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Abstract

Acquired immune deficiency syndrome (AIDS) caused by human immunodeficiency virus (HIV) infection is
a global health problem. Because immune cells are the target of HIV infection, the immunity of the host is com-
promised after being infected with the virus leading to the development of various opportunistic infections and
malignancies. HIV infection affects not only systemic immunity, but also the local innate immune defense. As oral
health is an integral part of general health, various oral lesions have been observed in HIV-infected individuals. Oral
candidiasis is the most common opportunistic infection found in this patient group followed by hairy leukoplakia.
After the introduction of highly active antiretroviral therapy (HAART), a standard treatment for HIV infection, prevalence
of HIV-related oral lesions has dramatically declined. However, long-term use of HAART causes adverse effects on
oral health and significantly affects oral innate immunity of HIV-infected individuals. Thus, it should be noted that
even when oral lesions are not seen clinically in those on HAART, subclinical alterations of oral epithelium do
occur as marked by changes in the expression of cytokeratins and innate immune mediators. In addition, decreased
salivary flow rates are observed among HIV-infected individuals on HAART. Oral oncogenic virus such as Epstein-Barr
virus, but not human papilloma virus, has been shown to be decreased with HAART. This review article described
different aspects of research on oral health and disease in HIV/AIDS in Thailand performed by author and colleagues

during the last two decades. Future directions of oral HIV research were also included.

Key words: AIDS, Candidiasis, HIV, Innate immunity, Oral lesions, Oral health, Saliva
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Introduction

Human immunodeficiency virus (HIV) infection
causing acquired immunodeficiency syndrome (AIDS)
has become a global health problem for more than
three decades. At present, the epidemic of AIDS still
continues increasing globally, particularly in Sub-Saharan
Africa and Southeast-Asia including Thailand". The major
target cells of HIV are immune cells such as T-lymphocytes
and macrophages. Therefore, after being infected by
the virus, the immunity of the host is impaired leading
to the development of various opportunistic infections
and malignanciesz. Because oral health is an integral
part of general health, and HIV infection impairs not
only the host systemic immunity but also the local
innate immune defense, oral lesions in HIV-infected
individuals have been frequently observed. They are
classified into three groups as follows; Group I: Lesions
strongly associated with HIV infection; Group II: Lesions
less commonly associated with HIV infection; and Group
lll: Lesions seen in HIV im‘ection3.

Highly active antiretroviral therapy (HAART) has
become a standard treatment for HIV infection and the
most effective therapy of ADS.” It induces a marked
reduction in viral load and increase in the CD4" cell
count’ leading to a declination in morbidity and
mortality of HIV-infected individuals.’ Currently, HAART
includes more than 30 different drugs of six separate
classes: nucleoside reverse transcriptase inhibitors (NR-
Tls), non-nucleoside reverse transcriptase inhibitors
(NNRTIs), protease inhibitors (Pls), fusion inhibitors, entry
inhibitors, and HIV integrase inhibitors.”

This review article focused on different aspects
of oral HIV research in Thailand performed by author
and colleagues during the last two decades. Future
directions for researches in this challenging field were

also included.

Oral health and disease in HIV infection
Oral lesions are commonly observed among
HIV-infected patients in Thailand before HAART era’

Celebrating 75 Years of Thai Dentistry

Pseudomembranous candidiasis was the most common
lesions, followed by hairy leukoptakia.8 Periodontal
diseases in HIV infection, not as characterized by the
EC—Clearinghouse,3 were similar as those seen in general
population. Of interest, non-Hodgkin’s lymphoma was
the only detected neoptasm,8 and may manifest as
delayed healing of extracted wound.” Kaposi’s sarcoma,
the most common neoplasm seen in AIDS patients in
western countries, was not noted in a group of Thai
people with AIDS.° Deep fungal infections including
histoplasmosis and penicilliosis were detected.®"’
Xerostomia was found to be a common condition in
this patient group.8

Following the introduction of HAART, prevalence
and severity of opportunistic diseases in HIV-infected
patients are dramatically decreased.” Several studies
reported that the frequency and characteristic of HIV-
related oral manifestations have changed as a result of
HAART." !
also been dropped significantly after the wide use of
HAART among HIV-infected individuals."* Oral candidiasis
and hairy leukoplakia were found in 54 % and 13 %

before the introduction of HAART versus 2 % and 1 %,
8,14

*In Thailand, prevalence of oral lesions has

respectively following HAART.

Of interest, while studies in western countries
reported an increased prevalence of oral warts caused
by human papilloma virus (HPV) among those on
HAART 11518

fected individuals in Thailand.14 In addition, the lesions

the lesions were not observed in HIV-in-

have never been reported from studies in other Asian
countries.””’ It is not known why oral warts are
uncommon in Asian population. Further studies should
be performed to determine whether there are any
differences between those two groups of population in
terms of genetics and host susceptibility to the virus.
Due to the wide use of HAART among HIV-infected
individuals, its adverse effects have been e><plored.14 A

study by Nittayananta et al*

reported that oral health
of HIV-infected individuals is improved with short-term
use of HAART, but long-term use of HAART seemed

to have some adverse effects. HIV-infected patients

Nittayananta 2015 201
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without HAART and those on long-term use of HAART
seemed to have a greater risk of developing cervical
caries than those with short-term use of the medication.*
According to periodontal health, those not on HAART
had a greater risk of having periodontal pockets of depth
> 4 mm than those with HAART,14 In western countries,
prevalence of HIV-associated periodontal disease has
also been reported to decrease significantly with
HAART 11122122 2

greater levels of periodontal destruction were associated

A study by Baqui et a ’ reported that
with higher HIV viral loads. However, a biological
explanation for this association remains unclear. Further
studies are needed to clarify this relationship.
Regarding oral symptoms, HIV-infected individuals
not on HAART showed greater risks of having orofacial
pain, and oral lesions than those with HAART.' A
previous study by Patton et al** also reported that oral
symptoms were frequently observed among HIV-infected
individuals and may have a significant impact on their
quality of life.”>* Thus, oral health care professional
plays a crucial role in improving and maintaining

health-related quality of life in HIV-infected individuals.

Saliva in HIV infection

Saliva plays a key role in maintaining oral health
and protecting oral tissues.”*® It is well established
that salivary glands are affected during the course of
HIV infection.””’ Complaints of dry mouth or xerostomia
have been reported as a common condition among the
infected individuals, varying from 7 % to 63 % depending
on study population and geographic locations.”*"*
Systemic diseases and xerogenic medications are common
causes of salivary gland hy|oofunction.33‘3L1 However,
subjective complaints of dry mouth may not imply
objectively measurable diminished gland function.

Hyposalivation, xerostomia, and oral health
status were assessed in a group of HIV-infected Thai
people before HAART era.”” The unstimulated flow rates
in HIV-infected patients were significantly lower than
non-HIV controls. However, no significant difference

between the groups was found with respect to stimulated
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flow rate. Of interest, hyposalivation was significantly
associated with the colony forming unit of Candida.
Smoking and alcohol consumption were significantly
associated with hyposalivation, but not xerostomia.
Other factors including sex, stage of HIV infection, risk
group of HIV infection, systemic disease, and medication
use have been reported to be significantly associated
with both hyposalivation and xerostomia.””

A correlation between reduced whole saliva
secretion rate and subjective feelings of oral dryness
has been repor‘ced.%’37 Subjective feeling of oral dryness
might be a result of salivary gland hypofunc’tion.38
However, absence of complaint of dry mouth does not
indicate adequate salivary gland function and vice-versa.”’
Without additional salivary gland evaluation, it may be
difficult to determine if a given individual has salivary
gland hypofunction. Therefore, the associating saliva
flow rate with subjective complaints of oral dryness and
responses of subjects to different questions may help
to identify the patient with hyposalivation.”’40

Relationship between self-reported on xerostomia
and salivary flow rates among HIV-infected individuals
was assessed.”" Complaint of dry mouth or xerostomia
was shown to be cormmon among HIV-infected individuals.”"
Responses to the questions “Do you carry water or a
saliva substitute ?” and “Have you had taste disturbance ?”
were significantly different between HIV-infected
individuals and non-HIV controls. Subjects’ responses
to questions concerning dry mouth were significantly
correlated with low unstimulated salivary flow rate. A
significant correlation between visual analogue scale
(VAS) of feeling of dry mouth and salivary flow rates was
also noted."" Positive responses to self-reported xerostomia
questions reflected low unstimulated salivary flow
rate.” Thus, it is sugeested that questions concerning
dry mouth may be useful tools to identify HIV-infected
individuals with hyposalivation, especially at a resting
s’cage.41

In HAART era, a study by Nittayananta et al*
reported that salivary flow rates of both unstimulated and

stimulated saliva in HIV-infected individuals were statistically
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significant lower than non-HIV controls. The flow
rates of those on HAART were also significantly lower
than those not on the medication.'* A study by Lin

2

et al’” reported no changes in the salivary flow rates

of HIV positive men on HAART compared with those
not on HAART, whereas a study by Navazesh et al®
revealed that Pl based HAART was significantly
associated with a decrease in both unstimulated
and stimulated salivary flow rates. Xerostomia and
lipodystrophic changes of the salivary glands have
previously reported as potential adverse effects of
Pl therapy.M It has been proposed that the chemical
structure of the PI may alter the structure and
composition of saliva thereby decreasing the salivary
flow of HIV-infected individuals receiving HAART."

