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Methamphetamine abuse is a growing global health concern, recognized for its
highly addictive properties and severe effects on the human body. Commonly
referred to as crystal, chalk, or ice, methamphetamine is a synthetic stimulant
that can be administered in various ways. Methamphetamine abuse is associated
with a spectrum of oral health issues known as “meth mouth,” including rampant
teeth caries, extensive occlusal tooth wear, periodontal diseases, xerostomia,
bruxism, and poor oral hygiene. Despite the significant oral health impact, the
exact pathogenesis remains unclear due to the limited number of reported cases
and comprehensive studies performed. This case series details changes in oral
and general health of different severity associated with methamphetamine abuse,
highlighting unusual presentations such as the generalized decrease in teeth
sensitivity, which can be associated with aseptic tooth pulp necrosis, hairy black
tongue, rampant arrested caries, decreased periodontal inflammation, specific
sunflower seed abrasions on antagonistic central incisors, pityriasis rosea skin
lesion and palmar erythema. The clinical management was presented in detail
and justified, which entails conservative dental, periodontal and oral mucosae
treatments and highlighted the need for a comprehensive complex examination of
these patients and financial consideration in treatment planning. This case series
underscores the need to recognize the diverse oral and general health effects
of methamphetamine abuse, which vary with duration and individual symptom:s.
Patients often withhold substance use, leading to delayed diagnosis until severe
manifestations arise. Enhanced awareness among healthcare providers can improve
diagnosis and management, offering valuable insights into underlying mechanisms
and enabling better care for this high-risk population.

KEYWORDS

case report, methamphetamine, drug abuse, meth mouth, black hairy tongue, pulp
necrosis, pityriasis rosea, palmar erythema

1 Introduction

Methamphetamine (METH) also called crystal, chalk or ice is a highly addictive
psychostimulant that can be administered orally, smoked, snorted or injected (1). METH
is the most commonly manufactured amphetamine-type stimulant globally (2).
According to the latest United Nations Office on Drugs and Crime report, METH abuse
is the third most common worldwide drug use disorder after cannabis and opioids (3).
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Unlike plant-derived substances, METH is a synthetic drug that
does not require the extraction of active constituents from
cultivated plants, allowing it to be manufactured almost anywhere
(4). METH abuse has been recognized as a significant public
health issue globally, in the United States data indicates that 59.7
per 1,000 adults have ever tried METH, and between 2015 and
2018, 6.6 per 1,000 adults used it in the past year. Among those,
52.9% developed METH use disorders (5). The prevalence of
METH abuse, along with the incidence of overdose and mortality,
has been increasing (6).

METH’s high lipophilicity enables it to readily cross the
blood-brain barrier (7). Once in the brain, METH’s structural
similarities with monoamines allow it to be recognized as a
substrate by dopamine, serotonin, and noradrenaline plasma
membrane transporters, facilitating its entry into neurons and
their terminals (8). In the terminals, METH induces the release of
monoamines from the monoamine storage vesicles, which
significantly increases the concentration of monoamines in the
synaptic cleft and with time causes the depletion of
neurotransmitters from the monoamine storage vesicles (9).
Additionally, METH inhibits monoamine oxidase, which in
normal conditions provides monoamine degradation and blocks
the reuptake of monoamines from the synaptic cleft which further
increases their concentration in the synapse (10). After
administration, patients experience an acute, powerful rush, an
enhanced energy level, and prolonged euphoria (11).

Chronic METH abuse has systemic effects, including central
nervous system stimulation, which can lead to anxiety, paranoia,
hallucinations, and insomnia (1). Cardiovascular effects include
tachycardia, hypertension, and increased risk of myocardial
infarction and stroke (12). Chronic use can cause neurotoxicity,
leading to cognitive decline and memory impairments (13). Other
impacts include weight loss, malnutrition, and immune
suppression, which heighten infection risks (1, 12). Behavioral
effects include aggression and compulsive behaviors (14).

METH is also known to have numerous deleterious effects on
oral health, collectively referred to as “meth mouth.” This term
describes the severe dental caries, tooth wear, and periodontitis
commonly observed among METH users (15). Similar to early
childhood caries, METH-related caries predominantly affects the
interproximal and vestibular surfaces of teeth, particularly the
anterior teeth, resulting in a blackened, stained, rotting,
crumbling, or disintegrating appearance (16). Additionally,
individuals with METH abuse have higher incidences and severity
of dental erosions, gingival enlargement, mucosal ulceration and
tooth loss (17-20), xerostomia, periodontal diseases, clenching,
and bruxism (18, 21-24), as well as neglecting of individual oral
hygiene (25, 26).

The exact pathogenesis of METH’s effects on oral health is not
fully understood, partly due to the relatively small number of
reported cases (27). A more comprehensive understanding of the
clinical manifestations and mechanisms by which METH
influences oral health would improve diagnostic and treatment
interventions for this group of patients.

The present case series aimed to present a unique variety of oral
cavity changes in two patients after METH abuse, including rampant
arrested caries and relatively decreased inflammatory response from
periodontal tissues in addition to implemented treatment.
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2 Case series description and case
management

2.1 Patient 1

The first patient is a 35-year-old Caucasian male, who complained
about an unesthetic appearance of his frontal teeth. He is not a regular
dentist attendee. According to the patient, the destruction of his teeth
started 3 years ago, and for the last 5 years, he has never experienced
tooth pain or any other reasons to visit a dentist. After a few leading
questions, the patient confessed that he regularly engaged in oral
ingestion (by rubbing the crystals into his gums) and inhalation of
METH regularly for about 3.5 years. He has been smoking cigarettes
for 8 years (7-8 cigarettes daily) and smokes cannabis occasionally.
Apart from heavy drug abuse in the past, he does not report any
chronic systemic diseases or serious surgical interventions in the past.

Upon intraoral examination, rampant caries of teeth and severe
destruction of teeth 18, 28, 24, and 16 were diagnosed (Figures 1 A,B).
Multiple vertical craze lines were observed on the vestibular and oral
surfaces of the teeth (Figures 1C,D). Teeth 11 and 41 had a notch-
shaped defect on the incisal edge. Oral and vestibular surfaces were
extensively covered with plaque (plaque score 100%), gingiva probing
depth did not exceed 3 mm, bleeding on probing was 50%, and

FIGURE 1

Clinical presentation of the first patient before treatment. Extensive
and widespread caries affect multiple teeth, severely destroyed teeth,
and poor oral hygiene. (A) Two separate images of the 1st and 4th
sextants, and the 2nd and 3rd sextants, combined to illustrate the
relationship of the teeth in central occlusion, (B) combined photo of
the occlusal view of the first, second, third and fifth sextant,

(C) vertical craze lines on right canines and premolars, denoted by
black arrowheads and (D) the left side.
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multiple recessions of gingival margin were present (Figure 1A). The
patient’s oral mucosa was moderately moistened, with normal
salivation observed. Regional lymph nodes were not enlarged and not
painful on palpation. Based on the intraoral clinical examination, life
and medical history the patient was diagnosed with multiple caries
lesions of teeth (rampant caries) associated with METH abuse, chronic
apical periodontitis of the tooth 16 and 24, chronic generalized
gingivitis, multiple gingival margin recessions due to cervical and root
caries, Angle Class III malocclusion, skeletal form with a reverse deep
overbite and moderate crowding in the anterior segment of the
upper and lower jaw.

