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Introduction

Oral health care for disabled patients is an important health issue in Taiwan.
Disabled patients seeking dental care include those with mental retardation, cere-
bral palsy, epilepsy, Down syndrome, autism, xerostomia, AIDS, loss of function of
major organs, and neurologic diseases. Current dental health care policies do not
completely address this critical oral health issue. Most of these physically or men-
tally disabled patients cannot find suitable or qualified dental services in local
dental clinics or even hospitals. Our current health care insurance system should
provide greater benefits for dental practitioners who are willing to care for such
disabled patients. The Department of Health (DOH) should legislate policies to pro-
vide greater financial support and equipment and encourage hospital dental clinics
and dentists to join this special oral care program. Dental schools, hospitals, and
the DOH can also provide curricula and special training programs for both dentists
and undergraduate dental students so that they can learn about diseases and den-
tal care of these patients. The government and DOH should cover the fees of law-
suits if dentists have medical legal problems while treating patients with disabilities.
Questions on special care dentistry can possibly be included in the National Board
Dental Examination. The government can establish some national oral health care
centers to treat these disabled patients. Through the development of effective
preventive and treatment strategies, the incidence of oral diseases in these
patients can be reduced in the future.

their oral health by themselves. Their dental care
is neglected not only because of insufficient moti-

Special care dentistry is the field of dental prac-
tice that provides oral hygiene care and treatment
needs for patients who have physical, mental or
medical problems, or limitations. It encompasses
preventive, diagnostic and treatment services.
These patients often cannot adequately maintain

vation and appreciation of oral health, but also a
lack of appropriate dental care providers and
health policies.

The regulations of the Social Security Disability
Program of the US Department of Labor, which pro-
hibit discrimination against persons with disabilities,
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define that an individual has a disability if he/she
has a physical or mental impairment that substan-
tially limits major life activities." In the US, around
20% of the non-institutionalized population has
some extent of disability.? One major difficulty in
estimating the number of people who have a disa-
bility is how disability is defined. It is often de-
fined from a broader perspective, which provides
a more accurate picture of the number of people
with disabling conditions in the US who could ben-
efit from physical activity.? Based on the 2007 data
from the Ministry of the Interior (MOI), Taiwan, about
4.4% of the Taiwanese have some disabilities who
fulfill the definition in the Physically and Mentally
Disabled Citizens Protection Law (Table 1).# The
number of disabled patients is increasing in the
world because of higher disease survival rates after
adequate medical care. During the aging progress,
the likelihood of obtaining a disability is therefore
increased. According to information from the MOI,
the physically and mentally disabled population
older than 65 years comprised 36.4% of the total
population in 2007, which was greatest among the
different age groups.

People with disabilities are divided into two
major groups, according to the onset of the dis-
ease conditions: those who are born with congeni-
tal defects and those who acquire a disorder or
injury later in life.2 The former includes mental re-
tardation, congenital developmental defects, cer-
ebral palsy, and genetic diseases such as Down
syndrome. The latter includes disabilities acquired
because of traumatic injury, systemic diseases, psy-
chologic disorders, and life-threatening illnesses like
cancer and AIDS.

In order to fulfill social welfare policies for the
medical and dental care of disabled patients, the
purposes of this review were to determine the gen-
eral conditions, disadvantaged status, and needs
of special dental care for patients with disabilities.
Since oral health is an integral part of general
health, suitable dental treatments to establish pre-
ventive dental programs and oral health care poli-
cies should be promoted in Taiwan.

Review of physically and mentally
disabled populations

According to a report by the Department of Health,
Executive Yuan, Taiwan, physically and mentally dis-
abled conditions in Taiwan are divided into 16 major
categories (Table 1).4 Limb disability (i.e., being
reliant on crutches or a wheelchair for mobility)
comprised 39.2% of the total disabled population
in Taiwan and is frequently found in the general
population. Their oral hygiene care is compromised

Table 1. Number and proportion of people who suffer
from 16 major disabling conditions

Classification n %
Visual disabilities 54,615 5.3
Hearing disabilities 109,578 10.7
Balance disorders 2173 0.2
Limb disorders 401,826 39.2
Mental retardation 91,617 8.9
Multiple disabilities 99,563 9.7
Facial damage 4004 0.4
Voice or speech disabilities 12,986 1.3
Loss of functions of a primary 105,732 10.3
organ
Chronic unconsciousness 4987 0.5
Senile dementia 24,852 2.4
Autism 7443 0.7
Chronic psychosis 97,738 9.5
Stubborn epilepsy 3279 0.3
Disability caused by infrequent 1014 0.1
diseases
Others (chromosome defects, 3753 0.4

congenital defects, metabolic
disorders, etc.)

From statistics of the Ministry of Interior, Taiwan in 2008.*

by decreased hand dexterity. Their dental and med-
ical problems were also neglected in the past, be-
cause it was not convenient for them to receive
dental treatment. This is why the government should
create a barrier-free environment for these pa-
tients with disabilities and provide more services
for them and access to dental clinics. The popula-
tion with disabling conditions also includes those
with hearing disabilities (10.7%), loss of function
of primary organs (10.3%), multiple disabilities
(9.7%), chronic psychosis (9.5%), and mental retar-
dation (8.9%) (Table 1).# However, dental resources
in different regions of Taiwan differ, and not every
dental clinic or even every hospital dental depart-
ment provides treatment for patients with disabil-
ity (Table 2).° General dentists should be aware of
their special needs for oral care and learn more
basic techniques for their treatment in dental prac-
tice. While hearing disabilities, reduced hand dex-
terity, and multiple disabilities affect some people,
they do not critically influence oral health care
and are not further reviewed in detail in this study.
Some other common disabling conditions which af-
fect dental treatment and their clinical character-
istics are summarized below.

Mental retardation
According to a survey in 2008, there were 91,617

persons with mental retardation comprising about
9% of the total population of disabled persons in
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Table 2. Number of dental facilities and disabled citizens in different cities and counties of Taiwan

Districts Hospital dental departments, n Local dental clinics, n Citizens with a disability, n
Taipei City 35 2794 113,981
Kaohsiung City 52 1599 60,803
Taipei County 57 2651 122,444
Ilan County 11 292 32,650
Taoyuan County 31 1286 65,711
Hsinchu County 8 293 17,662
Miaoli County 16 345 28,331
Taichung County 35 1284 62,470
Changhua County 35 951 60,249
Nantou County 10 401 31,364
Yunlin County 17 486 54,428
Chiayi County 6 248 36,415
Tainan County 24 725 54,983
Kaohsiung County 32 889 52,094
Pingtung County 27 597 47,094
Taitung County 6 146 18,713
Hualien County 9 266 25,715
Penghu County 3 80 5,725
Keelung City 8 278 17,216
Hsinchu City 8 371 13,633
Taichung City 31 1636 35,071
Chiayi City 11 370 12,261
Tainan City 15 855 26,658
Lienchiang County 1 5 331
Kinmen County 1 29 4727

From the Ministry of Interior, Taiwan, 2008,* and Bureau of National Health Insurance.?

Taiwan.* The severity of mental retardation ranges
from minor to severe. These patients usually have
poor attention and cooperation, which may affect
the efficacy of routine outpatient dental treatment.
People with mental retardation usually have more
untreated caries, and higher prevalences of gingi-
vitis and other periodontal diseases than the gen-
eral population.®’ Keeping appointments short and
postponing difficult procedures until the patient is
familiar with the dentist and his/her staff are sug-
gested.” In Taiwan, Choi et al.® examined oral con-
ditions in 152 subjects with intellectual disabilities
and found that dental caries and gingival inflam-
mation were the most prevalent oral diseases. Kao
and Chou’ also reported that children with mental
retardation are generally smarter than children
with Down syndrome and their periodontal health
care differs. Hu et al."® further showed that it is
more difficult for mentally retarded children to
find a dental clinic for oral health care. Therefore,
a higher percentage of mentally retarded children
never visited dental clinics in their survey. Inter-
estingly, mentally retarded children and healthy
children showed comparable decayed, missing, and
filled primary teeth, and decayed, missing, and
filled permanent teeth (DMFT) indices, but mentally

retarded children had a higher percentage of tooth
decay compared with the healthy group. Similarly,
Yang'' reported the DMFT index to be 8 and the
caries prevalence rate to be 92-94% in patients
with mental retardation in eastern Taiwan. This
study indicates that crucial oral health care issues
exist for these patients in Taiwan.

To treat dental problems in patients with severe
mental retardation, sedation or general anesthesia
is usually required because they cannot understand
or follow instructions. However, there are few den-
tists with specialist training in anesthesiology in
Taiwan, which means that current management of
these patients is difficult. Regular oral hygiene care
by their caregivers is important to prevent caries
and periodontal diseases.

Cerebral palsy

Cerebral palsy is the most common disease which
causes childhood disabilities and is due to hypoxic
or traumatic brain damage during birth."”? Few
well-organized studies regarding the oral health
care of cerebral palsy patients in Taiwan have been
published. Hurng'® examined the oral conditions of
632 adult cerebral palsy patients. Their mean DMFT
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index was 7.8, and the prevalences of dental caries
and gingivitis were 84% and 74-76%, respectively.

In these patients, motor activities are impaired
and muscle tonicities are uncoordinated. They have
problems in maintaining a proper position during
dental treatment and have difficulty in daily oral
hygiene maintenance. Some of them may have se-
vere bruxism, which leads to excessive tooth wear.”
During dental treatment, some form of physical re-
striction, sedation or general anesthesia is needed
to maintain a proper position and prevent their
uncoordinated muscle activities. If they are being
medicated with phenytoin, different extents of
drug-induced gingival hyperplasia are commonly
noted, and daily oral hygiene care becomes very
important.

Stubborn epilepsy

Epileptic patients usually take medication to con-
trol seizures throughout their life. If they take
phenytoin, gingival hyperplasia may occur and oral
hygiene care becomes difficult because of pseudo-
pocket formation. Without proper dental care,
gingivitis and eventually periodontal destruction
are major problems.” Oral hygiene instruction for
these patients and their caregivers should be
emphasized and promoted. Regular dental exam-
inations and maintenance prophylaxis to control
periodontal health are also important.’ In cases
of seizures occurring during dental treatment, it
is important to prevent tooth and soft tissue in-
juries due to muscle contractions and teeth clen-
ching as well as to maintain a patent airway.
Dentists should avoid placing any substance or
their fingers into the mouth of the patients to pre-
vent aspiration pneumonia and biting injury to
their fingers. In some cases, the dentist may con-
sult a medical doctor to check whether other drugs
can be used instead of phenytoin and whether the
condition of a patient is stable and suitable for
dental treatment.

Down syndrome

Down syndrome is a genetic disease (trisomy 21)
due to nondisjunction of the 21st chromosome.
Persons born with this defect usually have congen-
ital heart disease, developmental defects of the
facial skeleton, and variable levels of mental re-
tardation. Physical and orofacial characteristics of
the teeth, gingiva, tongue, palate, and occlusion in
patients with Down syndrome may show some vari-
ations with those of healthy persons.' Periodontal
disease is a major oral health problem in people
with Down syndrome. They may experience rapid,
destructive periodontitis and lose their permanent

teeth before adulthood.''® The contributing factors
include inadequate muscle (tongue) force, poor
oral hygiene, malocclusion, and an abnormal host
immune response.'? If a dentist has questions about
a patient’s medical history, he/she can contact the
patient’s general physician. To avoid the risk of
bacterial endocarditis, antibiotic prophylaxis be-
fore dental treatment is usually required, because
these patients often have congenital heart dis-
ease. Most of them are cooperative during dental
treatment, and techniques used in treating pe-
diatric patients like “tell, show and do” can be
helpful. Dentists need only be kindhearted and un-
derstanding when taking care of such patients.
However, when general anesthesia or sedation is
necessary for dental treatment, dentists should
inform the patient’s family about the potential
life-threatening risk of anesthesia according to clas-
sification of their physical status by the American
Society of Anesthesiologist system.'” Sometimes,
the dentist should refer a patient to a qualified
medical facility with suitable equipment and
anesthesiologists.

Autism

Autism is a complex disability that impairs the
communication and social, behavioral and intel-
lectual functioning of individuals.'® Clinical symp-
toms and severities of autism vary widely, and
some people have concomitant disabilities such as
mental retardation or epilepsy. People with autism
are sensitive to changes in the environment. It is
very difficult in terms of behavioral management,
because they are usually uncooperative. Physical
restriction, sedation, or general anesthesia may be
necessary to facilitate dental treatment. However,
promoting cooperation is the best choice. Using a
tell, show and do approach can encourage some
patients to become more cooperative. Immobiliza-
tion techniques should only be used when abso-
lutely necessary to protect the patient and staff
during dental treatment but not as a convenience.”
Huang'® reported an 89% prevalence rate of dental
caries in 91 autistic patients in Kaohsiung City. The
reasons these patients visit dental clinics include
dental caries, pain, and mucosal swelling. Regular
oral examinations, oral hygiene instruction, and
design of preventive strategies are necessary to
promote the oral health of patients.

Xerostomia

Xerostomia, also known as dry mouth, affects
many people in different situations. It may be
caused by side effects of medicine, such as tricy-
clic antidepressants, or by Sjogren syndrome, head
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and neck radiotherapy, and aging. Acommon cause
of xerostomia in Taiwan is radiotherapy in patients
with head and neck cancers (e.g., nasopharyngeal
carcinoma, oral cancer).? It can cause many den-
tal problems. Dry mouth can cause difficulties in
eating, swallowing, and taste sensation.2' Without
saliva lubrication, patients usually complain of a
burning sensation in the mouth, and the risk of
dental caries is increased.?? Oral preventive treat-
ments like fluoride varnish and prophylaxis are in-
dicated before, during and after radiotherapy to
reduce dental caries.?® The risk of osteoradione-
crosis is high in patients who receive over 65 Gy of
radiation to the head and neck region.?* Artificial
saliva may be prescribed to relieve the discomfort.
Regular dental examinations for early diagnosis
and treatment are useful for maintaining long-
term oral health. Only a few studies evaluated the
prevalence of xerostomia in Taiwan. Lin® evalu-
ated the salivary flow in patients before and after
radiation therapy for head and neck cancer, and
obvious xerostomia was reported by patients 2
weeks after radiation leading to difficulty with
swallowing food, and the condition worsened after
4-8 weeks of radiation. Further studies are needed
to evaluate the oral health condition of popula-
tions with xerostomia, Sjogren syndrome, and
head/neck radiation in Taiwan.

AIDS

Oral problems are very common in people with HIV
because of their weakened immune function. They
may have mucosal lesions like hairy leukoplakia,
candidiasis, and herpetic stomatitis which can
affect eating.?62’ Most of these problems can be
treated or controlled. The extents of gingivitis
and periodontitis are generally more severe than
others,?®2° probably because of embarrassment
about their condition, so they seek dental treat-
ment only when they are in pain. The most chal-
lenging situation is that there are few dentists who
are willing to provide dental services for them.
The Taiwanese government should establish a
sound medical system including providing special-
ized institutions and equipment to give them pri-
vacy during treatment, and financially support the
advanced training of dental professionals for bet-
ter dental services. Standardized operative pro-
cedures for infection control in general dental
clinics are important to prevent cross-infection
during dental treatment. Although dentists are fa-
miliar with most dental treatments, they are often
not familiar with this disease. Continuing educa-
tion programs for general dentists to understand
the nature of this disease and precautions to pre-
vent infection during dental procedures would

encourage more dentists to provide dental services
for these patients.

Loss of functions of primary organs

Many patients suffer from dysfunction of a major
organ due to diseases including cancer, autoimmune
diseases, poisoning, and traumatic injury. While
most of them survive these conditions, their gen-
eral health is usually compromised. Impaired co-
agulating and immune functions may affect routine
dental treatment.3? In Taiwan, more than 100,000
citizens suffer from this problem (Table 2).? Den-
tists should pay attention to the general status of
these patients before treatment. For example, pa-
tients who undergo organ transplantation always
take immunosuppressants for a long period and thus
impair their immune function. The immune status
of these patients should be checked before tooth
extraction or other invasive procedures. If neces-
sary, medical consultation should be done to eval-
uate the systemic condition of the patient.

Neurologic diseases

Neurologic degenerative diseases like Alzheimer
disease and Parkinson disease usually occur in the
elderly. As human life expectancy is prolonged be-
cause of advanced medical technologies, patients
with these kinds of disorders are accordingly
increasing.

Parkinson disease shows characteristics of mus-
cular rigidity, tremors, and bradykinesia. It is a
pathologic condition caused by dysfunction of the
brain’s dopamine neuronal systems.3! Patients may
have problems with their oral hygiene care be-
cause of poor hand dexterity. Therefore, dental car-
ies and periodontal disease can be severe if they
cannot clean their mouth. Electric toothbrushes
are helpful for patients with poor muscle control
in their hands.

Persons with Alzheimer disease also have pro-
blems in maintaining good oral hygiene, because
they forget what to do with the toothpaste or how
to rinse and even where the toothbrush is. As the
disease progresses, they may forget the impor-
tance of dental care and neglect taking care of
their mouth.3? Providing oral hygiene instruction
to their caregivers is important, and regular dental
follow-up and prophylaxis (every 3 months) should
be arranged to maintain their oral health.