A study by Nittayananta et al't reported
that CD4 cell count and HIV viral load were not
statistically significant associated with salivary flow
rates. In contrast, a study by Navazesh et al® indicated
that the reduction of CD4 cell counts and the increased
HIV viral load were significantly associated with
reduced salivary flow rates of HIV-infected individuals.
Lymphoproliferative response, as a result of high
levels of HIV p24 antigen, may be an important risk
factor for reduced salivary flow rates among those
subjects.46

Regarding xerostomia, HIV-infected individuals
not on HAART showed a greater risk of feeling dry
mouth than those with short-term HAART.™ A previous
study by Silverberg et al"’ reported that prevalence
of xerostomia was increased in patients who had
discontinued HAART and those who had switched its
regimens. Those patients with stable HAART as well as
those who continued using HAART for at least 6
months had low prevalence of xerostomia.”* However,
long-term HAART seemed to have adverse effects on
salivary flow rates.'* Since the exact nature of the
changes in salivary gland structure and function
with HAART remains unknown, further studies should
be performed to determine the effects of long-term

use of HAART on salivary gland structure and function.
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Challenges in treatment of oral candidiasis
in HIV infection

Oral candidiasis caused by Candida species is
a common opportunistic infection observed in HIV-
infected individuals both before and following the in-
troduction of HAART.>'* Colony forming unit (CFU) of
oral Candida has been shown to be a good indicator
of immune defects among individuals at high risk for
developing AIDS.* The CFU of oral Candida was found
to be higher among AIDS than that of the asymptomatic
or symptomatic HIV-infected individuals.”

Although various topical and systemic antifungal
drugs are available,SO treatment of oral candidiasis in HIV-
infected individuals remains a challenge. Due to underlying
immune deficiency of the host, high recurrence rate is
frequently noted after cessation of the medication.”
Thus, control of the symptoms rather than cure may
be the goal in the treatment of oral candidiasis in HIV
infection. In addition, it is important to find interventions
that can prolong the time to relapse of the lesions.

It is well accepted that adhesion of Candida
to the mucosal surfaces is a vital step for successful
colonization and infection. Chlorhexidine (CHX) is capable
of inhibiting candidal adhesion to the mucosal surfaces,51
and has been shown to possess antifungal activity both

22 g addition, it seemed to be

in vitro and in vivo.
useful in treating as well as preventing oral candidiasis
in HV-infected children.”* A study by Nittayananta et al”
reported that 0.12 % CHX may be a useful mouthwash
in the maintenance of OC-free period in HIV infection.
However, bitter taste and tooth staining of CHX may
cause poor compliance. Moreover, desquamative lesions
and soreness of the oral mucosa have also been
reported.56 Thus, mouthwash containing herbal
plant with antifungal activity may be developed and
determined whether it can be used as an alternative
mouthwash for prophylaxis of oral candidiasis in HIV-in-
fected individuals.

Lawsone methyl ether (2-methoxy-1,4-nap
thoquinone) (LME) isolated from Impatiens balsamina

57 . .58
L.” and Swertia calycina™ has been shown to possess
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potent antifungal and antibacterial activities.”*" A

previous study in vitro reported that 0.5 % LME
preparation in oral base has antifungal activity similar to 1 %
clotrimazole cream.”’ No skin rash in rats was observed up to
5 days after application.61 Antifungal activity of 0.025 %
LME mouthwash was evidenced up to 2 hours although
significantly lower than that of 0.12 % CHX.* Patients using
LME mouthwash showed no allergic reaction, and graded
to have less bitter taste and greater satisfaction on its taste
and smell than CHX mouthwash. In addition, a recent study
by Nittayananta et al® revealed that neither antifungal
drug resistance nor significant changes in genotyping of
Candida were noted among those receiving LME mouthwash
for two weeks. As ideal antifungal drugs for treating oral
candidiasis is not yet available and LME has been shown
to possess potent antifungal activity against oral Candlida
in HIV-infected individuals,63 its formulation as mouthwash
may be used as an intervention after successful treatment

of oral candidiasis in HIV infection.62

Oral epithelial cells in HIV infection

and HAART

Epithelial cells lining oral mucosal surfaces form
important barriers against invasion of microorganisms.
The cells comprise of cytokeratins (CKs), which are
intermediate filament cytoskeletal proteins that provide
their integrity64 CKs are divided into two subfamilies
that are co-expressed during epithelial cell differentia-
tion. In normal stratified squamous epithelia as found
in buccal mucosa, the entire suprabasal compartment
is comprised of CK4 and CK13, whereas the basal
compartment expresses CK5 and cK14.*

Although oral lesions are dramatically decreased
in those receiving HAART, oral epithelial tissue may be
sub-clinically changed. A study by Nittayananta et al e
demonstrated that oral epithelial tissue is altered
microscopically both in HIV infection and HAART. The
expression of oral epithelial biomarkers such as CK13
and CK14 was found to be altered by HIV infection and
long-term HAART.” In HiV-infected individuals, CK13

and CK14 seemed to be less expressed with a weak
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staining compared with non-HIV controls.” In addition,
their expression was affected by HAART® suggesting
that although HIV-related oral manifestations are
dramatically decreased among those on HAART, subclinical
alterations of oral epithelial tissue do occur.” As CKs
are important for the mechanical stability and
integrity of epithelial cells and tissues, changes in the
expression of CK13 and CK14 may imply that HIV infection
and HAART impair the cell integrity and function as a
protective barrier. This may ultimately lead to development
of various opportunistic infections as adverse effects of
long-term HAART.

Oral innate immunity in HIV infection

Oral epithelial cells are parts of mucosal innate
immunity. The cells provide not only a physical barrier
but also produce different antimicrobial peptides
including human B-defensins (hBDs), secretory leukocyte
protease inhibitor (SLPI) and various cytokines that play
a crucial role in the regulation of oral infection and
cancer.” Both hBDs and SLPI exhibit broad antimicrobial
activities and help in maintaining oral homeostasis.

Oral innate immunity is affected by HIV infection
and long-term use of HAART.®"® The expression of hBD2
and SLPI was significantly changed in HIV infected
6768 The

levels of their proteins in saliva were also found to

individuals compared to non-HIV controls.

be significantly different between those on HAART
compared to those not on HAART. In addition, salivary
pro-inflammatory cytokines, which are parts of oral
innate immunity, have been shown to be affected by
HIV infection and HAART.®” Differences in salivary
cytokine profiles including TNF-a0 and IL-8 were also
observed suggesting that HIV infection and HAART may
have adverse effects on the local innate immunity.69
As a consequence, various opportunistic infections and
malignancies are observed among HIV-infected individuals

even in the HAART era.“’m’71

Oral oncogenic viruses in HIV infection

An increased risk for malignancy of different
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organs including oropharynx has been reported among
HIV-infected individuals on HAART.™ ™" This may be due
to an increased prevalence of oral oncogenic virus
infection such as HPVs after the initiation of HAART.™ In
addition, it has been shown that HAART increased the
prevalence of HPV-associated oral cancers.”” Because
HIV-infected individuals received HAART as a life-long
therapy, long-term use of HAART may have adverse
effects on the host oral innate immunity against HPVs
and thus increase the prevalence of the viral co-infection.
In general, HPVs are classified into two groups; low
risk and high risk types.m’75 HPV-16, classified as high-risk
species, is usually involved in epithelial carcinogenesis. It is
found in premalignant and malignant lesion and is identified
in 90 % of HPVs associated head and neck squamous cell
carcinoma (HNSCC) and in 50 % of oropharyngeal scc.
The prevalence of HPVs infection and HPVs-
associated diseases including oral SCC are greater in HIV-
infected individuals when compared to non-HIV controls.” "™
Patients with HPV-16 positive surveillance salivary rinses
are at high risk for development of recurrence and distant
metastasis of HNSCC indicating that an immunologic
impairment may contribute to cancer development.79
Malignant transformation caused by HPV-16 is
mediated through the expression of £6 and £7. By using
quantitative polymerase chain reaction (Q-PCR) assay to
detect HPV-16 E6 and E7 in saliva, prevalence of oral
HPV-16 infection was found to be significantly higher in
HIV-infected individuals than non-HIV-controls.” However,
HAART and its duration did not significantly affect the
prevalence and the copy numbers of the virus.”
Epstein-Barr virus (EBV), a double-stranded DNA
virus in the Gamma herpesvirinae subl‘amity,81 is another
oncogenic virus that can cause malignancy including NHL
in HIV-infected patien’cs.sz’g3 it has been shown that individuals
who are infected with HIV have greater risk for developing
NHL compared with that in the general popula’cion70 A
disseminated oral EBV infection in HIV-infected individuals
after the initiation of HAART has been reported84 and that
oral EBV infection may be related to the differentiation of

