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Chorioallantoic membrane assay

The CAM assay was conducted at the Government Vet-

erinary Hospital in Bengaluru, India.
The study was carried out according to the standard

protocol'? and involved the following steps:

1.Obtaining fertile eggs: 15 fertile Giriraja chicken eggs,
weighing approx. 58 g each, incubated for 72 h at 37°C
and 70-80% humidity, were obtained from the egg
hatchery at the Department of Poultry, Government
Veterinary Hospital, Bengaluru, India;

2.Incubation: The eggs were incubated in the Multiquip
E2 incubator (Multiquip, Sydney, Australia) at 37°C and
60% humidity. The egg tray was automatically tilted by
45° every 30 min to simulate the natural process;

3. Disinfection: The eggshells were disinfected with a 70%
ethanol solution for 2—3 min (Fig. 1);

4.Candling: Candling of the embryos was performed to
confirm egg fertility and determine the position of the
air sac (Fig. 2), thus establishing the optimal position for
the placement of the biomaterial on CAM. A pencil was
used to mark the opening area;

5.0pening: On day 3 of chick embryo development,
a small opening was made in the shell under aseptic con-
ditions, using a wheel bur and a blunt tweezer (Fig. 3);

6. Inoculation: The eggs were divided into 3 groups: con-
trol; L-PRF; and A-PRF. Both L-PRF and A-PRF were
cut into uniform fragments measuring 1 mm x 2 mm,
and were carefully inoculated on the CAM of the eggs
over the blunt end of the egg, where the opening was
made (Fig. 4);

7.Sealing: The opening was resealed with paraffin wax
and the eggs were returned to a mini-incubator for the
next 7 days (Fig. 5);

8.Reopening: After disinfecting the eggs with a 70% etha-
nol solution, they were dewaxed manually using a hot
instrument. The images were taken after the contents
of the eggs were transferred to a Petri dish together with
CAM (Fig. 6).

Fig. 1. Disinfecting the egg with a 70% ethanol solution

Fig. 2. Candling of the embryos to determine the position of the air sac

Fig. 3. Opening the eggshell with a wheel bur and a blunt tweezer

Fig. 4. Inoculation of di erent types of platelet-rich brin (PRF)
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Fig. 6. Reopening the eggshell on the 10™ day of incubation and transferring
its contents to a Petri dish together with the chorioallantoic membrane (CAM)

The obtained images were analyzed to determine the
effects of the biomaterial on the angiogenesis process in
the CAM of the developing chick embryo.

Image analysis

After applying the Mexican Hat Filter, conversion to
8-bit and the measurement of the vessel area, the density
of the vascular network was quantified using the ImageJ
software.®®

Morphometric analysis was carried out using the Pro-
gRes CapturePro software. For vascular morphometric
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analysis, the images were captured using a 64MP wide-
angle primary digital camera (Samsung Galaxy F62;
Samsung Electronics Co., Ltd., Suwon, South Korea), set
at F1.8, 1/50 s, 5.23 mm, ISO 200, with auto white bal-
ance and no flash. The measurements were made using
the ProgRes CapturePro software. To ensure accuracy, we
calibrated the magnification, using a stage micrometer
before measurement. The images were saved and recalled
on the monitor. All measurements were taken using the
software measuring tools.

Stage readings were reviewed for reassessment. The
number of vessels was measured in each group, and black
arrows were used to mark recognizable vasculature. The
length of the total vasculature was measured in microm-
eters, the size of the vessels was recorded in micrometers
squared and the number of junctions of blood vessels
was calculated using the ProgRes CapturePro software by
counting the total number of branch points. The density
of blood vessels was determined using the ImageJ soft-
ware (v. 1.38) by measuring the amount of red pixels per
area unit (Fig. 7).

The analysis was conducted by 2 independent observers
to minimize subjectivity.

Statistical analysis

The obtained results were tabulated and subjected
to statistical analysis. The mean and standard devia-
tion (M %SD) values were calculated for all parameters.
The one-way analysis of variance (ANOVA) was used
to compare the results obtained for the replicas within
the groups. The Bonferroni test was used to analyze dif-
ferences between the groups for multiple comparisons
of each parameter. A p-value <0.05 was considered statis-
tically significant.

Results

All images were analyzed using 2 software programs —
ImageJ and ProgRes CapturePro. No complications, such
as embryo death, contamination or inclusion bodies, were

Fig. 7. Image analysis with the use of the ImageJ and ProgRes CapturePro
software
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observed during the study period. Both the A-PRF and
L-PRF groups showed a significant increase in the num-
ber and density of blood vessels (p < 0.01) as compared to
the control group (Table 1). In the peripheral zone, a small
but dense vasculature spread was noted in the L-PRF
group. In contrast, the A-PRF group exhibited more ap-
parent and larger vessels, which were densely distributed
throughout the tissues. The branched networks in the
A-PRF group were also large in size and showed a high
density (Table 1). Both the A-PRF and L-PRF groups
showed a significant increase in the length of blood ves-
sels as compared to the control group (p < 0.001). The
A-PRF group presented a greater length of blood vessels
than the L-PRF group (Table 1). Additionally, the A-PRF
group had a significantly greater size of blood vessels than
the L-PRF and control groups (Table 1). The A-PRF group
also demonstrated an increased number of junctions as
compared to the control and L-PRF groups (Table 1).

Discussion

Healing involves the restoration of both quantity and
quality of healthy tissues through regeneration and repair.
Angiogenesis is a fundamental concept in all physiological
as well as pathological events in a biological system. Dis-
turbances in angiogenesis may result in cancer, rheuma-
toid arthritis, psoriasis, retinopathies, and obesity, when
it is increased, and in ulcers, chronic wounds, stroke, and
even coronary artery disease, when it is decreased.’* Our
study focused on finding an ideal biomaterial to promote
wound healing, with good predictability, reduced surgical
time and minimal morbidity.®

Autologous platelet concentrates are an ideal option,
as they contain concentrated autologous growth factors
that stimulate stem cells, attract them to the injured site,
stimulate angiogenesis, enhance immunity, act as a scaf-
fold, and encourage wound healing. The use of PRF has

Table 1. Results obtained in the di erent groups for the parameters measured

E'O"d vessels 1904698 48,80 +507* 59.20 +6.61*
Celnie 1420456436  5370+27242% 9,100 +296.78%
density

Peripheral 5420474673 3370 +47939% 9,094 +400.14*
density

[Tﬁrt:]' length  6000+18449  17000228290% 25000 +181310%
[TS;fl]s'm 150,000 +410516 200000 +8.29527* 230,000 15,054,00%
Junctions

33+4.64 41 +1.58* 52 +3.81**

n

L-PRF — leukocyte- and platelet-rich fibrin; A-PRF — advanced PRF;
* significantly different from the control group (p < 0.01); # significantly
different from the L-PRF group (p < 0.01).
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been frequently reported in the literature with regard to
regeneration. Platelet-rich fibrin offers several benefits,
including antibacterial efficacy, root conditioning proper-
ties and recession coverage. It is used for the treatment
of the chronic ulcers caused by diabetes or burns. Platelet-
rich fibrin also promotes osteogenesis through its osteo-
conductive efficacy, although its osteoinductive proper-
ties have not yet been established.

Leukocyte- and platelet-rich fibrin is a second-genera-
tion platelet concentrate, introduced by Dohan et al. in
2004.8 In an in vitro study, the use of L-PRF resulted in
a very strong stimulation and proliferation of endothe-
lial cells, pericytes, fibroblasts, and pre-keratinocytes
for more than 28 days.!” In another study, it was found
that the growth factor release profile of L-PRF was up to
7 days.’® For such reasons, L-PRF is widely used in the
treatment of periodontal defects, as well as in systemic
applications for diabetic foot ulcers, venous ulcers and
others. 1718

In 2014, Ghanaati et al. developed a new protocol
concept for a low centrifugation speed.® It was based on
the fact that a low speed helps in the even distribution
of platelets, increases their amount and results in greater
leukocyte entrapment throughout the fibrin clot. The pro-
tocol was named A-PRF.1%20 Histological and biochemical
studies revealed that A-PRF was more porous, heavily
packed with monocytes and platelets, and uniformly sat-
urated with growth factors. Moreover, it was shown that
this type of PRF had a higher growth factor release profile
for up to 10 days as compared to L-PRF.%

Recent research and clinical trials have concluded that
the superior healing properties of L-PRF and A-PRF are
related to their chemoattractive, angiogenic, osteogenic,
anti-inflammatory, anti-microbial, pain-inhibitory, and
wound healing characteristics.??> Various studies have
shown improved bone regeneration and soft tissue re-
generation when using these biomaterials, with or with-
out bone grafts.2 However, angiogenesis is a complex
procedure that involves a sequential interplay of various
cells, growth factors and environmental factors.?* The
aim of this study was to evaluate the angiogenic efficacy
of conventional L-PRF vs. low-speed A-PRF, as there is
a lack of literature directly comparing the in vivo angio-
genic potential of these 2 commonly used PRF protocols.

The chick CAM assay is one of the oldest and most
widely used methods for studying angiogenesis in vivo. It
was developed by Folkman in 1974,% and takes advantage
of the fact that CAMs are present in the fertile eggs of all
avian species, they are immunodeficient and contain nu-
merous blood vessels. This structure rapidly expands, gen-
erating a rich vascular network that enables the examina-
tion of tissue grafts, tumor growth, wound healing, drug
delivery, and angiogenic and anti-angiogenic molecules,
as well as toxicological analysis. These characteristics are
ideal for in vivo assays. The method is reproducible, fast,
suits large-scale screening, and allows the simple visual-
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ization of new vascularization under a microscope. Also,
this assay is one of ethically acceptable methods of inves-
tigating angiogenesis in vivo.?627

We selected the CAM assay as the model to study an-
giogenesis due to its abovementioned benefits. The eggs
used in the study were procured from the same hatchery
and were at the same stage of incubation to minimize bias.
In a recent in vivo-in vitro randomized controlled trial
on the effect of adding PRF to 3 different types of por-
cine collagen membranes (mucoderm®, collprotect® and
Jason®), the CAM assay was selected as the in vivo model
to study angiogenesis.?’

Miron et al. conducted a study on male patients aged
20—40 years to prepare PRF from blood samples and elim-
inate bias based on the relationship between age, gender
and healing potential.?2 Smoking and nicotine have nega-
tive effects on epithelial cell proliferation and connective
tissue interaction, which are essential steps in wound
healing. Therefore, we excluded chronic smokers from
our study protocol.?® Additionally, systemically compro-
mised patients, such as those with bleeding disorders,
diabetes mellitus, or patients on drug therapy that might
affect the outcomes of the study were excluded.

All parameters, including the number of blood vessels
formed, the total vasculature length, the blood vessel size,
the vascular network density, and the number of junctions
of blood vessels, were analyzed using 2 software programs,
ImageJ'**2 and ProgRes CapturePro,after processing the
images taken at the end of the 10" day. Blood vessel count
was performed both quantitatively and qualitatively.