To proceed with the treatment plan, the patient was advised to
have a consultation with a general doctor and orthodontist, as well as
a CT examination of the jaws. A general doctor examination did not
reveal any significant systemic conditions. Following a consultation
with the orthodontist, the patients agreed on orthodontic treatment
involving fixed appliance braces, aimed at improving esthetics through
“orthodontic camouflage” After the analysis of a patient’s CT together
with the orthodontist was decided to extract the hopeless tooth 16 and
four wisdom teeth, that were severely destroyed by caries and restore
the affected by caries molars, premolars, canines and mandibular
incisors permanently and put provisional restoration on maxillary
incisors, which will be changed for ceramic crowns after the
orthodontic treatment will be completed with the creation of sufficient
place and favorable occlusion. All other teeth were to be restored with
direct composite restorations using the biomimetic technique, as
detailed by Skrypnyk and Petrushanko (28). For all restoration that
were made in this cases series following dental materials were used:
Prime & Bond Universal adhesive (Dentsply Sirona, United States),
SDR flow+ (Dentsply Sirona, United States), dentin - Spectrum TPH3
A3.5-O (Dentsply Sirona, United States), and for the main enamel -
Neo Spectra A2/A3/A3.5 (Dentsply Sirona, United States). Direct
composite restorations offer significant benefits in this clinical case, as
they allow for adjustments after orthodontic treatment by adding
composite material to the existing restorations.

The treatment plan was structured to be completed over seven
appointments. During the first appointment, a thorough professional
oral hygiene was performed, which entailed the removal of all dental
deposits. The patient was also given individualized instructions on
oral hygiene and diet. In each subsequent appointment, the treatment
of one sextant was completed.

Before initiating caries treatment, tooth vitality was assessed with
a cold test (Endo ICE, Roeco) and a heat test using heated gutta-
percha (29). Surprisingly, all teeth in both the upper and lower jaws
exhibited reduced or no response, even those with deep cavities. CT
evaluation revealed no signs of apical periodontitis except for teeth 16
and 24 (Figures 2A,C). Clinically, all cavitated caries lesions resembled
arrested lesions, characterized by densely covered with dark softened
dentin, with sclerotic underlying dentine, with decreased sensitivity
across all affected teeth, and did not have radiological signs of vitality
loss (Figure 2). Carious cavities were prepared using a selective
approach to remove affected tissue. Failure to determine tooth vitality
using cold and heat tests necessitated the use of a cavity test (tooth
preparation without anesthesia). Local infiltration anesthesia was
administered to anesthetize the gingiva before placing the rubber
dam clamp.

In the upper right sextant caries cavities in teeth 17, 15, and 14
were restored with composite resin, while teeth 18 and 16 were
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extracted. Teeth 18 and 16 were extracted under greater palatine and
posterior superior alveolar nerve block using articaine (Artifrin-
Zdorove forte; 1:100000). The healing of the extraction sites was
uncomplicated. In the upper left sextant, multiple carious cavities in
27, 26, and 25 teeth were restored with composite resin (Figure 3C).
Tooth 24, which was severely destroyed by caries with an exposed pulp
chamber, underwent root canal treatment and was restored with
composite resin (Figure 3C). During endodontic access preparation,
carious tissues were removed, and dry necrotic remnants of the pulp
were identified, though there was no significant inflammatory
response from the apical periodontal tissues based on radiological and
clinical presentation (Figure 2C) and tooth 28 was extracted. The
lower left and right sextant teeth 37, 36, 35, 34, 47, 46, 45, and 44
(Figures 3A,B) were restored on two other subsequent visits and teeth
38 and 48 were extracted. Restoring the anterior sextants of the
upper and lower jaws was difficult due to the presence of deep
subgingival cavities and root caries (Figures 3D,E). The low anterior
sextant was restored permanently, and for the upper sextant
provisional restorations were performed, which will be changed for
the composite crown after orthodontic treatment (Figure 3E).

2.2 Patient 2

The second patient is a 24-year-old Caucasian female, who
complained of unpleasant sensations while swallowing caused by a
black “lump” on the base of her tongue and bleeding upon brushing
her teeth. The sensation appeared around 10 days ago and was
gradually increasing. She tried to remove it by scrubbing with a
tongue cleaner for a week, but it was unsuccessful. She is not a regular
dental attendee. She confessed to having been regularly addicted to
METH for 2.5 years (inhalation and oral ingestion). She has been
smoking for 6 years, around 12-15 cigarettes daily and used to smoke
cannabis occasionally. Apart from drug abuse, a patient does not
report any chronic systemic diseases or serious surgical interventions
in the past.

Upon intraoral examination, multiple sites of initial and cavitated
carious lesions were diagnosed in teeth 16, 26, 35, 36, 37, 46, and 47
(Figure 4A). This patient had a similar notch-shaped defect on the
incisal edge of teeth 11 and 41 as the first patient (Figure 4E). The oral
and vestibular surfaces of teeth were extensively covered with dental
plaque (plaque score 100%), gingival probing depth was 1-3 mm, and
bleeding on probing was 93%. In the middle of the dorsal surface of
the tongue base, a roller-shaped exophytic dark lesion was observed
(Figure 4B). The skin on the palms exhibited a pattern of redness and
pale areas, resembling a rash (Figure 4F). On the body’s skin (neck
and abdomen area) oval-shaped skin rush with patches of different
sizes (0.4-5 cm in diameter) were diagnosed (Figure 4D). Based on
the intraoral clinical examination and the patient’s dental and medical
history, a diagnosis was established for caries in teeth 16, 26, 35, 36,
37, 46, and 47, chronic generalized gingivitis, black hairy tongue
(BHT), Angle Class III malocclusion, and moderate crowding in the
anterior segment of the upper and lower jaw.

To proceed with the treatment plan, the patient was advised to
undergo a general medical consultation, an orthodontic assessment,
and an exfoliative cytology of the dorsal surface of the tongue. The
general doctor did not diagnose any major somatic diseases, aside from
palmar erythema and pityriasis rosea, no significant disturbances were
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FIGURE 2

fifth sextants.

Patient 1. CT scan examination of the upper and lower jaw. A CT scan image of the (A) first sextant, (B) second, (C) third, (D) sixth, and (E) fourth and

found in the patient’s complete blood count and biochemical blood
analysis, she also was negative for HIV, hepatitis B and C, and syphilis
and had normal results of abdominal organs ultrasound examination.
The exfoliative cytology from different parts of the oral mucosae
showed abundant Staphylococcus microflora of hard palatine mucosae.
The dorsal surface of the tongue exhibited a high abundance of
Staphylococcus spp. and Actinomycetes spp. Few leukocytes were
observed in the high-power fields, and approximately 30% of epithelial
cells of the superficial (cornified layer) and granular layer
were anucleated.

The following treatment plan was established: professional
oral hygiene, diet analysis, further examination and treatment of
palmar erythema and pityriasis rosea with the general practitioner,
orthodontic consultation, and treatment of all cavitated carious
lesions. For the management of BHT, the patient was prescribed
rinsing the dorsal surface of the tongue with a solution made by
dissolving 1,000,000 IU of benzylpenicillin powder (Arterium,
Kievmedpreparat) in warm water. This rinsing was to
be performed for 5 min, twice daily, after individual oral hygiene,
for 5 days. Additionally, regular tongue cleaning with a tongue
scraper was to be done every morning, before the oral rinsing
with benzylpenicillin.