tissue to cancer.” By using Q-PCR assay targeting disparate
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but highly conserved segments of the EBV genomes including
BamH1W, it has been shown that HIV-infected individuals
had significantly higher levels of EBV in saliva than non-HIV
controls.”” HAART significantly decreased the levels of oral
EBV among HIV-infected individuals.” Those who were on
long-term HAART had significantly lower levels of oral EBV
than those on short-term HAART.” However, no significant
difference between the groups was observed when
using EBNA1 assay.85

Due to its pathogenicity, EBV is likely to be
co-infected with HIV*® and is frequently shed asymp-
tomatically in saliva of HIV-infected individuals.”"*® it should
be noted that oral EBV was also observed in the general
population.47’89 However, high prevalence of EBV in saliva
of HIV-infected individuals may be due to the suppressed
immune system that reduced the ability to control the viral
replication. The co-infection of EBV and HIV may also be
due to a lack of immunosurveillance by virus-specific
cps’ cytotoxic T lymphocytes and virus specific cog”
T cells.””" Because of loss of immune control on viral
replication and transformation, HIV infection may amplify
the effects of EBV to promote development of cancer
including NHL.” As strong correlation between the oral
EBV load and that in the peripheral blood cells has
been reported,g3 levels of EBV in saliva may be a useful
marker to early detect HIV-infected individuals on long-

term HAART who are at risk for developing oral NHL.

Conclusion

In conclusion, HIV impairs both systemic and local
immunity of the host. Thus, oral lesions are coonmon among
HIV-infected individuals. Before the introduction of
HAART, oral candidiasis is the most common oral lesion
followed by hairy leukoplakia. Prevalence of oral lesions is
dramatically decreased in HAART era. Although oral lesions
are not seen clinically in those on HAART, subclinical
alterations of oral epithelium do occur as marked by changes
in the expression of CK13 and CK14. Long-term use of HAART
seems to have adverse effects on oral health, and

significantly affect oral innate immunity of HIV-infected
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individuals as shown by the alterations in the expression
of hBD2, SLPI and some cytokines. The immune deficiency
caused by HIV also increased the prevalence of oral
oncogenic viruses including EBV and HPV-16. HAART tends
to decrease the levels of EBV but not HPV-16. This may be
due to direct impacts of HAART on the reactivation and
replication of EBV reflecting in their viral load. It may also
be explained by the partial reconstitution of the immune
system that HAART-treated individuals might have an

incomplete control over the reactivation of HPV-16.

Future directions

Based on the author’s experience, future
directions of oral HIV research should include the
following issues. Due to the underlying immune
deficiency of the host, treatment of oral candidiasis is
still challenging and remains a major oral health problem
in HIV-infected individuals. Those patients tend to have
oral candidiasis as a chronic opportunistic infection even
in HAART era. Thus, more research on herbal plants with
antifungal activity should be performed to reduce the
use of antifungal drugs that may lead to the risk of drug
resistance. In addition, further studies should focus on
some herbal plants that could enhance oral innate
immunity of the host as another strategy to fight against
candidal infection. Because HIV-infected individuals have
to be on HAART as a life-long therapy and recent studies
reported that HAART may cause malignancies of different
organs, longitudinal studies should be performed to
determine if long-term use of HAART lead to the
development of oral cancer. Furthermore, as prevalence
of oral HPV-16 infection has been shown to be
significantly higher in HIV-infected individuals than non-
HIV-controls, preventive strategies of oral HPV-16 infection
should be developed to reduce the risk of oral cancer

in those patients.
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Principle for the Selection of Gingival Tissue Graft Surgery
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Abstract

At present, various techniques of gingival tissue graft surgery have been proposed, which cause
difficulty in decision-making for individual case management. This article addresses the non-surgical
and surgical guidance along with the rationale. In the area with thin or little keratinized tissue and
attached gingiva without recession or inflammation, the surgical procedure to increase attached
gingiva was unnecessarily, only plaque control with technique that minimized gingival trauma was
suggested. Mucogingival problem defined as the presence of little or no attached gingiva, gingival
recession and inflammation. Free gingival graft was indicated to increase attached gingiva and root
coverage for shallow gingival recession. Connective tissue graft was the most predictable for wide
gingival recession. In case of gingival recession without mucogingival problem, either non-surgical
treatment or root coverage surgery may be used. The outcome after surgery as well as factors

related to success should be evaluated, which would be benefit for therapist improvement.

Key words: Connective tissue graft; Free gingival graft; Gingival recession; Mucogingival problem
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Figure 1 The presence of little keratinized and attached gingiva in the upper anterior teeth areq, free of gingival recession, slightly

inflammation, and gingival tissue graft is unnecessary.
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Figure 2 On the labial aspect of a lower right lateral incisor, presence of gingival recession, gingival inflammation and the absence

of attached gingiva which fulfill the diagnosis of a mucogingival problem. Gingival tissue graft to increase attached gingiva

together with root coverage is necessary.
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Figure 3 Free gingival tissue graft for increased attached gingiva and root coverage on narrow and shallow recession, on upper

right premolars area, which presence of trauma related to vigorous tooth cleaning technique.

A. Pre-operative view B. Post-operative view
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Figure 4 Connective tissue graft for root coverage on lower left canine, presence of mucogingival problem with deep and wide recession

after orthodontic treatment, prominent root and tooth malalignment

A. Pre-operative view B. Post-operative view
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A NOUNIARENTSU B. NaIVIFRENTSU

Figure 5 The use of connective tissue graft for root coverage on upper right lateral incisor, presents with wide and shallow gingival

recession, mild inflammation, presence of keratinized tissue and attached gingiva, appear aesthetic problem.

A. Pre-operative view B. Post-operative view

B
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A NOUNARENTSU B. NAIIAAENTSU

Figure 6 The use of free gingival graft for defect correction at muco-gingival junction area on lower right central incisor, the defect

occurred after toothbrush trauma and turned into fenestration for months.

A. Pre-operative view B. Post-operative view
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(Evaluation of the success of gingival tissue
graft surgery)
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2.3 M3Usziuseeze (Long-term evaluation)
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Figure 7 Notice the area of greater palatine artery.
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Abstract

Even the incidence of impacted mandibular second molar is uncommon compared to the
other oral problems. Early detection and proper management can reduce pathology of the tooth
and periodontium including malocclusion. This review article provides the information of impacted

mandibular second molar emphasizing on treatment modalities.

Key words: Diagnosis; Impaction; Mandibular second molar; Treatment modalities

Received Date: Jan 21, 2015, Accepted Date: June 8, 2015
doi: 10.14456/jdat.2015.21

224 J DENT ASSOC THAI VOL. 65 NO.4 OCTOBER - DECEMBER 2015



UNAMUUSHIAY

n153neuns1Na G Na9An

] o ' 1 a 2
LLAUIE dDUNY LLﬁS%‘j“U’lﬂJ qu‘mﬂamuzga
Lhevtunnssu Tsamgrunavinens sunevinens Jamiamesys

2 o o o - v = o Lo w
Medrriuanssudesiy auguaLweAEnS 1mINeduEaIuaIuNs E]WLﬂE]‘W]ﬁIViCLJ WHINFIVAN

ARFBLNEINUUNAIY:

WiNasa doudne Aheviumnssy 15ameunavne unevne Jaminmesys 76130 Insnn 032-461100 Bia: swinesweet@hotmail.com

UNANED

faws mstuladlsvesiiunsmunarsinaeadulgmimulalbives WewSsudeuiudywdu 9 lu
203U N13RTINUTYNIAINAIAILATEBSLIN mu5qm{Lﬁmi%’ﬂmﬁumméw%ﬁam@@ DYNUAUT AL
aunsnannIsianesan weeity tazedvizdiviug wedtannisialymussnisauiiulinusn@nenaniuun
a v S & A Iz P ) | Aa B a a
9Ny unANuiIngUsyasAiieTIuTesRANiAgIAuTiunT A 19TiIde RN Tnewulunmadantunig
P

