent oral ADRs
associated with the 100 most commonly prescribed
medicines and showed that they were varied and common
occurrences.[7]
One of the main obstacles to identifying and reporting
of oral ADRs is the inconsistency with how they are classified and presented in the medical literature. In addition,
oral ADRs detected during clinical trials or in the postmarketing period are difficult to find in the registered
product information (PI) as their location tends to vary.
To the best of our knowledge, there is no dedicated
section for oral adverse effects in PI anywhere in the
world, and they tend to be scattered through various sections, from gastrointestinal and musculoskeletal to neurological and psychiatric. This may be one reason why they
are often overlooked or considered of lesser importance
than other ADRs, or simply not found. We considered an
oral ADR to be any adverse drug reaction that would
affect the oral cavity and jaw joints, not including or
extending past the tonsils. Examples include xerostomia,
hypersalivation, bruxism, tooth discolouration and hairy
tongue. Although rare, any systemic ADRs that may have
oral manifestations were not included, such as drug-induced lupus.
The aim of this study was to characterise two issues in
the ADR documentation for the 100 most commonly dispensed systemically administered drugs as recorded on
Australia’s national prescription database, the PBS: (1)
which, if any, oral ADRs are listed in the PI, and (2)
where they are located, and to assess the consistency of
these locations among the various PIs.

Method
The 100 most frequently dispensed drugs on the Australian PBS in 2018 were obtained by accessing publicly
available data from the Commonwealth Department of
Health on dispensed medicine use.[8] The PBS is a program by which the Australian government subsidises the
cost of most medicines. Each dosage form of every drug
has a unique PBS code listed on the PBS website with the
number of dispensed prescriptions of that particular dose
form over a defined timeframe.[8]
The data on dispensed medicines were collected for
prescriptions by all prescribers (medical, dental, nursing
and optometry) to ascertain the 100 most frequently dispensed drugs for 2018. This list of drugs dispensed on the
© 2020 Royal Pharmaceutical Society

Location of oral adverse effects in product information

PBS from 1 January to 31 December 2018 was extracted
and arranged using Microsoft Excel by number of dispensed prescriptions. The drugs were sorted by generic
name; no proprietary names are included in the database.
Each unique PBS medicine code was then correlated with
the corresponding drug as indicated on the PBS website.[9] As it is recommended by the Department of
Health that the data set supplied be accessed at least three
months after the studied time frame, to account for
delayed processing of prescriptions,[8] the data set was
accessed on 30 April 2019. As these data are publicly
available, ethics approval was not required.
Only systemically administered drugs were included, as
it is known that topically administered drugs are less
likely to be associated with oral ADRs. The oral ADRs
chosen for analysis were limited to those that manifest in
the oral cavity or affect jaw joints as previously described.
Once the list of the most commonly dispensed medicines was compiled, the registered PI for the original brand
of each drug was accessed from AusDi.[10] This document
was scanned manually by the primary researcher (LT),
who is a pharmacist and dentist, for each drug for any
possible oral ADRs in the ‘Adverse effects’ section. The
ADR category in which each oral ADR was located and
the number of drugs with which each oral ADR was associated with were also recorded.

Results
The oral ADRs detected from the PI of the top 100 dispensed systemic drugs on the PBS in 2018 included xerostomia, taste disturbance (including dysgeusia and
ageusia), mouth ulceration (or stomatitis), tardive dyskinesia, black hairy tongue, bruxism, gingival enlargement,
hypersalivation, glossitis, tooth discolouration and pigmentation of mucous membranes, osteonecrosis of the
jaw, tooth disorder, caries, parotid swelling, toothache,
gingival bleeding and oral hypoesthesia. The number of
drugs each oral ADR is associated with is shown in
Table 1. The location of the six most frequently cited oral
ADRs in the PI is shown in Table 2. This table clearly
demonstrates the variety and inconsistency of the location
of oral ADRs across drug PI.
Xerostomia was listed as an oral adverse effect of 43 of
the top 100 dispensed drugs on the PBS in 2018 and
showed the most variability in location, as it was found
in six different ADR sections. It was found mostly in the
gastrointestinal section, but also in ‘nervous system’,
‘metabolic’, ‘anticholinergic’, or in an unspecified section
(see Table 2). Taste disturbance was the second most
commonly reported oral ADR, being associated with 35
drugs. Again, there was variability in the location, being
in four different sections: ‘gastrointestinal’, ‘nervous
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Table 1 Number of drugs that were associated with each oral ADR
Number of
drugs