During the qualitative analysis, we observed strong neo-
vascularization in the A-PRF group and moderate neo-
vascularization in the L-PRF group as compared to the
control group. Both the L-PRF and A-PRF groups showed
significantly higher blood vessel formation, greater den-
sity, increased length, and larger size of blood vessels as
compared to the control group. A recent in vivo-in vitro
study compared the angiogenic efficacy of PPP, platelet-
rich plasma (PRP) and PRF.3! The concentrations of an-
giogenic factors and their bioactivity were determined,
and the results showed that in the PRP and PRF prepara-
tions, both VEGF and platelet-derived growth factor BB
(PDGF-BB) were significantly more concentrated than
in PPP, whereas PRF was the most effective for wound
closure. In the CAM assay, the PRF membranes were the
most effective for neovascularization.®! The results of pre-
vious studies®'®2 are in agreement with our outcomes, as
L-PRF and A-PRF demonstrated significant neoangio-
genesis both quantitatively and qualitatively. Another
study was conducted to evaluate the angiogenic potential
of L-PRF using in vitro and in vivo assays.®® The in vitro
assay utilized an antibody array to determine the growth
factors released by L-PRF. High levels of CXC chemokine
receptor 2 (CXCR-2) ligands and epidermal growth factor
(EGF) were reported. The in vivo study was conducted
using a CAM assay. It was found that L-PRF induced in
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vitro the key steps of the angiogenic process, including
endothelial cell proliferation, migration and tube forma-
tion, thus accelerating angiogenesis.®®> However, no such
study has been conducted for A-PRF.

Advanced PRF showed a significantly higher blood ves-
sel density, centrally and peripherally, longer blood ves-
sels, more junctions, and larger blood vessels than both
the control group and the L-PRF group (p < 0.05). In a re-
cent study, the release of growth factors such as PDGF-
AA, transforming growth factor beta 1 (TGF-f1), VEGF,
EGF, and insulin-like growth factor 1 (IGF-1), was as-
sessed; it was found that the release of VEGF for L-PRF
and A-PRF on the 1%t day was 106 pg/mL and 150 pg/mL,
and on the 10t day, it was 175 pg/mL and 210 pg/mL,
respectively.® The study reported that A-PRF released
more growth factors than L-PRF, indicating that the low-
speed concept is more effective.®? The low-speed concept
leads to a more even distribution of platelets and growth
factors throughout the clot matrix, unlike the convention-
al protocol, where most growth factors concentrate just
above the RBC layer.®® Therefore, it can be concluded that
reducing the centrifugation speed significantly enhances
angiogenesis. Our study also confirms the superior per-
formance of A-PRF, which can be attributed to an in-
creased diffusion and dispersion of growth factors from
A-PRF as compared to L-PRF.

Overall, the results of our study demonstrate that both
A-PRF and L-PRF have strong angiogenic properties.
The limitations of the present study include the absence
of histological and immunological evaluations.®* How-
ever, the present study provides new insights with regard
to the future of angiology and regenerative periodontics.

Conclusions

Exposure to both L-PRF and A-PRF increased the an-
giogenic potential. Advanced PRF demonstrated a sta-
tistically significant enhancement in the number, length,
size, and density of blood vessels, as well as in the number
of junctions of blood vessels. Further in vivo and in vitro
studies using different models of angiogenesis are recom-
mended to determine the suitability of these materials as
ideal wound healing agents.
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Abstract

Background. The dentin substrate can be modified by proteolytic agents, which may affect the hond-
ing strength of adhesive systems to the treated dentin surface. Papain, a cysteine protease enzyme with
antibacterial and anti-inflammatory properties, can be used for deproteinization of dentin. An alternative
deproteinizing enzyme is bromelain.

Objectives. This study aimed to evaluate the impact of deproteinization on the shear bond strength (SBS)
of composite resin to deep dentin using different concentrations of bromelain and papain.

Material and methods. Sixty upper premolars were extracted and randomly divided into 5 groups
(n =12 per group). In all groups, the dentin surface was etched with 37% phosphoric acid. Group 1 did
not receive any enzyme treatment, group 2 was treated with a 10% papain solution, group 3 was treated
with a 15% papain solution, group 4 was treated with a 6% bromelain solution, and group 5 was treated
with a 10% bromelain solution. After applying an etch-and-rinse adhesive system, the specimens were
restored with composite resin and the SBS was measured.

Results. Statistically significant differences were found between groups 2 and 3 (10% papain and 15%
papain, p = 0.004), groups 2 and 4 (10% papain and 6% bromelain, p = 0.017), groups 4 and 5 (6% bro-
melain and 10% bromelain, p=0.021), and groups 3 and 5 (15% papain and 10% bromelain, p = 0.005).

Conclusions. Deproteinization with papain and bromelain at different concentrations after acid etching
did not affect the SBS of composite resin to deep dentin when using an etch-and-rinse adhesive system.
However, the group deproteinized with 15% papain demonstrated a higher SBS than the group deprotein-
ized with 10% papain, and the group deproteinized with 6% bromelain showed a higher SBS compared to
the group deproteinized with 10% bromelain.

Keywords: shear bond strength, papain, bromelain, dentin
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Introduction

The mechanism of bonding to dentin is based on the
hybridization concept. In etch-and-rinse adhesive sys-
tems, acid etching agents are applied to the dentin sur-
faces to remove the smear layer, demineralize the dentin
and expose the collagen fibril network. Adhesion occurs
through the diffusion of adhesive monomers into the
exposed collagen layer and subsequent formation of the
hybrid layer.2* However, excessive dehydration can cause
the collapse of the collagen fibril network, reducing the
infiltration of monomers into deeper areas and increasing
the risk of adhesive failure. On the other hand, excess wa-
ter prevents penetration and polymerization of the bond-
ing systems.>®

Improving the physical properties of the bonding agent
or modifying the dentin substrate itself can enhance den-
tin bonding.”° In a process known as dentin deprotein-
ization, proteolytic agents are used to modify acid-etched
dentin and eliminate the organic content of the dentin
substrate. Deproteinizing solutions modify the dentin
surface by dissolving exposed collagen fibrils, leading to
greater exposure of the dentinal tubules. This results in
dentin that is more similar to etched enamel, which has
promising characteristics for promoting adhesion. This
type of surface has shown multiple irregularities, with
good mechanical retention of the adhesive in the modi-
fied dentin substrate.!*13

Pre-treatment with proteolytic enzymes has been rec-
ommended to achieve better adhesion to dentin.®! Pa-
pain is a proteolytic enzyme that removes caries without
damaging surrounding tissues. It is extracted from the
ripe fruit of Carica papaya, a member of the Caricaceae
family. The enzyme is a cysteine protease that has demon-
strated antibacterial and anti-inflammatory properties.84
It has been reported that the use of 10% papain as a de-
proteinizing agent before acid etching increases subse-
guent bond strength by removing organic elements.*®
Another related study showed that the highest bond strength
values of orthodontic brackets bonded with resin-modi-
fied glass ionomer cement (RMGIC) were attained after
enamel deproteinization with 8% and 10% papain, which
were more effective than lower concentrations of the en-
zyme (2%, 4% and 6%).1

Bromelain is a deproteinizing enzyme commercially
extracted from the fruit or stem of the pineapple.’® It
has been shown to improve the bond strength when ap-
plied after acid etching of dentin.’* However, no study has
compared the effects of different concentrations of bro-
melain and papain enzymes on the shear bond strength
(SBS) of composite resin to deep dentin. The aim of this
investigation was to evaluate the effects of treatment with
different concentrations of enzymes on the SBS of com-
posite resin to deep dentin using an etch-and-rinse ad-
hesive system. The null hypothesis states that there
is no correlation between the application of different
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concentrations of bromelain and papain enzymes as
dentin pre-treatments and the SBS of subsequent
composite bonding to deep dentin.

Material and methods
Specimen preparation

The Ethics Committee of Shiraz University of Medical
Sciences approved the research protocol (approval No.
IR.SUMS.REC.1396.5509). For this in vitro experimental
study, we collected 60 extracted human upper premolars
that were free of caries, restoration or cracks. The teeth
were washed under running water to remove residual
debris and tissue, and stored in a 0.1% thymol solution
at 4°C for 1 week. Afterwards, the teeth were thoroughly
washed with tap water and embedded in self-cure acrylic
resin (Acropars; Marlik Co., Tehran, Iran) up to the ce-
ment—enamel junction. The occlusal surface was posi-
tioned parallel to the acrylic resin surface, making it ready
for experimental surface preparation. The occlusal thirds
of the crowns were sectioned perpendicular to the long
axis of the tooth using a water-cooled, low-speed cutting
machine (Mecatome T201 A; Presi, Grenoble, France) to
remove the occlusal enamel and superficial dentin, and
obtain flat, deep dentin surfaces. To polish the superfi-
cial dentin and create a uniform smear layer, we applied
600 gritsilicon carbide paper to the prepared surfaces. Pa-
pain powder (Organika, Vancouver, Canada) and brome-
lain enzyme powder (Biozym Scientific GmbH, Olendorf,
Germany) were weighed using a balance with an accuracy
of £0.1 mg (GR-300; A&D Company Ltd., Tokyo, Japan),
and added to distilled water to achieve different concen-
trations of these enzymes. Specifically, 10 g and 15 g
of papain powder were added to 100 mL of distilled water
to prepare 10% and 15% papain solutions, respectively.
Additionally, 6 g and 10 g of bromelain powder were
added to 100 mL of distilled water to achieve concen-
trations of 6% and 10%, respectively. The 60 teeth were
randomized into 5 groups (n = 12 per group). Each
group was assigned to a different method of dentin
pre-treatment.

For group 1, the dentin surface was etched with
37% phosphoric acid (DenFil; VERICOM Co., Ltd,,
Chuncheon, Korea) for 15 s, then rinsed with distilled
water for 10 s and blot dried. For groups 2 and 3, the
dentin surface was etched with 37% phosphoric acid for
15 s, rinsed with distilled water for 15 s, and blot dried
with a cotton pellet to remove excess water. The surface
was then treated with 10% papain (group 2) or 15% pa-
pain (group 3) for 60 s, washed with distilled water for
15 s and blot dried. For groups 4 and 5, the dentin surface
was etched with 37% phosphoric acid for 15 s, rinsed with
distilled water for 10 s and blot dried. Subsequently, the
dentin surface was treated with 6% bromelain (group 4)
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or 10% bromelain (group 5) for 60 s, washed with distilled
water for 15 s and blot dried.

After preparing the dentin surface, composite resin was
bonded to 10 specimens in each group for SBS testing.
The remaining 2 specimens in each group were prepared
for evaluation using scanning electron microscopy (SEM),
as described below.