ANdAy: MINAY; NsAm; unswasdiiaes; TBnsshw

3

Sonngai and Suntornlohanakul 2015 225



ilunpfo ituiiliaunsatugdesunnlfidesanids
Anvane videdimnuRindsnivesiums wariirniennsty
osih Inenunaifeilusavesitunsu@iianssnniian so%aean
fie fudenuu wasitunsudesasdiians audsu nsiia
Wuﬂim&m%ﬁaad@m wulditlos HgURn1sainsifiniiesSosas
0.06 - 0.3 Wit stnuluwnsslnsansnnniinsslnsuy
WUTRLABININAIEDITN WAz WUTUWABIBUINNIUNARGS
anwairn1sdesivesiiuanunsanuls 5 JUnuU fe 1Buen
Tumeaulndnans (mesioangular) Weesaluneniulnag
na14 (distoangular) wuatiu (vertical) winuou (horizontal)
wawdu 4 (others) 1y WBesslumsnilnduiiy (buccoangulan
Boalumadulngau (inguoangulan Wudy Tasazny
dnvaznisideaivesiiulumsiulndnaraniiga s
fluns1uansdfiansnn uenandzdwalsiAawe Banway |
AL WU ALTUUIA (pain) dwiensnie (pericoronitis)
13milur (dental caries) TsAUSviug (periodontal disease)
NM3azan8ve9TINAUT19LAA (resorption of adjacent root)
qﬁﬁ’] (cyst) maonaullgmnisauiiuiinusnfaig o lowa fu
Aauiinssenmiloszuruauiiu (over eruption)t6-10 g
nasieUszansnmlunisunieasndae unaauilsed
Tnguszasdiiionumunnufifeafunisinnilunsuansd
flaesnn ilslsviunurmdannsnidenisnissnu uasdaie
dtheldegamunzay

1. mLwyuaan'lsl,ﬁﬂﬁunmmiw?iﬁaaaqﬂ

Wummd’m%ﬁam@m Lﬁmﬁulé’mﬂwawmm@
Taun nsvingesinsludulasuuaiiu (dental arch) Jggnn
awngdl Wy dumde wasuunstuwemeiiunysni
Viunwnmedugnszyi Wusiu

miLﬁmWuﬂ3'1mm%"ﬁ'aaq@mﬁuﬁuﬁ‘ﬁ’ummﬁm
wulnueswnssingans wariauin1svesily Yoaiednsu
nsTuresilunsiua @ iaedinainnisazarovesuou
PUITNVBIUINTS INTAEIUTNERUNS M (ramus of mandible)
waznsindeufivesiiunsuuiansdfindadgdosdng
(Leeway space) lngmieilunsiuuvidnadfiassasiinis
PAIUINTT LLa%LaENﬁ’ﬂﬂ%’ldﬁﬂuiﬂﬁﬂa’]ﬂﬁﬂﬁﬁ’m’liﬂ%ué
2peUNNlALOIRINEIIUINR A1TTUNIUATEUIUNITAINE
iliiAnilunswadiaesnald wu nsviadosingdy
11n351nsa1susnaiiunds ieswinnsaigiivlnves
vnsslnsaratesnitisnd Fanuldluguaeniilaseasie
nszqnungslng ualunihinusnAussianiiaess 71114

wieilunsuwiasdfiaesdiduniiinusnd way
wnstuvesiiuegdeulumeiulndnansunniiuly silv
Turiifinsturesituazfamssuillfioduiyuiianves
Fulnananswesiiunsiuas@inds lunsaiaudosd
Fasiddunistuvesiiunsuanadfiaeafivane uailufls
a1N5aUSTULLINSLER LLazaaﬂ%ugiﬁziaﬂUﬂﬂLaﬂW S04
wﬂaﬁumméw%ﬁa’mﬁﬁﬁﬁLmﬂqﬁmmﬂaImaagjﬂ'aumma
fulndnansilidarnaunnistuesiiunsiuansdiides
Ifuiu venant mnufnusniluniswaunmdeity wu
qqﬁwmuﬁtﬁ]a%fa (dentigerous cyst) Amagiludauda ankylosis)
Jrdawalfiinanudumarlunisturesilunswansdfiaes
dnmaws

aflLmﬁLﬁmmﬂﬁummwéﬁu@’ﬂizﬁw wu sl
wausaily (band) Aflveuiumesiulnanarsuesitunsiy
aadfivdahlidarnunnsturesiiunuasdiiaes U
71 1) mslfinTesilofutosing (space maintainer) dsdsa
Titunsmasdfinicliamnsamdoudivnmesulngnans
wavildilunsiuddfiaesivesindddifieanelunisiy

Luduls

FUTT 1 upusmiluvesiluns a9 videtnyIeen Isiuvesiun a9 iaed

Figure 1 The obstruction of band on mandibular first molar to second molar eruption
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B. The space for mandibular second molar eruption
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Table 1 Treatment modalities of impacted mandibular second molar

Treatment modalities

Indication

Advantage

Disadvantage

Tooth separation

- Mild mesioangular

impaction

- Minimal adverse

effect

- Limited treatment

result

Orthodontic upright

- Mild to severe

impaction

- Minimal adverse
effect

- No surgical
procedure except
in case of surgical
exposure for
orthodontic

relocation

- Prolonged
treatment time

— High cost

Surgical upright

- Mild to severe

impaction

- Short treatment
time

- Minimal adverse
effect in case of
mild impaction and

open apex of root

- In case of severe
impaction and
completed root
formation, risk of
second molar to be
ankylosis, root
resorption, root
fracture or pulp

necrosis

Second molar
extraction and third

molar replacement

- Severe impaction or

pathology of tooth

such as deep dental

caries, pulpitis, etc.
- Normal shape and
size of third molar

crown and normal

angulation of the third

molar bud

— Extraction space
can be used to
correct crowding

and malocclusion

- Limited timing for
treatment

- Long term follow up
and unpredictable
position of third
molar eruption

- Need orthodontic
treatment, if
malposition of third

molar present

Third molar

autotransplantation

- Severe impaction or
pathology of tooth

such as deep dental

- Short treatment
time

- Impacted third

- Limited timing for
treatment

- Risk of third molar
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Table 1 (Continued)

Treatment modalities Indication

Advantage Disadvantage

caries, pulpitis, etc.
- Normal shape and

size of third molar
- Tendency to be

impacted third molar

molar can be to be ankylosis,

corrected root resorption, root
simultaneously. fracture or pulp

necrosis
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Abstract

Management of delayed eruption of maxillary incisors is one of the most challenging orthodontic

situations due to dealing with facial esthetics. Careful management by a combination of orthodontics
and surgery produces a satisfactory result. This article presents three patients with various dentition
stages and individual treatment protocols, but based on general orthodontic diagnostic and treatment

principles.
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Introduction

Delayed eruption of maxillary incisors is a
commonly encountered deviation from normal eruption
pa’ctems.1 It may be identified by comparing with a
contralateral tooth that has already erupted significantly
earlier and at a normally expected age. Delayed eruption
of a maxillary incisor is a major concern of parents with
regards to the facial esthetics of their children. It is
likely to have adverse psycho-social effects on both
parent and child.”

The process of normal eruption and the source
of eruptive force are still controversial issues. The
mechanisms that lead to delayed eruption are local
and systemic conditions.! Physical obstructions are a
common local cause of delayed eruption. The obstructions
include supernumerary teeth, mucosal barrier, scar
tissue, odontoma, tumor, injuries to deciduous teeth,
premature lose of primary teeth with dental arch space
loss, impacted and ankylosed teeth, tooth size to
arch-length discrepancy, radiation damage, and oral
cleft.

Suri et al. found from a literature survey that
there were a large number of what they called systemic
conditions including malnutrition, endocrine disorders,
genetic disorders (such as Apert syndrome, Cleidocranial
dysplasia, Down syndrome, Gardner syndrome, Rutherford
syndrome) and idiopathy.l Delayed eruption caused by
systemic condition may relate to “primary failure of
tooth eruption” (PFE). PFE or idiopathic failure of tooth
eruption is a situation of non-ankylosed failure to erupt
partially or fully because of malfunction of the eruption
mechanisms, molars were most commonly affected;
incisors, canines, and premolars were also involved, but
with a reduced individual frequency.3

The alternative treatments for delayed eruption
of maxillary incisor with systemic condition include

1. no treatment or observation,

2. induced eruption of unerupted maxillary

incisor, and

3. surgical removal of unerupted maxillary incisor.