Oral ADR
Xerostomia
Taste disturbance
Mouth ulceration/stomatitis
Tardive dyskinesia
Hairy tongue
Bruxism
Gingival enlargement
Hypersalivation
Glossitis
Tooth discolouration/pigmentation of mucous
membranes
Osteonecrosis of the jaw
Othera

43
35
18
11
7
7
5
5
4
3
2
7

ADR, adverse drug reaction.
Includes parotid swelling, tooth disorder, bleeding gums, salivary
gland enlargement, tooth caries and toothache.
a

system’, ‘special senses’ or ‘other’ sections. Mouth ulceration or stomatitis was listed as an oral adverse effect for
18 drugs, mostly located in the ‘gastrointestinal’ section
or ‘Other’. Tardive dyskinesia, a condition that most
commonly affects the mouth, lips and tongue, was located
in the ‘nervous system’, psychiatric and gastrointestinal
section. The PI for metoclopramide (‘Maxolon’ brand),
the drug that is most commonly associated with tardive
dyskinesia, listed all ADRs under one section entitled
‘Adverse effects (Undesirable effects)’ and did not list any
according to separate body systems.
The location of the adverse effect ‘black hairy tongue’
was mostly in the ‘gastrointestinal’ section, despite it
only affecting the tongue.[11,12] This benign, self-limiting
adverse effect, where the tongue can have a black,
brown, yellow or green discolouration, is mostly associated with antibiotics, postulated to be due to their ability to modify local oral flora.[11,12] Bruxism, a wellestablished adverse effect of SSRIs, was inconsistently
located in three sections, ‘psychiatric’, ‘nervous system’
and ‘gastrointestinal’.
Other oral adverse effects not included in Table 2, but
found to be less common, are described here. Gingival
enlargement, a well-known but uncommon adverse effect
of the calcium channel blockers, valproate, phenytoin and
cyclosporin, was listed under the ‘gastrointestinal section’
for amlodipine, verapamil, valproate and felodipine, but
under ‘post-marketing data’ for diltiazem.
Glossitis and hypersalivation were consistently listed in
the ‘gastrointestinal’ section. While the salivary glands
and tongue are part of the gastrointestinal tract, they are
primarily thought of as being part of the oral cavity
specifically; however, none of the PIs have used this as a
heading listing for ADRs. Doxycycline, minocycline and
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clarithromycin are associated with causing tooth and tongue discolouration, which was listed under four different
sections. For doxycycline and clarithromycin, tooth and
tongue discolouration were listed under ‘musculoskeletal’
and ‘digestive’ sections, respectively, while minocycline
listed tooth discolouration in a dedicated ‘dental’ section.
Minocycline is also associated with causing pigmentary
changes to the oral mucous membranes, which was listed
under the ‘dermatological’ section, most likely because it
is associated with causing pigmentary changes of the
external skin, eyes and nails as well. Medication-related
osteonecrosis of the jaw was listed under its own specific
section for denosumab but under the ‘musculoskeletal’
section for risedronate.

Discussion
This is the first study to comprehensively assess the location of reporting of oral ADRs in the PI of commonly
dispensed medicines in Australia. The study showed great
variation in the location of oral ADRs in the PIs studied,
making them difficult to locate for both clinicians and
patients. The most common section for oral ADRs to be
located was the gastrointestinal section. Oral ADRs, such
as xerostomia, can impact a patient’s teeth, caries development, speech or eating.