The patient agreed on professional hygiene of the oral cavity,
diet analysis and treatment of the BHT. However, due to financial
constraints, the patient opted not to proceed with caries treatment
or further treatment with the general practitioner. Professional
oral hygiene was performed the following day, and the patient
began the oral rinsing regimen. Diet analysis revealed that the
patient primarily consumed processed foods, high-sugar food,
and sweetened beverages regularly. The diet was revised, and the
patient was advised to increase the consumption of solid,
unprocessed foods to enhance mastication and stimulate epithelial
desquamation. Additionally, it was recommended to reduce the
intake of sweets and sugary beverages. We strongly recommended
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discontinuing smoking; however, the patient found it impossible
to comply. By the fifth day, the condition of the BHT had resolved
(Figure 4C).

3 Discussion

The clinical presentation of METH-associated changes in the
oral cavity can vary depending on the duration and frequency of
abuse, as demonstrated in these two cases. Only severe and chronic
METH abuse has quite specific multiple caries lesions covered with
dark necrotic dentin, erosions of enamel, attrition, and multiple
craze lines secondary to muscle parafunction due to bruxism of
masticatory muscles trismus (30, 31). However, rampant caries is
not specific to METH abuse only, a similar presentation can be seen
in patients with radiation caries, severe xerostomia and adolescent
rampant caries (32, 33). Interestingly, both patients had specific
notch-shape defects caused by sunflower seed shelling on the incisal
edges of teeth 11 and 41, which can be a family or cultural trait,
previously it was described by Rath et al. (34). The mechanism of
dental abrasion from sunflower seed consumption involves a
combination of mechanical forces and repetitive mechanical actions
of chewing the hard, fibrous seed husks. This process causes
repetitive friction, which leads to enamel wear, particularly on the
incisors and premolars, as these teeth are most engaged in breaking
the husks (34, 35). Additionally, sunflower seed husks can create
micro-trauma to the enamel and adjacent soft tissues, which may
predispose to further damage by acidic or abrasive dietary
substances (34, 35). A comparative study of adult METH abusers
and non-abusers showed that 67.8% of METH abusers did not visit
a dentist in the past year, compared to 31.25% of non-abusers (36).
METH abusers had two times higher coronal caries rate, which is
29, and an incidence of root caries that was nearly three times
higher - 4.54 compared to non-abusers (36). The study did not

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1473584
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Skrypnyk et al.

10.3389/fpubh.2025.1473584

FIGURE 3

restoration (right image).

Treatment stages of the first patient. (A) Fourth and (B) sixth sextants (on left side teeth after selective carious tissues removal and on the right side
teeth after direct restoration), (C) the combined image which illustrates stages of the third sextant restorative treatment: initial condition, teeth after
selective carious tissues removal, occlusal and vestibular view of teeth after restoration (images presented from left to right), (D) the combined image
which illustrates stages of the tooth 44 restorative treatment: initial condition, teeth after selective carious tissues removal, vestibular view of tooth 44
after restoration (images presented from left to right), (E) teeth 21 and 22 after selective carious tissues removal (left image) and after their direct

report significant differences in salivation between the two
groups (36).

This is the first instance of generalized decreased tooth pulp
sensitivity observed in a patient with chronic METH abuse (case 1).
Based on our observations, it remains uncertain whether pulp vitality
is preserved in treated teeth or if the pulp underwent aseptic,
asymptomatic dry necrosis, which did not result in changes to
periapical tissue radiolucency. The pulpal cavity was not exposed
during the carious cavities preparation and there were no clinical and
radiological signs of pulpitis or apical periodontitis that is why root
canal treatment was avoided in teeth with decreased sensitivity to all
pulp vitality tests. It might be related to the general influence of
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METH, rather than being locally caused by the active caries process
in large severely destroyed teeth. This is suggested by the observation
that even teeth with small carious cavities showed decreased
sensitivity. While enamel loss typically increases sensitivity, the
exposure of underlying dentin and loss of nerve signaling in severely
damaged teeth may reduce sensitivity in advanced cases. Prolonged
vasoconstriction caused by METH reduces blood flow to oral tissues,
impairing the ability of tissue and nerve endings to heal and remain
viable, which with time could potentially blunt nerve response,
reducing pain perception (37, 38). In our opinion, the major
pathogenic mechanism involved in reduced teeth sensitivity is
chronic METH-induced stimulation of the central nervous system,
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FIGURE 4

Clinical presentation of the second patient’s oral cavity before treatment. Notice, teeth are densely covered with dental plaque and the marginal
gingiva is inflamed. (A) Two separate images of the 1st and 4th sextants, and the 2nd and 3rd sextants, combined to illustrate the relationship of the
teeth in central occlusion. (B) Combined image that illustrates the view of the right lateral, dorsal (with black hairy tongue lesion), and left lateral
surfaces of the tongue before treatment (from left to right), (C) clinical presentation of the dorsal surface of the tongue after treatment on a 10th day,
(D) presentation of pityriasis rosea lesions on the skin of abdomen area, (E) higher magnification of teeth 11 and 41 teeth with a notch-shape abrasion
defect on the incisal edge, caused by the shelling of sunflower seeds, (F) clinical presentation of the palmar erythema on a patient’s palms.

which may alter pain perception, diminishing the sensation of dental
discomfort despite ongoing damage (39). The effect of METH on the
brain and coronary arteries has been described, according to this
mechanism, METH can potentially cause chronic vasoconstriction
of the pulp vessels, disrupting the blood supply to the pulp and
leading to tissue hypoxia and aseptic necrosis (37, 40). Few clinical
studies reported severe disruption of jawbones vascularization in
METH abusers, which caused osteonecrosis of the jaw, which can

Frontiers in Public Health

be a result of toxic evaporation while heating of the white phosphor
(30, 41, 42). The mechanism behind the decreased sensitivity of tooth
pulp and its possible vitality loss could be similar. However, there are
no experimental or clinical studies to support the impact of METH
on tooth pulp.

Decreased blood perfusion of salivary glands caused by METH
results in reduced salivation, which causes xerostomia (43). It
decreases the buffer capacity of saliva by reducing salivary bicarbonate
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concentration, which impairs the ability to neutralize acids in the oral
cavity and dental plaque (44). At presentation, neither patient
exhibited signs of xerostomia, as this condition is reversible in METH
abusers upon cessation of METH. It can take up to 30 days to restore
the salivation volume and takes less time to normalize pH of saliva
(45). Both patients had poor oral hygiene, high dental plaque and
tartar accumulation, especially in subgingival and interproximal
areas that caused gingivitis development, which is typical for METH
abusers (31, 46). Gingival bleeding and inflammation were decreased
in both cases, which can be explained by vasoconstriction, decreased
vascular density and suppressed angiogenesis caused by nicotine in
chronic cigarette smokers (47-49). Professional oral hygiene resulted
in a significant improvement in periodontal health.

BHT is a benign condition characterized by a discolored, hairy
appearance of the dorsal tongue. It is commonly found among
smokers with poor oral hygiene, and immunocompromised patients.
BHT consists of two components: elongated filiform papillae and
discoloration of the dorsal tongue (50). In our case, we believe several
factors contributed to the development of a BHT. First, hyperkeratosis,
METH users typically have poor nutritional habits, leading to a
deficiency in essential vitamins necessary for normal epithelial cell
turnover. Inadequate desquamation on the dorsal tongue, caused by
an insufficient diet, results in the abnormal accumulation of keratin
layers, known as hyperkeratosis (51). Hyperkeratosis usually occurs
at the tips of the filiform papillae leading to their elongation to
lengths between 12 and 18 mm (the normal length of a filiform
papilla is approximately 1 mm; a diagnosis for hairy tongue is made
if it >3 mm) and a width of 2 mm, resulting in a hair-like appearance
(52). The elongation of the filiform papillae causes the trapping of
microscopic food particles, which creates a suitable environment for
bacterial growth combined with poor oral hygiene typical for METH
users (26, 36, 53). Moreover, METH users tend to prefer sweet foods,
carbonated beverages which create an environment rich in
monosaccharides and lower pH, further promoting bacterial growth
(26, 54, 55). The elongation of the filiform papillae, poor oral hygiene,
monosaccharides-rich diet and xerostomia cause a thriving
environment for porphyrin-producing anaerobic chromogenic
bacteria and yeast which create a BHT appearance (56, 57).
Additionally, the patient in our case report was a heavy tobacco user,
which is a well-known risk factor for BHT (58). A complex
intervention, including normalization of oral hygiene to reduce the
total bacterial load in the oral cavity, oral rinsing with antibiotics
against the detected bacteria and normalization of the diet, resulted
in the resolution of BHT.