Orthodontically assisted tooth eruption should
be the first alternative treatment because of the evidence
of both its benefits and it being the least invasive.”® The
treatment protocol consists of removal of any obstruction,
a plan to gain space and induction of tooth eruption.7

The characteristics of delayed eruption of
maxillary incisor depend on the cause. Although there
are general principles for orthodontic retrieval of
unerupted teeth, these principles must be adapted to
the needs and clinical characteristics of each individual
patient. Three case reports associated with delayed
eruption of maxillary incisor with individual orthodontic

treatment plans are presented.

Three case reports

Case 1

The mother of a Thai girl, aged 8 years 2 months
complained about incomplete eruption of her maxillary
left central incisor. She had no history of trauma in the
maxillary anterior region but, she had early loss of her
primary maxillary left central incisor. The panoramic
radiograph showed a horizontally positioned maxillary
left central incisor (Fig. 1). Clinical examination found
only the incisal tip exposed high in the labial sulcus.
There is also the likelihood of impaction of the maxillary
premolars but that will be a separate and later concern.

The girl was in early mixed dentition. The clinical
examination showed an Angle Class | anterior openbite
malocclusion, a straight profile, slightly increased anterior
facial height, normal nasolabial angle, and incomplete
eruption of her maxillary left central incisor with incisal
tip exposure and in the middle of the alveolus. The
maxillary right central incisor was deviated to the left
by 1 mm. The space was not enough for eruption of
this maxillary left central incisor. There was also a slight
labial frenum prominence (Fig. 2).
Based on the orthodontic records, the interceptive
orthodontic objectives were to

1. create space for the incisor to erupt, and

2. induce the unerupted tooth to its appropriate

position.
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A “2 x 3” fixed appliance (2 molar bands and
3 bonded incisors) was used initially to create space which
facilitated eruption of the left incisor. Surgical exposure
was not required. An orthodontic bracket was bonded
to the impacted tooth which was then aligned in the
“2 x 4”7 appliance combination initially using an 0.014-in

copper nickel-titanium wire as an overlay (piggy-back)

on an 0.018-in Australian stainless steel main arch wire.
In 12 months, the maxillary left central incisor was
induced to the normal position. The finishing archwire
was 0.019 x 0.025-in stainless steel. The total active
treatment was 15 months (Fig. 3 - 4). A fixed

retainer of four maxillary incisors was made for 2 years.

Figure 1 Pre-treatment panoramic radiograph

Figure 2 Pre-treatment facial and intra-oral photographs
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Figure 4 Post-treatment panoramic radiograph

Case 2

This case was a Thai boy, aged 14 years 8
months, whose mother was concerned about the failure
of eruption of his maxillary right central incisor. He had
no history of trauma in the maxillary anterior region.
The panoramic radiograph showed that two supernumerary
teeth were related to delayed eruption of the maxillary
right central incisor with dilacerations at the apical root

(Fig. 5). One supernumerary obstructed the maxillary

richt central incisor. The other supernumerary was
presented at the apical region of the root of the maxillary
left central incisor. There was insufficient space for
eruption of the maxillary right central incisor. Clinical
examination showed an Angle Class | malocclusion, a
straight profile, normal vertical facial proportions, normal
nasolabial angle, and absence of the maxillary right
central incisor. The maxillary left central incisor was
deviated to the right by 2 mm (Fig. 6).
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Based on the orthodontic records, the treatment
objectives were to

1. remove all supernumerary teeth,

2. create space for the incisor to erupt, and

3. guide the unerupted tooth to its appropriate

position.

The two supernumerary teeth were both
removed by an oral surgeon before orthodontic treatment.
0.014-in copper nickel-titanium wires were used as
initially. After complete orthodontic aligning, an open
coil spring was used to make space for the maxillary

right central incisor. After space opening for 7 months,

the maxillary right incisor did not move. At the end of
12 months, surgical exposure was then done by the
surgeon and lingual button with ligature wires (4 ligature
wires twisted) bonded to the incisor by the author
(orthodontist) with following mucosal flap closure was
performed (Fig. 7). The right maxillary incisor was
moved into the normal position in another 13 months.

All spaces were closed in 30 months. At the
finishing stage, 0.019 x 0.025-in stainless steel archwires
were used. The total active treatment was 36 months
(Fig. 8 - 9). Invisible retainers were made and used

full-time for one year and then nights only.

Figure 5 Pre-treatment panoramic radiograph

Figure 6 Pre-treatment facial and intra-oral photographs
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Figure 8 Post-treatment panoramic radiograph

Figure 9 Post-treatment facial and intra-oral photographs
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Case 3

A Lao male, aged 27 years 6 months was
dissatisfied with non-eruption of his maxillary right lateral
incisor and canine. He had wanted to have orthodontic
treatment for many years. He had no history of trauma
in the maxillary anterior region. The panoramic radiograph
showed that non-eruption of the maxillary right lateral
incisor and canine (Fig. 10). The space was not enough
for these two unerupted teeth. The clinical examination
found an Angle Class | malocclusion, a straight profile,
normal vertical facial proportions, normal nasolabial
angle, and absence of maxillary right lateral incisor and
partial crown exposure of canine. The maxillary left central
incisor was deviated to the right 3 mm (Fig. 11).
Based on the orthodontic records, the treatment
objectives were to

1. create space for the incisor to erupt,

2. guide the unerupted canine, make space and

retrieve the lateral incisor later.
Before orthodontic treatment, the patient

was referred for removal of all of third molars, but he

postponed this. Initial treatment wires were 0.014-in
copper nickel-titanium. In 6 months, the maxillary right
canine was induced into the normal position. Then an
open coil spring was used to make space for his maxillary
richt lateral incisor. After space opening with fixed
appliances for 3 months and no movement of the
maxillary right lateral incisor, it was surgically exposed
together with bonding of a lingual button tied with
ligature wires to the incisor crown by an oral surgeon
with closed surgical exposure technique. After orthodontic
extrusion in three visits, the crown was exposed in the
oral cavity (Fig. 12).

Once the lateral incisor became sufficiently
exposed, the button was replaced with a standard
bracket. The tooth was then moved into the normal
position in 22 months. The finishing archwire was 0.019
x 0.025-in Stainless. The total active treatment was 25
months (Fig. 13 - 14). The patient refused to have the
removal of his third molars. Invisible retainers were
made and used full- time for one year and then nights

only.

R

Figure 10 Pre-treatment panoramic radiograph
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Figure 13 Post-treatment panoramic radiograph
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Figure 14 Post-treatment facial and intra-oral photographs

Discussion

Delayed eruption of the maxillary incisor can
be a challenging problem, and treatment often requires
orthodontics as well as surgical exposure. These three
case reports demonstrate examples of successful
retrieval of unerupted teeth. An important benefit of
the treatment protocol was avoidance of artificial tooth
replacement. Moreover, the patients and parents were
pleased with the treatment results.

The best time for the treatment is in the early
stage,“o and the global aim of early treatment is to
relieve the child’s psycho-social probtem.&g However,
only one of these patients was treated at a young age.

Treatment in the early stage often required the
modified appliances with 2 x 4 fixed appliances. It is
much efficient in child due to non-compliant appliance.
To obtain the sufficient anchorage, bonding to primary
canines and permanent molars is recommended. In
case 1, only the small tip of the tooth was exposed,
and the extrusion force was applied using an elastic
chain with a stiff arch wire. The 0.014-in copper nickel-
titanium wire overlay (piggy-back) onto a 0.018-in

Australian wire was continued to tooth aligning into

normal position. This combination of wires was a simple
method to move a delayed erupted tooth.

The clinical benefits of treatment in the early
stage are that it favors continuous root formation, and
gives good periodontal results.’ The possible explanation
is that the root continuously forms as dental age increases. "
For example, inducing a horizontally unerupted maxillary
incisor into a normal position, root will be moved away
from the palatal cortical bone, and will provide space
for further root development.11

In cases of a delayed erupted tooth, the patient
and the parents were informed of the possibility of
alternative treatments, including removal of the
unerupted tooth in case there is failure of assisted
eruption, necessitating artificial tooth replacement.

A conservative method is the preferred initial
step for the management of delayed erupted tooth
such as removal of supernumerary tooth or odontoma.”
There are no reports indicating the optimal age for
removal of supernumerary tooth in the premaxillary
area, unless it may be interfering with eruption of a
normal tooth. If the obstruction is removed in the early
mixed dentition, especially before normal eruption of

maxillary incisors, spontaneous eruption may occur
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and the surgical exposure will not be required. In Case 1,
although the central incisor was in a horizontal position,
surgical exposure was avoided because the tip of the
incisor was exposed in the labial sulcus. The tooth
spontaneously improved position, enabling bracket
bonding without the need for surgical exposure.