Other infrequent disorders
Fibrodysplasia ossificans progressiva, myositis os-

sificans progressiva, mucopolysaccharidosis, tuber-
ous sclerosis complex, multiple sclerosis, osteogenesis
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imperfecta, phenylketonuria, hereditary epi-
dermolysis bullosa are infrequent disorders, be-
cause their prevalence rates are <1 per 10,000.33
Dental treatments for these patients do not differ
from the general population unless the physical
condition is not stable. Some medications might
affect their health condition, and consultation
with their physician before prescribing any medi-
cine would be the best policy.33

Oral health care strategies for persons
with disabilities who need more oral
health care

Recently, the Taiwanese government has dedicated
itself to improving the social welfare of disabled
people. These policies include daily allowances,
employment policies, and medical insurance miti-
gation. However, the health care system should be
further improved to become more accessible to
patients with disabilities. According to the MOI’s
survey, 90% of disabled persons live at home.*
Community-based medical services should be pro-
vided, because patients with disability are not am-
bulant and are dependent on their caregivers.

The result of a survey performed by Kaohsiung
Medical University in 2004 showed that the caries
rate of permanent tooth in people with disabilities
was >90%, and only 32% of the teeth were filled.*
According to data from Taiwan Dental Association,
only 54% of the special service program budget was
utilized in 2006. By examining the global budget of
the dental payment system, we found that the
amount was <0.2% of the total expenditures of
dental payments. 33

Disabled patients are grouped into four catego-
ries (minimal, mild, moderate, and severe) based
on the severity of their disability in Taiwan.*
Accordingly, medical institutions should be graded
to provide suitable services to different categories
of patients as is done in Japan.? In order to make
medical institutions community-based, general
practitioners in local dental clinics should be able
to treat patients with minor and median grades of
disability. This kind of ability or skill should be
taught or trained in dental schools as a required
curriculum. Educational programs and associated
training for dental students seem insufficient in
this field of dental service.3¢

Dental treatment for patients with severe disa-
bilities or more complicated oral conditions should
be handled in a specialized medical center with
special equipment and in a multi-disciplinary ap-
proach. Thus, a dental specialist system for pa-
tients with disabilities should be established.
Qualified institutions could provide postgraduate

clinical training programs for the dental health
care of disabled patients.

In addition to the above strategies, the most
important and effective method, however, is to
prevent oral diseases from occurring in disabled
people. Oral health education like tooth cleaning
methods, diet consultations, and regular dental
examinations should be designed and provided to
patients with disabilities or their caregivers to
decrease the incidences of dental caries and peri-
odontal disease. Prophylactic measures like ultra-
sonic scaling and fluoridated mouth rinsing or
professional topical fluoride application should be
encouraged in these patients.

Conclusion

In Taiwan, there are seven dental schools and
about 400 dental graduates each year. However,
only Chung-Shan Medical University provides the
curriculum, Dentistry for Patients with Disabilities,
for undergraduate students. The other six dental
schools include this only as one of the topics in
pedodontics for undergraduates and put it into
more advanced training in the postgraduate pro-
gram. In addition, not every teaching hospital pro-
vides dental services for patients with disabilities,
and only a few general dental clinics treat such
patients (Tables 2 and 3).%>%

In order to encourage more dentists to get in-
volved in treating patients with disabilities, spe-
cial training programs should be promoted for the
dental care of these patients and educational courses
should be designed in undergraduate schools. If
dentists are more familiar with the physical and
dental conditions of patients with disabilities, they
will not be so reluctant to treat them.

The Department of Health should help establish
sound and clear policies regarding various levels of
suitable dental facilities for patients with differ-
ent levels of severity of disabilities, provide more
financial incentives for dentists willing to treat such
patients, and pass regulations concerning those who
refuse to treat or refer these patients to suitable
facilities. Questions on special-care dentistry can
possibly be included in the National Board Dental
Examination. The government can also establish
national oral health care centers for treating disa-
bled patients in different regions of Taiwan and
provide support for potential legal problems which
may be confusing to dentists. It is not too late to
emphasize this issue and begin to establish a sound
health care system. Further development of effec-
tive preventive and treatment strategies, oral hy-
giene care, special dental management, and even
multidisciplinary approaches for these disabled
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Table 3. Dental facilities which offer special-care services in Taiwan in 2009
Service, n

District

Primary Advanced Total
Keelung City 2 9 11
Taipei City 37 91 128
Taipei County 41 32 73
Taoyuan City 1 0 1
Taoyuan County 14 113 127
Hsinchu City 19 4 23
Hsinchu County 4 0 4
Miaoli City 1 0 1
Nantou County 4 1 5
Taichung City 24 45 69
Taichung County 34 8 42
Changhua City 2 0 2
Changhua County 56 4 60
Yunlin County 20 1 21
Chiayi City 2 0 2
Chiayi County 5 6 11
Tainan City 18 9 27
Tainan County 21 0 21
Kaohsiung City 6 6 12
Kaohsiung County 4 6 10
Pingtung City 2 0 2
Pingtung County 18 0 18
Ilan County 21 0 21
Hualien County 14 4 18
Taitung County 4 2 6
Total 374 341 715

From the Bureau of National Health Insurance.’

patients would help meet their needs both in qual-
ity and quantity.
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Introduction

Background/purpose: Many adults suffer from sensitivity, and dentin hypersensi-
tivity is most commonly the result of exposed dentin which can sometimes trigger
pain or discomfort when eating, drinking or simply brushing. The purpose of this
study was to evaluate the clinical efficacy of desensitizing toothpaste containing
potassium citrate in treating dentin hypersensitivity.

Materials and methods: This study was performed at the Department of Periodontics,
Chung Shan Medical University Hospital. In total, 172 volunteers who provided
informed consent were included in the study. A visual analog scale (VAS) was used
to indicate dentin sensitivity in response to an air stimulus. Participants who had a
VAS score of 30-80 were qualified for the study and were provided with their assigned
desensitizing toothpaste containing potassium citrate (Colgate Sensitive Multi
Protection) and a soft-bristled adult toothbrush for home use. After 4 weeks, the
hypersensitive teeth were examined again, and the VAS score was also recorded.
Results: In this study, 38% (65/172) participants were found to suffer from dentin
hypersensitivity, 40 persons who reported VAS scores of 30-80 were qualified for
the clinical trial. Among these, 34 (85%) participants reported reduced dentin
hypersensitivity after using the desensitizing toothpaste containing potassium cit-
rate for 4 weeks. The mean value of the VAS score prior to the use of the tooth-
paste was 50.72, while the mean value of the VAS score after use was 30.68. The
use of Colgate Sensitive Multi Protection was found to significantly reduce dentin
hypersensitivity after 4 weeks (P<0.01).

Conclusion: The prevalence of dentin hypersensitivity in this study was 38%. The
use of desensitizing toothpaste containing potassium citrate with oral hygiene
instruction can effectively reduce dentin hypersensitivity.

year olds and then rise again when people are in
their 50s.3 When thermal, tactile, osmotic and me-

Dentin hypersensitivity is one of the most commonly  chanical stimuli, such as tooth brushing, sweet and
encountered dental problems, and estimates of its sour foods, and hot or cold water, are applied to
prevalence in the adult dentate population range the exposed dentin, patients feel a short sharp pain
from 8% to 57%."% It was shown to peak in 20-30  which is termed dentin hypersensitivity.> Most
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dentin hypersensitivity is a result of abrasion, at-
trition, erosion, abfraction, gingival recession, and
improper brushing habits. Sites of predilection in
descending order are the canines, first premolars,
incisors, second premolars, and molars.®

Several theories have been put forward to ex-
plain the mechanisms involved in dentin hypersen-
sitivity. Several hypotheses have been proposed to
explain it:”8 (1) odontoblasts and their processes
act as dentinal receptor mechanisms; and (2) pulp
nerves are stimulated by a hydrodynamic mecha-
nism, and nerve impulses in the pulp are modu-
lated by the release of certain polypeptides during
pulp injury. Of these, the most widely accepted
theory is the so-called hydrodynamic theory of
sensitivity. This theory postulates that rapid shifts,
in either direction, of fluids within the dentinal tu-
bules following stimulus application result in acti-
vation of sensory nerves in the pulp/inner dentin
region of the tooth.°

Treatment for dentin hypersensitivity may include
mucogingival surgery, a pulpectomy, and application
of resin, lasers, topical desensitizing agents, and
desensitizing toothpaste.’ Desensitizing toothpaste
is considered the simplest and most cost-effective
treatment for most patients. Toothpastes with in-
gredients that include stannous fluoride, strontium
chloride hexahydrate, aluminum ferric oxalates,
potassium ferric oxalates, and fluorides are de-
signed to reduce flow in the dentin tubules by oc-
cluding or sclerosing the tubules.” The most widely
and simplest available desensitizing toothpaste in-
gredients are potassium compounds. '° Potassium ions
are thought to block the action potential generated
in intradental nerves.

A clinical examination to measure levels of pain
responses to dentin hypersensitivity stimuli might
include a subjective assessment of tactile and cold
stimuli. Whatever methods are used, they should
be reproducible and quantifiable. The Yeaple
probe and a new mechanical probe which run over
the area of exposed dentin represent the state of
the art for tactile sensitivity testing. A blast of cold
air from a triple syringe offers the potential for a
well-controlled thermal stimulus. Care should be
taken to ensure, as much as possible, that neither
stimulus interferes with the other stimulus used in
the measuring procedure.!

The visual analog scale (VAS) offers the advantage
of being a continuous scale, thus providing quantita-
tive measurements. The validity and reliability of the
VAS for measuring both experimental and clinical
pain are well demonstrated.'"'? The purpose of
this study was to investigate the effects of a tooth-
paste containing potassium citrate (Colgate Sensitive
Multi Protection; Colgate-Palmolive, Amphur Muang,
Chonburi, Thailand) on dentin-hypersensitive teeth

over a 4-week period to reduce hypersensitivity.
Symptoms and signs of dentin hypersensitivity
were measured using a VAS.

Materials and methods
Patient selection

This study was performed in the Department of
Periodontics, Chung Shan Medical University
Hospital. In total, 172 volunteers (99 males and
73 females) were recruited after informed consent
was obtained. The inclusion criteria were: (1) pa-
tients must have good general health with no
known allergies to commercial dental products;
(2) patients must not have used desensitizing
toothpaste within the last 3 months; (3) the study
teeth must be decay-free and have no restora-
tions; (4) the study teeth had to have clinical mo-
bility of=grade 1; (5) the study teeth had to show
signs of facial/cervical erosion, abrasion, and/or
gingival recession; and (6) patients had to be able
to read and understand the consent form and be
willing to sign it.

Exclusion criteria included: (1) teeth which had
undergone periodontal surgery within the past
6 months or been scaled/root planed within the
past 3 months; (2) pregnant or lactating women;
(3) individuals demonstrating gross oral neglect or
requiring extensive dental therapy; (4) teeth used
as abutments for fixed or removable partial den-
tures, or teeth with full crowns or obvious cracks
in the enamel; (5) subjects who were unable to
strictly adhere to product use; (6) subjects who
had taken certain medications (anti-inflammatory
drugs or antibiotics) on a daily basis during the
previous 7 days; and (7) subjects suffering from a
chronic medical disease or conditions which are
associated with intermittent episodes or constant
daily pain, such as arthritis.

Measurements

A VAS is commonly used to assess dentin
hypersensitivity.'>'# A VAS consists of a 100-mm
line with 0 at one end indicating not painful at all
and 100 at the other end indicating extremely
painful. A participant was asked to draw a vertical
line on the horizontal scale at a point that corre-
sponded to his/her reaction to the air stimulus.
Teeth identified by the subject were tested for
thermal sensitivity using a 1-second air blast 1cm
from the study tooth after isolating the tooth from
the adjacent teeth using cotton rolls. Volunteers
were asked to place a vertical mark on the line
that represented the intensity of their pain on the
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100-mm scale. Volunteers who had VAS scores of
30-80 qualified for the clinical study. One tooth
was tested in each subject.

Experimental procedures

This was a single-blinded design study. The brand
name of the toothpaste (Colgate Sensitive Multi
Protection) was hidden, so that participants did
not know what brand of toothpaste they were
given. Participants who met the criteria (VAS
scores of 30-80) were provided with their assigned
dentifrice and a soft-bristled adult toothbrush for
home use after receiving some basic oral hygiene
instruction. Toothpaste was applied to the entire
length of the brush. Participants were asked to
brush their teeth twice a day. Four weeks later,
participants returned for the final examination of
their pre-selected sensitive teeth as described
above.

Statistical analysis

In order to determine the effect of Colgate
Sensitive Multi Protection on hypersensitive teeth,
VAS scores were analyzed using the Wilcoxon
signed rank test. A level of significance of <0.05
was used for each comparison.

Results

As shown in Fig. 1, 107 participants (69 males and
38 females) did not respond to the air blast stimu-
lus and had a VAS score of 0. Sixty-five (30 males
and 35 females) participants reported VAS scores
of >10. The prevalence of dentin hypersensitivity
in this study was thus 38% (65/172).

Forty participants (20 males and 20 females)
who met the criteria (VAS scores of 30-80) quali-
fied for the clinical study. The VAS scores of each
person at the baseline and 4 weeks later are shown
in Table 1. Thirty-four of the 40 (85%) participants
were found to have reduced dentin hypersensitiv-
ity after using Colgate Sensitive Multi Protection
for 1 month (Table 2). The percentage of improve-
ment was 90% in females and 80% in males. The
sites examined in descending order were canines,
first premolars, incisors, second premolars, and
molars (Table 3). Table 4 illustrates changes in the
mean VAS sensitivity scores for air stimuli after the
4-week period. Scores decreased after desensitiz-
ing toothpaste use, from 50.72mm at the baseline
to 30.68mm at the end of the 4-week period.
Desensitizing toothpaste containing potassium cit-
rate was found to have significantly reduced den-
tin hypersensitivity (P<0.01).

172 participants
(99 males, 73 females)

v

A4

107 participants
(69 males, 38 females)
VAS =0

65 participants
(30 males, 35 females)
VAS >0

A4

A4

40 participants
(20 males, 20 females)
VAS:30-80

25 participants
(10 males, 15 females)
0 <VAS <30

VAS > 80

A A

Qualified for the
clinical trial

Fig. 1 Distribution of participants in this study.

Discussion

The prevalence of dentin hypersensitivity was widely
reported previously. Graf and Galasse'® reported a
prevalence of 14.5%, while Irwin and McCusker?
reported a prevalence of 57%. The study by Irwin
and McCusker? was carried out using a sensitivity
questionnaire with no subsequent clinical exami-
nation, so that it is likely to have overestimated the
prevalence owing to inclusion of other causes of
sensitivity. One report showed a prevalence of 32%
in Taiwanese by evaluating the presence of cervi-
cal dentin hypersensitivity by means of a question-
naire and intraoral tests.'® Consistently, our result
showed that 38% of participants suffered from den-
tin hypersensitivity. This wide variation in prevalence
may be due to certain factors, including different
methods used to diagnose the condition, sensitivity
questionnaire-based surveys probably exaggerating
the true figure, and variations in the consumption of
erosive drinks.

A clinical examination for dentin hypersensitiv-
ity includes objective assessments, such as a tac-
tile or thermal stimulus.!" Often individuals do not
respond to all types of stimuli, but classically clini-
cians only use the air-blast stimulus.!” Prolonged
air blasts have an unknown and varying tempera-
ture effect, which can be avoided by using a short
application time, usually 1 second. The 1-second
air blast is easily controlled and is the best period
for a dentin hypersensitivity assessment.'"'® Those
are the reasons why the teeth identified by sub-
jects were tested using a 1-second air blast in the
present study.
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Table 1. Visual analog scale (VAS) scores at the base-
line and after 4 weeks of using desensitizing tooth-

paste containing potassium citrate

Patient no. Sex VAS | (baseline) VAS Il (4 weeks)
1 F 71 53
2 F 37 26
3 F 44 29
4 F 32 16
5 M 52 29
6 M 78 37
7 M 57 26
8 M 42 23
9 M 43 28
10 F 55 43
11 F 49 11
12 F 36 39
13 F 43 18
14 M 41 18
15 M 59 26
16 M 44 29
17 M 73 75
18 M 26 12
19 F 61 41
20 M 74 29
21 F 42 12
22 F 38 0
23 F 26 27
24 M 26 29
25 F 60 34
26 M 76 80
27 M 64 36
28 F 58 37
29 F 32 16
30 F 54 32
31 M 44 47
32 M 51 23
33 F 30 15
34 F 49 33
35 M 63 47
36 F 57 39
37 F 58 27
38 M 55 23
39 M 66 24
40 M 63 38

F=female; M=male.

Table 2. Data on improvements after using the desen-

sitizing toothpaste containing potassium citrate

Sex n Improvement, n  Improvement (%)
Male 20 16 80
Female 20 18 90
Total 40 34 85

Table 3. Sites examined for dentin hypersensitivity*

Molar

Site Male Female Total
(n=44) (n=42) (n=86)

Canine 14 (31.82) 15 (35.71) 29 (33.72)

First premolar 14 (31.82) 10 (23.81) 24 (27.91)

Lateral incisor 7 (15.91) 6 (14.29) 13 (15.12)

Incisor 5(11.36) 4 (9.52) 9 (10.47)

Second premolar 3 (6.82) 4 (9.52) 7 (8.14)
1( 4 (

2.27) 3(7.14) 4.65)

*Data are presented as n (%).

Table 4. Summary of visual analog scale (VAS) scores
at the baseline and after using desensitizing tooth-
paste containing potassium citrate for 4 weeks

VAS
Median Range Mean+SD
Baseline 51.5 26-78 50.72+14.39*
4 weeks 29 0-80 30.68+15.50*

*Statistically significant between the baseline and 4 week,
P<0.01. SD=standard deviation.