Strengths and limitations
Strengths of this study are the objective and critical
review of PI rarely made by clinicians in everyday
practice, and the broad perspective achieved by analysing a very wide range of drugs. However, an important limitation of this study is that we only examined
PI from frequently dispensed drugs which are often
popular because they are inherently well-tolerated and
therefore may not have had many oral ADRs in their
PI anyway. Additionally, we only used Australian PI,
but a valuable international perspective would be
gained by repeating this study using PI from other
countries where, for example, ADR frequency is
included more often in the PI than it is in Australia.
Nevertheless, this study is directly relevant to health
care for professionals unaware of or having difficulty
finding oral ADRs in PI sources.
Underscoring the findings from this study, previous
studies assessing the prevalence of oral ADRs have confirmed that they are a common occurrence, with side
effects such as xerostomia, hypersalivation, tardive dyskinesia and bruxism being commonly associated with medications used to manage conditions including mental
illness and multiple sclerosis.[13,14] Xerostomia has also
been reported in literature as being common among older
© 2020 Royal Pharmaceutical Society

Brand - PI
Progout
Endep
Tenormin
Norvasc
Amoxil
Augmentin Duo
Norspan
Celebrex
Cipramil
Klacid
Plavix
CoPlavix
Colgout
Pristiq
Valium
Voltaren
Cardizem
Motilium
Doryx
Cymbalta
Duodart
Lexapro
Prozac
Lasix
Avapro
Avapro HCT
Zoton
Zanidip
Trajenta
Mobic
Diabex
Maxolon
Betaloc
Flagyl
Physiotens
Zyprexa
Losec
Endone
Targin
Ditropan
Somac

Drug

Allopurinol
Amitriptyline
Atenolol
Amlodipine
Amoxicillin
Amoxicillin with clavulanate
Buprenorphine
Celecoxib
Citalopram
Clarithromycin
Clopidogrel
Clopidogrel with Aspirin
Colchicine
Desvenlafaxine
Diazepam
Diclofenac
Diltiazem
Domperidone
Doxycycline
Duloxetine
Dutasteride/Tamsulosin
Escitalopram
Fluoxetine
Furosemide
Irbesartan
Irbesartan with Hydrochlorothiazide
Lansoprazole
Lercandipine
Linagliptin
Meloxicam
Metformin
Metoclopramide
Metoprolol
Metronidazole
Moxonidine
Olanzapine
Omeprazole
Oxycodone
Oxycodone/naloxone
Oxybutynin
Pantoprazole
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Nervous system
Gastrointestinal
Gastrointestinal
No specified section
Gastrointestinal
Gastrointestinal
Gastrointestinal

Gastrointestinal

Gastrointestinal
Post-marketing data
Gastrointestinal
Gastrointestinal
Metabolic
Gastrointestinal
Gastrointestinal
Gastrointestinal

Gastrointestinal

Nervous system
Nervous system

Gastrointestinal

Gastrointestinal

Gastrointestinal
Gastrointestinal

Gastrointestinal

Other

Gastrointestinal

Gastrointestinal

Gastrointestinal
Gastrointestinal
Gastrointestinal

Gastrointestinal

Other
Gastrointestinal

Mouth ulceration/stomatitis

Nervous system

Special senses
Gastrointestinal

Nervous system

Special senses
Special senses
Nervous system
Special senses

Special senses
Special senses

Nervous system

Nervous system
Gastrointestinal

Nervous system

Gastrointestinal
Gastrointestinal
Gastrointestinal
Nervous system

Nervous system
Nervous system
Special senses
Special senses
Nervous system
Nervous system

Other

Other
Gastrointestinal

Taste disturbance

Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal

Gastrointestinal
Gastrointestinal
Gastrointestinal

Xerostomia

No specified section

Nervous system
Nervous system

Nervous system

Nervous system

Nervous system

Nervous system

Tardive dyskinesia

Gastrointestinal

Gastrointestinal

Gastrointestinal

Gastrointestinal
Gastrointestinal

Gastrointestinal

Black hairy tongue

Table 2 The six most frequently associated oral ADRs of the most commonly dispensed 100 drugs on the PBS in 2018 and their location in the product information