Surgical exposure is required in cases of
non-spontaneous eruption of an unerupted tooth. The
window exposure is used for the impacted tooth near
the top of the alveolus with wide attached gingiva,
where an apically positioned flap is a choice for a
narrow attached gingiva.l}14 The closed surgical exposure
technique is the first treatment of choice for the tooth
that is unerupted in the middle of the alveolus or
higher, close to the nasal spine.&13 It is also claimed
that the closed surgical technique is the best technique
for retrieving a labially delayed unerupted tooth,
especially the unerupted tooth that is impacted high
above the mucogingival junction of the adjacent teeth,
where an apically positioned flap may be difficult to
use e]‘]‘ec‘tivel>/.4’m’15

The closed surgical technique also provides
natural tooth eruption and produces the best esthetic
and periodontal results.13 In Case 2, after removal of both
supernumerary teeth, the incisor did not spontaneously
erupt within 7 months. The closed surgical exposure
technique was performed. For Case 3, although the
obstructing canine was aligned in its appropriate position,
the lateral incisor did not erupt spontaneously within
3 months. The closed surgical exposure technique was
used. During surgical procedure by the oral surgeon,
minimum bone loss was important to enable preservation
of normal gingival attachment as the tooth erupted.
Any extreme bone destruction would be damaging to
the periodontal tissue.

In orthodontic guiding of eruption using the
closed surgical technique, a flap was raised and a
button bracket with an attached steel ligature16 was
bonded to the unerupted incisor followed by flap
replacement. In both cases, brackets were placed labially

and near the incisor tip to reduce the risk of mucosal

fenestration.'” Orthodontic traction commenced
two weeks after surgery.15 The extrusion force should
be kept light using elastic thread or elastic chain.”*°
The light force was provided until the tooth was in
the normal position. Control of orthodontic anchorage
and provision of appropriate bracket torque
maximize the quality of the treatment outcome.'®
The periodontal results of the three patients were
favorable with esthetic gingival margin and normal gingival
contour.

Dilaceration of the root can occur in both
primary and permanent dentitions with and without
failure to erupt. The prognosis of treatment depends
on the position of tooth, degree and position of root
dilacerations, and the development of the ’tooth.4 In
Case 2, there was a small dilaceration at the apical root
so the prognosis of guided eruption was good. The right
maxillary incisor was aligned into the normal position
in 13 months after surgical exposure.

In adolescents and older patients, there is
an increasing risk that the unerupted tooth has become
ankylosed‘19 In all three cases, ankylosis did not
occur during the treatment. Unfavorable results,
such as gingival recession, and pulp necrosis were
avoided.

Recently, Cone Beam Computed Tomography
(CBCT) has become available for high effective localization
of unerupted teeth. However, CBCT still has a higher
effective radiation dose and cost to the patient than
conventional radiogra|ohy,20’21 and arguably, is not
needed in determining the position and condition of

most unerupted teeth.

Conclusion

A multidiscipline management of delayed
eruption of the maxillary incisor of three case reports
at various dentition stages, early mixed dentition, early
permanent dentition and permanent dentition producing
satisfactory results, especially patients and parents

avoided to artificial tooth replacement.
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Case Report

Systemic Lupus Erythematosus in an Orthodontic Patient: a Case
Report
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Abstract

A fourteen-and-a-half-year-old girl with systemic lupus erythematosus for three years was
referred for orthodontic treatment. She had received immunosuppressive drugs and stopped them
just before her orthodontic treatment. This report describes her symptoms, the assessment of disease
activity, dental considerations and treatment results in the correction of anterior protrusion with
removable and fixed appliance. After two-year follow up, the patient had acceptable facial profile

and normal occlusion without any relapse.
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Figure 1 Pre-treatment facial and intraoral photographs
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Figure 2 Pre-treatment panoramic radiograph
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Figure 3 A. Pre-treatment lateral cephalometric radiograph

B. Its tracing
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Table 1 Cephalometric analysis before and after orthodontic treatment

Norm Pre-treatment Post-treatment
(+ SD)

FH-SN 6 (3) 9.0 11.3
SNA 85 (4) 87.2 87.1
SNB 82 (3) 76.9 775
ANB 3(2) 10.3 9.6

SNO 65 (5) 48.9 52.0
O-NA 9(2) 20.3 18.4
CO-GN 119 (4) 98.3 98.4
CO-A 90 (4) 83.2 80.9
Wits -3(2) 5.3 6.7

SN-MP 33 (5) 35.9 38.1
ADH 29 (3) 29.1 31.5
PDH 19 (2) 15.9 20.0
U1-PP 119 (5) 115.8 107.5
L1-MP 99 (5) 108.4 108.0
Overbite 2 (1) 4.9 3.6

Overjet 2 (1) 55 2.8

NLA 89 (11) 116.4 117.6
FCA 9 (4) 26.5 23.9
UFH 48 (3) 48.9 47.0
LFH 69 (3) 64.2 66.0
ULL 23(2) 24.5 22.5
LLL a6 (3) 39.1 43.5
TL 58 (7) 60.5 54.5
LCTA 115 (7) 115.8 148.7
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NIEgNIBYINBYR (sesamoid bone) Uiﬂﬂgﬁﬂ%nm
hhuiioudn finsieusiofuresnszgnioflnda epiphysis)
ez NGa (metaphysis) ¥asUomnanans (middle phalanx)
maaﬁmamﬁamstﬂ%%ugmﬁ nszanisiganulnanans
(distal end of radius bone) ﬁmiﬁamiaﬁ’ummﬂiz@maﬁ
Inda uaziumiln@aievasysel (Uil 4)

QUIZAIAVINITING
wisliiheflauamdesuniialiiieunaldevie
nsynuselsAUsEsianng ety uAlviludoudisuniiy
14 uaz 25 fuarefidewnusnasiud 34, 35, 44 uay 45
msauwidedlunuaf wasuwIsuiinnnniund nisauitu
wifidu WazIUNTNEN duaSuNISRTUeIUINTINTAN
Induluauund

250 J DENT ASSOC THAI VOL. 65 NO.4 OCTOBER - DECEMBER 2015



FUTT 4 9m3savesde uasdede

Figure 4 Hand wrist film
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Figure 5 The removable appliance for the initial treatment with cantilever spring at tooth 15, buccal spring at tooth 25 and anterior
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Figure 6 A. Post - treatment panoramic radiograph
B. Lateral cephalometric radiograph

C. Its tracing
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Figure 7 Post-treatment facial and intraoral photographs
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Abstract

The purpose of this study was to evaluate the influence of acidic beverages on the surface
roughness of resin cements. Eight groups of resin cement specimens, four each of conventional resin
cement and self-adhesive resin cement, were prepared. Baseline linear surface roughness, measured
by a contact profilometer, was determined for each specimen. Laboratory simulation of high beverage
intake was performed on the specimen using chilled cola soft drink, lemon tea or orange juice for 10
days, and surface roughness again determined. The pH value and titratable acidity of each chilled
beverage were also determined. Treatment with cola soft drink, lemon tea and orange juice significantly
increased the surface roughness of the cements, suggesting that daily consumption of acidic beverages
may roughen the surfaces. The lower the pH of the beverage is, the higher potential to roughen the

cement surface increases.
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Introduction

Tooth-colored restorations have gained in
popularity for both patients and dentists. Although
resin composite restoration offer such advantages
as aesthetic and less invasive preparation,1 they have
several disadvantages based on their properties and
restoration technique. Restoration with proper approximal
contours, approximal contacts” and marginal ridges
is difficult to create using a direct ’technique.3 Other
complications are postoperative sensitivity3 and
microleakage due to polymerization shrinkage.4 In certain
clinical situations, an indirect restoration, either resin
composite or ceramic, might be more suitable in order
to obtain a higher quality restoration.”

There are two main categories of ceramic
restorations in dentistry: metal-ceramic and all-ceramic.
Although the latter does not have a metal substructure,
resulting in a more translucent and tooth-colored
restoration,6 marginal gap size is a significant drawback.
A systematic review reported that the gap size between
all-ceramic restorations and tooth structure ranged from
17 - 265 pm,7 which is larger compared to the 30-pm
gap size found for gold restorations.” Because of the
large gap size before cementation, resin-based cements
are commonly used to lute all-ceramic restorations due
to the cement’s low solubility and good adhesion.”

In the oral environment, resin cements will
inevitably encounter acid challenge from the metabolism

of oral microorganisms and ingested drinks. This can

Table 1 Resin cements used in the study

result in changes in physical properties such as translucency,
hardness and surface roughness.lo Increased surface
roughness of luting cements at the marginal can
adversely affect the restoration and adjacent teeth. The
periodontal tissue can also be affected. A rough luting
cement surface promotes microorganism accumulation,
which can initiate nearby dental caries and promote
gingival inflammation.”