The presence of pityriasis rosea in our patient can be explained by
METH-induced immune deficiency. There is growing evidence that
METH suppresses and modulates the immune system (59, 60). METH
has significant effects on both the innate and adaptive immune
responses (61). It causes a reduction in the number of natural killer
cells and dendritic cells, which significantly impacts the adaptive
immune system thereby predisposing to certain diseases and
infections, including pityriasis rosea (62, 63).

The etiology of palmar erythema in our patient is most likely
multifactorial. Given the normal complete blood count and liver
function test values, the primary identifiable risk factor is tobacco
smoking. According to McArthur and Firkin smoking is a possible
independent factor leading to the development of palmar erythema
(64). Additionally, considering the female sex of our patient it is
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possible that palmar erythema could be caused by an excess of
estrogens (65). However, the patient declined to have her free estrogen
levels tested.

There are no medication approved by the Food and Drug
Administration for the treatment of METH use disorder. However,
behavioral interventions have shown promising results (66). Among
these, the most effective to date is contingency management, a
behavioral intervention which is grounded in the principles of
operant conditioning and rewards positive behaviors. In contingency
management, material incentives are provided contingent upon
biological confirmation of drug abstinence (67). Participants in
contingency management programs earn rewards, such as vouchers
or gift cards, for meeting specific goals, such as passing drug tests or
attending counseling sessions. These rewards are provided promptly,
reinforcing the link between the desired behavior and the positive
outcome. Contingency management has proven highly effective in
encouraging abstinence from various substances, including alcohol,
nicotine, opioids, and stimulants (68-71). A recent review by Asha
Rani et al. analyzed seven studies evaluating the efficacy of
contingency management in treating METH use disorder. All seven
studies demonstrated a reduction in METH use, and two studies
additionally reported improvements in other health-related behaviors
(72). Overall contingency management is highly effective in reducing
METH wuse and promoting attendance to recovery-related
appointments in people with METH use disorders (67).

The second psychotherapy approach in management of METH
use disorder is cognitive behavioral therapy, which aims to change
patterns of thinking and behavior of METH users, while equipping
individuals with skills to manage cravings and prevent relapse (73,
74). Several meta-analyses and randomized clinical trials have
found that cognitive behavioral therapy effectively reduces METH
use and improves psychosocial functioning when delivered
consistently over time and is considered one of the most effective
behavioral interventions for stimulant use disorders (75-80).

The third psychological treatment approach is motivational
interviewing, an empirically supported clinical method designed
to help individuals make behavioral changes to achieve personal
goals. Using specific techniques, motivational interviewing
empowers individuals to mobilize their intrinsic values and goals,
exploring and resolving ambivalence about change (81).
Motivational interviewing is often used in combination with
cognitive behavioral therapy and has demonstrated high efficacy
in reducing METH use and improving medication adherence (82).

While the first-line treatment for METH use disorder is
psychotherapy, psychotherapy is not always available, which leads
to a search for other treatment options (83). Additionally, the
effectiveness of psychotherapy often diminishes after discharge (84).
Bupropion and naltrexone used individually have shown positive
evidence of efficacy in clinical trials for the treatment of METH use
disorder (77, 85-88). Bupropion is a stimulant-like antidepressant
that acts as a norepinephrine-dopamine reuptake inhibitor,
enhancing the levels of dopamine and norepinephrine in the brain.
Through the norepinephrine and dopamine systems, bupropion
provides amelioration of the dysphoria associated with METH
withdrawal that drives continued use (88, 89). Naltrexone is an
opioid-receptor antagonist, which by blockage of mu-opioid
receptors, can affect the reward pathways linked to addiction.
Naltrexone is highly effective for the treatment of opioid use
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disorder and has modest efficiency in preventing relapse of alcohol
use (90, 91). According to recent clinical trials a combination of
extended-release injectable naltrexone combined with once-daily
oral extended-release bupropion provided a higher treatment
response than a placebo in people with METH use (88, 92). Overall,
the combination of bupropion and naltrexone is not a cure, but it is
a step forward in management of METH use disorder, for which
effective pharmacological treatments were previously lacking.

Both patients experienced socio-economic challenges in accessing
dental treatment, including limited financial resources and difficulty
establishing trust with healthcare providers. METH users are primarily
adults from low socio-economic backgrounds, which often creates a
financial barrier to accessing essential and timely treatment (5, 36).
METH users encounter additional social barriers in accessing
healthcare services, which include challenges related to establishing
trusted, continuous care, obtaining integrated support from multiple
medical services, and overcoming judgmental attitudes from
healthcare practitioners (93).

To summarize, changes in oral health in METH abusers are
caused by a triad of factors: limited access to dental care due to
financial burdens, negative attitudes toward their health, and the
direct impact of drug use. The risk of oral diseases is heightened by
initial changes in the oral mucosa, xerostomia, insufficient diet and
poor oral hygiene, all of which compromise oral health. General
practitioners and dentists should be aware of the manifestations of
METH abuse in the oral cavity, as it has high diagnostic value and is
easily accessible for examination. The cases presented demonstrate
that METH abuse can have various manifestations in the oral cavity,
ranging from mild to severe. Moreover, some patients may not openly
discuss their substance use. Identifying the type of substance and the
duration of abuse is crucial for effective treatment planning and
substance abuse management. In patients where the dentist suspects
substance abuse based on the oral cavity status, the most important
thing is to make the patient feel comfortable and create a trusting
atmosphere for the conversation. It’s crucial to avoid a stigmatizing
or prejudiced attitude, as this can make patients feel unsafe, and
ashamed, and may lead them to stop seeking treatment. Dentists can
be among the first specialists to identify METH abuse and encourage
patients to seek further treatment for METH dependence, helping to
reduce the socio-economic burden of METH abuse and potentially
save lives.

Data availability statement

The original contributions presented in the study are included in
further directed to the
corresponding author.

the article, inquiries can be

References

1. Prakash MD, Tangalakis K, Antonipillai J, Stojanovska L, Nurgali K, Apostolopoulos
V. Methamphetamine: effects on the brain, gut and immune system. Pharmacol Res.
(2017) 120:60-7. doi: 10.1016/j.phrs.2017.03.009

2. Organization of American States [OAS]. United Nations Office on Drugs and Crime
[UNODC], 2014c. (2016).

3. UNODC. World drug report 2023 (United Nations publication). (2023) 14. Available
online at: https:/reliefweb.int/attachments/00448a60-0cf3-4f30-bea5-5474decac06a/ WDR23_
Booklet_2.pdf.

Frontiers in Public Health

10.3389/fpubh.2025.1473584

Ethics statement

Written informed consent was obtained from the individual(s) for
the publication of any potentially identifiable images or data included
in this article.