Shear bond strength testing

An etch-and-rinse system (Adper Single Bond 2; 3M
ESPE, St. Paul, USA) was applied to the treated dentin
surfaces, according to the manufacturer’s instructions.
A light-emitting diode (LED) polymerizing unit (Bluelex
GT-1200; MONITEX Industrial Co., Ltd., New Taipei
City, Taiwan) with a wavelength of 470 nm and a light
intensity of 1,200 mW/cm? was used for curing. Subse-
guently, a plastic mold with a height of 2 mm and an in-
ternal diameter of 3 mm was placed over the prepared
dentin surface. A 2-mm thick increment of composite
resin (Filtek™ Z350; 3M ESPE) was inserted into the
mold and light cured for 40 s from the occlusal direction.
The mold was removed and the specimens were stored in
distilled water at 37°C for 24 h in an incubator (ES 252;
NUVE, Ankara, Turkey) before testing. The specimens
were individually transferred to the universal testing ma-
chine (2020; ZwickRoell, Ulm, Germany) and subjected
to SBS analysis at a crosshead speed of 1 mm/min. The
experimental design used in this study is presented in
Fig. 1. Figure 2 shows a prepared specimen transferred to
the universal testing machine.
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Fig. 2. Sample prepared and transferred to the universal testing machine
for measuring the shear bond strength

60 extracted human
upper premolars

Sectioning the occlusal enamel and superficial dentin
of the crowns to obtain flat deep dentin surfaces

v v

v v

Group 2
(pre-treatment with
37% phosphoric acid
and 10% papain;
n=12)

Group 1
(control; no pre-treatment
after the application
of 37% phosphoric acid;
n=12)

Group 3
(pre-treatment with
37% phosphoric acid
and 15% papain;
n=12)

Group 5
(pre-treatment with
37% phosphoric acid
and 10% bromelain;
n=12)

Group 4
(pre-treatment with
37% phosphoric acid
and 6% bromelain;
n=12)

—

s SR 2 SR 2 S

Preparation | |Preparation| |Preparation||Preparation| |Preparation||Preparation| |Preparation||Preparation| |Preparation||Preparation
of 10 of 2 of 10 of 2 of 10 of 2 of 10 of 2 of 10 of 2
specimens || specimens | | specimens || specimens | | specimens || specimens | | specimens || specimens | | specimens || specimens
for SBS for SEM for SBS for SEM for SBS for SEM for SBS for SEM for SBS for SEM

testing evaluation testing evaluation testing evaluation testing evaluation testing evaluation

Fig. 1. Schematic diagram of the study design
SBS — shear bond strength; SEM — scanning electron microscopy.
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Scanning electron microscopy evaluation

Two specimens from each group were evaluated using
a scanning electron microscope (KYKY-EM3200; KYKY
Technology Co. Ltd., China). The specimens were initially
sectioned using a diamond disc to obtain dentin samples
with a thickness of 2 mm. These samples were then dried
in a desiccator for 24 h, sputter-coated with gold and ex-
amined under the microscope at 2 different magnifica-
tions (%3,000 and x4,000).

Statistical analysis

Statistical analysis was conducted using SPSS for Windows
software, v. 16 (SPSS Inc., Chicago, USA), with data
analysis performed using one-way analysis of variance
(ANOVA) followed by Tukey'’s test. The significance level
set for the study was p < 0.05.

Results

The descriptive statistics of the experimental SBS values
for all groups, including the mean (M), standard deviation
(SD), and minimum and maximum values, are presented
in Table 1. Moreover, the M and SD values of the SBS for
all groups are shown in Fig. 3. One-way ANOVA revealed
statistically significant relationships between the experi-
mental groups (p < 0.05). The study results indicate that
group 3 (37% phosphoric acid + 15% papain) and group 4
(37% phosphoric acid + 6% bromelain) had the highest
mean SBS values compared to the other experimental
groups.

Table 1. Shear bond strength values of the study groups

Study group

S

= 154
[l
=
e
“5’ a5
c —_—
o
= 10
©
[
8
S -
<
w 5

1 2 3 4 5

Groups

Fig. 3. Shear bond strength values in the experimental groups

group 1 - the control group etched with 37% phosphoric acid; group 2
— treated with 37% phosphoric acid and 10% papain; group 3 — treated
with 37% phosphoric acid and 15% papain; group 4 — treated with
37% phosphoric acid and 6% bromelain; group 5 — treated with 37%
phosphoric acid and 10% bromelain.

Tukey’s test was used to compare the mean SBS val-
ues among all experimental groups (Table 2). The results
showed statistically significant differences between the
mean SBS values of group 2 (37% phosphoric acid + 10%
papain) and group 3 (37% phosphoric acid + 15% papain),
as well as between the mean SBS values of group 2 (37%
phosphoric acid + 10% papain) and group 4 (37% phos-
phoric acid + 6% bromelain), with p-values of 0.004 and
0.017, respectively. The differences between the mean SBS
values of group 4 (37% phosphoric acid + 6% bromelain)

Shear bond strength [MPa]

Group 1 (37% phosphoric acid)
‘ Group 2 (37% phosphoric acid and 10% papain)

(

(
‘ Group 3 (37% phosphoric acid and 15% papain)
‘ Group 4 (37% phosphoric acid and 6% bromelain)
(

‘ Group 5 (37% phosphoric acid and 10% bromelain)

maximum
8919 +2,01 491 1080
698259 399 1220 |
10.90 +344 720 1640 |
10.83 +4.40 6.28 1650 |
6.77 £054 604 747 |

M — mean; SD - standard deviation.

Table 2. Pairwise comparison of mean shear bond strength values between all groups using Tukey's test

Study group
‘ Group 1 (37% phosphoric acid)
‘ Group 2 (37% phosphoric acid and 10% papain)

(
(

‘ Group 3 (37% phosphoric acid and 15% papain)

‘ Group 4 (37% phosphoric acid and 6% bromelain)
(

Group 5 (37% phosphoric acid and 10% bromelain)

Group 1 Group 2 Group 3 Group 4 Group 5
- 0.063 0.309 0.606 0.072 ‘
0.063 - 0.004* 0.017* 0.991 ‘
0.309 0.004* - 0.616 0.005* ‘
0.606 0.017* 0.616 - 0.021* ‘
0.072 0.991 0.005* 0.021* - ‘

* statistically significant (p < 0.05; Tukey's post hoc test).
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and group 5 (37% phosphoric acid + 10% bromelain), and
between the mean SBS values of group 3 (37% phosphoric
acid + 15% papain) and group 5 (37% phosphoric acid +
10% bromelain), were also statistically significant, with
p-values of 0.021 and 0.005, respectively. However, no
statistically significant differences were found between
group 1 (control) and the other experimental groups (all
p-values > 0.05).

Figure 4 presents the SEM images of the dentin sur-
faces in the various experimental groups, displaying the
surface topography of the dentin substrate after different
treatments. There was no collagen network covering the
peritubular dentin in group 2 (37% phosphoric acid + 10%
papain), group 3 (37% phosphoric acid + 15% papain) or
group 4 (37% phosphoric acid + 6% bromelain). The ori-
fices of the dentinal tubules in these groups were wider
than those in the control group.

Discussion

The present study found that the application of bro-
melain and papain to dentin did not result in a statisti-
cally significant increase in SBS values. This observa-
tion contradicts the results of some previous studies.!*-1¢
Chauhan et al. reported that the deproteinization of den-
tin and removal of unsupported collagen fibers with bro-
melain treatment after acid etching could statistically
improve the SBS of the adhesive system to dentin.!! The
application of the deproteinizing agent was reported to
increase the permeability of the dentin substrate due to
the reduction of collagen on the acid-etched surface and
the widening of dentinal tubules on the outer surface
of the exposed dentin.**" Moreover, treatment with bro-
melain can increase the surface energy of dentin and the
infiltration of monomers. Due to the high surface energy
of hydroxyapatite and the low surface energy of colla-
gen, the removal of the latter from etched dentin results
in a reduction of organic content, an increase in surface
energy and altered hydrophilic properties of the dentin,
leading to better penetration of adhesive monomers.1819
In this study, group 3 (etched with 37% phosphoric acid
and deproteinized with 15% papain) and group 4 (etched
with 37% phosphoric acid and deproteinized with 6%
bromelain) demonstrated higher SBS values compared to
the other experimental groups. However, no significant
difference in the SBS was observed between the control
group and any of the groups deproteinized with brome-
lain or papain.

In agreement with the present findings, Hasija et al.?
and Agarwal et al.? reported that the application of 10%
papain after acid etching did not affect the SBS to enamel.
The similarity between these results may be attributed to
the use of papain and bromelain enzymes after the acid
etching process. The results suggest that the use of depro-
teinization agents with lower acidity, such as papain or
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Fig. 4. Scanning electron micrographs of all groups taken at x3,000 (left)
and x4,000 (right) magni cation

A. Control surface etched with 37% phosphoric acid; B. Surface treatment
with 37% phosphoric acid and 10% papain; C. Surface treatment with
37% phosphoric acid and 15% papain; D. Surface treatment with 37%
phosphoric acid and 6% bromelain; E. Surface treatment with 37%
phosphoric acid and 10% bromelain.
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bromelain enzymes, after the acid etching process with
phosphoric acid does not significantly increase the SBS.
The present results are consistent with previous reports
on the subject. However, it should be noted that the speci-
mens in the current study were restored using a two-step,
etch-and-rinse adhesive system and 1 type of composite
resin. Other materials may perform differently, as ob-
served in a previous investigation that used 10% papain
before restoring enamel with RMGIC.1®

The present study found that the group treated with
15% papain had a higher SBS than the group treated with
10% papain, which is consistent with a previous study.'4
The previous study demonstrated that enamel depro-
teinization with 8% or 10% papain gel increased the SBS
of orthodontic brackets bonded with RMGIC, compared
to deproteinization with lower concentrations of papain
(2%, 4% and 6% gels).** However, in the present study, the
mean SBS for the group deproteinized with 6% bromelain
was higher than that of the group deproteinized with 10%
bromelain. The decrease in bond strength that occurred
following the application of the higher concentration
of bromelain may be due to damage to the dentin organic
matrix and collagen fibers at this concentration of the en-
zyme. Bromelain is a protease (proteolytic enzyme) that
can catalyze the hydrolysis of dentin proteins and cleave
their peptide chains. The increased proteolytic activity
of bromelain at higher concentrations may negatively af-
fect the mechanical properties of dentin by destroying its
organic content.?? Consequently, organic adhesive mono-
mers may not be able to adequately infiltrate the deminer-
alized dentin, resulting in reduced bond strength.

The SEM observations of the present study showed that
there was no collagen network covering the peritubular
dentin in the groups deproteinized with 10% papain, 15%
papain and 6% bromelain. The orifices of the dentinal
tubules appeared wider in these groups compared to the
other groups. Our results are consistent with previous
studies and may be explained by the depletion of collagen
from the acid-etched dentin caused by the action of bro-
melain and papain.'®2® However, the SEM observations
in this study were inconsistent with the results of the SBS
test, which showed that the same 3 groups — those depro-
teinized with 10% papain, 15% papain and 6% bromelain
— had higher SBS values than the other groups, although
no statistically significant difference was found between
any of the treatment groups and the control group. This
could be attributed to other factors, such as the type
of adhesive system used. In agreement with the current
findings, Kasraei et al. reported that the treatment of the
acid-etched dentin surface with 5% bromelain before the
application of the adhesive had no significant effect on
marginal microleakage of Class V composite restorations.®
The SEM micrographs of the resin—dentin interface
after the application of bromelain showed that the
hybrid layer and resin tags were thick, and the resin tags
were conical in shape in the bromelain-treated group.
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Additionally, spherical residues were observed on resin
tags due to the minor infiltration of resin into accessory
canals in the dentin.?®

In the present study, peritubular dentin and collagen
fibers were observed in the control group, where the den-
tin surface had been treated with phosphoric acid. The
possible explanation for this finding is that the action
of phosphoric acid may be self-limited due to the buffer-
ing capacity of deep dentin.?* Moreover, the average num-
ber of dentinal tubules is higher in the deep dentin than
in the superficial dentin,?> which suggests that the high
surface moisture content of deep dentin might have af-
fected the etching effectiveness of phosphoric acid during
the removal of the smear layer.