The VAS for dentin hypersensitivity has been
measured using several methods, such as mechani-
cal, thermal and air-blast stimuli.'? VAS pain inten-
sity can be shown either as a percent of the
maximum or as an absolute score value.! Clark
and Troullos'? reported that the VAS is simple to
understand and suitable for use in evaluating stim-
ulus responses in dentin hypersensitivity studies.
The validity and reliability of the VAS for measur-
ing both experimental and clinical pain were dem-
onstrated by several investigators.!"'2 Several
studies compared the VAS with other pain scales,
and the results indicated that the VAS correlated
well with those methods and appeared to be more
sensitive in discriminating between various treat-
ments and changes in pain intensity.'"'°

Toothpastes containing potassium ions are re-
ported by several clinical studies to be effective in
reducing dentin hypersensitivity, and the American
Dental Association Council on Dental Therapeutics
has granted a Seal of Acceptance to toothpastes
containing 5% potassium nitrate.?’ Toothpastes
which contain 3.75% potassium chloride?'-?2 or
5.3% potassium citrate?® are also reported to be
clinically effective in treating dentin hypersensi-
tivity. Potassium ions are thought to act by block-
ing synapses between nerve cells, thereby reducing
nerve excitation and the associated pain.24?3
Several clinical studies demonstrated that tooth-
pastes containing potassium ions provide effective
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desensitization. It was postulated that potassium
ions released from toothpastes diffuse along the
dentinal tubules to inactivate intradental nerves.
A previous study reported that potassium citrate
and potassium nitrate were more effective than
other potassium salts in blocking nerve conduction
and may be more effective dentinal desensitizing
agents.?% Similar results were found in this study:
desensitizing toothpaste containing potassium cit-
rate was effective in reducing dentin hypersensi-
tivity after 4 weeks of use.

Taken together, the prevalence of dentin hyper-
sensitivity in this study was 38%. It was also found
that the desensitizing toothpaste which contains
potassium citrate was effective in reducing dentin
hypersensitivity with oral hygiene instruction. The
improvement rate was as high as 85%.

References

1. Addy M. Etiology and clinical implications of dentine hyper-
sensitivity. Dent Clin North Am 1990;34;503—14.

2. Irwin C, McCusker P. Prevalence of dentine hypersensitivity
in a general dental population. J Ir Dent Assoc 1997;43:7-9.

3. Curro F. Tooth hypersensitivity in the spectrum of pain.
Dent Clin North Am 1990;34:429-37.

4. Ide M. The differential diagnosis of sensitive teeth. Dent
Update 1998;25:462-6.

5. Berman LH. Dentinal sensation and hypersensitivity:
a review of mechanisms and treatment alternatives.
J Periodontol 1984;56:216-22.

6. Walters PA. Dentinal hypersensitivity: a review. J Contemp
Dent Pract 2005;6:107-17.

7. Dowell P, Addy M. Dentine hypersensitivity—a review. J Clin
Periodontol 1983;10:341-50.

8. Dababneh RH, Khouri AT, Addy M. Dentine hypersensitivity—an
enigma? A review of terminology, epidemiology, mechanisms,
aetiology and management. Br Dent J 1999;187:606-11.

9. Brannstrom M. A Hydrodynamic Mechanism in the Trans-
mission of Pain Producing Stimuli Through the Dentine.
Oxford: Pergamon, 1962:73-9.

10. Wara-aswapati N, Krongnawakul D, Jiraviboon D, Adulyanon
S, Karimbux N, Pitiphat W. The effect of a new toothpaste
containing potassium nitrate and triclosan on gingival

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

health, plaque formation and dentine hypersensitivity.
J Clin Periodontol 2005;32:53-8.

Gillam DG, Newman HN. Assessment of pain in cervical
dentinal sensitivity studies: a review. J Clin Periodontol
1993;20:383-94.

Clark GE, Troullos ES. Designing hypersensitivity clinical
studies. Dent Clin North Am 1990;34:531-44.

Scott J, Huskisson EC. Graphic representation of pain. Pain
1976;2:175-84.

Pamir T, Ozyazici M, Baloglu E, Onal B. The efficacy of
three desensitizing agents in treatment of dentine hyper-
sensitivity. J Clin Pharm Ther 2005;30:73-6.

Graf H, Galasse R. Morbidity, prevalence and intraoral dis-
tribution of hypersensitive teeth. J Dent Res 1977;56(Spec
Iss A):162. [Abstract 479]

Liu HU, Lan WH, Hsieh CC. Prevalence and distribution of
cervical dentin hypersensitivity in a population in Taipei,
Taiwan. J Endod 1998;24:45-7.

Salvato AR, Clark GE, Gingold J, Curro FA. Clinical effec-
tiveness of a dentifrice containing potassium chloride as a
desensitizing agent. Am J Dent 1992;5:303-6.

West NX. Dentine hypersensitivity: preventive and thera-
peutic approaches to treatment. Periodontol 2000 2008;
48:31-41.

Pashley DH. Mechanisms of dentin sensitivity. Dent Clin
North Am 1990;34:449-73.

Ohnhaus E, Adler R. Methodological problems in the mea-
surement of pain: a comparsion between the verbal rating
scale and the visual analogue scale. Pain 1975;1:379-84.
Silverman G, Gingold J, Curro FA. Desensitizing effect of a
potassium chloride dentifrice. Am J Dent 1994;7:9-12.
Chesters R, Kaufman, HW, Wolff, MS, Huntington E,
Kleinberg I. Use of multiple sensitivity measurements and
logit statistical analysis to assess the effectiveness of a
potassium-citrate-containing dentifrice in reducing denti-
nal hypersensitivity. J Clin Periodontol 1992;19:256—61.
Sowinski J, Ayad F, Petrone M, et al. Comparative investi-
gations of the desensitizing efficacy of a new dentifrice.
J Clin Periodontol 2001;28:1032-6.

Markowitz K, Bilotto G, Kim S. Decreasing intradental nerve
activity in the cat with potassium and divalent cations.
Arch Oral Biol 1991;36:1-7.

Peacock JM, Orchardson R. Effects of potassium ions on
action potential conduction in A- and C-fibers of rat spinal
nerves. J Dent Res 1995;74:634-41.

Peacock JM, Orchardson R. Action potential conduction
block of nerves in vitro by potassium citrate, potassium
tartrate and potassium oxalate. J Clin Periodontol 1999;
26:33-7.



J Dent Sci 2009;4(4):178-186

ELSEVIER

ORIGINAL ARTICLE

Evaluation of cytotoxicity of resin bonding
materials toward human oral epithelial cells
using three assay systems

Ming-Gene Tu,’? Wen-Miin Liang,># Tai-Chin Wu,># San-Yue Chen'*

School of Dentistry, China Medical University, Taichung, Taiwan

ZDepartment of Dentistry, China Medical University Hospital, Taichung, Taiwan

3Institute of Environmental Health, China Medical University College of Public Health, Taichung, Taiwan
“Biostatistics Center, China Medical University, Taichung, Taiwan

Received: Jul 11, 2009
Accepted: Oct 16, 2009

KEY WORDS:

cell culture;
CellTiter-Glo;
cytotoxicity;

MTS;

resin bonding agent;
WST-1

Background/purpose: Gingival tissue around teeth can be contacted by flowable
photocured resin agents during operative procedures. The cytotoxicity of resin
bonding agents toward human oral epithelial cells cannot be neglected. This study
evaluates the cytotoxicity of resin bonding agents toward human oral epithelial
cells using three assay systems.

Materials and methods: Nine commercial resin bonding agents (Clearfil Protect
Bond, Clearfil SE Bond, Prime & Bond NT, Prisma Universal Bond 3, UniFil Bond, 3M
Single Bond, CharmBond, Compobond, and ExciTE) and two resin monomers (methyl
methacrylate and triethylene glycol dimethacrylate) were used. The detection
methods for the cell survival rate included: (1) the CellTiter 96 AQueous One
Solution Cell Proliferation Assay System, (2) PreMix WST-1 Cell Proliferation Assay
System, and (3) CellTiter-Glo Luminescent Cell Viability Assay System. One-way
analysis of variance and Scheffé test were used for the statistical analyses.
Results: Most of the components of the uncured bonding agents had cytotoxicity at
0.1vol% (survival rates, 21.4%+1.4% to 113.1%+19.1%), except for UniFil Bond
Primer (survival rates, 101.8%+3.5% to 113.1%+19.1%). More severe cytotoxicity
was found at the 1.0vol% concentration (survival rates, 0.2%+0.02% to
147.3%+10.8%), except for the methyl methacrylate monomer (survival rates,
96.5%+1.3% to 147.3%+10.8%). In the post-cured group, most bonding agents had
little or no cytotoxicity, except for 3M Single Bond (survival rates, 52.4%+7.9% to
97.4%+17.8%) and Compobond (survival rates, 29.1%+7.1% to 79.5%+6.7%).
Conclusion: The same material detected by different assay systems may give dif-
ferent cytotoxic effects, and examination by three methods may provide more-
objective results. Furthermore, since most of the bonding agent components
detected by the three assay systems showed cytotoxicity before curing (and some
components even showed cytotoxicity after curing), the application of bonding
materials in the oral cavity should be very carefully performed.
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Introduction

The use of dental materials to replace missing tooth
structures is an important component of dental
treatment in which the biocompatibility of the re-
storative materials with the human body cannot
be neglected. Most dental materials, such as metal,
rubber, resin and cement, cause some degree of
irritation.” The most common tooth restoration
materials, amalgam and composite resin, are of
particular concern.>* Composite resins that can
mechanically bond to tooth structures have been
used for cavity restoration for more than 40 years
owing to superior aesthetic results. Bonding agents
are crucial to ensure that the composite resin
strongly bonds to the tooth structure.?

In clinical applications, bonding agents are di-
rectly painted onto the wall of the prepared cavity
using a disposable brush; the liquid component
may penetrate to the dental pulp or directly con-
tact the oral mucosa tissue and cause tissue irri-
tation.%’ Schedle et al.® used flow cytometry to
evaluate the cytotoxicity of 19 types of materials
(including various composite resins and cements)
toward mouse fibroblasts (L-929 cells), and concluded
that all of the test materials initially exhibited cy-
totoxicity but not 1 week later. Ozen et al.” used a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay to analyze the cytotoxicity of
four dentin bonding agents toward gingival fibrob-
lasts, and found that, while none of them caused
cytotoxicity after 24 hours, a cytotoxic effect was
evident 72 hours later. Caughman et al.? used dif-
ferent methods to evaluate the cytotoxicity of
glass ionomer cement; this cement appeared to
exert no morphologic effects but greatly inhibited
the macromolecular synthesis of fibroblasts. These

Table 1. Components of the experimental materials

results indicate that using different methods to
evaluate biocompatibility may produce different
results.’ Vajrabhaya et al.'® used an MTT assay to
evaluate the cytotoxicity of single-component den-
tin bonding agents, and found that a total-etching
bonding system was more cytotoxic than a self-
etching bonding system. Grobler et al.!" used an
MTT assay to evaluate the cytotoxicity of a dentin
bonding agent at two concentrations on a mouse
lung tissue (3T3) and four human pulp fibroblast
cell lines, and found that the bonding system tested
at a higher concentration was more cytotoxic. The
above studies showed that even when using the
same method, types and concentrations of tested
material are important factors in the test results.
In general, using different methods and different
conditions to determine cell cytotoxicities are nec-
essary to obtain more-objective results.

The purpose of this study was to determine the
cytotoxic effects of different concentrations of resin
bonding agents in uncured and post-cured condi-
tions toward oral epithelial cells using three assay
systems.

Materials and methods

Nine commercial resin bonding agents were tested
in this study. The product names, components, and
manufacturers are listed in Table 1. The resin mon-
omers were methyl methacrylate (MMA) (Tokyo
Chemical Industry Co., Ltd., Tokyo, Japan), trie-
thylene glycol dimethacrylate (TEGDMA) (Tokyo
Chemical Industry Co., Ltd.), and urethane dimeth-
acrylate (UDMA) (Shin-Nakamura Chemical Co., Ltd.,
Wakayama, Japan). The photoinitiator was camphor-
quinone (Tokyo Chemical Industry Co., Ltd.), and

Manufacturer

Material Delivery system  Components
Clearfil Protect Bond Two bottles

Clearfil SE Bond Two bottles

Prime & Bond NT Two bottles

Prisma Universal Bond 3  Two bottles Primer and adhesive
UniFil Bond Two bottles

3M Single Bond One bottle Adhesive
CharmBond One bottle Bonding agent
Compobond One bottle Bonding agent
ExciTE One bottle Adhesive

MMA One bottle Resin monomer
TEGDMA One bottle Resin monomer
UDMA One bottle Resin monomer

Primer and bonding agent
Primer and bonding agent
Conditioner and adhesive

Primer and bonding agent

Kuraray Co., Okayama, Japan
Kuraray Co., Okayama, Japan
Dentsply Co., Milford, DE, USA
Dentsply Co., Milford, DE, USA

GC Co., Tokyo, Japan

3M Co., St. Paul, MN, USA

DentKist Co., Gyeonggi, Korea
PROMEDICA Co., Nenmunster, Germany
Ivoclar Co., Bromma, Sweden

GC Co., Tokyo, Japan

Tokyo Chemical Industry Co., Ltd.,
Tokyo, Japan

Shin-Nakamura Chemical Co., Ltd.,
Wakayama, Japan

MMA = methyl methacrylate; TEGDMA = triethylene glycol dimethacrylate; UDMA = urethane dimethacrylate.
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the reducing agent was N,N-dimethylaminoethyl
methacrylate (DAEMA) (Tokyo Chemical Industry
Co., Ltd.). The cytotoxicity tests were performed on
human oral epithelium (KB) cells purchased from
the National Health Research Institutes Cell Bank
at the Bioresource Collection and Research Center
of the Food Industry Research and Development
Institute (Hsinchu, Taiwan). The detecting agents
included: (1) CellTiter 96 AQueous One Solution Cell
Proliferation Assay System (MTS system; Promega,
Madison, WI, USA), (2) PreMix WST-1 Cell Proliferation
Assay System (WST-1 system; Takara Bio, Shiga,
Japan), and (3) CellTiter-Glo Luminescent Cell
Viability Assay System (CellTiter-Glo assay system;
Promega).

Cell collection

KB cells were grown in 35-mm diameter Petri dishes
containing 5mL of a-minimum essential medium
supplemented with 10% fetal bovine serum at 37°C
in a humidified 5% CO, atmosphere. Cells were
checked daily for growth, and the medium was
changed twice weekly. The culture reached con-
fluence within several days and was subcultured
using 1:3 splits until the experiments began.

Cytotoxicity testing of bonding agent
components before curing

When enough cells had been collected, 1x10* cells
in 100 uL per well were prepared and seeded in a
96-well tissue culture plate, which was subse-
quently put into an incubator overnight for cell
deposition. One-tenth microliter of each compo-
nent of various uncured bonding agents was added
to 9.9mL of culture medium with a micropipette
to a 15-mL plastic test tube to produce 1vol%
of test media. This was then vibrated (vortexed)
for 2 minutes. One milliliter of the prepared mix-
ture was pipetted into 9mL of fresh medium in an-
other plastic tube and vibrated again to produce
0.1vol% test media. The medium of the cell cul-
ture plate was replaced with various prepared
media, except the first and last columns of the
96-well test plate. These two columns were re-
placed with fresh culture medium without the
bonding agent component to serve as untreated
controls. Cells were incubated for a further
24 hours, and then the cell viability was detected
by the following procedures:

1. MTS assay. MTS is a tetrazolium compound [3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
inner salt], which can be reduced by dehydro-
genase enzymes of viable cells to form orange-
colored formazan, which is then measured by

an enzyme-linked immunosorbent assay (ELISA)

reader under a 490-nm wavelength. The test

procedures were performed as follows: 20 uL of

CellTiter 96 AQueous One Solution was pipetted

into each well. The plates were incubated for

4 hours; then the optical density was quanti-

tated with a microtiter plate (ELISA) reader at

a spectrophotometric absorbance of 490nm.

2. WST-1 assay. This procedure measures the cell
viability with a colorimetric assay, based on the
cleavage of tetrazolium salts by mitochondrial
dehydrogenase in viable cells. The test proce-
dures were as follows: 10 uL of the PreMix WST-1
reagent was added to each well, incubated for
4 hours, and read under 450 nm with the same
ELISA reader.

3. CellTiter-Glo assay. This is a method of measur-
ing the number of viable cells in a culture based
on quantitation of the adenosine triphosphate
(ATP) present, which signals the presence of
metabolically active cells. The assay system
uses the properties of a proprietary thermosta-
ble luciferase to enable reaction conditions that
generate a stable glow-type luminescent signal
while simultaneously inhibiting endogenous en-
zymes released during lysis (such as adenosine
triphosphatase). The release of adenosine tri-
phosphatase usually interferes with the accu-
rate measurement of ATP, but this assay has
overcome this problem.

The test procedures were as follows: 100uL
of CellTiter-Glo reagent was added and mixed for
2 minutes on an orbital shaker to induce cell lyses.
All plates were incubated at room temperature for
10 minutes to stabilize the luminescence signal.
Then 100uL of medium was pipetted into a test
tube, and the luminescence was recorded with a
luminometer. All detected values were calculated
by comparison to data of the first column of the
96-well plate and were changed into percentages
to obtain the survival rate. Data of the last column
were compared to those of the first column as an
internal control.