Psychiatric
Nervous system

Psychiatric

Psychiatric

Bruxism
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Panadeine Forte
Aropax
Coversyl
Coversyl Plus
Cilicaine VK
Minipress
Lyrica
Stemetil
Pariet
Tritace
Actonel
Xarelto
Rulide
Zoloft
Sotacor
Palexia SR
Micardis
Bactrim
Epilim
Efexor-XR
Isoptin
Coumadin

Paracetamol with Codeine
Paroxetine
Perindopril
Perindopril with indapamide
Phenoxymethylpenicillin
Prazosin
Pregabalin
Prochlorperazine
Rabeprazole
Rampril
Risedronate
Rivoroxaban
Roxithromycin
Sertraline
Sotalol
Tapentadol
Telmisartan
Trimethoprim with sulfamethoxazole
Valproate
Venlafaxine
Verapamil
Warfarin
Nervous system
Gastrointestinal

Gastrointestinal
Gastrointestinal

Gastrointestinal

Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal
Gastrointestinal

No specified section
Gastrointestinal
Gastrointestinal
Gastrointestinal

Xerostomia

ADR, adverse drug reaction; PBS, Pharmaceutical Benefits Scheme.

Brand - PI

Drug

Table 2 Continued

Nervous system

Nervous system

Special senses

Other

Special senses
Gastrointestinal

Nervous system

Special senses
Gastrointestinal
Nervous system

Taste disturbance

Gastrointestinal
Gastrointestinal

Gastrointestinal

Mouth ulceration/stomatitis

Nervous system

Nervous system

Nervous system

Nervous system

Tardive dyskinesia

No specified section

Black hairy tongue

Psychiatric

Psychiatric

Gastrointestinal

Bruxism
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people, mostly due to the effect of medicine use and
polypharmacy.[15] A study which assessed the accessibility
of the available information about xerostomia in drug
monographs and published literature found that dry
mouth is a common adverse effect, associated with 61%
of the most commonly prescribed medications in Canada,
but warnings are not readily available to health professionals or patients.[16] This study also found that the
information provided by the medicine references could be
confusing, as there are conflicting reports and information is not consistent across the various drug information
sources. The authors postulate that this may be one reason why physicians do not routinely inform patients
about this adverse effect and how to manage it, despite it
being not only common, but also significantly affecting
patients’ quality of life.[16] This hypothesis as to why
physicians do not routinely inform patients of possible
orofacial side effects may well apply to the Australian
context, given the findings of our study.[16]
In addition to being common, it is well established that
oral ADRs can have varying degrees of impact on both
the oral and general health of patients. The long-term use
of drugs that are associated with xerostomia, such as anticholinergics or tricyclic antidepressants, can have a significant effect on the oral environment, with patients at
significant risk of an increase in the rate of tooth decay,
gum disease, dental pain and potentially loss of
teeth.[11,16] Patients with dry mouth are also at increased
risk of developing oral candidiasis, having difficulty with
mastication, swallowing and speech.[11] This common
adverse effect can therefore have a profound effect on oral
health and quality of life. In agreement with other studies,[6,15] our study showed that a wide range of drugs is
associated with xerostomia.
Other oral adverse effects, such as drug-induced movement disorders, including bruxism and dyskinesia, are
underreported and less well-known. These effects are associated with the SSRIs and antipsychotics.[17-19] Bruxism
can result in profound wear of the teeth, jaw-muscle
hypertrophy, fracture or failure of teeth, restorations or
implants, and sensitivity or pain of teeth, jaw and temporo-mandibular joints.[20] Although it affects the orofacial region, the complex and multifactorial aetiology of
bruxism results in its being placed in the ‘psychiatric’ or
‘nervous system’ sections, which makes it difficult for
health professionals to locate as an oral ADR since many
patients who experience bruxism do not have a diagnosed
psychiatric disorder. Orobuccal lingual dyskinesias (OBLD)
are persistent, involuntary abnormal movements that usually present as lip-smacking, grimacing, puckering, rapid
eye blinking and dyskinetic tongue movements and can
persist even after the medication is stopped.[21-23] As the
most common form of OBLD predominately involves the
© 2020 Royal Pharmaceutical Society
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oral cavity, being able to locate this ADR in the PI as an
oral adverse effect would be very helpful for dentists and
other health professionals, who may be unlikely to consider
the ‘nervous system’ as the area in which to find this
adverse effect in the PI.
Many other oral adverse effects were associated with
the commonly utilised medicines in Australia as determined from the analysis, such as hairy tongue, hypersalivation, gingival enlargement, tooth discolouration
and other mucosal disorders induced by medicines that
can have oral manifestations. Taste disturbance was the
second most commonly identified oral ADR, which can
impact on patients’ dietary choices, and potentially contribute to caries development as well as affecting general health.[13] This adverse effect is inconsistently
scattered in different sections in the PI for different
drugs and is therefore difficult to find. Being able to
recognise, locate and manage oral ADRs is clearly
important to prevent dental caries, gum disease, tooth
abrasion, and dental and tooth pain,[13] as well as to
maintain general health.