The SEM micrographs obtained from the group de-
proteinized with 10% bromelain displayed similar char-
acteristics to those of the control group. Some of the
dentinal tubules were partially or completely obscured by
smear plugs, and peritubular dentin was observed in both
groups.

This study is the first to survey and evaluate the ef-
fects of different concentrations of bromelain and papain,
2 common proteolytic enzymes, on the SBS of compos-
ite resin to deep dentin using an etch-and-rinse adhesive
system. However, there are some limitations to consider.
Thiswas an in vitro study and therefore could not precise-
ly simulate oral conditions, such as water sorption, mas-
ticatory cycle, and pH and thermal changes. Therefore,
some differences may be observed between the present
results and clinical studies on vital teeth, which should be
undertaken as a future extension of this work. Additional
research with larger sample sizes and varying enzyme
concentrations is necessary. It should be combined with
other adhesive bonding systems, such as self-etch adhe-
sive bonding systems, to develop the most appropriate
method for increasing the bond strength of composite
resin to deep dentin.

Conclusions

Deproteinization of deep dentin with various concen-
trations of papain and bromelain after acid etching did
not significantly affect the SBS of composite resin to the
treated dentin. However, the group deproteinized with
15% papain demonstrated a higher SBS, on average, than
the group deproteinized with 10% papain. Similarly, the
group deproteinized with 6% bromelain showed higher
SBS values compared to the group deproteinized with
10% bromelain.

Ethics approval and consent to participate

The Ethics Committee of Shiraz University of Medical
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Abstract

Background. Glass ionomers are widely used for restoring carious primary teeth. However, their ability to
hond to primary dentin is consicered a challenge in pediatric dentistry.

Objectives. The study aimed to evaluate the microshear bond strength (uSBS) of a resin-modified glass
ionomer (RMGI) and a high-viscosity glass ionomer cement (Hv-GIC) to primary dentin using a universal
adhesive.

Material and methods. Thirty human primary maxillary canines were cut in half and prepared for
the SBS test. The specimens (N = 60) were assigned to 6 groups. Three groups were defined for RMGI
(FUIIILC) and 3 groups for Hv-GIC (EQUIA Forte): with an immediately curing adhesive (G-Premio); with
a delayed curing adhesive; and without an adhesive (control group). After preparing the dentin surfaces,
the glass ionomers were bonded using Tygon@® tubes with an internal diameter of 0.7 mm. The pSBS test
was performed, and the data was analyzed using two-way analysis of variance (ANOVA) followed by
Tukey's post hoc test. Additionally, the failure modes were determined using a stereomicroscope. Six speci-
mens, one for each study group, were prepared for scanning electron microscopy (SEM) analysis to observe
the glass ionomer—dentin interface.

Results. The type of glass ionomer did not have a significant effect on the pSBS (p = 0.305). Groups
that received universal adhesive application prior to glass ionomer exhibited a significantly higher SBS
(p < 0.0001). However, there was no significant difference between the immediately curing and delayed
curing groups (p = 0.157). The predominant failure mode was mixed failure.

Conclusions. Higher bond strength of glass ionomers to primary teeth can be achieved by using universal
adhesives, which, in addition to the proven benefits of glass ionomers, can improve their clinical success.

Keywords: primary teeth, glass ionomer cements, adhesives
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Introduction

Glass ionomer cements (GICs) have been widely used in
dentistry since their introduction.! Some properties such
as fluoride release,? preservation of intact dental tissues
and chemical adhesion to the tooth structure make them
adesirable choice for restoring carious teeth.® The adhesion
mechanism of GICs consists of hydrogen bonds promoted
by their free hydrophilic carboxylic groups and a simulta-
neous ionic exchange at the interface.* Early conventional
glass ionomers had some disadvantages, such as unfavor-
able strength and toughness.> To improve their physical
properties, resin-modified glass ionomers (RMGIs) were
developed by adding hydrophilic monomers.® In recent
years, high-viscosity glass ionomer cements (Hv-GICs)
have been developed by modifying the powder/liquid ratio
and particle size.” This has resulted in improved fracture
toughness and flexural strength, as well as lowered sensitiv-
ity to moisture compared to conventional GICs.2

Although composite resins usually have better esthetic
and mechanical characteristics, their technique sensitivity
can be a challenge, especially in less cooperative patients,
such as children.® Therefore, in some cases, GIC is the
preferred material for restoring carious primary teeth.0
Additionally, the bond strength of restorative materials
may be affected by a lower degree of mineralization and
a higher tubular density in primary dentin compared to
permanent dentin,'**2 making the bond strength of mate-
rials to primary dentin a significant concern.

In recent years, universal adhesives (also known as
multi-mode adhesives) have been introduced. These are
single-bottle, no-mix adhesive systems that can provide
adhesion to various substrates.'®'* New-generation ad-
hesives can be used in both self-etch and etch-and-rinse
modes. However, the self-etch technique simplifies the
application process and minimizes errors.

Thus, the purpose of this in vitro study was to evalu-
ate the bonding properties of an RMGI (FUJI Il LC®;
GC Corporation, Tokyo, Japan) and a Hv-GIC (EQUIA
Forte™; GC Corporation) to the dentin of primary teeth.
Since previous studies have shown the effect of bonding
agents on improving the bond strength of RMGIs to
permanent dentin,’®'” we assessed the effect of using
a universal adhesive (G-Premio BOND; GC Corporation)
on the bond strength of these GICs to primary dentin.

Table 1. Dental materials and their composition

EQUIA Forte high-viscosity glass ionomer cement

FUJIILC resin-modified glass ionomer

G-Premio BOND universal adhesive (8" generation)

fluoroaluminosilicate glass, water, polyacrylic acid, polybasic
carboxylic acid, camphorquinone Japan

powder: fluoroaluminosilicate glass
liquid: water, polyacrylic acid, HEMA, urethane dimethacrylate Japan

10-MDP, 4-MET, MEPS, BHT, acetone, dimethacrylate resins,

P. Iranparvar, A. Ghasemi, P. Iranparvar. Bonding of glass ionomers to primary dentin

Material and methods

This in vitro study was conducted in the Department
of Pediatric Dentistry, in collaboration with the
Department of Restorative Dentistry at Shahid Beheshti
School of Dentistry, Tehran, Iran, after receiving
approval from the Committee for Ethics in Research
(No. IR.SBMU.DRC.REC.1398.011).

Thirty-six extracted human primary maxillary ca-
nines were selected, 6 of which were observed using field
emission scanning electron microscopy (FE-SEM). The
teeth were examined under a stereomicroscope (SZXO9;
Olympus, Tokyo, Japan) to confirm the absence of cracks,
fractures, caries, restorations, hypoplasia, or anatomical
abnormalities.

The teeth had been extracted for orthodontic reasons dur-
ing the previous 3months and were kept at room temperature
in normal saline, which was replaced weekly. Crowns of the
teeth were debrided using a prophylaxis brush on a low-
speed handpiece for 30 s and disinfected with 0.5% chlora-
mine T solution. Sixty specimens (N = 60) were obtained by
sectioning 30 teeth into equal mesial and distal halves using
a low-speed cutting machine (IsoMet® Low Speed Precision
Cutter; Buehler, Lake Bluff, USA). The roots of all specimens
were cut 2 mm below the cementoenamel junction and dis-
carded. The dentin surfaces were polished for 10 s under
running water using 400-, 600-, 800-, and 1000-grit silicon
carbide grinding papers (Matador; STARCKE® GmbH &
Co. KG, Melle, Germany), respectively.

We randomly assigned 60 specimens to 6 groups, apply-
ing EQUIA Forte in 3 groups with different surface treat-
ment methods: with an immediately curing adhesive; with
a delayed curing adhesive; and without an adhesive as
control. The remaining 3 groups were treated with FUJI
Il LC using the same methods. Table 1 provides a sum-
mary of the dental materials and their composition. In the
groups that used an immediately curing bonding agent,
a universal adhesive (G-Premio) was applied to the den-
tin. After 10 s, the adhesive was dried with air spray for 5 s
and then light-cured for 10 s using a light-emitting diode
(LED) unit (Guilin Woodpecker Medical Instrument Co.
Ltd., Guilin, China) with an intensity of 1000 mW/cm?. In
the delayed curing groups, the bonding agent was applied
in the same manner; however, its light activation was de-
layed until the application of the glass ionomer.

GC Corporation, Tokyo,
GC Corporation, Tokyo,

GC Corporation, Tokyo,
initiators, filler, water Japan

HEMA — hydroxyethyl methacrylate; 10-MDP — 10-methacryloyloxydecyl dihydrogen phosphate; 4-MET — 4-methacryloyloxyethyl trimellitate;
MEPS — methacryloyloxyalkyl thiophosphate methylmethacrylate; BHT — butylated hydroxytoluene.
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TYGON®tubes (Saint-Gobain, Paris, France) with an in-
ner diameter of 0.7 mm and a height of 1 mm were pre-
pared for packing the glass ionomers over the dentin sam-
ples. The powder and liquid in the FUJI Il LC groups were
mixed according to the manufacturer’s instructions. The
mixture was then packed into TYGON tubes placed over
the dentin samples and light-cured for 20 s. In the EQUIA
Forte groups, pre-loaded capsules were mixed for 10 s and
packed into TYGON tubes placed over the samples. The
samples were left to self-cure for 2 min and then covered
with an EQUIA coat, a special coating that was light-cured
for 20 s according to the manufacturer’s instructions. In
the delayed curing groups, light activation of the bonding
agent and glass ionomer occurred simultaneously at this
stage. After 24 h of immersion in distilled water and incu-
bation at 37°C, the TYGON tubes were carefully removed
using a scalpel. The specimens were then subjected to the
microshear bond strength (USBS) test.

Bond strength was measured using a Microtensile Tes-
ter (Bisco Inc., Schaumburg, USA) that was transformed
into a microshear tester by attaching metallic cylinders
with a diameter of 1 mm to one of its working plates. Sam-
ples were fixed onto the other working plate of the tester
machine using a cyanoacrylate adhesive. An orthodontic
wire (0.2 mm in diameter) was formed into a loop to con-
nect the metallic cylinder to the base of the glass iono-
mer cylinder. The bonded interface, the wire loop and the
center of the metallic cylinder were aligned as straight as
possible. Microshear forces were applied at a crosshead
speed of 0.5 mm/min until debonding occurred, and the
USBS was recorded.

Failure modes were evaluated using the stereomicroscope
at x20 magnification. The results were recorded as ad-
hesive (fracture at the glass ionomer—dentin interface),
cohesive (fracture within the glass ionomer or bonding
agent) or mixed (a combination of both failures).