Many studies have focused on the effects of
acid on the physical properties of dental restorative
materials, such as microhardness, surface roughness and

0,14

. 10,14-22 o .
erosion. However, these studies simulated an acid

challenge in a manner that did not imitate daily beverage

2 that the specimen were continuously

.10,
consumption,
immersed in acid solutions or acidic drinks and did not
consider the role of saliva, which can neutralize beverage
23,24
acidity.
The aim of this study was to investigate the effect
of acidic beverages on resin cement surface roughness
using a laboratory simulation of daily consumption. The
null hypothesis was that the acidic beverages have no

effect on surface roughness of resin luting cements.

Materials and Methods

Resin cements and beverages
The details of the resin cements and beverages
(including artificial saliva) used in this study are presented

in Tables 1 and 2, respectively.

Code Material/Manufacturer Type

Ingredients® Lot No.

NX NX 3 Nexus (clear)/ Conventional
Kerr Corp., Washington,

DC, USA

e 20 - 40 % Methacrylate ester monomers

4851154

e Inert mineral fillers

e Activators

e Stabilizers

e Radiopaque agent
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Table 1 (Continued)

Code Material/Manufacturer Type Ingredients* Lot No.
R2 RelyX Unicem 2 Self-adhesive Base Paste: 518892
(translucent)/ ® 45 - 55 % Glass powder, surface modified
3M ESPE, St. Paul, MN, with 2-propenoic acid, 2 methyl-3-
USA (trimethoxysilyl) propyl ester and

phenyltrimethoxy silane

e 20 - 30 % 2-propenoic acid, 2-methyl-,1,1’-
[1-(hydroxymethyl)-1,2-ethanediyl] ester,
reaction products with 2-hydroxy-1,3-
propanediol dimethacrylate and
phosphorus oxide

e 10 — 20 % Triethylene glycol
dimethacrylate (TEGDMA)

e 1 - 10 % Silane treated silica

e < 3 % Sodium persulfate

e < 3 % Oxide glass chemicals (non-fibrous)

e < 0.5 % Tert-butyl peroxy-3,5,5-
trimethylhexanolate

Catalyst Paste:

e 55 - 65 % Silane treated glass powder

e 20 — 30 % Substituted dimethacrylate

e < 5% 1-benzyl-5-phenyl-barbic-acid,
calcium salt

e < 5 % Silane treated silica

e < 5% Sodium p-toluenesulfinate

e < 5% 1,12-Dodecane dimethacrylate

o < 2 % Calcium hydroxide

o < 2 % Methacrylated aliphatic amine

e < 0.5 % Titanium dioxide

* as reported in their respective Material Safety Data Sheets (MSDSs)

Table 2 Acidic beverages and artificial saliva used in the study

Liquid Product Manufacturer Composition

Cola soft drink Coca Cola Thainamthip Manufacturing Carbonated water, 10 % sugar, flavors
Co., Ltd., Bangkok, Thailand
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Table 2 (Continued)

Liquid Product

Manufacturer

Composition

Orange juice Tipco tangerine juice

TIPCO F&B Co., Ltd., Phra

100 % tangerine juice

Nakhon Si Ayuthaya, Thailand

Lemon tea Lipton ice tea

Artificial saliva Artificial saliva

Pharmaceutical Sciences,
Faculty of Dentistry,

Chulalongkorn University,

Sermsuk Beverage Co., Ltd,,
Chon Buri, Thailand

Department of

10.5 % sugar, 0.13 % instant powdered tea,

0.02 % lemon-flavored powder

KCLBP 0.75 ¢, MgCl, BP 0.07 g, CaCl, BP 0.199
g, K,HPO, USP 0.965 g, Sodium CMC BP 6.0 g,
KH,PO, 0.439 g, 70 % Sorbitol BP 36 g, Paraben

18.20 ml, Deionized water to reach 1,200 ml

Bangkok, Thailand

BP = British Pharmacopoeia, USP = United States Pharmacopoeia, CMC = Carboxymethyl cellulose

Specimen preparation

Eight specimen blocks were prepared. Each
block consisted of a base plate of #304 stainless steel
covered its surface with a plastics film, and an upper
plastics plate with 2-mm deep rectangular cavities,
2 mm x 5 mm. The two plates were bolted together,
and nylon loops attached to the bolts for carrying the
block during drinking simulation (Fig. 1). Four blocks
received NX, while the rest received R2. Each cement
was mixed according to its manufacturer’s instructions
and placed into the cavities, in a (37 + 1) °C chamber
(THCC 575, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand). To minimize porosity
in the cements, NX was mixed using an automix syringe,
and R2 was hand-mixed with circular motion. The cement
was loaded into the cavities, covered with a celluloid
strip and a 1-mm thick transparent glass slide. A 1-kg
mass was placed on the slide for 10 seconds to eliminate
excess cement. The weight was removed, the cement
in each cavity was polymerized using a LED light curing
unit (Curing Light 2500, 3M ESPE, St. Paul, MN, USA) for

20 s according to the manufacturer’s recommmendation,
and the glass slide and the celluloid strip were removed.
The light intensity of the curing unit was measured with
a radiometer (Optilux Radiometer, Kerr Corporation,
Orange, CA, USA) every 10 uses to ensure that an intensity
more than 600 mW/cm” was maintained. The specimen
surfaces were observed using a stereomicroscope (ML
9300, MEUI, Japan) at 40x magnification to identify
defective specimens, and any such were excluded.
Thirteen specimens were simple randomly selected as
tested specimen according to the sample size calculation
from a pilot study. Each block was kept in artificial
saliva at (37 = 1) °C for 24 h.

pH and titratable acidity determination
The pH of each cold drink was measured with
a pH meter (Type 420A, Orion Research Inc., Boston,
USA). Titratable acidity was determined by the volume
of 0.2 M, (25 + 1) °C NaOH which needed to be added
to 50 ml of the cold drink to raise its pH to 7.0. Three

measurements were repeated and the mean calculated.
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Figure 1 Customized block used in the study

Surface roughness measurement

After 24-h storage, the block was rinsed with
distilled water, air-dried with air from a triple syringe
for 1 min and kept at room temperature (25 + 1 °C)
for at least 1 h prior to insertion into a jig positioned
on a contact profilometer (TalyScan 150, Taylor Hobson
Limited, England). The jig was fabricated to ensure that
the block was at exactly the same position at each
measurement. A stylus with 2-um diameter diamond
tip scanned a 1 x 4 mm area located at the center of
each selected specimen’s surface. The X- and Y-axis
spacing parameters were set at 5 pm with a scanning
speed of 3,000 pm/s.26 Two hundred-and-one linear
profiles were traced, and 16 profiles were randomly
selected. The mean surface roughness (Ra) was calculated

for each specimen from these selected profiles.

Drinking simulation

Each specimen block was alternately immersed

in 45 ml of cold beverage (5 s) followed immediately
by immersion in warm artificial saliva (10 s), and the
cycle repeated 10 times in a (37 + 1) °C chamber. The
cold drinks were chilled to (4 + 1) °C for at least 1 hour
and the artificial saliva was kept in a (37 + 1) °C chamber
for at least 30 minutes prior to use. The block was stored
in artificial saliva in a (37 + 1) °C incubator (Contherm
1200, Contherm, New Zealand) for 3 h before a second
and third simulation cycles were performed. After three
drinking simulations, the block was kept in artificial
saliva at (37 + 1) °C for 18 h and the simulation cycle
repeated on the next day (Fig. 2). The negative control
groups were immersed only in artificial saliva, and the
artificial saliva was replaced three times daily, twice
before the 3-h storages and once before the 18-h storage.
The simulation cycle was repeated for 10 days.lO After
the 10-day drinking simulation, Ra measurement was
repeated using the same 16 linear profiles as described

above.
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Keptin37+1°C
artificial saliva
for 3 hours

1%t drinking
simulation

2% drinking
simulation

Keptin37=x1°C
artificial saliva
for 3 hours

3rd drinking
simulation

Keptin37=+1°C
artificial saliva
for 18 hours

Figure 2 Daily drinking simulation protocol used in the study. The protocol was repeated for 10 days.

Statistical analysis

Statistical analyses were conducted using
computer software (IBM SPSS Statistics 17.0, International
Business Machines Corp., Armonk, NY, USA). Sample

distribution and homogeneity was analyzed. A normal

and homogeneous distribution were confirmed, therefore

the data were analyzed using the two-way ANOVA

parametric test. Multiple comparisons were made using
the Dunnett T3 post hoc test. In addition, the paired T-test

was also used. Statistical significance was set at p < 0.05.

pH and titratable acidity
The results of the pH analysis indicated that
cola soft drink had the lowest pH, followed by lemon
tea, orange juice and artificial saliva (Table 3). The order
of titratable acidity of the beverages was cola soft drink,

orange juice, lemon tea.