Policy, practice and research implications
Identifying that a condition may be drug-induced is
essential for effective management. In fact, medication-related osteonecrosis of the jaw, associated with drugs such
as bisphosphonates and denosumab, was only identified
through post-marketing reporting and has consequently
influenced the management of patients taking these
medicines by both dentists and medical practitioners. As
the management of oral ADRs often involves a multidisciplinary approach, all health professionals need to be easily
able to locate oral ADRs in drug information sources,
and as such, they should be consistent.
However, for the purposes of highlighting inconsistencies, drug PI sources, including drug sources for Europe,
the UK and the United States, all have similar findings.[24,25]
We call on drug regulatory authorities such as the TGA
in Australia to update the section on adverse effects in
registered PI and create an additional category for oral/
dental adverse effects so they may be more readily identified. This would not preclude the listing of such ADRs
under other appropriate sections. This may assist with
reporting of ADRs and may help with detection during
pre-marketing trials, as researchers will be alerted to their
possible presence.
The fact that most oral adverse effects were located in
the gastrointestinal section, or inconsistently in various
sections throughout the PI makes them difficult to find.
Not only does this obscure useful information for all
health professionals as they can be easily overlooked, but
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gives the misconception that they are not important
enough to list separately or that they do not exist. Most
clinicians have time constraints and so being able to
quickly and practically locate oral adverse effects may
assist with their detection and highlights their importance.
Appropriate management can have a significant impact
on a patient’s overall health and well-being.

Conclusion
Oral ADRs are common, varied and associated with commonly prescribed medicines. A significant proportion of
the population would experience and need to manage the
effects of drug-related oral ADRs, which can have a significant impact on their oral health, clinical outcomes and
quality of life. Making oral ADRs easier to find in the PI
would help with ADR recognition, management and
reporting. Regulatory authorities such as the TGA could
create an additional category for oral adverse effects in
the PI so that both clinicians and patients can more readily identify them.

Funding
This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.

Author contributions
LT conceived the methodology, contributed to the acquisition of the data, compiled the results, analysed the data,
drafted the manuscript and gave final approval. KS
assisted with drafting of the manuscript, analysis and
interpretation of the results and gave final approval. GM
conceived the conception and design of the work, the presentation of the results, drafted the manuscript and gave
final approval. All authors had access to the original study
data that supported this publication. All authors are in
agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated
and resolved.

Ethics approval

Declarations
Conflict of interest
The Author(s) declare(s) that they have no conflicts of
interest to disclose.

References
1. A World Health Organisation
Resource. Safety of Medicines: – A
Guide to Detecting and Reporting
Adverse Drug Reactions – Why
Health Professional Need to Take
Action.
http://apps.who.int/medic
inedocs/en/d/Jh2992e/ (accessed 2
February 2019).
2. Page AT et al. Polypharmacy among
older Australians, 2006–2017: a population-based study. Med J Aust
2019; 211: 71–75.
3. Australian Institute of Health and
Welfare. Australia’s Health 2018.
Canberra, ACT, Australia: AIHW,
2016.
4. Lim RSS, Ellett LK, Roughead
L.Medicine safety: take care. Canberra,
ACT, Australia: Pharmaceutical Society of Australia, 2019.