The remaining 6 primary canines, one for each study
group, were selected for SEM observations. We cut the
upper third of the crowns to expose a flat dentin surface.
We prepared the dentin surfaces in the same way as the
previous specimens and applied a bulk of glass ionomer.
Then, we longitudinally sectioned the specimens using
an IsoMet Low-Speed Precision Cutter to reach the glass

9%

ionomer—dentin interface. The specimens were polished
using silicon carbide papers with grits of 400, 600, 800,
1000, and 2000, followed by cleaning with 37% phospho-
ric acid for 5 s and thorough rinsing for 30 s. All specimens
were dehydrated using a desiccator containing silica gel
for 24 h. After sputter coating, the glass ionomer—dentin
interfaces were observed using a FE-SEM (S-4160; Hitachi,
Tokyo, Japan) at x500 magnification.

Statistical analysis

Data was analyzed using the IBM SPSS Statistics for
Windows software, v. 25.0 (IBM Corp., Armonk, USA).
A two-way analysis of variance (ANOVA), followed by
Tukey’s post hoc test, was used to determine the differ-
ence in bond strength between the groups. Failure mode
analysis was conducted using the ¥ tests. The level of sig-
nificance set for the study was <0.05.

Results

Descriptive statistics of pSBS for the 6 groups are
shown in Table 2. According to the results of the two-way
ANOVA test, the glass ionomer type did not have a sig-
nificant effect on uSBS (p = 0.305). However, the effect
of surface treatment was significant (p < 0.0001). In addi-
tion, the interaction effect between surface treatment and
the type of glass ionomer was not significant (p = 0.558).
Post hoc Tukey’s Honest Significant Difference (HSD) test
was performed to compare 3 surface treatment methods
(i.e., an immediately curing adhesive, a delayed curing ad-
hesive, and without an adhesive). It was shown that the
groups with an adhesive had significantly higher pSBS
values than the control group (p <0.0001). However, there
was no significant difference between the immediately
curing and delayed curing adhesive groups (p = 0.157).

The distribution of failure modes among the 6 study
groups did not show any significant difference (p = 0.974).
The most frequently observed failure mode was mixed
failure, while the cohesive mode had the lowest propor-
tion. Table 2 shows the distribution of failure modes with-
in the groups.

Table 2. Descriptive statistics of microshear bond strength (uSBS) and failure mode for the 6 groups

JSBS [MPa] Failure mode [%]
FUJI I LC without an adhesive 6.72+128 40 10 50
FUJI I LC with an immediately curing adhesive 10.72 +1.61 40 20 40
FUJI I LC with a delayed curing adhesive 9.58 +0.96 30 20 50
EQUIA Forte without an adhesive 6.3+11 50 0 50
EQUIA Forte with an immediately curing adhesive 10.02 +1.24 40 10 50
EQUIA Forte with a delayed curing adhesive 9.71£1.06 40 20 40

M — mean; SD - standard deviation.



96

The SEM images of the glass ionomer—dentin interfaces
are presented in Fig. 1. All groups showed gap formation.
In the groups with an immediately curing adhesive, the
fracture occurred within the glass ionomer, and the glass
ionomer—adhesive interaction was maintained in most
parts. However, in the groups with a delayed curing adhe-
sive, the layer of bonding agent was imperceptible.

20.0kV xS5@00 ''60.94m

Fig. 1. Scanning electron microscopy (SEM) images (x500 magni cation)

A. FUJI Il LC without an adhesive; B. FUJI Il LC with an immediately curing
adhesive; C. FUJI Il LC with a delayed curing adhesive; D. EQUIA Forte
without an adhesive; E. EQUIA Forte with an immediately curing adhesive;
F. EQUIA Forte with a delayed curing adhesive. Fu — FUJI Il LC; De — dentin;
Ad - adhesive; Eq — EQUIA Forte.

Discussion

The bond strength of restorative dental materials plays
a crucial role in the treatment success by preventing mar-
ginal gapping and microleakage.*'® We aimed to assess
the bonding properties of RMGI (FUJI 11 LC) and Hv-GIC
(EQUIA Forte) to primary dentin, considering the limited
evidence on the bond strength of GICs to primary teeth
and the improved physical characteristics of modified
glass ionomers. FUJI 1l LC is a commonly used material
in pediatric dentistry, while EQUIA Forte is a new-gener-
ation glass ionomer. Previous studies have not evaluated
their bonding properties in primary teeth.

Both macro- and micro-tests can be used to measure
bond strength, either tensile or shear. However, they differ
in the cross-sectional area being bonded. This study used
a micro-test to minimize false failures and errors that may
occur due to the larger size of samples in macro-tests.*°
The pSBS measurement method is useful for materials
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like glass ionomers, because their properties make them
susceptible to the specimen preparation and testing
conditions of micro-tensile bond strength tests.?° In our
laboratory, we converted the design of a micro-tensile
testing machine into a microshear tester, as described in
the methods section. Shear force was applied using a wire
loop, as described in previous studies.?~2% The wire loop
design allows for stress to be concentrated closer to the
interface area compared to the the knife-edge design.®

When evaluating the effect of bonding agent applica-
tion prior to glass ionomers, we observed a significantly
improved bond strength in both types of glass iono-
mers. Since RMGls contain resin components, the ben-
efits of both a chemical bond through ionic exchange
and a micromechanical bond can be achieved by using
a bonding agent.>* This observation has been reported
in previous studies that used various types of bonding
agents. Nakanuma et al.’® reported a significant improve-
ment in the tensile bond strength of FUJI 11 LC to perma-
nent dentin when using a dentin bonding agent in addi-
tion to different primers. Similarly, Poggio et al.?® found
that the bond strength of FUJI Il LC to bovine dentin
significantly increased when using a self-etch adhesive
prior to the glass ionomer, which is consistent with our
results. Besnault et al.?® observed a significantly higher
shear bond strength of FUJI Il LC to permanent dentin
using 7 different self-etch adhesives, which is consistent
with our study. The bond strength of FUJI Il LC increased
after the application of a universal adhesive in our study,
which may be due to several factors, including the pres-
ence of unsaturated carbon—carbon bonds in the FUJI |1
LC and G-Premio bonds, which can form covalent bonds
during polymerization. Additionally, the hydrophilic na-
ture of both RMGI and a universal adhesive can improve
the compatibility between the 2 materials.?®

The evidence regarding the effect of bonding agents
on the bond strength of EQUIA Forte is limited.
However, it is presumed that a chemical reaction
occurs between the universal adhesive and the calcium
ions of EQUIA Forte via dihydrogen phosphate groups
of its 10-methacryloyloxydecyl dihydrogen phosphate
(10-MDP),?” which can explain the bond strength
improvement observed in our study.

According to our results, the bond strength measure-
ments were not significantly affected by the type of glass
ionomer. This is consistent with the results of a previous
study by Latta et al.,?® which compared the shear bond
strength of FUJI 1l LC and EQUIA Forte on permanent
teeth and found no significant differences between them.
Yao et al.?® showed a significantly higher tensile bond
strength of FUJI Il LC to both flat and cavity-formed
permanent dentin when compared to EQUIA Forte. This
discrepancy might be justified by the fact that no dentin
pre-treatments were applied in the EQUIA Forte group
in their study, which could have reduced micromechani-
cal interlocking formation due to the interference of the
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smear layer. The polished surfaces in our specimens
minimize the smear layer thickness and provide better
bonding opportunities for self-adhesive materials.
Additionally, the abovementioned study did not apply
an EQUIA Forte coat. This resin-based coating agent fills
the porosities and cracks and prevents the early setting
of GICs in a moist environment.?

The most frequently observed failure mode in both
GICs was mixed failure, which is consistent with a study
by Abdelmegid et al.*° In SEM observations, the interac-
tions between the glass ionomer and adhesive were main-
tained in all specimens. However, gap formation was evi-
dent after desiccation and resin tags were not observed.
In a previous study conducted by Pereira et al.,'” resin tags
were formed in FUJI Il LC. This difference could be at-
tributed to the surface treatment methods and the type
of adhesive system used.

A meta-analysis has shown that GICs have clinical per-
formance comparable to composite resins in various as-
pects, including marginal adaptation and secondary car-
ies, for Class Il restoration of primary teeth.® Therefore,
GICs can be considered for permanent restoration of pri-
mary teeth, especially in high-caries patients.® A univer-
sal adhesive can increase the bond strength of GICs and
contribute to their improved clinical performance.

One of the limitations of the present study was its in
vitro design, which overlooks the impact of the oral envi-
ronment on bond durability. Since the measurements
were performed on healthy dentin, further studies on
caries-affected dentin and long-term evaluations of bond
strength are recommended.

Conclusions

The bond strength of the examined glass ionomers was
significantly improved by applying a universal adhesive
to primary dentin. Our results suggest that this improve-
ment can increase the clinical success of glass ionomer
restorations in primary teeth, given the desirable proper-
ties of GICs.

Ethics approval and consent to participate

The study was approved by the Committee for Ethics
in Research (approval No. IR.SBMU.DRC.REC.1398.011).

Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on
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Abstract

One potential application of neural networks (NNS) is the early-stage detection of oral cancer. This
systematic review aimed to determine the level of evidence on the sensitivity and specificity of NNs for
the detection of oral cancer, following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) and Cochrane guidelines. Literature sources included PubMed, ClinicalTrials, Scopus,
Google Scholar, and Web of Science. In addition, the Quality Assessment of Diagnostic Accuracy Studies
2 (QUADAS-2) tool was used to assess the risk of bias and the quality of the studies. Only 9 studies fully
met the eligibility criteria. In most studies, NNs showed accuracy greater than 85%, though 100% of the
studies presented a high risk of bias, and 33% showed high applicability concems. Nonetheless, the
included studies demonstrated that NNs were useful in the detection of oral cancer. However, studies
of higher quality, with an adequate methodology, a low risk of bias and no applicability concerns are
required so that more robust conclusions could be reached.

Keywords: oral cancer, oral neoplasms, medical informatics applications, computer neural networks,
cancer early detection
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Introduction

Artificial intelligence (Al) has significantly impacted
the field of medicine,® and much Al research focuses
on the diagnosis and prognosis of cancer,? neurological
disorders® and cardiovascular diseases,* among others.®
Neural networks (NNs) constitute an area of Al. They
contain sets of artificial neurons organized in super-
imposed layers — an input layer, n intermediate layers
for data processing and a result layer. Deep learning
(DL) is a combination of NN and machine learning; it
enables the creation of computational models com-
posed of multiple processing layers, able to learn the
representations of data with multi-level abstraction.” In
DL, convolutional, recursive and recurrent NNs have
been applied.® Convolutional neural networks (CNNs)
are a class of DL algorithms applied to medical image
classification,? including those used for cancer detec-
tion.1°‘13

Oral cancer ranks sixth among the most common
high-risk malignancies in middle-income countries
globally.** The most common type of oral cancer is oral
squamous cell carcinoma (OSCC).*> Early diagnosis
and treatment are crucial to improve patient survival.
The histopathological examination of biopsy samples is
the gold standard in diagnosing oral cancer. However,
this approach is invasive and the samples require com-
plex processing.’® The detection of oral cancer in situ
results in survival rates as high as 82%, though these
rates can decrease to 32% if metastases are detected.’
Therefore, an early diagnosis is essential, and recom-
mendations state that any suspicious lesion that does
not heal within 15 days after detection and the removal
of the local causes of irritation should be biopsied.'8°
Although the histopathological examination of biopsy
specimens is the current reference method,?° there are
still discrepancies (12%) between the initial diagnosis
from the incisional biopsy and the final histopathology
results following the excision of the lesion.? However,
many patients are reluctant to have a suspicious lesion
biopsied by a clinician, for various reasons, including
cost, fear of the procedure, concerns about healing, and
esthetics. As a result, patients often postpone the bio-
psy to get a second opinion on its necessity. Therefore,
research groups have proposed other diagnostic meth-
ods that are logistically more accessible. One of such
approaches is the use of NNs for the early diagnosis
of oral cancer through the analysis of risk factors, labo-
ratory tests and the images of the lesion.?22

The process of detection of oral cancer through im-
aging has different phases. Ideally, during the training
phase, a set of images classified into different types,
such as the normal region, the cancerous region and
the precancerous region, is introduced to NN. The
classified images allow NN to learn the characteris-
tics of each set of images. Subsequently, in the testing
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phase, the image of a suspicious oral lesion is provided
and the system outputs the predicted result.?* There-
fore, the NN diagnosis of oral cancer can be made by
clinicians working in remote areas, where biopsy pro-
cessing is complicated.