Author contributions

MakS: Conceptualization, Data curation, Formal analysis,
Methodology,
administration, Resources, Software, Supervision, Validation,

Funding acquisition, Investigation, Project
Visualization, Writing - original draft, Writing - review & editing. RS:
Conceptualization, Data curation, Investigation, Methodology,
Resources, Writing — original draft, Writing - review & editing. TP:
Investigation, Resources, Writing - review & editing. MarS: Resources,
Writing - review & editing. VP: Validation, Visualization, Writing -

review & editing. IS: Methodology, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1473584/
full#supplementary-material

4. Stoneberg DM, Shukla RK, Magness MB. Global methamphetamine trends. Int
Crim Just Rev. (2018) 28:136-61. doi: 10.1177/1057567717730104

5. Jones CM, Compton WM, Mustaquim D. Patterns and characteristics of
methamphetamine use among adults — United States, 2015-2018. MM WR Morb Mortal
Wkly Rep. (2020) 69:317-23. doi: 10.15585/mmwr.mmé6912al

6. Han B, Compton WM, Jones CM, Einstein EB, Volkow ND. Methamphetamine
use, methamphetamine use disorder, and associated overdose deaths among US
adults. JAMA Psychiatry. (2021) 78:1329-42. doi: 10.1001/jamapsychiatry.2021.2588

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1473584
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1473584/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1473584/full#supplementary-material
https://doi.org/10.1016/j.phrs.2017.03.009
https://reliefweb.int/attachments/00448a60-0cf3-4f30-bea5-5474decac06a/WDR23_Booklet_2.pdf
https://reliefweb.int/attachments/00448a60-0cf3-4f30-bea5-5474decac06a/WDR23_Booklet_2.pdf
https://doi.org/10.1177/1057567717730104
https://doi.org/10.15585/mmwr.mm6912a1
https://doi.org/10.1001/jamapsychiatry.2021.2588

Skrypnyk et al.

7. Davidson M, Mayer M, Habib A, Rashidi N, Filippone RT, Fraser S, et al.
Methamphetamine induces systemic inflammation and anxiety: the role of the gut-
immune-brain axis. Int ] Mol Sci. (2022) 23:11224. doi: 10.3390/ijms231911224

8. Shrestha P, Katila N, Lee S, Seo JH, Jeong JH, Yook S. Methamphetamine induced
neurotoxic diseases, molecular mechanism, and current treatment strategies. Biomed
Pharmacother. (2022) 154:113591. doi: 10.1016/j.biopha.2022.113591

9. Tomaskové A, Slamberové R, Cernd M. Influence of prenatal methamphetamine
abuse on the brain. Epigenomes. (2020) 4:14. doi: 10.3390/epigenomes4030014

10. Bisagno V, Cadet JL. Methamphetamine and MDMA neurotoxicity: biochemical
and molecular mechanisms In:. Handbook of neurotoxicity. New York, NY: Springer
New York (2014). 347-63.

11. Yasaei R, Saadabadi A. Methamphetamine. (2024). In: StatPearls [internet].
Treasure Island, FL: StatPearls Publishing. Available online at: https://www.ncbi.nlm.
nih.gov/books/NBK535356/ (Accessed May 1, 2023).

12. Edinoff AN, Kaufman SE, Green KM, Provenzano DA, Lawson ], Cornett EM,
et al. Methamphetamine use: a narrative review of adverse effects and related toxicities.
Health Psychol Res. (2022) 10:38161. doi: 10.52965/001¢.38161

13. Jablonski SA, Williams MT, Vorhees CV. Mechanisms involved in the neurotoxic
and cognitive effects of developmental methamphetamine exposure. Birth Defects Res C
Embryo Today. (2016) 108:131-41. doi: 10.1002/bdrc.21130

14. He ], Wang R, Li J, Jiang X, Zhou C, Liu J. Effect of transcranial direct current
stimulation over the left dorsolateral prefrontal cortex on the aggressive behavior in
methamphetamine addicts. J Psychiatr Res. (2023) 164:364-71. doi: 10.1016/j.jpsychires.
2023.06.038

15. Bloxom C, Dika C. Oral health in people who use methamphetamine. J Nurse
Pract. (2021) 17:661-4. doi: 10.1016/j.nurpra.2021.02.011

16. Mukherjee A, Dye BA, Clague J, Belin TR, Shetty V. Methamphetamine use and
oral health-related quality of life. Qual Life Res. (2018) 27:3179-90. doi:
10.1007/s11136-018-1957-6

17. Shetty V, Harrell L, Murphy DA, Vitero S, Gutierrez A, Belin TR, et al. Dental
disease patterns in methamphetamine users. ] Am Dent Assoc. (2015) 146:875-85. doi:
10.1016/j.adaj.2015.09.012

18. Firoozmand M. The effect of methamphetamine on human dentition. BDJ Student.
(2023). doi: 10.1038/s41406-023-0937-7

19. Brazier W], Dhariwal DK, Patton DW, Bishop K. Ecstasy related periodontitis and
mucosal ulceration - a case report. Br Dent J. (2003) 194:197-9. doi:
10.1038/s.bd;j.4809908

20. Quaranta A, D’Isidoro O, Piattelli A, Hui WL, Perrotti V. Illegal drugs and
periodontal conditions. Periodontol. (2022) 90:62-87. doi: 10.1111/prd.12450

21. Stanciu CN, Glass M, Muzyka BC, Glass OM. “Meth mouth”: an interdisciplinary
review of a dental and psychiatric condition. J Addict Med. (2017) 11:250-5. doi:
10.1097/ADM.0000000000000316

22. George S, Joy R, Roy A. Drug-induced bruxism: a comprehensive literature review.
J Adv Oral Res. (2021) 12:187-92. doi: 10.1177/2320206821992534

23.Hegazi F, Alhazmi H, Abdullah A, Alamer N, Nelson J, Aldosari M, et al.
Prevalence of oral conditions among methamphetamine users: NHANES 2009-2014. |
Public Health Dent. (2021) 81:21-8. doi: 10.1111/jphd.12389

24. Yazdanian M, Armoon B, Noroozi A, Mohammadi R, Bayat AH, Ahounbar E, et al.
Dental caries and periodontal disease among people who use drugs: a systematic review
and meta-analysis. BMC Oral Health. (2020) 20:44. doi: 10.1186/s12903-020-1010-3

25.Ye T, Sun D, Dong G, Xu G, Wang L, Du J, et al. The effect of methamphetamine
abuse on dental caries and periodontal diseases in an eastern China city. BMC Oral
Health. (2018) 18:8. doi: 10.1186/s12903-017-0463-5

26. Morio KA, Marshall TA, Qian E, Morgan TA. Comparing diet, oral hygiene and
caries status of adult methamphetamine users and nonusers. JADA. (2008) 139:171-6.
doi: 10.14219/jada.archive.2008.0133

27. Clague J, Belin TR, Shetty V. Mechanisms underlying methamphetamine-related
dental disease. JADA. (2017) 148:377-86. doi: 10.1016/j.adaj.2017.02.054

28. Skrypnyk M, Petrushanko T. Clinical performance of “free-hand” direct composite
crowns used for the restoration of severely destroyed mandibular molars. J Stomatol.
(2023) 76:167-74. doi: 10.5114/j0s.2023.131317

29. Peterson K, Soderstrom C, Kiani-Anaraki M, Lévy G. Evaluation of the ability of
thermal and electrical tests to register pulp vitality. Dent Traumatol. (1999) 15:127-31.