International Journal of Pharmacy Practice 2020, , pp.

No ethics approval was required for this study, as the most
commonly dispensed drugs on the Pharmaceutical Benefits
Scheme are publicly available from the Department of
Health. Drug product information is also publicly available
so therefore ethics approval was not required.

5. Davies EC et al. Adverse drug reactions in hospitals: a narrative review.
Curr Drug Saf 2007; 2: 79–87.
6. Wolff A et al. A guide to medications
inducing salivary gland dysfunction,
xerostomia, and subjective sialorrhea:
a systematic review sponsored by the
world workshop on oral medicine
VI. Drugs R D 2017; 17: 1–28.
7. Zavras AI et al. Adverse drug and
device reactions in the oral cavity:
surveillance and reporting. J Am
Dent Assoc (1939) 2013; 144: 1014–
1021.
8. Department of Health. PBS and RPBS
Section 85 Date of Processing and
Date of Supply Data 2017, October
23. http://www.pbs.gov.au/info/statis
tics/dos-and-dop/dos-and-dop (accessed 31 April 2019).
9. Department of Health. Browse by
Body System 2017. http://www.pb

–

10.
11.

12.

13.

14.

15.

s.gov.au/browse/body-system
(accessed 30 April 2019).
AusDI: Medical Director. https://ausdi.
hcn.com.au (accessed 30 May 2019).
Group OaDE. Therapeutic Guidelines:
Oral and Dental. Version 2nd edn.
Melbourne, Vic., Australia: Therapeutic Guidelines Limited, 2012.
Thompson DF, Kessler TL. Drug-induced black hairy tongue. Pharmacotherapy 2010; 30: 585–593.
Cockburn N et al. Oral health
impacts of medications used to treat
mental illness. J Affect Disord 2017;
223: 184–193.
Cockburn N et al. Managing the oral
side-effects of medications used to
treat multiple sclerosis. Aust Dent J
2017; 62: 331–336.
Ying Joanna ND, Thomson WM.
Dry mouth – an overview. Singapore
Dent J 2015; 36: 12–17.

© 2020 Royal Pharmaceutical Society

8

16. Nguyen CT et al. Information for
physicians and pharmacists about drugs
that might cause dry mouth: a study of
monographs and published literature.
Drugs Aging. 2014; 31: 55–65.
17. Martino D et al. Movement disorders associated with antipsychotic
medication
in
people
with
schizophrenia: an overview of
Cochrane reviews and meta-analysis.
Can J Psychiatry 2018; 63: 730–739.
18. Ganzini L et al. The prevalence of
metoclopramide-induced
tardive
dyskinesia and acute extrapyramidal

© 2020 Royal Pharmaceutical Society

Location of oral adverse effects in product information

movement disorders. Arch Intern
Med 1993; 153: 1469–1475.
19. Garrett AR, Hawley JS. SSRI-associated bruxism: a systematic review of
published case reports. Neurol Clin
Pract 2018; 8: 135–141.
20. Feu D et al. A systematic review of
etiological and risk factors associated
with bruxism. J Orthod 2013; 40:
163–171.
21. Femiano F et al. Oral manifestations
of adverse drug reactions: guidelines.
J Eur Acad Dermatol Venereol 2008;
22: 681–691.

22. Jimenez-Jimenez FJ, Garcia-Ruiz PJ,
Molina JA. Drug-induced movement
disorders. Drug Saf 1997; 16: 180–204.
23. Yilmaz AE et al. Methylphenidate-induced acute orofacial and extremity
dyskinesia. J Child Neurol 2013; 28:
781–783.
24. European Medicines Agency EM.
https://www.medicines.org.uk/emc/
(accessed 30 June 2019).
25. FDA Professional Information. https://
www.drugs.com/pro/ (accessed 30 June
2019).

International Journal of Pharmacy Practice 2020, , pp.

–