For the reasons outlined above, this systematic review
aimed to determine the level of evidence on the sensitivity
and specificity of NNs for detecting oral cancer.

Material and methods

Study protocol registration

This systematic review followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
of Diagnostic Test Accuracy Studies (PRISMA-DTA)
statement? and the Cochrane guidelines.?® The protocol
was registered in the International Prospective Registry
of Systematic Reviews (PROSPERO) (CRD42021256938).
The articles included in the present systematic review
were studies with an observational design (cohort and
case—control studies). Case reports, case series, animal
studies, pilot studies, short communications, and system-
atic reviews were excluded.

Eligibility criteria, information sources
and search strategy

The eligibility of the studies was determined using
the modified PICO strategy (Patient/Population, Inter-
vention, Comparison, and Outcome). Searches with no
restriction on the publication date were carried out in
PubMed, ClinicalTrials, Scopus, Google Scholar, and Web
of Science in April 2021, and were updated in July 2022.
The search strategies used for each database are shown in
Table 1. A manual search was performed by reading the
reference sections of the included studies.

To meet the eligibility criteria, studies needed to use
NN for the analysis of images for the detection of oral
cancer in humans, and assess the sensitivity, specificity,
precision, and accuracy of NN in comparison with the
histopathological examination. All studies that used NN
for the prognosis of oral cancer, to determine the efficacy
of oral cancer treatment or to classify the stages of oral
cancer, as well as studies that used other methods of data
collection (not imaging), were excluded.

Study selection

For the selection of studies, the title and abstract of each
paper were read. Those which answered the research
question were reviewed in full text to determine if they
met the eligibility criteria. If the eligibility criteria were
not met, the articles were eliminated with reasons, as
shown in Fig. 1.
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Table 1. Keywords and algorithms used in the search strategy for each database
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Population

Intervention
(diagnosis)

Comparison
Outcome
Study design
Restrictions

Electronic
database

Focus question

Scholar

Clinical Trials

Web
of Science

patients with suspicious lesions or oral cancer

histopathological examination or clinical assessment
sensitivity, specificity, precision, and accuracy, correlation coefficient, ROC curve, AUC

PubMed, Clinical Trials, Scopus, Google Scholar, Web of Science

What is the evidence on the use of NN for oral cancer detection?

Databases :

Google (“detection”) + (“mouth neoplasm” OR “neoplasm, mouth” OR “malignant oral lesions” OR “tongue squamous cell carcinoma” OR “oral cancer”
OR*cancer, oral” OR “submucous fibrosis” OR “oral submucous fibrosis”) + (‘deep learning” OR “neural network”)

(“mouth neoplasm” OR “neoplasm, mouth” OR “malignant oral lesions” OR “tongue squamous cell carcinoma” OR “oral cancer” OR “cancer, oral”
PubMed OR “submucous fibrosis” OR “oral submucous fibrosis”) AND (“hierarchical learning” OR “deep learning” OR “neural network” OR “‘computer neural
network” OR ‘computer neural networks” OR “network, computer neural” OR “networks, computer neural” OR “neural network, computer”)

oral cancer + neural network

(“mouth neoplasm” OR “neoplasm, mouth” OR “malignant oral lesions” OR “tongue squamous cell carcinoma’ OR “oral cancer” OR “cancer, oral”
Scopus OR*“submucous fibrosis” OR “oral submucous fibrosis”) AND (“hierarchical learning” OR “deep learning” OR “neural network” OR “‘computer neural
network” OR “‘computer neural networks” OR “network, computer neural” OR “networks, computer neural” OR “neural network, computer”)

(“mouth neoplasm” OR “neoplasm, mouth” OR “malignant oral lesions” OR “tongue squamous cell carcinoma” OR “oral cancer” OR “cancer, oral”
OR“submucous fibrosis” OR “oral submucous fibrosis”) AND (“hierarchical learning” OR “deep learning” OR “neural network” OR “‘computer neural
network” OR ‘computer neural networks” OR “network, computer neural” OR “networks, computer neural” OR “neural network, computer”)

observational

in English or Spanish

NN

Records removed
before screening (n = 1,049):
g Records o dulicat d
= identified from: uplicate records
© removed (n = 40)
;g @ records marked as ineligible
£ || ® databases (n = 1,244) by automation tools (n = 0)
2 |° registers (n = 4) o records removed
= for other reasons (n =1,009)
Records screened Records excluded
(n=199) (n=169)
2 ¢
= Reports sought X
< P soug Reports not retrieved
[ for retrieval -
1) ~ (n=0)
5 (n=230)
@ Reports excluded
(n=21)
Comparator not valid (n=13):
1.10.1007/s10916-018-1052-0
Reports assessed 2.10.37506/mlu.v21i1.2353
il 3.10.1109/ACCESS.2019.2950286
for eligibility 4.101049/ccs.2019.0004
(n=30) 5.10.3390/cancers 13061291
6. 10.3389/fonc.2021.626602
L = 7.10.1016/j.jksuci.2020.11.003
I 8. 10.3991/ijoe.v17i02.19207
9.10.1016/j.0000.2021.07.011
10. 10.1080/03772063.2020.1786471
11.10.1007/s10916-019-1500-5
e i 12. 10.1007/511042-020-09384-6
St_'-'d'es 'nc[Uded 13.10.1109/TBCAS.2019.2918244
° in the review Not related with the aim (n=3):
[ (n=9) 1.10.1016/j.tice.2019.101322
° 2.10.1117/1.JB0.24.10.106003
= 3.10.1111/jop.13089
= Outcome incomplete (n=5):
= 1.10.22266/ijies2021.1 031.45
2.10.14569/IJACSA.2020.0110364
3.10.1111/j.1600-0714.1996.tb00291.x
4.10.1136/jcp.2004.022095
5. 10.1109/ISPCC.2013.6663401

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews

and Meta-Analyses) ow chart

NN — neural network; ROC curve — receiver operating characteristic curve; AUC — area under the ROC curve.

Data collection and data extraction

The relevant data from the selected articles was ex-
tracted, processed and tabulated using a Microsoft Excel
spreadsheet. Data extraction was performed indepen-
dently by 2 reviewers (M.P.B.-C. and M.E.M.C.-G.).

Data synthesis

The results were formally synthesized by grouping the
data according to the type of images used for cancer detec-
tion, which included photographic images, confocal laser
endomicroscopy (CLE), hyperspectral imaging (HSI),
optical coherence tomography (OCT), and high-resolution
microendoscopy (HRME). The summary of the individual
studies with the details of the relevant data, such as the
type of images, the NN computing technique, compara-
tors, and outcomes, are presented in the result tables.

Synthesis of the results

If the results of the studies showed high heterogeneity in
methodological or population characteristics, a synthesis
without a meta-analysis (SWiM) was performed using the
gualitative synthesis?” and a representative graph.

Risk of bias and applicability

Two reviewers (R.T.-R. and L.A.-F) assessed the
risk of bias and the applicability of each study, using
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Sensitivity/Recall Specificity F1-score

the modified Quality Assessment of Diagnostic Accuracy

Photograph
Studies 2 (QUADAS-2) tool,2® which includes the patient 120 120 e
selection, index test, reference standard, and flow and o | | | ‘ | P | I ‘ p ‘ I ‘
timing domains (Table 2). Any disagreement in the as- SR EREN] 2 21 11
sessment of the risk of bias was resolved by the consensus TETEEE TEEEE TETEE
of the research group. s8EEC SEEECD sEEEC
£3cs°= =3 Es= $3cs=
E R s F
CLE 100 100
Results 2 2
; | ; |
Study selection and study characteristics 2 G |
The search of electronic databases and registries gener- % é
ated 1,248 records, of which 40 duplicate records were 2 2
eliminated. After reading the titles and abstracts, it turned si = =
out that 30 articles answered the research question, and o s
thus their full texts were retrieved. Subsequently, it was 60 60
determined if they met the eligibility criteria, which re- 2 ‘ 20 ‘
sulted in the reasonable exclusion of 21 articles. For the o= ° =
qualitative analysis, 9 articles were included (Fig. 1). The z 2
characteristics of each of the studies and the extracted ;'%, %
data are shown in Table 3. The synthesis of the results ocT
without a meta-analysis is shown in Fig. 2. s e
i | i |
Synthesis of the results n 2
Studies detecting oral cancer used various image types, é é
including photographic images, CLE, HSI, OCT, and = S
HRME. HRME 133 100
Photographic images were used most frequently for 8 I 80 I
the detection of oral cancer. Welikala et al. acquired im- 20 20
ages with a cell phone camera at the primary clinical care < =
level??; Jubair et al. used various types of digital cameras :% ;;:’

and smartphones.?® Welikala et al., who used ResNet-101
for lmage classification an_d_ Faster R-CNN for ObJeCt Fig. 2. Graphical representation of the synthesis of the results without
detection, reported a precision of 84.77% and a recall ameta-analysis

Table 2. QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies 2) modi ed for the review

L ooman | Questions

Was a consecutive or random sample of patients enrolled?
1. Patient selection Was a case—control design avoided?
Did the study avoid inappropriate exclusions?
Do the datasets for training and testing contain at least 100 images for each classification to be evaluated?*
2. Index test Is the ratio of images used for training to patients no greater than 3:1*
Risk of bias Is the testing dataset separate from the training dataset?*
2 Reference standard Is the reference standard likely to classify the target condition correctly?
Were the reference standard results interpreted without the knowledge of the results of the index test?
Was there an appropriate interval between the index test and the reference standard?
4. Flow and timing Did all patients receive the same reference standard?
Were all patients included in the analysis?
1 Patient selection Are there concerns that the included patients and the setting do not match the review question?
Applicability 2. Index test Are there concerns that the index test, its conduct or interpretation do not match the review question?

3. Reference standard  Are there concerns that the target condition as defined by the reference standard does not match the review question?

* element modified according to the review topic.