30. Pabst A, Castillo-Duque J, Mayer A, Klinghuber M, Werkmeister R. Meth
mouth—a growing epidemic in dentistry? Dent J (Basel). (2017) 5:29. doi: 10.3390/
dj5040029

31. Rommel N, Rohleder NH, Wagenpfeil S, Haertel-Petri R, Kesting MR. Evaluation
of methamphetamine-associated socioeconomic status and addictive behaviors, and
their impact on oral health. Addict Behav. (2015) 50:182-7. doi: 10.1016/j.addbeh.
2015.06.040

Frontiers in Public Health

10.3389/fpubh.2025.1473584

32. Pedroso CM, Migliorati CA, Epstein JB, Ribeiro ACP, Brandao TB, Lopes MA,
et al. Over 300 radiation caries papers: reflections from the rearview mirror. Front Oral
Health. (2022) 3:3. doi: 10.3389/froh.2022.961594

33. Namita RR. Adolescent rampant caries. Contemp Clin Dent. (2012) 3:122. doi:
10.4103/0976-237X.95122

34. Rath A, Ramamurthy P, Fernandes B, Sidhu P. Effect of dried sunflower seeds on
incisal edge abrasion: a rare case report. | Conserv Dent. (2017) 20:134-6. doi:
10.4103/0972-0707.212237

35. Warreth A, Abuhijleh E, Almaghribi MA, Mahwal G, Ashawish A. Tooth surface
loss: areview ofliterature. Saudi Dent J. (2020) 32:53-60. doi: 10.1016/j.sdentj.2019.09.004

36.Ravenel MC, Salinas CF, Marlow NM, Slate EH, Evans ZP, Miller PM.
Methamphetamine abuse and oral health: a pilot study of “meth mouth”. Quintessence
Int. (2012) 43:229-37.

37. Kevil CG, Goeders NE, Woolard MD, Bhuiyan MS, Dominic P, Kolluru GK, et al.
Methamphetamine use and cardiovascular disease. Arterioscler Thromb Vasc Biol. (2019)
39:1739-46. doi: 10.1161/ATVBAHA.119.312461

38.Naidoo S, Smit D. Methamphetamine abuse: a review of the literature and case
report in a young male. SADJ. (2011) 66:124-7.

39. Yamamotova A, Hrubd L, Schutova B, Rokyta R, Slamberova R. Perinatal effect of
methamphetamine on nociception in adult Wistar rats. Int | Dev Neurosci. (2011)
29:85-92. doi: 10.1016/j.jjdevnen.2010.08.004

40. Kousik SM, Graves SM, Napier TC, Zhao C, Carvey PM. Methamphetamine-
induced vascular changes lead to striatal hypoxia and dopamine reduction. Neuroreport.
(2011) 22:923-8. doi: 10.1097/WNR.0b013e32834d0bc8

41. Rustemeyer ], Melenberg A, Junker K, Sari-Rieger A. Osteonecrosis of the maxilla
related to long-standing methamphetamine abuse: a possible new aspect in the etiology
of osteonecrosis of the jaw. Oral Maxillofac Surg. (2014) 18:237-41. doi: 10.1007/s10006-
014-0449-2

42. Sacco R, Ball R, Barry E, Akintola O. The role of illicit drugs in developing
medication-related osteonecrosis (MRONY): a systematic review. Br ] Oral Maxillofac
Surg. (2021) 59:398-406. doi: 10.1016/j.bjoms.2020.08.079

43. Saini T, Edwards PC, Kimmes NS, Carroll LR, Shaner JW, Dowd FJ. Etiology of
xerostomia and dental caries among methamphetamine abusers. Oral Health Prev Dent.
(2005) 3:189-95.

44. Lee HH, Sudhakara P, Desai S, Miranda K, Martinez LR. Understanding the basis
of METH mouth using a rodent model of methamphetamine injection, sugar
consumption, and Streptococcus mutans infection. MBio. (2021) 12:e03534-20. doi:
10.1128/mBio.03534-20

45. Zokaee H, Fathi S, Golalipour H, Mirzaei F. Effects of methamphetamine
withdrawal on the volume and pH of stimulated saliva. ] Dent (Shiraz). (2022) 23:80-5.
doi: 10.30476/DENTJODS.2021.87248.1244

46. Shetty V, Mooney L], Zigler CM, Belin TR, Murphy D, Rawson R. The relationship
between methamphetamine use and increased dental disease. JADA. (2010) 141:307-18.
doi: 10.14219/jada.archive.2010.0165

47. Al-Bayaty FH, Baharuddin N, Abdulla MA, Ali HM, Arkilla MB, ALBayaty MF.
The influence of cigarette smoking on gingival bleeding and serum concentrations of
haptoglobin and alpha 1-antitrypsin. Biomed Res Int. (2013) 2013:1-6. doi:
10.1155/2013/684154

48. Holde GE, Jénsson B, Oscarson N, Miiller H. To what extent does smoking affect
gingival bleeding response to supragingival plaque? Site-specific analyses in a
population-based study. ] Periodontal Res. (2020) 55:277-86. doi: 10.1111/jre.12713

49. Mittal S, Komiyama M, Ozaki Y, Yamakage H, Satoh-Asahara N, Yasoda A, et al.
Gingival bleeding and pocket depth among smokers and the related changes after short-
term smoking cessation. Acta Odontol Scand. (2022) 80:258-63. doi:
10.1080/00016357.2021.1995040

50. Ren J, Zheng Y, Du H, Wang S, Liu L, Duan W, et al. Antibiotic-induced black
hairy tongue: two case reports and a review of the literature. J Int Med Res. (2020)
48:030006052096127. doi: 10.1177/0300060520961279

51. Gurvits GE. Black hairy tongue syndrome. World ] Gastroenterol. (2014)
20:10845-50. doi: 10.3748/wjg.v20.i31.10845

52.Schlager E, St. Claire C, Ashack K, Khachemoune A. Black hairy tongue:
predisposing factors, diagnosis, and treatment. Am J Clin Dermatol. (2017) 18:563-9.
doi: 10.1007/540257-017-0268-y

53. Abdelsalam S, Livingston M, Quinn B, Agius PA, Ward B, Jamieson L, et al.
Correlates of poor oral health related quality of life in a cohort of people who use
methamphetamine in Australia. BMC Oral Health. (2023) 23:479. doi: 10.1186/s12903-
023-03201-w

54. Antonelli JR. Dental manifestations of methamphetamine abuse: a case report.
Todays FDA. (2016) 28:72-5.

55. Murphy DA, Harrell L, Fintzy R, Vitero S, Gutierrez A, Shetty V. Soda consumption
among methamphetamine users in the USA: impact on oral health. Oral Health Prev
Dent. (2016) 14:227-34. doi: 10.3290/j.0hpd.a35620