Table 3 Average pH value and amount of NaOH used to determine titratable acidity

Liquid pH value Required amount of 0.2 M NaOH (ml)
Cola soft drink 2.6 19.7

Orange juice 3.6 17.8

Lemon tea 3.1 9.5

Artificial saliva 7.0 -
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Surface roughness measurement
The results of the surface roughness measurements
before and after the drinking simulation are shown in

Table 4. The surface roughness of specimens before the

drinking simulation were not significantly different (o = 0.567),
thus the surface roughness of the samples determined

after the simulation were analyzed as ultimate outcomes.

Table 4 Average surface roughness (um) (standard deviation) of each group before and after the drinking simulation (N = 13)

Group Sequence Cola soft drink Orange juice Lemon tea Artificial saliva
Before 0.016 0.016 0.016 0.016
treatment (0.002)? (0.001) (0.001) (0.001)
NX
Aft 0.029 0.019 0.026 0.018
treat t
er reatmen (0.005)° (0.002)° (0.002)] (0.001)°
Before 0.017 0.016 0.016 0.016
treatment (0.002)? (0.002)? (0.001) (0.001
R2
After treatment 0.028IO 0.019 0.0250| 0.017
(0.004) (0.002)° (0.002) (0.001)°

The same superscript letter denotes no statistical difference between the groups.

After the drinking simulation, all the beverages,
including artificial saliva, significantly increased the surface
roughness of the resin cements (p < 0.001). Cola soft
drink had the greatest roughening beverage effect,
followed by lemon tea. Orange juice and artificial saliva
significantly increased the roughness of the tested
materials but to a significantly lesser extent than that
of cola soft drink and lemon tea. Two-way ANOVA revealed
the influence of the beverage type on the increase of
surface roughness (p < 0.001), while cement type did
not (p = 0.299). In addition, there were no significant

interactions between these two factors (p = 0.889).

Discussion

The present study investigated the ability of
cola soft drink, lemon tea and orange juice to roughen
the surface of conventional and self-adhesive resin
cements using a laboratory simulation of daily drinking.

We found that all the tested beverages were able to

increase the surface roughness of the resin cements,
the ability being related to the pH. Beverages with
lower pH caused a greater increase in surface roughness.
The pH value of the beverages used in this investigation
was comparable (within + 0.25) to those used in previous

. 1527-30
studies

which validates the use of these beverages
in our study.

Our specimen preparation technique produced
smooth surfaces; hence, additional polishing was not
requireol.z}25 However, lack of polishing leaves a resin-rich
and oxygen-inhibited layers on the top of the surface.
Although these layers may not represent the actual
properties of the resin-based materials, in clinical practice
it cannot be removed from some specific sites, including
appproximal and subgingival areas. In addition, as dentists
always try to eliminate excessive cement before
complete polymerization is achieved; additional polishing
may not be required after cementation. In the present
study the specimen surface can represent these clinical

situations.
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Previous studies that focused on the effect of
acids or acidic beverages on the erosion of dental
materials'”"*? did not simulate realistic daily drinking
behavior. These studies continuously immersed the
materials in erosive liquids for a long period of time,
without alternating with saliva as would occur in vivo.
Drinking behavior generally consists of taking in a small
amount of beverage that is briefly held in the oral
cavity and then swallowed before the next drink is
taken. In addition, there is typically a pause between
drinking cycles, where the saliva in the oral cavity washes
away the beverage which is retained on tooth structure
and restorative materials, and also neutralizes the
beverage’s acidity.23’24 The present study was designed
to repeatedly alternate specimen immersion between
a cold beverage and warm artificial saliva in order to
mimic real-life beverage consumption behavior and the
effects of saliva. Many of the protective effects of saliva,
including its buffering capacity or acquired pellicle are
not easily reproduced in laboratory studies.” In addition,
the drinking consumption protocol in the present study
was designed to replicate high beverage intake. " Therefore,
our protocol might slightly overestimate the results of
a typical drinking pattern.

For surface roughness measurement, two hundred-
and-one linear profiles were traced, and 16 profiles were
randomly selected because our pilot study determined
that this amount of profiles were sufficient to obtain an
average Ra within + 5 % error at a 95 % confidence
interval. When comparing the surface roughness before
and after the drinking simulation within each group, all
tested drinks increased the surface roughness of the
materials. This can be explained by the sorption properties
of resin-based materials,23 which is a complex process
and usually occurs in the resin matrix. Due to the plasticizing
property of water, immersion of the resin-based materials
into water-based liquids can facilitate polymer chain
movement. When water is absorbed much more than
the space provided in the matrix, the polymer chains
are displaced from each other, causing volumetric

expansion.31 In addition, water can cleave the polymers

by hydrolysis of the ester group of the dimethacrylate
monomers.”>** The material surface can become rougher
because the damaged polymers and unpolymerized
monomers are dissolved and washed away. The reason
for the increase in surface roughness observed in our
study of the specimens immersed only in the artificial
saliva might be similar to that previously described, as
the artificial saliva is a neutral water-based solution. In
addition, precipitation of some ions in the artificial saliva
on the resin cement surface might facilitate the roughening
process. As dental materials in the oral cavity are always
in contact with saliva, the negative control group was
designed such that the specimens were only immersed
in the artificial saliva. Because of this observation, the
roughness measured after the drinking simulation in the
present study is a combination of the roughening
potential of the acidic drink and artificial saliva.
Comparing the surface roughness between the
tested groups after the drinking simulation, we found
that the roughening potential of an acidic beverage
was related to its pH; the lower the pH, the greater
the increase in surface roughness. Several previous

. 192332
studies

attributed such results to the buffering
capacity of the solutions, which was believed to be a
better roughening indicator because it represented the
total acidity of the solutions. However, our results
contradicted this explanation, even orange juice, with
a higher titratable acidity than that the lemon tea, it
was less able to increase surface roughness. Although
beverages with higher buffering capacity could better
resist pH change induced by saliva than those with
lower buffering ability,32 pH, which represents the active
acidity, should be more important when a brief immersion
in acid occurs. During typical drinking behavior, a beverage
is only briefly retained in the oral cavity before swallowing;
therefore the pH of a drink might be a more reliable
indicator of its roughening potential. In addition, the
types of acids in each beverage and their ability to react
with the materials may also have influence on the
roughening ability of the acidic drinks. Coca Cola has

phosphoric and carbonic acids as predominating acidic
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ingredients, while there is citric acid in orange juice and
lemon tea. Although this might be a confounding factor,
the main purpose of our study is to mimic a real-life
situation as closely as possible. We elected to use
commercially available acidic beverages which have
different types and amount of acids, instead of laboratory
preparations of simulated acidic drinks with different
pH values.

Although there were differences in composition
of tested cements in the present study, which may
create the different in cements’ properties, the type of
resin cement was not a significant factor influencing the
increase in surface roughness change. This may be due
to the short period of drinking simulation. Silva et al”
reported that long-term immersion of resin-based cements
in organic acids increased cements’ degradation. Han
etal” reported a different resistances to surface roughness
change among the tested resin composites. In that study,
tested conventional and flowable resin composites were
categorized into two groups regarding the amount of
filler content. The types of fillers used in resin composite
with relatively high filler contents are barium glass and
silica. The amount of fillers in their study ranged from
61.6 — 78.2 w/w %. For the resin composites categorized
as relatively low filler contents, the fillers are glass,
silica, zirconia, and fluoroaluminosilicate, and the per-
centage of fillers ranged from 42.7 — 48.3 w/w %. After
a ld-day immersion in acidic beverages, they found
different resistances to surface roughness change among
the tested resin composites. They suggested that the
amount of filler in each resin composite influenced
resistance to roughening; the more filler in the material,
the less the roughness increased. The reason for the
different results between their study and ours may be
due to different in type and properties of material. More
important, there was a different in experimental designs,
as our actual immersion time in the acidic beverages
was much shorter.

Our results indicate that the ability of saliva to
dilute or wash the acids away during alternate immersions

should be taken into account in future studies. In addition,

a future study should employ a prolonged drinking
simulation period, which might better clarify the effect

of resin cement type on resistance to roughening.

Conclusion

This study demonstrates the ability of acidic
beverages to increase the surface roughness of the
resin cements used in this study. The drink with lower
pH value had more ability to increase surface roughness
more than that with higher pH value. The present study
also shows that the type of resin cement had no significant
influence on the ability to resist change in surface

roughness.
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