Dent Med Probl. 2024,61(1):121-128

Table 3. Characteristics of the included studies and their results

multi-class image classification results
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oral cavity images from cell phone camera
Welikala et al. ResNet-101 lesion:
2020% testing: Faster R-CNN precision — 84.77%
204 images recall - 89.51%
F1 score — 87.07%
photographic images of various tongue lesions AUC =0.928
Jubair et al. - sensitivity — 86.7%
20222 testing: SEETREE specificity — 84.5%
100 images accuracy — 85.0%
benign class:
precision — 89%
recall — 86%
F1-score — 88%
support — 29
OPMD class:
precision — 74%
recall — 87%
photographic images of oral lesions CNN architecture: F;scocr)?t—_gzog/o
Tanriver et al. ' PP
2021% testing: _YOLOVS .
69 ima é s EfficientNet-B4 carcinoma class:
g precision — 100%
Photographic recall — 82%
images F1-score — 90%
support—17
weighted average:
precision — 87%
recall — 86%
F1-score — 86%
support — 69
classification with DenseNet-121:
precision — 99.00%
- sensitivity — 98.75%
clinical orz::stprr;gtc;%;?\%l?s collected CNN with specificity - 100%
Warin et al. P Y DenseNet-121 F1-score — 99.00%
20213 testing: and
—— Faster R-CNN detection accuracy with Faster R-CNN:
LEE precision — 76.67%
recall — 82.14%
F1-score — 79.31%
photographs of biopsy-proven OSCC
and normal controls clinical validation:
. . AUC = 0970
quoggsaz" clinical validation: automa(t:(:sjclza : (Ijgg’(:wsm using sensitivity — 91.0%
666 images specificity — 93.5%
external validation: accuracy — 92.3%
402 images
116 video sequences of a suspicious AUC =0.960
Aubreville et al. carcinogenic region sensitivity — 86.6%
CLE 20173 CNN-based approaches specificity — 90.0%
12 patients accuracy — 88.3%
HSl images of oral cancer CNN with for 500 training patterns:
Hs| Jeyaraj et al. 2 partitioned layers for labeling sensitivity — 94%
2019% training: and classifying the region of interest specificity — 98%
500 images in multidimensional HSI accuracy — 94.5%
OCT images 14 pre-trained NN best results with . . :
James et al. DenseNet-201 de"”e.a.“ﬂg CANCEr
OCT 23 At e sensitivity — 93%
2021 validation: and specificity — 74%
1,078 images NASNetMobile P y
Yang et al HRME images sensitivity — 75%
HRME 9 o . U-Net specificity — 89%
2020 testing: accuracy — 86%
253 images y—ooh

CLE - confocal laser endomicroscopy; HSI — hyperspectral imaging; OCT — optical coherence tomography; HRME — high-resolution microendoscopy;
OSCC - oral squamous cell carcinoma; CNN — convolutional neural network; DL — deep learning; OPMD — oral potentially malignant disorder.

F1 score = 2 x (precision x recall) / (precision + recall)
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of 89.51%.22 Jubair et al. used a pre-trained EfficientNet-BO
as a lightweight transfer learning model for oral cancer de-
tection, and reported a sensitivity of 86.7% and a specifi-
city of 84.5%.2° On the other hand, Tanriver et al. collected
photographic images of oral lesions with histopathological
results from the archive of the Department of Tumor
Pathology of the Oncology Institute at Istanbul University,
Turkey; the rest of the images were collected from publicly
available sources by using search engines (https://images.
google.com and https://yandex.com/images).2° The data-
set comprised a diverse set of lesions coming from a wide
range of oral diseases and anatomical regions. The authors
reported a precision of 87% and a recall of 86%.% Likewise,
Warin et al. retrospectively collected clinical oral photo-
graphs obtained between 2009 and 2018 at an oral and
maxillofacial surgery center.3! They used DenseNet-121
for classification, and reported a sensitivity of 98.75%
and a specificity of 100%.3! Finally, Fu et al. used biopsy-
confirmed OSCC photographs from 11 hospitals in China,
and reported a sensitivity of 91.0% and specificity of 93.5%.%2
Confocal laser endomicroscopy is an adaptation of the
conventional optical microscopy technique, in which the
light from a laser source directed at a pinhole geometri-
cally removes information from the outside of the focal
plane and generates an optical plane at a specific depth
from the surface.®® Aubreville et al. used 16-bit grayscale
CLE images to analyze 4 regions of interest, including the
inner lower lip, the upper alveolar ridge and the hard pa-
late.3* The images acquired from suspicious lesions and
3 other areas that were assumed to be healthy resulted in
a sensitivity of 86.6% and a specificity of 90.0%.3*
Hyperspectral imaging acquires a three-dimensional
(3D) data set called a hypercube, formed by 2 spatial di-
mensions and 1 spectral dimension. Using HSI provides
information on tissue physiology, morphology and com-
position. One field of application for HSI is image classifi-
cation for detecting tissues at risk of cancer.® Jeyaraj et al.
applied a novel CNN with 2 partitioned layers to label and
classify the region of interest in multidimensional HSI,
and reported a sensitivity of 94% and a specificity of 98%.%6
Optical coherence tomography is a hon-invasive high-
resolution optical imaging technology that produces real-
time cross-sectional images in two-dimensional (2D) space
(a lateral coordinate and an axial coordinate).*” It is analo-
gous to ultrasound imaging, except it uses light instead
of sound, and is a powerful imaging technology for medical
diagnosis, acting as a type of optical biopsy. However, un-
like the conventional histopathological examination, which
requires the extraction and processing of a tissue sample
for microscopic evaluation, OCT can generate real-time
images of the tissue.®® James et al. used OCT images to
classify non-dysplasia, dysplasia and malignancy through
artificial NN/machine learning, and reported a sensitivity
of 93% and a specificity of 74% for OSCC identification.®
High-resolution microendoscopy enables real-time
epithelial imaging with subcellular resolution. Numerous
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research studies on gastrointestinal neoplasms has indi-
cated that HRME is a modality that provides high specifi-
city and precision for diagnosing different diseases.3%4°
Yang et al. developed an algorithm to determine whether
HRME images show enough oral epithelial nuclei to dif-
ferentiate between oral cancer and benign tissue.** Their
study used 811 HRME images from 169 patients and
demonstrated that HRME images were suitable for classi-
fying oral cancer. The researchers reported a sensitivity
of 75% and a specificity of 89%.4

Assessment of the risk of bias
and applicability

Regarding domain 1 (patient selection), all studies ex-
hibited a high risk of bias, with the main issues being
an inadequate selection of patients and a lack of inves-
tigator blinding. Furthermore, 1 study (11%) had a high
risk of bias with regard to domain 2 (index test), as it used
asmall number of images.3* As many as 33% of the articles
showed high applicability concerns (Fig. 3).

Discussion

In this systematic review, the type of NN applied for the
detection of oral cancer was analyzed. All studies used
CNN, probably due to the ease of working with images.
The comprehensive search aimed to identify whether
the studies used an additional type of NN to support the
oral cancer detection process. In this regard, Sharma and
Om developed a probabilistic NN and general regression
model for the early detection and prevention of oral can-
cer, using various indicators, such as clinical symptoms,
medical history and personal history.*> This review iden-
tified an area of opportunity, which involves using CNN
and other types of NN in the analysis of risk factors to
provide a more reliable diagnosis of oral cancer, as this
combination of data has not been assessed so far.

When verifying the accuracy of the algorithms used for
oral cancer diagnosis, the images used for training must
come from patients with the diagnosis confirmed through
the histopathological examination. Studies were excluded
if they did not report the gold standard for the validation
of diagnosis, since the absence of an adequate comparator
invalidates the results of such studies.

In the study by Tanriver et al., the training, validation
and testing dataset was inadequate.®®* They obtained
some of the images from a hospital (validated by a histo-
pathologist), but as the sample was insufficient, they
sourced other images through searching publicly acces-
sible repositories.® However, such images do not provide
the certainty of histopathological diagnostic validation.

Several studies tested the effect of the sample size during
the training phase. Narayana et al. determined that a sam-
ple size of at least 50 was necessary.*® Fang et al. conducted


https://images.google.com
https://images.google.com
https://yandex.com/images

Dent Med Probl. 2024;61(1):121-128

‘ high Risk of bias Aﬂgﬂﬁif,i,';ty

T B

| uncertain § § = S §

3 £ ¢ B 2

> w £ D 4

. low ERR -] 2 3 8
« & £ £ = < & £ =
EXx 8 ST E % 8FE
St5828s5¢%8¢
Study & £ € © 0 & £ & &
weiikaia et al. (@@ 1 @ OGS © S
Jubair et al. " | .iiiii
Tanriver et al. . . . .!!i!!
Warin et al. ‘........
ruetal. (@@ 0000000
Ausreville et al. () DD D © S SO S
Jeyaraj et al. ‘ D|ch|a ..’..
James et al. .I. .I. ' . ‘ . .
vang otal. (B D DD OO OO S

127

Risk of bias

Flow and timing

Reference standard

Index test
Patient selection
0 0.2 0.4 0.6 0.8 1

M nigh M ow

uncertain

Applicability concerns

Reference standard

Index test
Patient selection
Overall

0 0.2 0.4 0.6 0.8 1

M nigh B ow

Fig. 3. Graphical representation of the risk of bias and the applicability of the included studies, obtained by means of the QUADAS-2 (Quality Assessment

of Diagnostic Accuracy Studies 2) evaluation

a study that aimed to investigate the impact of the training
sample size on the performance of organ self-segmentation
(Eye L, Eye R, Lens L, Lens R, Optic nerve L, Optic nerve R,
Parotid L, Parotid R, Spinal cord, Larynx, and Body) in
computed tomography (CT) based on DL for head and
neck cancer patients.* They found that 200 samples were
required to obtain a 90% yield for lenses and optic nerves,
whereas the remaining organs needed at least 40 images for
their detection.** However, according to Narayana et al.,
the minimum training sample size depends on a number
of factors, such as the acquisition protocol, the type of tis-
sue to be segmented, and others.*® The results are not only
associated with the dataset, but also with the specific CNN
configuration.”® According to Samala et al., assessing the
precision and accuracy of CNN architecture by using a test
set may be overly optimistic.*® Therefore, validating the
training process with unknown and independent cases
derived from actual clinical practice is crucial. So far, no
studies have tested the algorithms developed in this way.

Artificial intelligence can support the detection of can-
cerinits early stages. The evidence on the efficacy of CNN
in image-based oral cancer detection demonstrated that
NN could be used in daily clinical practice using photo-
graphs. This could be particularly helpful for clinicians in
remote locations, where access to specialist oral patho-
logy advice is limited.

Conclusions

Convolutional neural networks can potentially detect oral
cancer in its early stages, though the results need to be veri-
fied by the corresponding histopathological examination.
Most of the analyzed studies showed an accuracy greater
than 85%. However, several studies encountered training
problems due to the reduced number of images or because

the testing process was performed on the same samples and
not in clinical practice. In addition, the analysis of patient-
specific risk factors and habits should complement these ap-
plications to formulate a more accurate diagnosis.
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Abstract

Systemic lupus erythematosus (SLE) is an autoimmune disease with various oral manifestations, including
ulceration, white keratotic plagues, oral discoid lupus erythematosus, oral lichen planus (OLP)-like lesions,
non-specific erythema, purpura, petechiae, and cheilitis, which resemble lesions of other systemic
diseases. Recognizing the oral manifestation of SLE is essential for comprehensive patient management.
This study reports 4 cases of SLE with various oral lesions, underlying conditions and diagnostic methods.