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1473584
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3390/ijms231911224
https://doi.org/10.1016/j.biopha.2022.113591
https://doi.org/10.3390/epigenomes4030014
https://www.ncbi.nlm.nih.gov/books/NBK535356/
https://www.ncbi.nlm.nih.gov/books/NBK535356/
https://doi.org/10.52965/001c.38161
https://doi.org/10.1002/bdrc.21130
https://doi.org/10.1016/j.jpsychires.2023.06.038
https://doi.org/10.1016/j.jpsychires.2023.06.038
https://doi.org/10.1016/j.nurpra.2021.02.011
https://doi.org/10.1007/s11136-018-1957-6
https://doi.org/10.1016/j.adaj.2015.09.012
https://doi.org/10.1038/s41406-023-0937-7
https://doi.org/10.1038/sj.bdj.4809908
https://doi.org/10.1111/prd.12450
https://doi.org/10.1097/ADM.0000000000000316
https://doi.org/10.1177/2320206821992534
https://doi.org/10.1111/jphd.12389
https://doi.org/10.1186/s12903-020-1010-3
https://doi.org/10.1186/s12903-017-0463-5
https://doi.org/10.14219/jada.archive.2008.0133
https://doi.org/10.1016/j.adaj.2017.02.054
https://doi.org/10.5114/jos.2023.131317
https://doi.org/10.3390/dj5040029
https://doi.org/10.3390/dj5040029
https://doi.org/10.1016/j.addbeh.2015.06.040
https://doi.org/10.1016/j.addbeh.2015.06.040
https://doi.org/10.3389/froh.2022.961594
https://doi.org/10.4103/0976-237X.95122
https://doi.org/10.4103/0972-0707.212237
https://doi.org/10.1016/j.sdentj.2019.09.004
https://doi.org/10.1161/ATVBAHA.119.312461
https://doi.org/10.1016/j.ijdevneu.2010.08.004
https://doi.org/10.1097/WNR.0b013e32834d0bc8
https://doi.org/10.1007/s10006-014-0449-2
https://doi.org/10.1007/s10006-014-0449-2
https://doi.org/10.1016/j.bjoms.2020.08.079
https://doi.org/10.1128/mBio.03534-20
https://doi.org/10.30476/DENTJODS.2021.87248.1244
https://doi.org/10.14219/jada.archive.2010.0165
https://doi.org/10.1155/2013/684154
https://doi.org/10.1111/jre.12713
https://doi.org/10.1080/00016357.2021.1995040
https://doi.org/10.1177/0300060520961279
https://doi.org/10.3748/wjg.v20.i31.10845
https://doi.org/10.1007/s40257-017-0268-y
https://doi.org/10.1186/s12903-023-03201-w
https://doi.org/10.1186/s12903-023-03201-w
https://doi.org/10.3290/j.ohpd.a35620

Skrypnyk et al.

56. Sheikh Z, Khan AS, Khan S. Lingua villosa nigra. Lancet. (2011) 377:1183. doi:
10.1016/S0140-6736(10)60930-0

57. Mangold AR, Torgerson RR, Rogers RS. Diseases of the tongue. Clin Dermatol.
(2016) 34:458-69. doi: 10.1016/j.clindermatol.2016.02.018

58. Avcu N, Kanli A. The prevalence of tongue lesions in 5150 Turkish dental
outpatients. Oral Dis. (2003) 9:188-95. doi: 10.1034/j.1601-0825.2003.02933.x

59. Sriram U, Haldar B, Cenna JM, Gofman L, Potula R. Methamphetamine mediates
immune dysregulation in a murine model of chronic viral infection. Front Microbiol.
(2015) 6:6. doi: 10.3389/fmicb.2015.00793

60. Loftis JM, Choi D, Hoffman W, Huckans MS. Methamphetamine causes persistent
immune dysregulation: a cross-species, translational report. Neurotox Res. (2011)
20:59-68. doi: 10.1007/s12640-010-9223-x

61.Peerzada H, Gandhi JA, Guimaraes AJ, Nosanchuk JD, Martinez LR.
Methamphetamine administration modifies leukocyte proliferation and cytokine
production in murine tissues. Immunobiology. (2013) 218:1063-8. doi: 10.1016/j.imbio.
2013.02.001

62. Harms R, Morsey B, Boyer CW, Fox HS, Sarvetnick N. Methamphetamine
administration targets multiple immune subsets and induces phenotypic alterations
suggestive of immunosuppression. PLoS One. (2012) 7:¢49897. doi: 10.1371/journal.
pone.0049897

63. Papageorgiou M, Raza A, Fraser S, Nurgali K, Apostolopoulos V.
Methamphetamine and its immune-modulating effects. Maturitas. (2019) 121:13-21.
doi: 10.1016/j.maturitas.2018.12.003

64. McArthur G, Firkin BG. Smoking — another cause of palmar erythema? Med |
Aust. (1992) 156:71. doi: 10.5694/j.1326-5377.1992.tb126405.x

65. Serrao R, Zirwas M, English JC. Palmar erythema. Am J Clin Dermatol. (2007)
8:347-56. doi: 10.2165/00128071-200708060-00004

66.Roll JM, Petry NM, Stitzer ML, Brecht ML, Peirce JM, McCann MJ, et al.
Contingency management for the treatment of methamphetamine use disorders. Am J
Psychiatry. (2006) 163:1993-9. doi: 10.1176/ajp.2006.163.11.1993

67.Brown HD, DeFulio A. Contingency management for the treatment of
methamphetamine use disorder: a systematic review. Drug Alcohol Depend. (2020)
216:108307. doi: 10.1016/j.drugalcdep.2020.108307

68. Bolivar HA, Klemperer EM, Coleman SRM, DeSarno M, Skelly JM, Higgins ST.
Contingency management for patients receiving medication for opioid use disorder.
JAMA Psychiatry. (2021) 78:1092-102. doi: 10.1001/jamapsychiatry.2021.1969

69. Secades-Villa R, Aonso-Diego G, Garcia-Pérez A, Gonzilez-Roz A. Effectiveness of
contingency management for smoking cessation in substance users: a systematic review and
meta-analysis. ] Consult Clin Psychol. (2020) 88:951-64. doi: 10.1037/ccp0000611

70. Oluwoye O, Kriegel L, Alcover KC, McPherson S, McDonell MG, Roll JM. The
dissemination and implementation of contingency management for substance use disorders:
a systematic review. Psychol Addict Behav. (2020) 34:99-110. doi: 10.1037/adb0000487

71. Kalmin MM, Nicolo C, Long W, Bodden D, Van Nunen L, Shoptaw S, et al. A
systematic review of the efficacy of contingency management for substance use disorders
in low and middle income countries. Int J Behav Med. (2024) 31:605-19. doi:
10.1007/s12529-023-10197-8

72. Asha Rani P, Hombali A, Seow E, Ong W], Tan JH, Subramaniam M. Non-
pharmacological interventions for methamphetamine use disorder: a systematic review.
Drug Alcohol Depend. (2020) 212:108060. doi: 10.1016/j.drugalcdep.2020.108060

73.Shakiba K, Effatpanah M, Moradi A. Cognitive-behavioral therapy for
methamphetamine dependence among methadone-maintained patients. Iran J
Psychiatry Behav Sci. (2018) 12:¢63615. doi: 10.5812/ijpbs.63615

74. Alammehrjerdi Z, Briggs NE, Biglarian A, Mokri A, Dolan K. A randomized
controlled trial of brief cognitive behavioral therapy for regular methamphetamine use
in methadone treatment. ] Psychoactive Drugs. (2019) 51:280-9. doi:
10.1080/02791072.2019.1578445

75. Smout MF, Longo M, Harrison S, Minniti R, Wickes W, White JM. Psychosocial
treatment for methamphetamine use disorders: a preliminary randomized controlled
trial of cognitive behavior therapy and acceptance and commitment therapy. Subst Abus.
(2010) 31:98-107. doi: 10.1080/08897071003641578

Frontiers in Public Health

10

10.3389/fpubh.2025.1473584

76.Donato S, Ray L. Neurobiology and the treatment of alcohol use disorder: a
review of the evidence base. Subst Abus Rehabil. (2023) 14:157-66. doi: 10.2147/SAR.
5409943

77.Chan B, Freeman M, Kondo K, Ayers C, Montgomery ], Paynter R, et al.
Pharmacotherapy for methamphetamine/amphetamine use disorder—a systematic
review and meta-analysis. Addiction. (2019) 114:2122-36. doi: 10.1111/add.14755