Cytotoxicity testing of bonding agent
components after curing

Cells were prepared using the procedures described
above; the test materials were prepared by the
following procedures. First, the primer was painted
on a transparent polyethylene sheet (5x5mm) on
one side using the tip of a disposable brush and
left in place for 20 seconds, and then the volatile
ingredients were evaporated with a mild oil-free
air system. Second, the bonding agent was painted
over the primer with another brush and light-cured
for 10 seconds using a dental curing light (Visilux 2;
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3M, St. Paul, USA) with an irradiation wave length
of 420-500nm). The products provided in the one-
bottle system were prepared by the second proce-
dure only. In addition to the nine commercial
products, based on formerly published papers, >4
we prepared one experimental bonding agent in
this study by mixing 70wt% UDMA, 30 wt% TEGDMA,
1wt% camphorquinone, and 1.5wt% DAEMA, and
used these like the one-bottle system. All prepared
specimens were placed in 1mL of medium in a
24-well plate for 24 hours, after which they were
removed and used in the cytotoxicity test.

Statistical analysis

Eight samples of each test specimen were col-
lected in a 96-well plate and tested. SAS version
9.1.3 software (SAS Institute, Cary, NC, USA) was
used for the statistical analysis. One-way analysis
of variance (ANOVA) was used to evaluate the ef-
fect of cytotoxicity of resin bonding materials on
human oral epithelial cells. Scheffé test was then

used to carry out post hoc pairwise comparisons
when the ANOVA showed a significant main effect
of the material.

Results

Cytotoxicity of the components of uncured
bonding agents

The cytotoxicities of the various components of
uncured bonding agents at different concentra-
tions using different assay systems are listed in
Tables 2 and 3. Table 2 displays the results of cyto-
toxicity of 0.1vol% of the uncured bonding agents.
By MTS assay, Clearfil SE Bond bonding agent (sur-
vival rate, 23.6%+5.0%), TEGDMA (survival rate,
51.9%+5.1%), and 3M Single Bond (survival rate,
54.2%+8.4%) were found to be relatively more cy-
totoxic. By the WST-1 assay, the most cytotoxic
material was the UniFil Bond bonding agent (sur-
vival rate, 21.4%+1.4%), followed by 3M Single

Table 2. Cytotoxicity of 0.1wt% pre-cured bonding agents components (survival rate, %) (n=8)

Scheffé test

4<16,11,13,8,14,10,2,12,
5,6,15,7,1,17,9,3

10,4<6,2,1,8,15,5,

7,13,17,3,9

MTS assay WST-1 assay CellTiter-Glo assay
Tested component
Clearfil Protect Bond A 99.9+8.3 68.9+3.1 80.2+14.3
Clearfil Protect Bond B 92.0+7.7 56.8+19.3 76.9+5.4
Clearfil SE Bond A 106.8+12.4 32.7+5.4 92.3+6.5
Clearfil SE Bond B 23.6+5.0 56.1+6.9 79.8+4.7
Prime & Bond NT A 94.1+6.8 97.2+6.7 106.3+7.1
Prime & Bond NT B 95.6+3.4 52.3+2.7 99.1+9.6
Prisma Universal Bond 3A 99.5+4.7 60.9+7.7 70.0+8.4
Prisma Universal Bond 3B 80.6+8.2 50.3+4.3 56.9+6.9
UniFil Bond A 101.8+3.5 107.1+£7.7 113.1+19.1
UniFil Bond B 90.12+4.3 21.4+1.4 59.0+16.3
3M Single Bond 54.2+8.4 31.8+0.8 69.7+4.9
CharmBond 92.8+4.9 37.8+3.8 87.2+6.3
Compobond 75.9+7.7 102.6+4.6 87.2+9.3
ExciTE 87.7+8.0 32.8+1.3 81.3+8.2
MMA 96.0+1.9 92.8+3.2 29.7+8.5
TEGDMA 51.9+5.1 46.9+5.2 58.1+3.3
Control* 100.6+4.9 106.5+11.9 96.6+10.9
P (F test) <0.0001 <0.0001 <0.0001

15<11,7,2,4,1,14,

12,13,3,17,6,5,9

16<11,13,8,14,10,2,12, 11,14,12<1,8,15,5, 8,16,10<3,
5,6,15,7,1,17,9,3 7,13,17,3,9 17,6,5,9
11<8,14,10,2,12,5,6, 16,6<8,15,5,7, 11,7<5,9
15,7,1,17,9,3 13,17,3,9 2,4<9
13<7,1,17,9,3 2<15,5,7,13,17,3,9
8<3 1<5,7,13,17,3,9

8<17,3,9

*Without test material. A= primer or conditioner; B = bonding agent or adhesive; MMA = methyl methacrylate; TEGDMA = triethyl-

ene glycol dimethacrylate.
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Table 3. Cytotoxicity of 1wt% pre-cured bonding agents components (survival rate, %) (n=38)

MTS assay WST-1 assay CellTiter-Glo assay
Bonding agent
Clearfil Protect Bond A 30.5+3.5 50.6+12.8 59.2+10.4
Clearfil Protect Bond B 50.8+4.6 24.6+6.4 51.2+10.2
Clearfil SE Bond A 37.9+3.1 53.0+12.9 11.8+3.1
Clearfil SE Bond B 30.9+1.4 30.1+9.2 6.3+5.7
Prime & Bond NT A 86.3+2.2 49.7+8.1 58.9+19.3
Prime & Bond NT B 25.7+2.0 29.2+2.3 256.6+50.6
Prisma Universal Bond 3A 17.7+0.9 36.6+8.6 0.2+0.02
Prisma Universal Bond 3B 26.8+1.4 22.3+2.8 50.2+9.5
UniFil Bond A 79.2+3.6 50.6+7.5 89.8+32.2
UniFil Bond B 18.1+1.3 18.4+1.9 9.7+4.3
3M Single Bond 19.6+1.1 34.2+3.7 0.4+0.4
CharmBond 17.6+1.0 32.7+4.6 1.7+0.4
Compobond 41.3+£2.9 66.4+7.6 0.3+£0.2
ExciTE 18.1+1.0 37.1+6.1 24.6+12.9
MMA 96.5+1.3 147.3+10.8 106.7+17.9
TEGDMA 16.5+0.9 34.8+6.73 0.2+0.3
Control* 100.6+5.2 106.2+11.1 102.2+13.4
P (F test) <0.0001 <0.0001 <0.0001
Scheffé test 16<6,8,1,4,3,13, 10,8<5,9,1,3, 7,16,13,11<5,1,9,
2,9,5,15,17 13,17,15 17,15,6
12,7,14<8,1,4,3,13, 2<3,13,17,15 12,4,10,3,14<9,
2,9,5,15,17 6,4,12,11,16,7,14,5, 17,15,6

10,11<1,4,3,13,2,

9,5,15,17

6,8<3,13,2,9,5,15,17
1,4<13,2,9,5,15,17
3,13<2,9,5,15,17

2<9,5,15,17
9,5<15,17

9,1<13,17,15
3<17,15
13<17,15
17<15

8,2,5,1,9,17,15<6

*Without tested material. A = primer or conditioner; B = bonding agent or adhesive; MMA = methyl methacrylate; TEGDMA =

triethylene glycol dimethacrylate.

Bond (survival rate, 31.8%+0.8%) and the primer
of Clearfil SE Bond (survival rate, 32.7%+5.4%). By
the CellTiter-Glo assay, the most cytotoxic material
was MMA (survival rate, 29.7%+8.5%), followed by
the Prisma Universal Bond 3 adhesive (survival
rate, 56.9%+6.9%) and TEGDMA (survival rate,
58.1%+3.3%). Table 3 shows the results of cytotox-
icity of 1.0vol% uncured bonding agents. When
tested by the MTS assay, the most cytotoxic ma-
terial was TEGDMA (survival rate, 16.5%+0.9%),
followed by CharmBond (survival rate, 17.6%+1.0%)
and the Prisma Universal Bond 3 primer (survival
rate, 17.7%+0.9%). By the WST-1 assay, the most
cytotoxic material was the bonding agent of UniFil
Bond (survival rate, 18.4%+1.9%), followed by the
Prisma Universal Bond 3 adhesive (survival rate,
22.3%+2.8%) and the Clearfil Protect Bond bonding
agent (survival rate, 24.6%+6.4%). By the CellTiter-
Glo assay, the most cytotoxic material was the
Prisma Universal Bond 3 adhesive (survival rate,
0.2%+0.02%), followed by TEGDMA (survival rate,

0.2%+0.3%) and Compobond (survival rate, 0.3%+
0.2%). Because different assay systems showed dif-
ferent results for the same component, it seems less
significant to rank the cytotoxicity of the tested
commercial products using only one test method.

Cytotoxicity of components of post-cured
bonding agents

The cytotoxicities of various bonding agents after
curing are listed in Table 4. According to the test
results, most bonding agents were non-cytotoxic.
For the MTS assay, only 3M Single Bond (survival
rate, 64.5%+5.8%) showed cytotoxicity. For the
WST-1 assay, only Compobond (survival rate,
29.1%+7.1%) revealed remarkable cytotoxicity. For
the CellTiter-Glo assay, the most cytotoxic mate-
rial was 3M Single Bond (survival rate, 52.4%+7.9%).
It appears that among the post-cured bonding
agents, only 3M Single Bond and Compobond ex-
hibited any cytotoxicity.
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Table 4. Cytotoxicity of components of post-cured bonding agents (survival rate, %) (n=8)

MTS assay WST-1 assay CellTiter-Glo assay
Tested materials
Clearfil Protect Bond 112.8£9.0 112.9+17.3 99.1+8.9
Clearfil SE Bond 108.8+6.3 96.3+23.0 119.8+4.1
Prime & Bond NT 102.0+10.9 100.8+22.2 108.9+13.1
Prisma Universal Bond 3 86.2+9.7 101.1+£9.3 70.6+14.2
UniFil Bond 94.1+5.8 80.5+4.1 111.5+8.1
3M Single Bond 64.5+5.8 97.4+£17.8 52.4+7.9
CharmBond 106.5+9.5 100.6+9.4 77.2+6.3
Compobond 79.5+6.7 29.1+7.1 63.5+10.2
ExciTE 118.4+9.8 91.0+14.8 102.7+19.1
Experiment 99.7+9.9 108.3+22.6 76.6+4.9
Control 91.2+8.3 110.4+£12.3 93.2+5.9
P (F test) <0.0001 <0.0001 <0.0001
Scheffé test 6<11,5,10,3,7,2,1,9 8<5,9,2,6,7,3,4,10,11,1 6<11,1,9,3,5,2
8<7,2,1,9 8<11,1,9,3,5,2
4<1,9 4<9,3,5,2
11<9 10<3,5,2
7<3,5,2

Discussion

Dental bonding agents have greatly improved in
recent years. To improve bonding strength, com-
ponents have evolved from simple etching of and
bonding with the enamel to the use of a so-called
dentin conditioner (to etch the dentin surface),
a dentin primer (to increase the surface energy
and improving wetting), and an adhesive (to form
a hybrid layer). Currently, many products have
an option of total etching as part of their proce-
dures. The commercial products include single-
and multiple-bottle systems. The rinsing procedure
after etching was omitted.'>'® For these improve-
ments, we thought that the bonding agent is nearly
perfect in terms of both function and usage. But
because these materials are used in the human
body, attention to their biocompatibility requires
a high level of concern. In this study, we detected
the effects of some currently available commercial
bonding products on cell viability by evaluating the
cytotoxicity of these materials.

Many types of cells are used for cytotoxicity
tests in dental research, most of which can be cat-
egorized into two broad groups: (1) those derived
from animals (e.g., V79, L-929 and 3T3 cells'-"?)
and those obtained from human oral tissues (such
as human gingival fibroblasts, dental pulpal fibrob-
lasts, and oral epithelial cells®2%2?"). Yamagata and
Oshima?? tested the cytotoxicity of glass ionomer,
composite resin, and amalgam on cells obtained
from human gingival tissue, pulp tissue, and mouse
subcutaneous tissue. They found that the results
differed with the materials and cells used, with

cells from gingival tissue exhibiting the lowest sen-
sitivity. Schweikl and Schmalz?? used mouse fibrob-
lasts (L-929 cells) and human gingival fibroblasts to
evaluate the cytotoxicity of glass ionomer cement,
composite resin, and zinc phosphate cement, and
found that human gingival fibroblasts had a weaker
response to cytotoxicity. Geurtsen et al." used fi-
broblasts from mouse lung tissue (3T3 cells) and
three fibroblasts from human oral tissues (gingiva,
pulp, and periodontal ligament) to detect 35 mon-
omers of dental composite resins. Their results in-
dicated that cells from the pulp and periodontal
ligament were more sensitive than those from gin-
gival tissue or 3T3 cells. Since all previous studies
demonstrated that gingival tissue is the least sen-
sitive, we chose oral epithelial cells (KB cells) for
this experiment. Because this is a cancerous cell line,
its reaction to cytotoxic materials may differ from
those of primary cells.2* However, since it is easily
maintained in culture, exhibits high reproducibility
and can be used for oral epithelial cell tests,?%26
we considered this cell line to be appropriate for use
in the present study.

In order to obtain objective results, we used two
detection systems (the MTS and WST-1 assay sys-
tems) to detect cell viability. Because the MTS for-
mazan product is soluble in tissue culture medium,
this assay system requires fewer steps than other
kinds of measuring systems that use tetrazolium
compounds such as MTT or p-iodonitrotetrazolium
violet.?” The WST-1 system includes other tetrazo-
lium salts. The manufacturer declared it is more
sensitive than the MTT assay system and can be
used to detect a cytotoxic effect or inhibition of
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cell growth induced by a chemical or drug.?® The
reason to choose two similar assay systems was not
to compare which method is better but simply to
obtain consistent results from the two methods. In
addition, we also chose another assay system, the
CellTiter-Glo system. It is a homogeneous method
of determining the number of viable cells in cul-
ture based on quantitation of ATP, which signals
the presence of metabolically active cells. On the
basis of the manufacturer’s claims, it is suitable for
screening cell proliferation and cytotoxicity,?’ and
it is also more sensitive than the other methods.*°

Comparing the results obtained by the three
methods, we found that the same components had
different results with the different test methods,
even though the MTS and WST-1 systems have simi-
lar reaction mechanisms (Tables 2 and 3). Among
the data of the three assay systems, most of the
uncured tested materials revealed that the higher
the concentration of the test material, the fewer
cells that survived. Two test materials, however,
presented different patterns. The Prime & Bond
NT bonding agent in CellTiter-Glo assay and the
MMA monomer in the WST-1 and CellTiter-Glo
assays showed inconsistency in the cytotoxicity
results. Because some other studies on cell viabil-
ity in vitro also produced inconsistent results,3'-33
we retained these peculiar data (survival rate of
256.6% for Prime & Bond NT bonding agent in the
CellTiter-Glo assay) for reference. Compared with
the control group, a phenomenon of MMA increas-
ing cell growth in the WST-1 and CellTiter-Glo as-
says at a 1.0vol% concentration was observed, as
shown in Table 3. At the moment, we do not un-
derstand why this material had the ability to pro-
mote cell growth, but it was reported to have less
cytotoxicity. 34

Although these diverse data are certainly diffi-
cult to explain, the results of the internal control
were in an acceptable range, so we think that most
of the measured data are reliable in each assay.
This also supports our previous scruple that evalu-
ations of the cell viability of dental materials can-
not be ranked by just a single testing method.
Although we had no basis to judge which of the
methods used in this study was the most accurate,
we think these assays can indicate the degree of
cytotoxicity. In addition, our statistical analysis
had good power and was conservative. In the one-
way ANOVA study, sample sizes of 8, 8, 8, 8, 8§, 8,
8, 8, 8, and 8 were obtained from the 10 groups
the means of which (supposed to be 100, 90, 90,
90, 90, 90, 90, 90, 90, and 90) were compared.
The total sample of 80 subjects achieved 97%
power to detect differences among the means ver-
sus the alternative of equal means using an F test
with a 0.05 significance level (if we supposed the

size of the variation in the means is represented
by their standard deviation which is 3.00, and the
common standard deviation within a group is as-
sumed to be 5.00). When the F test was signifi-
cant, we chose the Scheffé test to do the post hoc
pairwise comparison, since it is a valid, fairly con-
servative test, and therefore, sufficiently general
to be applicable to analyze our data which may
have some unexpected extremes.

At a 0.1vol% concentration, half of the tested
materials (Clearfil Protect Bond primer, Clearfil
SE Bond primer, Prime & Bond NT conditioner,
UniFil Bond primer, CharmBond, Compobond, MMA)
showed little effect on cell viability; and in the
1.0vol% condition, 11 components revealed a greater
cytotoxic effect on cell viability. Among the two-
bottle systems, all bonding components appeared
to have greater cytotoxic effects and were more
viscous than the primer or conditioner components.
It seems that, in addition to the chemical toxicity,
the highly viscous liquid that covered the cell
surface caused interference with cell metabolism
and may be one of the factors in the cytotoxic ef-
fect. In this study, all single-bottle systems also
showed greater cytotoxicity than the conditioners
or primer components of the two-bottle systems.
The TEGDMA was more viscous than the MMA mon-
omer and showed greater cytotoxicity in this study.
Ratanasathien et al.Z investigated the cytotoxicity
of four dentin bonding components on mouse
fibroblasts by the MTT assay. They ranked the
degree of cytotoxicity in descending order as:
BisGMA, UDMA, TEGDMA, and HEMA. Yoshii3 evalu-
ated the cytotoxic effect on HelLa S3 cells by the
MTT assay and obtained the following ranking in
descending order: BisGMA, UDMA, TEGDMA, HEMA,
and MMA. Both rankings also coincided with the
degree of their viscosity. Whether or not the vis-
cosities of materials influence cell viability will be
the next step in our investigation.

Costa et al.’® evaluated the cytotoxic effect
of three dental adhesive systems on an immortal-
ized mouse odontoblast cell line. They tested un-
cured fresh adhesives by counting the cell numbers
with scanning electron microscope, and tested the
cured adhesives by an inhibition zone test. The
cell morphology was discerned under scanning
electron microscope, and an MTT assay was per-
formed to evaluate mitochondrial respiration. They
found that fresh adhesives exhibited more toxic
effects than polymerized adhesives, and in the po-
lymerized group, some cells grew in the walls de-
spite the persistent cytotoxic effects. Szep et al.?”
tested the cytotoxicity of six dentin adhesives on
primary human gingival fibroblasts by applying the
dentin adhesive on glass slides, and placed them in
a Petri dish after curing, then added the culture
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medium to obtain the eluate for the toxicity test.
After 3 days of culture, they examined the cell
morphology and counted the number of cells under
a phase-contrast microscope, and found that all
test materials had undergone different degrees of
cytotoxic reactions. Huang and Chang® used an
MTT assay to investigate the cytotoxicity of five
different dentin bonding agents in a large number
of human pulp cells, and found that elutes of post-
cured test materials had significant potential for
pulpal toxicity. Kaga et al.'® investigated the rela-
tionship between the monomers eluted from den-
tin bonding systems and their cytotoxicity, and
found that the primer and uncured adhesives ex-
hibited variable cytotoxicities, but the cytotox-
icities decreased as the photoactivation time
increased. The amount of monomers eluted from
the cured adhesives was almost undetectable and
did not reach a sufficient concentration to sup-
press cell viability or cell growth. In our study,
most of the uncured materials had remarkable
cytotoxic effects, especially at higher concentra-
tions (Table 3), and most of the post-cured speci-
mens revealed no cytotoxicity except for the 3M
Single Bond and Compobond (Table 4). On the
whole, our results are in complete agreement with
those from previous studies. The absence of cyto-
toxic effects for post-cured materials might have
been due to most of the bonding agent components
having been polymerized and so less was eluted.
This can be verified using our prepared experiment
bonding agent; although the resin matrixes UDMA
and TEGDMA are cytotoxic materials, they showed
the same level of safety as most commercial prod-
ucts after curing. However, if the curing is incom-
plete, the residual monomer might irritate the
tissues, and hence the cytotoxicity of resin bond-
ing agents needs to be considered when they are
used in clinical applications.

According to the results of this study, all the
uncured components of the tested resin bonding
agents had cytotoxic effects on human oral epithe-
lial cells. Some cured commercial products also
had a cytotoxic effect. Because the same material
tested in different assays may give different re-
sults, testing using only one method is not suffi-
cient to judge the cytotoxic effect. It would be
more reliable if the results of a tested material
were similar in the different tests.
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Introduction

Background/purpose: Nonsurgical root canal treatment (NSRCT) is a valuable den-
tal procedure, because it is reported to have a high 5-year tooth retention rates
of >90% in Taiwan. The purpose of this study was to investigate the pattern of
NSRCT by analyzing different age groups of patients and tooth types according to
different age groups of patients in Taiwan in 2006.

Materials and methods: Data on the population were obtained from a database of
the Ministry of Interior, Taiwan, and the data of the NSRCT were obtained from a
database of the Taiwan Dental Association. The population older than 5 years was
divided into seven age groups, and the treatment rate and number of permanent
tooth which received NSRCT per 1000 patients in each age group were analyzed.
Results: The results found that 8,865,201 patients received dental treatment, and
1,907,325 permanent teeth received NSRCT in a total population of 21,783,585.
This gave an overall dental treatment rate of 40.7%, and overall number of NSRCTs
of 215.1 teeth per 1000 patients. The number of NSRCTs per 1000 patients gradu-
ally increased from 34.6 in the 5- to 14-year age group to a peak of 342.5 in the
55- to 64-year age group and then slightly declined to 322.5 in the oldest age group
of >65 years. The most frequent tooth type which received NSRCT was first molars
(21.0%), followed by second premolars (18.4%), second molars (16.7%), first premo-
lars (13.0%), central incisors (10.6%), lateral incisors (9.7%), canines (9.0%), and
third molars (1.9%).

Conclusion: The overall NSRCT rate per 1000 patients was 215.1 teeth, the inci-
dence of NSRCT increased with the age of the patients, and the frequency of canine
treatment increased with the age of patients.

RCT increases with the age of the population group
at 3-6% for younger adults to 18-20% for patients

Root canal treatment (RCT) is a basic part of com-  older than 60 years.! The relative proportions of
prehensive quality dental care. The incidence of  tooth types that require RCT considerably vary by
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age cohort, and therapy for all teeth peaks in the
55- to 64-year age group.?

In Taiwan, the National Health Insurance (NHI)
plan was implemented in March 1995. Almost 95%
of the total population (>22 million) participate in
this insurance plan. Because dentists have to claim
each dental treatment to the Bureau of NHI (BNHI)
through the Taiwan Dental Association in order to
get their service fees, the computerized dental
database for every insured individual has been kept
since March 1995. The national records of the Tai-
wan Dental Association are valuable to assist the
study of the frequency of nonsurgical RCT (NSRCT)
of the permanent dentition in different age groups
of patients in Taiwan.

Materials and methods

Data on the population in Taiwan were obtained
from the Ministry of Interior, Taiwan, and dental
treatment records including the total number of
dental treatments and the total number of NSRCT
were obtained from the database of the Taiwan
Dental Association. The dental records are a com-
puterized database that includes all dental treat-
ments. The present study only investigated and
analyzed dental treatments claimed in 2006.

In this study, in order to match the age groups
posted by the Ministry of the Interior, Taiwan, pa-
tient data were divided into seven age groups (5-14,
15-24, 25-34, 35-44, 45-54, 55-64 and >65 years).

The dental treatment rate was analyzed in the
seven age groups by the percentage of the popu-
lation which received services of the NHI in 2006.
Numbers of permanent teeth which underwent
NSRCT per 1000 patients were analyzed in the seven
age groups of patients and by eight tooth types
(central incisors, lateral incisors, canines, first pre-
molars, second premolars, first molars, second
molars, and third molars) according to different
age groups of patients in Taiwan.

In total, data on 1,907,325 permanent teeth
which claimed NSRCT in 2006 were collected by
searching the database for the specific BNHI pro-
cedure codes, which represent NSRCT performed
on teeth with one (90001C), two (90002C), or three
or more root canals (90003C).

Results

Dental treatment rates and numbers of NSRCT per
1000 patients in different age groups of patients in
Taiwan in 2006 are shown in Table 1. In 2006, the
total population of Taiwan was 22,876,527, among
which 21,783,585 individuals were older than 5 years.
Of the 9,090,766 patients who received dental treat-
ment, 8,865,201 were older than 5 years. This gave
an overall dental treatment rate of 40.7% for the
total number of individuals older than 5 years of
age. We found that individuals in the age group of
5-14 years had the highest dental treatment rate
(58.4%), followed in descending order by individu-
als in the age groups of 25-34 (41.1%), 55-64 (38.2%),
45-54 (37.9%), 15-24 (37.4%), and 35-44 years
(37.3%). The individuals in the oldest age group of
> 65 years had the lowest dental use rate (33.3%).

In total, 8,865,201 patients underwent differ-
ent kinds of dental treatments, and 1,907,325 per-
manent teeth received NSRCT. Thus, the overall
number of NSRCT per 1000 patients was 215.1. The
number of NSRCT per 1000 patients gradually in-
creased from 34.6 in the youngest age group of
5-14 years to a peak of 342.5 in the next older age
group of 55-64 years and then declined slightly to
322.5 in the oldest age group of > 65 years.

Of those 1,907,325 teeth that received NSRCT,
557,333 were anterior teeth (29.2%), 597,365 were
premolars (31.3%), and 752,727 were molars (39.5%).
Numbers of NSRCT per 1000 patients for the differ-
ent tooth types according to different age groups
of patients in Taiwan in 2006 are listed in Table 2.
The present study found that the most frequent

Table 1. Dental use rates and number of nonsurgical root crown treatments (NSRCTs) in different age groups of

patients in Taiwan in 2006

Age Population, Patients, Dental use NSRCT, No. of NSRCTs/
(yr) n (%) n (%) rate (%) n (%) 1000 patients
5-14 3,052,689 (14.0) 1,782,359 (20.1) 58.4 61,740 (3.2) 34.6
15-24 3,369,155 (15.5) 1,260,737 (14.2) 37.4 254,697 (13.4) 202.0
25-34 3,834,785 (17.6) 1,574,775 (17.8) 411 336,103 (17.6) 213.4
35-44 3,777,807 (17.3) 1,410,685 (15.9) 37.3 356,976 (18.7) 253.1
45-54 3,478,994 (16.0) 1,317,717 (14.9) 37.9 392,816 (20.6) 298.1
55-64 1,983,126 (9.1) 757,249 (8.5) 38.2 259,383 (13.6) 342.5
>65 2,287,029 (10.5) 761,679 (8.6) 33.3 245,610 (12.9) 322.5
All ages 21,783,585 (100) 8,865,201 (100) 40.7 1,907,325 (100) 215.1
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Table 2. Number of nonsurgical root canal treatments (NSRCTs) per 1000 patients and frequency in different tooth
types according to different age groups of patients in Taiwan in 2006*"

Tooth type
Age
(yr) Central Lateral Canines First Second First Second Third All
incisors incisors premolars premolars molars molars molars

5-14 6.7 (19.4) 7 (10.7) 0.3 (0.9) 6(4.6) 4.1(11.8) 16.5(47.7) 1.8(5.2) 0.0(0.0) 34.6
15-24  31.0 (15.3) 24 0(11.9) 5.6 (2.8) 18 1(9.0) 34.7 (17.2) 52.1(25.8) 34.8 (17.2) 1.8 (0.9) 202.0
25-34  23.9 (11.2) 19.6 (9.2) 9.5 (4.5) 24.4(11.4) 43.1(20.2) 47.1 (22.1) 40.9 (19.2) 4.7 (2.2) 213.4
35-44 20.7 (8.2) 19.2(7.6) 17.1(6.8) 33.3(13.2) 51.2 (20.2) 55.2 (21.8) 50.8 (20.1) 5.6 (2.2) 253.1
45-54  22.9 (7.7) 24.6(8.3) 30.2(10.1) 43.6 (14.6) 56.2 (18.9) 60.9 (20.4) 53.8 (18.0) 6.0 (2.0) 298.1
55-64  31.3(9.1) 35.0(10.2) 48.2 (14.1) 53.1 (15.5) 60.3 (17.6) 55.9 (16.3) 51.6 (15.1) 7.2 (2.1) 342.5
>65 38.4 (11.9) 41.5(12.9) 63.1(19.6) 51.2 (15.9) 51.1 (15.8) 39.0 (12.1) 32.8 (10.2) 5.5 (1.7) 322.5
All ages 22.7 (10.6) 20.9 (9.7) 19.3(9.0) 27.9 (13.0) 39.5(18.4) 45.1(21.0) 35.9 (16.7) 4.0 (1.9) 215.1

*Data are presented as n (%); Tpercentages in each age category may not add up to 100% because of rounding.

tooth type to receive NSRCT was first molars (21.0%),
followed by second premolars (18.4%), second mo-
lars (16.7%), first premolars (13.0%), central inci-
sors (10.6%), lateral incisors (9.7%), canine (9.0%),
and third molars (1.9%). In addition, first molars
had the highest number of NSRCT per 1000 patients
(45.1), followed in descending order by second
premolars (39.5), second molars (35.9), first pre-
molars (27.9), central incisors (22.7), lateral inci-
sors (20.9), canines (19.3), and third molars (4.0).

The frequency of anterior teeth that received
NSRCT increased with the age of patients, and ca-
nines became the most frequent tooth type of
NSRCT in oldest age group of >65 years.

Discussion

The NHI plan of Taiwan began in March 1995. More
than 95% of the population is covered by this insur-
ance plan. By accessing the database of the Taiwan
Dental Association, we can study the epidemiology
of NSRCT in different age groups of patients and for
different tooth types in Taiwan. In this study, we
found that the overall dental use rate of patients
older than 5 years in Taiwan in 2006 was 40.7%; this
dental use rate was lower than that (43.2%) re-
ported in the US in 1996,% and that (70%) reported
in Denmark in 2003.# Patients in the 5- to 14-year
age group had the highest dental use rate of 58.4%;
this rate was even higher than that (52.5%) of the
6- to 18-year age group reported in the US in 1996.
This high dental use rate may be due to the com-
prehensive oral examination by dentists for every
grade 1 and 4 students in elementary schools in
Taiwan. Students with detected dental defects are
asked to see their dentists for further dental treat-
ments. The dental use rate of patients in the age
group 65 years and older was the lowest at 33.3%,

which was much lower than the 41.3% reported in
the US in 1996;3 this lower dental use rate in
Taiwan may be due to fewer teeth retained in the
oral cavity in elderly patients in Taiwan than in the
US and the lower total income per person in Taiwan
than in the US.

Factors causing the greatest dissatisfaction with
RCT were cost, time consumption, and pain.> The
overall number of NSRCTs per 1000 patients in
Taiwan was 215.1, which was about three times
that (approximately 66) of Denmark.* This high
overall incidence may be attributed to fact that
the NSRCT is covered by the NHI in Taiwan, and
this may encourage patients to receive more RCT
if needed, or due to oral health in Taiwan still
being much poorer than that in Denmark.

RCT is covered by the NHI in Taiwan, but there
are still some patients who ask endodontic special-
ists for higher-quality treatment which they pay
for by themselves; therefore, the actual number
may be a little bit higher.

Although previous studies reported a relatively
lower frequency of high technical quality for root
canal filling ranging from 14% to 65%,58 the NSRCT
yielded a high success rate of >90%.° Epidemiologic
studies also showed that although 16.8-64.5% of
root canal-treated teeth had apical periodontitis,
most of them still retained their function after
treatment.'® Furthermore, three epidemiologic
studies of large patient populations performed in
the US'"'2 and Taiwan'? showed that the long-term
tooth retention rates after NSRCT were as high as
92.9-97%. Other studies also demonstrated that
the chance of root canal-treated teeth remaining
functional over time was 91-97%." These results
suggest that NSRCT is a valuable and effective
treatment for saving teeth.

Previous studies showed that the incidence of
RCT increases with age,>* and the cutoff points
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of different age groups in the present study dif-
fered from those of previous studies. Our results
showed a comparable tendency in the incidence
of RCT. A recent study from Taiwan'3 showed that
the percentages of each tooth type that received
NSRCT in 1998 were 23.7% for anterior teeth, 29.8%
for premolars, and 46.5% for molars. The present
study also showed that more molars (39.5%) re-
ceived NSRCT than premolars (31.3%) or anterior
teeth (29.2%).

The most frequent tooth type treated by NSRCT
in the present study was first molars (21.0%), fol-
lowed by second premolars (18.4%), second molars
(16.7%), first premolars (13.0%), central incisors
(10.6%), lateral incisors (9.7%), canines (9.0%), and
third molars (1.9%); this distribution of NSRCT in
different types was similar to that reported in a
previous study.? However, when we analyzed the
incidences of NSRCT in different tooth types in each
age group, we found that first molars had the high-
est incidence of NSRCT in the age groups of 5-14,
15-24, 25-34, 35-44, and 45-54 years. This find-
ing may have been due to the fact that the first
molar is the first erupted tooth which has the high-
est incidence of dental caries. In the age group of
5-14 years, the incidence of NSRCT for central in-
cisors was higher than that for the other tooth
types except for first molars, and the high inci-
dence of dental trauma of central incisors in this
age group might explain this situation. Second
premolars had the highest incidence of NSRCT in
the age group of 55-64 years. Canines had the
highest incidence of NSRCT in the age group of
>65 years. These results may indicate the earlier
loss of molars than second premolars and canines
in elderly patients; also, canines are mostly used
as abutment of overdentures and require NSRCT
before making removable dentures for patients
>65 years.

In conclusion, the present study showed that
the incidence of NSRCT in Taiwan in 2006 increased
with age. The most frequent tooth type that re-
ceived NSRCT was first molars, followed in de-
scending order by second premolars, second molars,
first premolars, central incisors, lateral incisors,
canines, and third molars. The frequency of treat-
ment of anterior teeth increased with the age of
patients.
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Received: Sep 14, 2009 Background/purpose: Oral lichen planus (OLP) is the most frequent oral lesion
Accepted: Nov 19, 2009 found in patients with hepatitis C virus (HCV) infection. The aims of this study

were to investigate the prevalence of OLP among chronic hepatitis C patients, to
KEY WORDS: clarify the role of HCV in the pathogenesis of OLP, and to assess its relationship to
hepatitis C; transaminase levels.

Materials and methods: Two groups of subjects were studied; 277 hepatitis C patients
were examined for OLP (Group 1) and 5273 outpatients seeking dental care within
1 year were used as a control (Group 2) to determine the prevalence of OLP in
the general population. The dental and hepatic records were collected and analyzed.
Results: The prevalences of OLP were 4.7% (n=13) in Group 1 and 2.0% (n=104) in
Group 2 and significantly differed (P=0.002). All 13 OLP cases occurred in hepatitis C
patients who had experienced elevated alanine transaminase levels of >80IU/L
within the 2 previous years, regardless of whether they were treated with interfer-
on-ribavirin combination therapy or not. There was a strong association between
elevated transaminase levels and the development of HCV-related OLP lesions
(P=0.014). Of the 13 OLP patients, two were in the group with a sustained virologic
response (SVR) to HCV therapy, two were in the group without an SVR, and nine
were in the non-therapy group. The incidence of OLP in hepatitis C patients did not
significantly differ between those who showed an SVR to HCV therapy and those
who did not respond or did not receive therapy (P=0.560).