78. Reback CJ, Shoptaw S. Development of an evidence-based, gay-specific cognitive
behavioral therapy intervention for methamphetamine-abusing gay and bisexual men.
Addict Behav. (2014) 39:1286-91. doi: 10.1016/j.addbeh.2011.11.029

79. De Crescenzo F, Ciabattini M, D’Alo GL, De Giorgi R, Del Giovane C, Cassar C,
et al. Comparative efficacy and acceptability of psychosocial interventions for individuals
with cocaine and amphetamine addiction: a systematic review and network meta-
analysis. PLoS Med. (2018) 15:e1002715. doi: 10.1371/journal.pmed.1002715

80. Stuart AM, Baker AL, Denham AM]J, Lee NK, Hall A, Oldmeadow C, et al.
Psychological treatment for methamphetamine use and associated psychiatric symptom
outcomes: a systematic review. J Subst Abus Treat. (2020) 109:61-79. doi: 10.1016/j.
j$at.2019.09.005

81. Arbuckle MR, Foster FP, Talley RM, Covell NH, Essock SM. Applying motivational
interviewing strategies to enhance organizational readiness and facilitate implementation
efforts. Qual Manag Health Care. (2020) 29:1-6. doi: 10.1097/QMH.0000000000000234

82. Parsons JT, John SA, Millar BM, Starks TJ. Testing the efficacy of combined
motivational interviewing and cognitive behavioral skills training to reduce
methamphetamine use and improve HIV medication adherence among HIV-positive
gay and bisexual men. AIDS Behav. (2018) 22:2674-86. doi: 10.1007/s10461-018-2086-5

83. Apuy LFM, Barreto MAB, Merino LAH. Efficacy of bupropion and cognitive
behavioral therapy in the treatment of methamphetamine use disorder: a systematic review
and meta-analysis. Braz ] Psychiatry. (2023) 45:280-5. doi: 10.47626/1516-4446-2022-2979

84. McKetin R, Najman JM, Baker AL, Lubman DI, Dawe S, Ali R, et al. Evaluating
the impact of community-based treatment options on methamphetamine use: findings
from the methamphetamine treatment evaluation study (MATES). Addiction. (2012)
107:1998-2008. doi: 10.1111/j.1360-0443.2012.03933.x

85. Heinzerling KG, Swanson A, Hall TM, Yi Y, Wu Y, Shoptaw SJ. Randomized, placebo-
controlled trial of bupropion in methamphetamine-dependent participants with less than
daily methamphetamine use. Addiction. (2014) 109:1878-86. doi: 10.1111/add.12636

86. Runarsdottir V, Hansdottir I, Tyrfingsson T, Einarsson M, Dugosh K, Royer-
Malvestuto C, et al. Extended-release injectable naltrexone (XR-NTX) with intensive
psychosocial therapy for amphetamine-dependent persons seeking treatment: a placebo-
controlled trial. ] Addict Med. (2017) 11:197-204. doi: 10.1097/ADM.0000000000000297

87. Siefried KJ, Acheson LS, Lintzeris N, Ezard N. Pharmacological treatment of
methamphetamine/amphetamine dependence: a systematic review. CNS Drugs. (2020)
34:337-65. doi: 10.1007/s40263-020-00711-x

88. Trivedi MH, Walker R, Ling W, dela Cruz A, Sharma G, Carmody T, et al.
Bupropion and naltrexone in methamphetamine use disorder. NEJM. (2021) 384:140-53.
doi: 10.1056/NEJMo0a2020214

89. Banks ML, Smith DA, Blough BE. Methamphetamine-like discriminative stimulus
effects of bupropion and its two hydroxy metabolites in male rhesus monkeys. Behav
Pharmacol. (2016) 27:196-203. doi: 10.1097/FBP.0000000000000224

90.Roche DJO, Worley MJ, Courtney KE, Bujarski S, London ED, Shoptaw S, et al.
Naltrexone moderates the relationship between cue-induced craving and subjective
response to methamphetamine in individuals with methamphetamine use disorder.
Psychopharmacology. (2017) 234:1997-2007. doi: 10.1007/s00213-017-4607-8

91. Aboujaoude E, Salame WO. Naltrexone: a pan-addiction treatment? CNS Drugs.
(2016) 30:719-33. doi: 10.1007/s40263-016-0373-0

92. Mooney L], Hillhouse MP, Thomas C, Ang A, Sharma G, Terry G, et al. Utilizing
a two-stage design to investigate the safety and potential efficacy of monthly naltrexone
plus once-daily bupropion as a treatment for methamphetamine use disorder. ] Addict
Med. (2016) 10:236-43. doi: 10.1097/ADM.0000000000000218

93. Clifford B, Van Gordon K, Magee E, Malone V, Siefried KJ, Graham D, et al.
“There’s a big tag on my head”: exploring barriers to treatment seeking with women who
use methamphetamine in Sydney, Australia. BMC Health Serv Res. (2023) 23:162. doi:
10.1186/512913-023-09125-z

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1473584
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(10)60930-0
https://doi.org/10.1016/j.clindermatol.2016.02.018
https://doi.org/10.1034/j.1601-0825.2003.02933.x
https://doi.org/10.3389/fmicb.2015.00793
https://doi.org/10.1007/s12640-010-9223-x
https://doi.org/10.1016/j.imbio.2013.02.001
https://doi.org/10.1016/j.imbio.2013.02.001
https://doi.org/10.1371/journal.pone.0049897
https://doi.org/10.1371/journal.pone.0049897
https://doi.org/10.1016/j.maturitas.2018.12.003
https://doi.org/10.5694/j.1326-5377.1992.tb126405.x
https://doi.org/10.2165/00128071-200708060-00004
https://doi.org/10.1176/ajp.2006.163.11.1993
https://doi.org/10.1016/j.drugalcdep.2020.108307
https://doi.org/10.1001/jamapsychiatry.2021.1969
https://doi.org/10.1037/ccp0000611
https://doi.org/10.1037/adb0000487
https://doi.org/10.1007/s12529-023-10197-8
https://doi.org/10.1016/j.drugalcdep.2020.108060
https://doi.org/10.5812/ijpbs.63615
https://doi.org/10.1080/02791072.2019.1578445
https://doi.org/10.1080/08897071003641578
https://doi.org/10.2147/SAR.S409943
https://doi.org/10.2147/SAR.S409943
https://doi.org/10.1111/add.14755
https://doi.org/10.1016/j.addbeh.2011.11.029
https://doi.org/10.1371/journal.pmed.1002715
https://doi.org/10.1016/j.jsat.2019.09.005
https://doi.org/10.1016/j.jsat.2019.09.005
https://doi.org/10.1097/QMH.0000000000000234
https://doi.org/10.1007/s10461-018-2086-5
https://doi.org/10.47626/1516-4446-2022-2979
https://doi.org/10.1111/j.1360-0443.2012.03933.x
https://doi.org/10.1111/add.12636
https://doi.org/10.1097/ADM.0000000000000297
https://doi.org/10.1007/s40263-020-00711-x
https://doi.org/10.1056/NEJMoa2020214
https://doi.org/10.1097/FBP.0000000000000224
https://doi.org/10.1007/s00213-017-4607-8
https://doi.org/10.1007/s40263-016-0373-0
https://doi.org/10.1097/ADM.0000000000000218
https://doi.org/10.1186/s12913-023-09125-z

	Case Report: Unusual oral cavity changes associated with methamphetamine abuse
	1 Introduction
	2 Case series description and case management
	2.1 Patient 1
	2.2 Patient 2

	3 Discussion

	References