Conclusion: We concluded that: (1) elevation of transaminase levels is associated
with the detection of HCV-related OLP, and (2) HCV-related OLP can remain
unchanged for years after an SVR to HCV therapy. The findings revealed that the
role of HCV in OLP pathogenesis is due to host factors induced by HCV rather than a
direct cytopathic effect of HCV.
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Introduction

Oral lichen planus (OLP) is frequently seen in pa-
tients with chronic hepatitis C virus (HCV) infection
and was reported to be an extrahepatic manifesta-
tion of HCV.'3 Many studies associated OLP with
HCV, especially in HCV-endemic areas such as
southern Europe and Japan, although the mecha-
nisms of HCV in OLP pathogenesis are unclear.'4-°

HCV RNA was detected in the saliva and oral mu-
cosa of patients with chronic hepatitis C. Persistent
HCV infection of the oral epithelium may trigger a
host immune response and result in HCV-related
OLP. However, the underlying mechanism remains
unclear.*"" Chung et al."? found that elevation of
transaminase levels significantly increased the risk
of atrophic-erosive OLP, particularly in HCV pa-
tients. Ali and Suresh'® reported a strong associa-
tion between elevated transaminase levels and
detection of erosive OLP, but no correlation be-
tween OLP and HCV infection was determined in
their study. Nagao et al.®'* observed HCV-related
OLP in patients with severe liver dysfunction and
also in patients without it. Further, there were no
significant differences in serum HCV RNA levels and
HCV genotypes between the HCV with OLP group
and the HCV without OLP group. Arrieta et al.™
detected HCV replicates in epithelial cells of anti-
HCV-positive patients with and without OLP. Those
reports suggest that host factors induced by HCV
infection are more important than viral factors in
the pathogenesis of HCV-related OLP.

Combination therapy with interferon (IFN) and
ribavirin is the current standard treatment for
chronic HCV infections. Some reported the therapeu-
tic effects of IFN on OLP lesions, but others reported
that OLP can be aggravated or triggered by IFN.'6:17

There is no report describing the therapeutic ef-
fect of IFN and ribavirin for HCV-related OLP in
chronic hepatitis C patients. Also, controversy and
uncertainty regarding the association of the activity
of HCV in OLP led us to conduct this study. The aims
of this study were to investigate the prevalence of
OLP among patients with chronic hepatitis C in
southern Taiwan, to clarify the role of HCV in the
pathogenesis of OLP by investigating the progression
and occurrence of OLP in HCV patients treated with
IFN plus ribavirin, and to assess the possible asso-
ciation of transaminase levels in OLP. We conducted
oral examinations of chronic hepatitis C patients
with the investigators blinded to their HCV status.

Material and methods

Two hundred and seventy-seven consecutive pa-
tients (152 women and 125 men), aged 34-87 years

(mean, 60.5+10.7 years) with a diagnosis of
chronic HCV infection and who had been followed
up for at least 2 years at the Division of Hepato-
Gastroenterology of Kaohsiung Chang Gung
Memorial Hospital, were examined for OLP (Group
1), and 5273 outpatients seeking dental treatment
at the Department of Oral Pathology and Family
Dentistry within 1 year were used as the control
group (Group 2) to determine the prevalence of
OLP in the general population. All patients enrolled
in the study came from the same general popula-
tion in southern Taiwan. With the investigators
blinded to a patient’s medical history including
his/her HCV status and whether he/she had re-
ceived HCV treatment, OLP was observed through
a clinical examination by a well-trained family
dentist, and then double-checked by an oral medi-
cine specialist. The study was conducted from
August 2007 to March 2009. A diagnosis of OLP was
made on the basis of the recognized typical clini-
cal features; in suspicious cases, a diagnosis was
confirmed by a biopsy. Reticular OLP was defined
by the presence of a lace-like network of grayish-
white lines (Wickham’s striae). Atrophic, erosive
and bullous types of OLP lesions were accepted as
a subtype only in the presence of reticular OLP
elsewhere.'®20 Participants were divided into a
reticular OLP group and an atrophic-erosive OLP
group according to the clinical type of lesions ob-
served. Patients suspected of graft-to-host dis-
ease, or areca nut use or drug-induced lichenoid
eruptions were excluded. Demographic data such
as age, sex, past medical history, type of OLP le-
sion, and its duration were collected using a check-
list after receiving a patient’s consent.

HCV infection was diagnosed by detecting anti-
bodies against HCV (anti-HCV, with microparticle
enzyme immunoassay (AXSYM HCV version 3.0;
Abbott Diagnostics, Chicago, IL, USA). HCV RNA by
qualitative polymerase chain reaction (COBAS
AMPLICOR HCV test version 2.0; Roche Diagnostics,
Basel, Switzerland; with a lower limit of detection
of 50IU/mL) was detected when needed. Liver
function tests including serum aspartate ami-
notransferase (AST) and alanine aminotransferase
(ALT) levels were measured, and serum AST and
ALT levels of <401U/L were assumed to be normal.
AST and ALT levels were estimated in all cases in
Group 1 from several weeks to several months. A
sustained virologic response (SVR) was defined by
the absence of HCV RNA at 24 weeks after comple-
tion of HCV therapy. The goal of treatment for
chronic HCV infection is an SVR accompanied by
improvement in the liver damage. In this study, a
therapeutic response was judged after IFN-ribavirin
combination therapy to be a complete responder if
there was an SVR with normalization of serum ALT
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levels, and an incomplete responder if there was
neither an SVR nor a return to normal transami-
nase levels. The incidences of OLP in the hepatitis
C patients (Group 1) were compared between
those with elevated transaminase levels of >801U/L
(double the normal limits of the value of ALT) and
those whose ALT levels never exceeded 80IU/L and
between those who showed an SVR to HCV therapy
and those who did not respond (non-SVR) or did
not receive therapy. An ultrasonographic scoring
system consisting of the liver surface, parenchyma,
vascular structure and splenic size was used to de-
scribe the severity of hepatic parenchymal dam-
age.?! In the scoring system, a score of 4 indicates
a normal situation, scores of 5-7 indicate hepatic
fibrosis, a score of 8 indicates early cirrhosis, and
scores of 9 and higher indicate cirrhosis. The in-
traobserver reproducibility of our gastroenterolo-
gist was documented.?? In this study, we defined
scores of 4-6 as normal or mild hepatic fibrosis,
while scores of 7 and higher were defined as defi-
nite and advanced hepatic fibrosis. The ultrasono-
graphic evaluation of 277 HCV patients by this
scoring system was used to investigate the correla-
tion between the prevalence of OLP and the de-
gree of liver abnormalities.

All collected data were analyzed by the compu-
ter package SPSS version 15.0 software (SPSS,
Chicago, IL, USA). Chi-squared and Fisher’s exact
tests were used to analyze the association between
qualitative variables. In all analyses, P<0.05 was
considered statistically significant. The study was
approved by the institutional review board of
Chang Gung Memorial Hospital.

Results

OLP was the most prevalent oral lesion in hepati-
tis C patients (Group 1) with 13 cases (9 females
and 4 males, 4.7%; Table 1). The remaining lesions
consisted of leukoplakia in five cases (1.8%), aph-
thous stomatitis in three (1.1%), oral candidosis in
two (0.7%), and cheilitis in two (0.7%) (Table 2).
No abnormalities of the oral mucosa were found in
the remaining 252 cases (91.0%). In the 13 HCV-
related OLP patients, the painless reticular form
of OLP was the most common oral lesion (n=10,
76.9%); only three showed atrophic-erosive OLP
(23.1%), with the buccal mucosa being the most-
often affected site. On the contrary, of the 104
OLP patients in Group 2, the most prevalent OLP
lesion was the painful erosive type (n=90, 86.5%)
and 14 patients (13.5%) showed reticular OLP. The
clinical features of OLP between HCV patients
(Group 1) and dental outpatients (Group 2) statis-
tically differed (P<0.0001).

The prevalences of OLP were 4.7% in Group 1
and 2.0% in Group 2 with a significant difference
(P=0.002). In total, 125 hepatitis C patients com-
pleted HCV therapy with IFN or peginterferon and
ribavirin; 83 (66.4%) of them showed an SVR with a
return to normal ALT levels, and 42 patients (33.6%)
showed a non-SVR with elevated ALT levels.
Because the hepatitis C status did not reach the
therapeutic requirements of health insurance of
Taiwan (a persistent ALT level of >80IU/L and sig-
nificant hepatic fibrosis), adverse effects from
IFN, or financial problems, the other 152 hepatitis
C patients did not receive HCV therapy or failed to
complete therapy. Of the 13 HCV-related OLP pa-
tients, nine were in the non-therapy group (69.2%),
two were in the non-SVR group (15.4%), and two
were in the SVR group (15.4%). The OLP prevalence
in the SVR group (n=2, 2.4%) was lower than that
of the non-SVR group plus the non-therapy group
(n=11, 5.7%). However, no significant difference
was found (P=0.240; Table 3). The HCV-related
OLP in two patients developed before HCV therapy
and persisted after an SVR to therapy for several
months to 1 year. All 13 OLP patients were hepati-
tis C patients who had experienced elevated ALT

Table 1. Age and sex distribution of 277 hepatitis
C patients with oral lichen planus (OLP) lesions in
Group 1

Patients with OLP

Male Female Total
Age (yr)
30-39 0/6 1/5 1/11
40-49 0/15 0/15 0/30
50-59 2/38 2/52 4/90
>60 2/66 6/80 8/146
Total 4/125 9/152 13/277 (4.7%)

Table 2. Distribution of oral mucosal lesions in 277
hepatitis C patients (Group 1)

Oral mucosa condition n (%)
Oral lichen planus 13 (4.7)
Leukoplakia 5(1.8)
Aphthous ulcers 3(1.1)
Oral candidosis 2 (0.7)
Cheilitis 2 (0.7)
Normal mucosa 252 (91.0)
Total 277 (100)
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levels of >801U/L within the past 2 years, regard-
less of whether they were treated with HCV ther-
apy or not. Elevated transaminase levels of >801U/L
were significantly related to the development of
OLP (P=0.014; Table 4).

Ultrasonographic scores of 7-9 indicating defi-
nite to advanced hepatic fibrosis were detected in
eight of 13 HCV-related OLP patients, and scores
of 4-6 indicating normal to mild hepatic fibrosis
were found in the other five HCV-related OLP pa-
tients. When possible differences in OLP preva-
lence with respect to the degree of liver damage
by the ultrasonographic scoring system between
the advanced hepatic fibrosis group and the nor-
mal to mild hepatic fibrosis group were investi-
gated, a significant difference between the groups
was not found (P=0.566; Table 5).

Discussion

According to our study, the prevalence of OLP in
southern Taiwanese patients with hepatitis C was
4.7%. This was significantly higher than the preva-
lence of OLP in the general population (2.0%),
which was used as a control in our study (P=0.002).
The prevalence of OLP in 277 hepatitis C patients
(4.7%) was quite similar to the results of other au-
thors, such as Figueiredo et al.2*> who reported a
4.7% incidence of OLP among 126 patients with
HCV infection in Brazil, Nagao et al.?* who re-
ported a 4.8% incidence of OLP among 84 patients
with HCV infection in Japan, and Pawlotsky et al.?
who reported a 5% incidence of OLP among 61 pa-
tients with HCV infection in France. To avoid inves-
tigator bias, the two investigators who investigated
all of the HCV patients were blinded to their hepa-
titis C activity. If patients with known HCV therapy
or transaminase levels were more likely to be over-
diagnosed or underdiagnosed with OLP, this would
have resulted in arbitrary statistics. We did not
find a higher OLP prevalence in hepatitis C patients
treated with IFN and ribavirin, in contrast to re-
ports of OLP being triggered or aggravated by IFN

by other authors.'®2¢-28 Furthermore, HCV-related
OLP was observed to be more common in the non-
therapy group (69.2%) than in the IFN-ribavirin
combination therapy group (30.8%). However there
was no significant difference (P=0.287). To our
knowledge, this is the first report to investigate
the prevalence of OLP among chronic hepatitis C
patients in southern Taiwan, and it describes the
effect of IFN-ribavirin combination therapy for
chronic hepatitis C patients with HCV-related OLP.

Among 13 HCV-related OLP cases, the reticular
form of OLP (76.9%) was the most prevalent oral

Table 3. Prevalence of oral lichen planus (OLP) in
hepatitis C virus (HCV) patients (Group 1), stratified
by a sustained virologic response (SVR) to HCV ther-
apy with interferon and ribavirin and non-SVR to
therapy plus the non-therapy group*

OLP (-) OLP (+) Total
SVR 81 (29.2) 25 (0.7) 83 (30.0)
Others 183 (66.1) 111 (4.0) 194 (70.0)
Total 264 (95.3) 13 (4.7) 277 (100)

*Data are presented as n (%); 'percentages may not add up to
total because of rounding; *not significant (P=0.240); 52.4%
(2/83) with an SVR; 5.7% (11/194) with a non-SVR and no
therapy.

Table 4. Prevalence of oral lichen planus (OLP) in
hepatitis C virus (HCV) patients (Group 1), stratified
by alanine transaminase (ALT) levels of >80IU/L
within 2 years of follow-up, by whether they were
treated with HCV therapy or not*

OLP () OLP (+) Total
ALT
<80IU/L 85 (30.7) 0* (0) 85 (30.7)
>80IU/L 179 (64.6)  13%(4.7) 192 (69.3)
Total 264 (95.3)  13%(4.7) 277 (100)

*Data are presented as n (%); Tsignificant (P=0.014);
0% (0/13) with OLP; $100% (13/13) with OLP.

Table 5. Prevalence of oral lichen planus (OLP) in hepatitis C virus (HCV) patients (Group 1), stratified by the

ultrasonographic scoring system*

OLP (-) OLP (+)T Total
Echo score
4-6 (normal or mild hepatic fibrosis) 123 (44.4) 5% (1.8) 128 (46.2)
7-9 (definite or advanced hepatic fibrosis) 141 (50.9) 85 (2.9) 149 (53.8)
Total 264 (95.3) 13 (4.7) 277 (100)

*Data are presented as n (%); Tnot significant (P=0.566); ¥38.5% (5/13) with OLP; %61.5% (8/13) with OLP.
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lesion in hepatitis C patients. This is compatible
with the finding of Mignogna et al.?’ that the re-
ticular form is more frequent in HCV-positive pa-
tients than in HCV-negative patients. Most hepatitis
C patients with reticular OLP do not seek treat-
ment because of the asymptomatic nature of the
disease. Variations in OLP symptoms between HCV
patients (Group 1) and dental outpatients (Group
2) may have influenced the option of seeing doc-
tors and resulted in the different manifestations of
OLP between the two groups. All HCV-related OLP
cases among the 13 hepatitis C patients were tol-
erable. No patient subjectively complained about
gross or symptomatic changes, regardless of
whether they were treated with IFN-ribavirin com-
bination therapy or not. Three atrophic-erosive
OLP and two reticular OLP patients were referred
to the dental department of the same hospital for
treatment, and showed dramatic remission of signs
and symptoms with levamisole and low-dose pred-
nisolone therapy within 2 weeks, and there was no
evidence of erosive OLP after 4-6 weeks of treat-
ment. The HCV-related OLP in two cases developed
before HCV therapy and remained unchanged after
an SVR to therapy. Nevertheless, HCV-related OLP
responded to conventional therapy for OLP as
well.’° The beneficial effects of prednisolone plus
levamisole on HCV-related OLP also suggest immu-
nopathogenesis.3® The etiology of OLP is thought
to reflect a cell-mediated immune response, al-
though the mechanisms remain to be addressed.3'-33
Leukoplakia was the second most common lesion
in hepatitis C patients. Caution should be taken to
regularly follow up on the leukoplakia, as with OLP,
for possible malignant changes.'

IFN with antiviral, antiproliferative and immu-
nomodulatory functions is effective in treating
chronic hepatitis C. The rate of response to IFN is
enhanced by increasing the IFN dose and extend-
ing the treatment duration. The addition of ribavi-
rin to IFN therapy increases the SVR rate in
Taiwanese HCV patients by up to approximately
60%.34737 In this study, the SVR rate to IFN-ribavirin
combination therapy was 66.4%. The long-term
benefits of SVR are decreased infectivity, lower
risks of developing cirrhosis and hepatocellular
carcinoma (HCC), and an improved quality of life.
Therapeutic effects of IFN and ribavirin have been
confirmed in extrahepatic lesions other than
OLP.38-40 We found that HCV-related OLP in chronic
hepatitis C patients with SVR to IFN-ribavirin com-
bination therapy can be persistent. As OLP neither
disappeared nor improved but remained unchanged
when HCV RNA became negative after HCV ther-
apy, it is unlikely that HCV directly participates in
the pathogenesis of OLP lesions. Our data suggest
that HCV is not sufficient in itself to be a causative

agent for the development of OLP lesions, and that
host factors play important roles in the pathogen-
esis of HCV-related OLP. This was supported by
other researchers who reported that the percent-
ages of HCV-infected oral mucosa cells do not cor-
relate with serum viremia levels or the intensity of
inflammatory infiltrates in OLP lesions, together
with the fact that HCV RNA levels or HCV geno-
types in HCV patients with or without OLP did not
significantly differ.'*">4! Furthermore, Femiano
and Scully*? found that an increase in immunomod-
ulatory cytokines in HCV-positive OLP lesions in-
duced cell-mediated cytotoxicity to basal layer
cells and resulted in OLP lesions. Pilli et al.**> dem-
onstrated that HCV-specific CD4* and CD8* T cells
were present within intralesional infiltrates in
HCV-positive OLP lesions, thus providing strong ev-
idence for the involvement of HCV in the patho-
genesis of OLP. Although it is unclear how HCV
affects the immune system of hosts, it is thought
that the host immune system plays an important
role in the development of HCV-related OLP. For
further elucidation of the therapeutic effects of
IFN-ribavirin combination therapy on HCV-related
OLP, an accumulation of more cases and long-term
follow-up are needed. Also in this study, nine of 13
HCV-related OLP patients were female; therefore,
sex may be related to the occurrence of OLP.
Chronic hepatitis C has peaks and valleys of ac-
tivity, so most hepatitis C patients have ALT levels
that may go up and down or remain stable over
time. No HCV-related OLP was found in hepatitis C
patients whose ALT levels were always <80IU/L
during 2 years of follow-up, regardless of whether
or not they were treated with HCV therapy. Such a
finding is quite interesting and corresponds to
some earlier reports that there is a close associa-
tion between transaminase elevation and the de-
velopment of HCV-related OLP lesions,®1213
although no definite values of elevated ALTs were
mentioned in those reports. As far as we know,
these ALT numbers do not have a linear relation-
ship with the stage of liver damage in HCV infec-
tion. A level of ALT of 160IU/L is not twice as bad
as 80IU/L, and an ALT value of 95IU/L and 801U/L
are essentially the same to a liver specialist. It is
not surprising to find that there were no signifi-
cant differences in OLP prevalence between the
advanced hepatic fibrosis group and the normal to
mild hepatic fibrosis group according to the ultra-
sonographic evaluation (P=0.566) in the study.
However, the prevalence of OLP in the advanced
hepatic fibrosis group was higher than that of the
normal to mild hepatic fibrosis group. Therefore,
further studies are needed to clarify the mecha-
nism of this association between ALT levels
of >801U/L and the detection of HCV-related OLP.
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In conclusion, our data show that among HCV
patients, the rate of OLP is twofold higher (4.7%
vs. 2.0% in the general population); and among
OLP patients the rate of HCV infection is 11-fold
higher (22.1% vs. 2.0% in control subjects of our
previous study). We concluded that at least in
southern Taiwan, there is a positive association
between HCV and OLP and a strong association be-
tween elevated transaminase levels of >80IU/L
and the detection of HCV-related OLP. Physicians
should be aware that OLP can occur or persist even
when serum HCV RNA is negative after IFN-ribavirin
combination therapy for hepatitis C patients.
These findings contradict the notion that HCV is
the direct causal agent of OLP. In other words, HCV
together with other factors (either viral or host-
related immune responses) may be responsible for
some cases of HCV-related OLP.

Acknowledgments

The authors would like to express their gratitude to
Drs Kwong-Ming Kee, Wei-Chih Tung and Chuan-Mo
Lee of the Division of Hepato-Gastroenterology for
their kind referral of chronic hepatitis C patients
for our investigation and to Ms Pao-Fei Chen for
her kind help with the statistics. This investigation
was supported in part by a CMRP research grant
(CMRPG870311 to S.Y.L.) from Chang Gung
Memorial Hospital, Kaohsiung, Taiwan.

References

1. Nagao Y, Sata M. Hepatitis C virus and lichen planus.
J Gastroenterol Hepatol 2004;19:1101-13.

2. Manns MP, Rambusch EG. Autoimmunity and extrahepatic
manifestations in hepatitis C virus infection. J Hepatol
1999;31(Suppl 1):39-42.

3. Cacoub P, Poynard T, Ghillani P, et al. Extrahepatic mani-
festations of chronic hepatitis C. Arthritis Rheum 1999;
42:2204-12.

4. Lodi G, Giuliani M, Majorana A, et al. Lichen planus and
hepatitis C virus: a multicenter study of patients with oral
lesions and a systematic review. Br J Dermatol 2004;151:
1172-81.

5. Guerreiro TDT, Machado MM, De Freitas THP. Association
between lichen planus and hepatitis C virus infection: a
prospective study with 66 patients of the dermatology
department of the hospital Santa Casa de Misericordia de
Sao Paulo. An Bras Dermatol 2005;80:475-80.

6. Ingafou M, Porter SR, Scully C, Teo CG. No evidence of HCV
infection or liver disease in British patients with oral lichen
planus. Int J Oral Maxillofac Surg 1998;27:65-6.

7. van der Meij EH, van der Waal I. Hepatitis C virus infection
and oral lichen planus: a report from the Netherlands.
J Oral Pathol Med 2000;29:255-8.

8. Nagao Y, Sata M, Tanikawa K, Itoh K, Kameyama T. Lichen
planus and hepatitis C virus in the northern Kyushu region
of Japan. Eur J Clin Invest 1995;25:910-4.

10.

11.

12.

13.

14.

15.

16.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Carrozzo M, Gandolfo S. Oral diseases possibly associated
with hepatitis C virus. Crit Rev Oral Biol Med 2003;14:
115-27.

Nagao Y, Sata M, Noguchi S, et al. Detection of hepatitis C
virus RNA in oral lichen planus and oral cancer tissues.
J Oral Pathol Med 2000;29:259-66.

Chaiyarit P, Kafrawy AH, Miles DA, Zunt SL, Van Dis ML,
Gregory RL. Oral lichen planus: an immunohistochemical
study of heat shock proteins (HSPs) and cytokeratins (CKs)
and a unifying hypothesis of pathogenesis. J Oral Pathol
Med 1999;28:210-15.

Chung CH, Yang YS, Chang TT, Shieh DB, Liu SY, Shieh TY.
Relationship of oral lichen planus to hepatitis C virus in
southern Taiwan. Kaohsiung J Med Sci 2004;20:151-9.

Ali AA, Suresh CS. Oral lichen planus in relation to transam-
inase levels and hepatitis C virus. J Oral Pathol Med 2007;
36:604-8.

Nagao Y, Sata M, Itoh K, Tanikawa K, Kameyama T.
Quantitative analysis of HCV RNA and genotype in patients
with chronic hepatitis C accompanied by oral lichen
planus. Eur J Clin Invest 1996;26:495-8.

Arrieta JJ, Rodriguez-Inigo E, Casqueiro M, et al. Detection
of hepatitis C virus replication by in situ hybridization in
epithelial cells of anti-hepatitis C virus-positive patients
with and without oral lichen planus. Hepatology 2000;
32:97-103.

Nagao Y, Sata M, Ide T, et al. Development and exacerba-
tion of oral lichen planus during and after interferon ther-
apy for hepatitis C. Eur J Clin Invest 1996;26:1171-4.

. Nagao Y, Sata M, Suzuki H, Kameyama T, Ueno T. Histological

improvement of oral lichen planus in patients with chronic
hepatitis C treated with interferon. Gastroenterology
1999;117:283-4.

. Silverman S Jr, Bahl S. Oral lichen planus update: clinical

characteristics, treatment responses, and malignant trans-
formation. Am J Dent 1997;10:259-63.

Kramer IR, Pindborg JJ, Bezroukov V, Infirri JS. Guide to
epidemiology and diagnosis of oral mucosal diseases and
conditions. World Health Organization. Community Dent
Oral Epidemiol 1980;8:1-26.

Scully C, el-Kom M. Lichen planus: review and update on
pathogenesis. J Oral Pathol 1985;14:431-58.

Lin DY, Sheen IS, Chiu CT, Lin SM, Kuo YC, Liaw YF.
Ultrasonographic changes of early liver cirrhosis in chronic
hepatitis B: a longitudinal study. J Clin Ultrasound 1993;
21:303-8.

Hung CH, Lu SN, Wang JH, et al. Correlation between ul-
trasonographic and pathologic diagnoses of hepatitis B and
C virus-related cirrhosis. J Gastroenterol 2003;38:153-7.
Figueiredo LC, Carrilho FJ, de Andrage HF, Migliari DA. Oral
lichen planus and hepatitis C infection. Oral Dis 2002;8:42—6.
Nagao Y, Sata M, Fukuizumi K, Tanikawa K, Kameyama T.
High incidence of oral precancerous lesions in a hyperen-
demic area of hepatitis C virus infection. Hepatol Res
1997;8:173-7.

Pawlotsky JM, Ben Yahia M, Andre C, et al. Immunological
disorders in C virus chronic active hepatitis: a prospective
case-control study. Hepatology 1994;19:841-8.

Protzer U, Ochsendorf FR, Leopolder-Ochsendorf A,
Holtermuller KH. Exacerbation of lichen planus during in-
terferon alfa-2a therapy for chronic active hepatitis C.
Gastroenterology 1993;104:903-5.

Sassigneux P, Michel P, Joly P, Colin R. Eruptive mucocuta-
neous lichen planus during treatment of chronic hepatitis C
with interferon alpha. Gastroenterol Clin Biol 1993;17:764.
[In French]

Papini M, Bruni PL, Bettacchi A, Liberati F. Sudden onset of
oral ulcerative lichen in a patient with chronic hepatitis C



Oral lichen planus and hepatitis

197

29.

30.

31.

32.

33.

34.

35.

on treatment with alfa-interferon. Int J Dermatol 1994;
33:221-2.

Mignogna MD, Lo Muzio L, Lo Russo L, Fedele S, Ruoppo E,
Bucci E. Oral lichen plaus: different clinical features in
HCV-positive and HCV-negative patients. Int J Dermatol
2000;39:134-9.

Lu SY, Chen WJ, Eng HL. Dramatic response to levamisole
and low-dose prednisolone in 23 patients with oral lichen
planus: a 6-year prospective follow-up study. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 1995;80:705-9.
Morhenn VB. The etiology of lichen planus: a hypothesis.
Am J Dermatopathol 1986;8:154-6.

Laskaris G, Sklavounou A, Angelopoulos A. Direct immun-
ofluorescence in oral lichen planus. Oral Surg 1982;53:
483-7.

Dockrell HM, Greenspan JS. Histochemical identification of
T cells in oral lichen planus. Oral Surg Oral Med Oral Pathol
1979;48:42-6.

Lee SD, Yu ML, Cheng PN, et al. Comparison of a 6-month
course of peginterferon-a-2b plus ribavirin and interferon-
a-2b plus ribavirin in treating Chinese patients with chronic
hepatitis C in Taiwan. J Viral Hepat 2005;12:283-91.
Chuang WL, Yu ML, Dai CY, Chang WY. Treatment of chronic
hepatitis C in southern Taiwan. Intervirology 2006;49:
99-106.

36.

37.

38.

39.

40.

41.

42.

43.

Lai MY. Combined interferon and ribavirin therapy for
chronic hepatitis C in Taiwan. Intervirology 2006;49:91-5.
Dixit NM, Layden-Almer JE, Layden TJ, Perelson AS.
Modelling how ribavirin improves interferon response rates
in hepatitis C virus infection. Nature 2004;432:922—4.
Zuckerman E, Keren D, Slobodin G, et al. Treatment of
refractory, symptomatic, hepatitis C virus related mixed
cryoglobulinemia with ribavirin and interferon-alpha.
J Rheumatol 2000;27:2172-8.

Johnson RJ, Gretch DR, Couser WG, et al. Hepatitis C virus-
associated glomerulonephritis: effect of alpha-interferon
therapy. Kidney Int 1994;46:1700—4.

Sheikh MY, Wright RA, Burruss JB. Dramatic resolution of
skin lesions associated with porphyria cutanea tarda after
interferon-alpha therapy in a case of chronic hepatitis C.
Dig Dis Sci 1998;43:529-33.

Lodi G, Carrozzo M, Hallett R, et al. HCV genotypes in
Italian patients with HCV-related oral lichen planus. J Oral
Pathol Med 1997;26:381-4.

Femiano F, Scully C. Functions of the cytokines in relation
oral lichen planus-hepatitis C. Med Oral Patol Oral Cir
Bucal 2005;10(Suppl 1):E40-4.

Pilli M, Penna A, Zerbini A, et al. Oral lichen planus patho-
genesis: a role for the HCV-specific cellular immune response.
Hepatology 2002;36:1446-52.



J Dent Sci 2009;4(4):198-201

ELSEVIER

CASE REPORT

Maxillary first molar with six canals

Ya-Yun Lee,’ Pei-Ying Yeh,? Sheng-Fang Pai,? Shue-Fen Yang***

School of Dentistry, National Yang-Ming University, Taipei, Taiwan

2Department of Dentistry, Taipei City Hospital, Taipei, Taiwan

3National Yang-Ming University, Clinical and Educational Center of Dentistry, Taipei, Taiwan
“Department of Stomatology, Division of Endodontics and Periodontology,

Taipei Veterans General Hospital, Taipei, Taiwan

Received: Aug 3, 2009
Accepted: Oct 24, 2009

In this case report, we present a maxillary first molar with six canals. A 40-year-old
male patient was referred for non-surgical root canal therapy of tooth 16. Under

magnification of a surgical operating microscope, a unique morphology with double

KEY WORDS:
maxillary molar;
morphologic variations;

canal systems in each root was identified. The morphology was characterized by a
single palatal root with two canals joining in the apical third, two mesiobuccal
canals, and two distobuccal canals with one orifice and two separate foramina.

root canal therapy

Introduction

To ensure the long-term success of root canal
treatment, it is essential to access, clean, and fill
all of the canal spaces. However, the anatomic
complexities and variations are constant chal-
lenges for successful endodontic therapy.’

The morphology of the maxillary first molar has
been extensively studied and reported in the litera-
ture. Studies have revealed a high incidence of dou-
ble canal systems in the mesiobuccal root. It is
generally accepted that four canals in the maxillary
first molar should be regarded as the rule rather
than the exception.? However, there are reports
showing maxillary first molars with more than four
canals. Pineda and Kuttler? studied the radiographs
of 262 maxillary first molars. The authors found a
3.6% incidence of two distobuccal canals, with no
incidence of two canals in the palatal root.

In addition to morphologic studies, the pres-
ence of a double canal system in either the disto-
buccal or palatal root in maxillary first molars was
documented in several case reports.3-8 Molars with
two palatal canals with separate foramina were
presented by Bond et al.3 and Harris®. Cecic et al.*
reported a case with a bifurcated canal system in the
palatal root. Anatomic variations with two palatal
roots were also reported.>° A double canal system in
the distobuccal roots was reported by Martinez-
Berna and Ruiz-Badanelli® and Hulsmann.”

This report presents endodontic treatment of
an unusual maxillary first molar. The anatomic var-
iation consisted of a double canal system in all
three roots, which resulted in a total of six canals
in a single tooth. There were two separate canal
systems in the mesiobuccal root, and the distobuc-
cal canal was bifurcated in the mid-root portion.
In addition, the palatal root canal system was
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unique in that it contained two orifices and the
canals joined in the mid-root portion.

Case presentation

A 40-year-old Chinese male was referred for root
canal treatment of the right maxillary first molar.
An emergency pulpectomy was carried out owing
to symptoms of irreversible pulpitis. The patient
had complained of pain of his right maxillary first
molar for several days. The pain was intensified by
thermal stimulation. The patient’s medical history
was noncontributory.

A clinical examination revealed no swelling or
sinus tract, and tooth 16 was the only one that was
sensitive to percussion in the right upper quadrant.
A preoperative radiographic examination showed
the residual root of tooth 17, a deep composite
restoration on tooth 16, distal caries on tooth 15,
and sinus proximity of all three teeth. There were
no periapical or furcal radiolucencies but great
curvatures in the apical portions of the buccal
roots of tooth 16 (Fig. 1). A diagnosis of irreversi-
ble pulpitis with acute apical periodontitis was
made on tooth 16. Since tooth 15 responded nor-
mally to the electric pulp test, reversible pulpitis
was diagnosed. After the diagnosis, the treatment
plan was discussed with the patient. Endodontic
treatment was initiated on tooth 16. Tooth 15 was
referred for restoration, and tooth 17 was referred
for extraction.

Local anesthesia was administered using 2% lido-
caine with epinephrine (1:70,000). A rubber dam
was applied. Upon access opening, four well-defined
root canal orifices were located using a DG-16 ex-
plorer (Hu-Friedy, Chicago, IL, USA) on the pulpal
floor, one orifice for each of the buccal roots and two

Fig. 1 Preoperative radiograph of tooth 16.

separate orifices for the palatal root. The radiograph
taken to determine the working lengths showed two
independent palatal canals joining in the mid-root
portion, and the distobuccal file was not in the center
of the canal (Fig. 2A). After removing the dentinal
lips around the mesiobuccal root, the mesiopalatal
canal orifice was revealed under magnification of
a dental operating microscope. In addition, a small
hemorrhagic point was noted over the distal wall
that was about 2mm from the distobuccal canal
orifice, and this was then confirmed as a distopala-
tal canal on the radiograph (Fig. 2B). Severe cur-
vature in the apical third was identified when size
10K-files were used to negotiate the canals. The
length was determined by both a radiograph and
an electronic apex locator (Root ZX; Morita, Tokyo,
Japan). The working lengths were: 21 mm for the
mesiobuccal canal; 20.5mm for the mesiopalatal
canal; 20mm for the distobuccal canal; 18 mm for
the distopalatal canal; and 24mm and 23.5mm for
the palatal canals. Biomechanical preparation was
performed using the passive step-back technique
with sizes 2 and 3 Gates Glidden burs (Mani Inc.,
Japan) in the cervical third of the root canals. The
middle and apical thirds were instrumented with
nickel-titanium (NiTi) rotary instruments (with a
0.04 tapered profile; Dentsply Maillefer, Ballaigues,
Switzerland) and stainless steel K- and H-files.
Sodium hypochlorite (2.5%) was used for irrigation.
Calcium hydroxide was used as an inter-appointment
dressing. After 2 months, tooth 16 became asymp-
tomatic. The canals were dried with paper points
and obturated with gutta-percha cones and Roth’s
801 sealer (Roth International, Chicago, IL, USA)
using a lateral compaction technique (Fig. 3). The
master cone sizes were 35 for the mesiobuccal,
mesiopalatal and distobuccal canals, 30 for the
distopalatal canal, and 40 for both palatal canals.

Fig. 2 (A) First working length radiograph showing two
canals in the palatal root. (B) Second working length
radiograph showing that both the mesiobuccal and dis-
tobuccal roots have two canals (arrowheads).
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After canal preparation and enlargement, parts of
the distobuccal and distopalatal canals were found
to be connected. Tooth 16 was referred for crown
restoration. The patient was asymptomatic at the
6-year recall. Tooth 16 had a metal crown restora-
tion. Clinical examinations revealed no tenderness
to percussion or palpation tests, and the periodon-
tal probing depths of teeth 16 and 15 were within
3mm. The recall radiographs showed no periapical
radiolucency on tooth 16 (Fig. 4).

Discussion

The feasibility of negotiating cases with an unusual
morphology depends upon a thorough knowledge
of the normal anatomy and an awareness of the
existence of anomalies. Proper access opening is
key to the success of identifying and negotiating

Fig. 3 Postoperative radiograph.

root canals. The most common design of access
preparation for maxillary molars is a triangle
formed by the orifices of the two buccal canals
and the palatal canal. However, in the present
case, a more trapezoid form of access preparation
was necessary for the inclusion of all of the canal
orifices.

Another difficulty confronted in this case was
the curvature presented in the apical portion of
the root canals. Since two canals were contained
in all roots, the thin canal walls of the mesiobuc-
cal and distobuccal roots made root canal treat-
ment even more difficult. Hand files, Gates
Glidden burs, and rotary Ni-Ti instruments were
used in combination to facilitate cleaning and
shaping of the curved canals in this case.

The simultaneous occurrence of double canal
systems in all roots of a maxillary molar is an unu-
sual finding. However, it is important for clinicians
to use all the armamentaria available to locate
and treat the entire root canal system. If such ana-
tomic variations are suspected, they may be rec-
ognized on radiographs taken at different angles,
or by examining the pulp chamber floor with a
sharp explorer, staining the chamber floor with 1%
methylene blue dye, performing the sodium hy-
pochlorite “champagne bubble” test, and visualiz-
ing canal bleeding points. All are important aids in
locating root canal orifices.'® In addition, if the
endodontic files are not well centered in the canal
on the radiograph, the possibility of additional ca-
nals should always be considered. The use of mag-
nification is also an aid in verifying the presence of
morphologic variations. Although the occurrence
of a second canal in the distobuccal and palatal
roots is infrequent, it is important for clinicians to
be aware of all possible anatomic variations for
the success of the root canal therapy.

Fig. 4 Radiographs taken at two different angles at the 6-year recall.



Maxillary first molar with six canals

201

References

Peters OA. Current challenges and concepts in the prepa-
ration of root canal systems: a review. J Endod 2004;30:
559-67.

Pineda F, Kuttler Y. Mesiodistal and buccolingual roentge-
nographic investigation of 7,275 root canals. Oral Surg Oral
Med Oral Pathol 1972;33:101-10.

Bond JL, Hartwell G, Portell FR. Maxillary first molar with
six canals. J Endod 1988;14:258-60.

Cecic P, Hartwell G, Bellizzi R. The multiple root canal sys-
tem in the maxillary first molar: a case report. J Endod
1982;8:113-5.

10.

Christie WH, Peikoff MD, Fogel HM. Maxillary molars with
two palatal roots: a retrospective clinical study. J Endod
1991;17:80-4.

Harris WE. Unusual root canal anatomy in a maxillary
molar. J Endod 1980;6:573-5.

Hulsmann M. A maxillary first molar with two disto-buccal
root canals. J Endod 1997;23:707-8.

Martinez-Berna A, Ruiz-Badanelli P. Maxillary first molars
with six canals. J Endod 1983;9:375-81.

Barbizam JV, Ribeiro RG, Tanomaru Filho M. Unusual anatomy
of permanent maxillary molars. J Endod 2004;30:668-71.
Vertucci FJ. Root canal morphology and its relationship to
endodontic procedures. Endod Top 2005;10:3-29.



J Dent Sci 2009;4(4):202-206

ELSEVIER CASE REPORT

Buccal granulocytic sarcoma (chloroma)

Chieh-Yuan Cheng,! Chi-Yuan Tzen,? Chung-Ji Liu'3*

'Department of Oral and Maxillofacial Surgery, Mackay Memorial Hospital, Taipei, Taiwan
2Department of Pathology, Mackay Memorial Hospital, Taipei, Taiwan
3School of Dentistry, National Yang-Ming University, Taipei, Taiwan

Received: Sep 12, 2009
Accepted: Nov 3, 2009

A granulocytic sarcoma (GS) is an extramedullary myeloid tumor which can occur in
multiple sites around the body. GS rarely occurs in the oral cavity, and most cases
are found in pediatric patients. In this report, we describe the case of a 56-year-

KEY WORDS: old male who suffered from right buccal swelling for 1 week. Facial computed tom-
acute myeloid leukemia; ography revealed a low-density mass over the right buccal area. He was also a
chloroma; victim of acute myeloid leukemia; he had received chemotherapy and experienced
TS T remission 6 months later. An intraoral biopsy was performed and proved the mass
) ’ to be a GS. He was referred to the oncology department for radiotherapy and
oral cavity chemotherapy. We report on this particular case because of its unusual clinical and
histologic presence and its occurrence in a patient with a history of acute myeloid

leukemia.
Introduction the jaw bones, gingiva, palate, tongue, and buccal

A granulocytic sarcoma (GS) is an extramedullary
myeloid tumor first described by Burns in 1811.1
The tumor has also been referred to by a variety of
names including myeloblastoma, chloroleukemia,
and chloroma. The latter two designations indicate
the green color of the gross tumor, secondary to
the presence of myeloperoxidase within the cells.?
GS has a rare occurrence, with an estimated inci-
dence of 5% of myeloid leukemias in adults and
13% in children.? It occurs most commonly in bone,
periosteum, soft tissues, lymph nodes, and skin,
but can occur virtually anywhere.*

In the oral cavity, a GS is rare; only 33 cases
have been described to date in the English litera-
ture (Table 1). Among these, most cases were as-
sociated with acute myeloid leukemia (AML). Oral
GS usually presents as a localized mass located in

mucosa.’?10,15,18,20-25,27-35 A|most all patients had
GS in the jaw bones; only two patients had it in
their cheeks. Oral leukemic infiltrates may also
present as diffuse gingival enlargements and oral
swelling, which make the differential diagnosis of
oral GS more difficult. Because of the low inci-
dence of involvement and the difficulty differenti-
ating it, we present a case of a right buccal GS
after chemotherapy for AML.

Case presentation
Case history
A 56-year-old male was diagnosed with AML and re-

ceived chemotherapy. He came to our outpatient
department for help in June 2006 with the chief
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Table 1. Intraoral granulocytic sarcoma patients

Author Year Age (yr) Sex Location Malignancy Outcome
Wiernik and Serpick® 1970 35 F Cheek R AML D 10mo
Brook et al.® 1974 8 M Maxilla R AML NR NR
Neiman et al.” 1981 NR NR Palate soft NR NR NR
Hansen et al.? 1982 83 7 Maxilla R AML NR NR
Conran et al.’ 1982 23 7 Mandible R NR S 16 mo
Takagi et al.° 1983 25 F Mandible L AML NR NR
Reichart et al." 1984 35 F Mandible R APML D 8mo
Castella et al.'? 1984 89 F Palate hard NR D 2mo
Timmis et al.’? 1986 52 M Mandible L LL D 13d
Welch et al.™ 1986 3 F Maxilla L NR D 42mo
Ficarra et al."® 1987 67 F Maxilla L AML D 36mo
Saleh et al.® 1987 62 F Mandible AML-M7 D NR
Barker and Sloan'’ 1988 4 F Maxilla L MML D 48mo
Rodriguez et al.'® 1990 56 M Mandible L AML D NR
Cho et al." 1990 3 M Mandible R APML S 12mo
Eisenberg et al.2° 1991 33 M Maxilla, mandible, R AMML S 12mo
Stack and Ridley?' 1994 70 M Mandible R CML D 1mo
Tuset et al.?? 1995 NR NR Mandible R AML-M7 D NR
Tong et al.?? 2000 76 F Maxilla R AML D 17 mo
Tomas Carmona et al.Z* 2000 60 F Mandible R CML NR NR
Lee et al.®® 2001 43 F Maxilla L NR S NR
Jordan et al.’ 2002 62 7 Mandible MML D 10mo
Amin et al.2 2002 58 M Hard palate AML-MO D 1mo
Asna et al.?’ 2003 NR NR Tongue AML NR NR
Sood et al.* 2003 27 M Parotid AML NR NR
Stoopler et al.?® 2004 50 M Cheek AML NR NR
Colella et al.?? 2005 62 F Maxilla AML D 1mo
Goteri et al.3° 2006 84 F Hard palate Not developed S 7mo
Yinjun et al.3' 2006 44 F Maxilla, R Not developed S NR
Yoon et al.?2 2006 63 M Maxilla Not developed D 4mo
Xie et al.33 2007 32 F Maxilla, mandible, L CML S 6mo
Srinivasan et al.3* 2008 77 M Lip AML D 7mo
Kim et al.?® 2009 4 F Mandible L AML S 4mo
Present case 2009 56 M Cheek AML-M2 D 11 mo

F=female; R=right; AML=acute myeloid leukemia; D=died of disease; M=male; NR=not recorded; S=survived; L=left;
APML=acute promyelocytic leukemia; LL=lymphoid leukemia; AML-M7=acute myeloid leukemia—megakaryoblastic; MML=
myelomonocytic leukemia; CML=chronic myeloid leukemia; AML-MO=acute myeloid leukemia—undifferentiated; AML-M2=acute

myeloid leukemia—myeloblastic with maturation.

complaint of right buccal swelling over the last
2 weeks. Tracing back his past medical history, he
had had a dry cough and shortness of breath for 1
month, but he had paid no attention to those until
he had a tarry stool and severe dyspnea. He was
sent to our emergency room for further evalua-
tion, and a bone marrow biopsy diagnosed AML
(subtype M2) in January 2006. He subsequently re-
ceived induction and consolidation chemotherapy.
Unfortunately, his right buccal area progressively
swelled with tenderness beginning in June 2006. A
physical examination showed a firm, painful mass
over his right buccal area extending to the infra-
temporal area. Facial asymmetry was found, and
right submandibular lymphadenopathy was signifi-
cantly palpable (Fig. 1). An open mouth limitation

of a 25-mm maximum interincisal distance was noted.
An intraoral examination showed that there was
no odontogenic infection source regardless of per-
cussion or palpation. Furthermore, no mucosal ul-
ceration was found. Panoramic film revealed no
radiolucent or radiopaque lesion on the jaw bones
except for tooth 16 which had chronic periodontal
disease with alveolar bone destruction. Aspiration
was performed and revealed a solid mass without
purulent discharge. A complete blood count re-
vealed a white blood cell count of 4.6x10°/L with-
out blast cells, hemoglobin of 14.3g/dL, and a
platelet count of 128x10°/L. A computed tomo-
graphic scan was taken and revealed a low-density
mass occupying the right buccal mucosa (Fig. 2).
Under the impression that the patient had a buccal
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Fig. 1 Clinical photograph showing firm swelling of the
right buccal area and facial asymmetry.

Fig. 2 Computed tomography revealing a low-density
mass occupying the right buccal mucosa (arrow). The
lesion shows homogenous enhancement.

tumor with infection, a biopsy was performed under
general anesthesia and a frozen section revealed
cellular infiltration, suggesting a malignancy.

Histopathology

Microscopic examination of the oral tissue showed
a diffuse monotonous infiltrate of medium-sized or
large neoplastic cells. The tumor cells had round to
oval or irregularly folded vesicular nuclei with fine
chromatin. The cytoplasm was pale and eosinophilic
with fine granularity (Figs. 3A and 3B). Immuno-
histochemically, the neoplastic cells were positive
for CD43 (Fig. 3C) but negative for CD3, CD20, and
CD15. Immunostaining for myeloperoxidase was

positive (Fig. 3D). The histologic features along with
the immunoprofile led to a diagnosis of GS.

Treatment

The right buccal lesion of this patient was treated
with chemotherapy (ara-C, idarubicin) and local
radiotherapy (3900cGy). After localized radiother-
apy was given to the tumor mass, the lesion gradu-
ally diminished. The buccal swelling regressed after
seven sessions of chemotherapy. In January 2007,
his peripheral blood count showed a drop in the
number of white blood cells and platelets. The re-
sults prompted him to get further chemotherapy.
Unfortunately, neutropenia and thrombocytopenia
still persisted, causing a spiking fever and general
weakness. The patient was unresponsive to treat-
ment and died of widespread disease 11 months
later.

Discussion

GS is a localized, solid, extramedullary myeloid
tumor that is often associated with malignant he-
matopoietic disease. GS occurs in 2-14% of pa-
tients with AML. Among patients diagnosed with
GS, 87% subsequently develop AML in a mean time
period of 10.5 months.3¢ Stack et al.?! also showed
that most GS patients had no previous history of
associated myeloid disease; however, evidence of
acute leukemia subsequently emerged in an aver-
age period of 10 months. When there are no signs
of malignancy (primary GS), the differential di-
agnosis should include benign tumors as well as
granulomatous epulis, pyogenic granuloma, and
peripheral giant granuloma.3” GS cannot be readily
distinguished by means of hematoxylin and eosin
staining alone.? A definitive diagnosis of GS can be
established by both immunostaining and a histo-
logic study. Auer bodies (crystalline, rod-like, az-
urophilic intracytoplasmic structures representing
clumped primary lysosomal granules of myeloid
cell precursors) are considered to be a consistent
marker of myeloid cells.?* Immunohistochemical
staining of GS is usually positive for myeloperoxi-
dase and CD43. In addition, Lee et al.? found that
magnetic resonance imaging is helpful for diagnos-
ing GS with its lower signal intensity lesions on
both the T1- and T2-weighted images.

GS is difficult to diagnose from its clinical pat-
tern. Rapid swelling of the buccal space also indi-
cates an infectious process. Laboratory data can
help rule out cellulitis or some pathogenic mi-
crobes. In the present case, even though computed
tomography revealed a tumor-like lesion, acute
cellulitis of the buccal space still could not be
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Fig. 3 (A, B) Tumor cells growing in a sheet-like pattern and showing irregular nuclear contours with vesicular chro-
matin in low- and high-power fields (A: hematoxylin and eosin, 100x; B: hematoxylin and eosin, 400x). Cells showed

immunoreactivity for (C) CD43 and (D) myeloperoxidase.

completely ruled out. A malignant tumor was sus-
pected until easy bleeding and a green-colored
tumor were found. It is hard to diagnose GS be-
cause of the extremely few cases which have pre-
sented in the oral cavity.

Thirty-four cases (including the present case)
of intraoral GS have been reported and are listed
in Table 1. It occurs more often in women. The age
predilection ranges are wide (mean age, 46.8 years;
range, 3-89 years). The most commonly involved
locations in the oral cavity are the maxilla and
mandible (24/34, 70.6%). Other sites included the
cheek, tongue, parotid, hard palate, soft palate,
and lip. Since the survival rate is only 30.8% (8/26),
the prognosis is poor; the survival rate of a primary
GS (2/4, 50.0%) seems higher than GS associated
with malignancy (4/18, 22.2%). However, the out-
comes of eight patients and the associated ma-
lignancies of five patients were not described.
Follow-up times ranged from 15 days to 48 months.
Most GS patients were diagnosed with a known my-
eloproliferative disorder, of which more than half

were AML (19/25). Among them, only four cases
were primary GS patients. Tuset et al.?? found that
GS in a patient with AML did not affect the prog-
nosis. But with non-leukemic patients or those
with chronic myeloid leukemia, a poor prognosis
was indicated. Our study cannot delineate a clear
difference between these two groups, because
many articles did not describe final outcomes.
Rodriguez et al.'® recommended treating GS with
chemotherapy applied with a protocol similar to
that used for AML. Xie et al.3? presented a case of
intraoral GS associated with the complete remis-
sion of CML after treatment with imatinib mesylate
(Gleevec; Novartis, Basel, Switzerland). In our
case, boost radiotherapy was suggested to control
the local tumor. This was also used in other
studies. 3-9:10:15,19,20,25,30

In conclusion, although oral GS is a rare malig-
nancy, it must be considered when an AML patient
has buccal swelling without an infectious source.
GS is difficult to diagnose clinically. Its acute onset
is usually confused with facial cellulitis or another
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infectious disease. Specific immunohistochemistry,
magnetic resonance imaging, or an associated ma-
lignancy is helpful for the differential diagnosis.
Even though the prognosis is poor, it is strictly re-
lated to a correct diagnosis and prompt treatment.
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