In September 2019, 2 adult SLE patients and 2 juvenile SLE patients were consulted at the Oral Medicine
Clinic. The assessment of systemic diseases was conducted by the Internal Medicine and Pediatrics
resident, whereas the Oral Medicine resident performed the intraoral examinations. The medical history,
clinical findings and laboratory results were analyzed to establish the diagnosis.

The first patient was a 38-year-old female presenting with multiple white keratotic plagues throughout
the mucosa, an OLP-like lesion on the right buccal mucosa, petechiae on the hard palate, and petechiae
and purpura on the upper and lower extremities. The second case was a 24-year-old female with a malar
rash and multiple ulcerations on the vermilion zone, an OLP-like lesion on the left buccal mucosa, and
a palatal ulcer. The third and fourth cases were 16-year-old females with a prominent butterfly rash.
The patients presented with acute pseudomembranous candidiasis, an aphthous-like ulcer and keratotic
plaques. They received antimicrobial therapy for the intraoral lesions and showed promising results.

The oral lesions in adult- and juvenile-onset SLE patients varied depending on the disease severity and
treatment received.

Keywords: systemic lupus erythematosus, oral lesions, adult SLE, juvenile SLE, oral ulcer
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Introduction

Lupus erythematosus (LE), commonly referred to as
systemic lupus erythematosus (SLE), is an autoimmune
disease that can affect multiple organs and present with
various clinical manifestations.*? The incidence of SLE
has increased in recent years, with reported rates of 2—8
cases per 100,000 individuals in Europe, South America
and North America, 51 cases per 100,000 individuals in
the USA,! and 30-50 cases per 100,000 individuals in
Asia, where the incidence varied from 0.9/100,000 to
3.1% per year. The epidemiological data on SLE differs
between Asian countries and is difficult to generalize.
However, there are similarities in the clinical presenta-
tion of the disease.® In 2010, 291 SLE patients were reg-
istered at the Rheumatology Clinic of Dr. Hasan Sadikin
Central General Hospital (Bandung, Indonesia), ac-
counting for 10.5% of all patients registered at the Rheu-
matology Clinic.*

In 1997, the American College of Rheumatology (ACR)
issued a set of diagnostic criteria for SLE, which were
revised in 2012 by the Systemic Lupus Erythematosus
International Collaborating Clinics (SLICC) to be more
sensitive but less specific.* These criteria are used to diag-
nose SLE in children and adults. Several studies reported
that oral lesions in SLE varied from 9% to 45% and from
3% to 20% in localized cutaneous disease.>~" In 2019, the
European League Against Rheumatism (EULAR) and the
ACR approved new criteria for SLE, which require a posi-
tive antinuclear antibody (ANA) test. The new criteria
have 96.1% sensitivity and 93.4% specificity, compared
with 82.8% sensitivity and 93.4% specificity of the ACR
1997 criteria and 96.7% sensitivity and 83.7% specificity
of the SLICC 2012 criteria.?

Many terms have been used to describe the LE oral
lesion, including oral discoid lesion, chronic plaque, lu-
pus cheilitis, acute ulcer, oral ulcer, red ulcer, ulcerative
plagues, pebbly red area, honeycomb lesion, keratotic le-
sion, white keratotic plaques, purpuric lesion, and diffuse
palatal petechial erythema.®2 A study in the Hungarian
population reported that lupus nephritis, hematological
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disorders, photosensitivity, butterfly rash, and mucosal
ulceration are more common in children than in adults,
whereas neurological symptoms and polyarthritis occur
more frequently in adults.* The present article describes
4 clinical cases of various oral lesions identified in patients
with SLE, along with their diagnosis and management.

Material and methods

This article is a case series study with a prospective de-
sign conducted in a single center using consecutive sam-
pling. The patients were admitted to Dr. Hasan Sadikin
Central General Hospital (Bandung, Indonesia), a gov-
ernment-run academic and community hospital. An In-
ternal Medicine and Pediatrics resident, supervised by
their consultant, performed the examinations of systemic
conditions and laboratory assessments needed to support
the diagnosis. At the same time, an Oral Medicine resi-
dent conducted intraoral examinations under the super-
vision of their consultant. The final diagnosis was based
on patient complaints, clinical (extraoral and intraoral)
observations and laboratory findings. The clinicians pro-
vided medication for systemic diseases, whereas intraoral
lesions were treated by oral medicine specialists. Patient
improvement was followed up for 3—4 weeks and any
changes in medication type or dosage were reported. The
results of the examinations, diagnosis, treatment, and oral
lesion progress were documented in the patient’s medical
records. The patients provided consent to document the
intraoral lesions for further evaluation.

Results

The case series involved 4 female patients admitted
to Dr. Hasan Sadikin Central General Hospital between
September 2019 and December 2019. All patients were
of reproductive age. Table 1 describes the clinical char-
acteristics of each patient, with a butterfly (malar) rash
and extraoral pale conjunctiva being the most common.

Table 1. Clinical features present in patients with systemic lupus erythematosus (SLE)

Age

38 24
[years]
Gender female female
« pale conjunctiva « butterfly rash
Extraoral ) ) .
findings ° petechiae and purpura on the « pale conjunctiva

upper and lower extremities

« keratotic plaques
Intraoral « non-specific petechiae
findings « unpainful ulceration surrounded

« multiple ulcerations

candidiasis

by whitish striae (OLP-like lesion) « central palatal erythema

OLP - oral lichen planus.

« swelling and ulceration of the lips

« acute pseudomembranous

16 16

female female

« butterfly rash

« pale conjunctiva

« alopecia

« exfoliation of the vermilion zone

« butterfly rash

« acute pseudomembranous
candidiasis « multiple ulcerations
« unpainful ulceration surrounded « keratotic plaques
by whitish striae (OLP-like lesion)
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Intraoral manifestations ranged from aphthous-like ul-
cers, keratotic plaques and oral lichen planus (OLP)-like
lesions to central palatal erythema and acute pseudo-
membranous candidiasis. All patients were diagnosed
with SLE according to the SLICC criteria, which are sum-
marized in Table 2.

The first patient presented with secondary Evans syn-
drome, and the diagnosis of SLE was confirmed following
intraoral examination and ANA testing, which indicates
that intraoral findings may play a role in establishing a de-
finitive diagnosis. Extraoral findings included petechiae
and purpura on the upper and lower extremities, and pale
conjunctiva (Fig. 1A,B). Intraoral lesions included kera-
totic plaques on the upper and lower labial mucosa and
the left and right lateral border of the tongue that could
not be scraped (Fig. 1C—F), unpainful lesions on the right
buccal mucosa surrounded by whitish reticular plaque
(OLP-like lesions) (Fig. 1G), whereas the left buccal mu-
cosa showed no striae (Fig. 1H). Multiple petechiae were
also observed on the hard palate. The patient received the
treatment listed in Table 3, was discharged 5 days later,
and continued as an outpatient at a hospital closer to her
hometown.

The second patient was diagnosed with SLE in April
2009 at another hospital, and was undergoing SLE treatment.

Table 2. Systemic Lupus Erythematosus International Collaborating Clinics
(SLICC) criteria used for the patients’diagnosis

SLICC criteria Casel | Case2 | Case3 | Case4

acute cutaneous es es es es
lupus Y y y y
chronic cutaneous
no no no no
lupus
oral or nasal ulcers  yes yes yes yes
non-scarring
. no no yes no
alopecia
Clinical rthriti n n
criteria a s ° ° yes yes
serositis no no no no
renal no no no no
neurologic no no no no
hemolytic anemia  yes yes yes yes
leukopenia yes yes yes yes
thrombocytopenia  yes yes yes yes
ANA reactive reactive reactive reactive
anti-DNA not not not no@
done done done reactive
anti-sm not not not not
. done done done done
Immunologic . o
criteria antiphospholipid not not not not
antibody done done done done
low complement not not not not
(C3, C4, CH50) done done done  done
direct Coombs not not not not
test done done done done

ANA - antinuclear antibody; anti-Sm — anti-Smith.

Fig. 1. AB. Petechiae and purpura on the upper and lower extremities;
C,D. Non-scrapable whitish plaques on the upper and lower labial mucosa;
E,F. Non-scrapable whitish plagues on the left and right lateral border
of the tongue; G. Unpainful ulceration on the right buccal mucosa
surounded by whitish striae (oral lichen planus (OLP)-like lesion);

H. Unpainful ulcer with whitish keratotic plaques

She complained of swelling and ulceration of the lips.
A few months earlier, she had similar symptoms after
taking an antibiotic, which was confirmed to be an al-
lergic reaction. The patient stated that the current swell-
ing was not related to any medication. Extraoral findings
revealed pale conjunctiva, a butterfly rash (Fig. 2A) and
swelling of the lips associated with multiple minor ul-
cerations on the lower labial mucosa (Fig. 2B). Intraoral
examination showed multiple ulcerations on the upper
and labial mucosa as well as the left and right buccal
mucosa. Additionally, acute pseudomembranous can-
didiasis (Fig. 2C) and a central erythematous lesion
on the hard palate intermixed with whitish pseudo-
membranous plaques (Fig. 2D) were observed. The differen-
tial diagnosis consisted of herpes-associated erythema
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Fig. 2. A. Butter y rash; B. Swelling on the lower labial mucosa associated
with multiple ulcerations; C,D. Acute pseudomembranous candidiasis on
the dorsum of the tongue and palate; E. Lip swelling subsided; F. Whitish

plaques disappeared; G. Central erythematous lesion on the hard palate; H.

Whitish radiant striae with central ulceration resembling oral lichen planus
on the left buccal mucosa

Table 3. Treatment of patients with systemic lupus erythematosus (SLE)

multiforme and drug-induced erythema multiforme.
Herpes simplex virus-1 (HSV-1) and immunoglobulin E
(IgE) serology were performed to rule out any possibility
of hypersensitivity reaction and HSV involvement. The
results for IgE were within the normal range and serol-
ogy for HSV-1 was non-reactive. Therefore, intraoral
HSV infection was excluded. Table 3 summarizes the
patient’s medications.

One week later, the lip swelling, ulceration and oral can-
didiasis (Fig. 2E,F) subsided. However, an unpainful cen-
tral erythematous lesion on the hard palate (Fig. 2G) was
revealed. Additionally, whitish radiant striae with central
ulceration resembling OLP were observed on the left buc-
cal mucosa (Fig. 2H). The patient was instructed to con-
tinue using the antimicrobial gel for the lesion on the pal-
ate and left buccal mucosa and petroleum jelly to reduce
lip dryness. Selective grinding was performed on teeth 27
and 36 to minimize traumatic contact with the ulcer on
the left buccal mucosa.

The third patient reported difficulty eating due to mul-
tiple ulcerations in the mouth. She had been treated for
pulmonary tuberculosis for the past 2 months. However,
a thoracic X-ray examination revealed that the pulmonary
tuberculosis was not active and there was no cardiomegaly.
Upon examination, we observed a prominent butterfly
rash (Fig. 3A), pale conjunctiva, alopecia, dryness, and
exfoliation of the vermilion. Intraoral findings revealed
multiple scrapable white patches, leaving an erythema-
tous base on the lower labial mucosa, hard palate and left
buccal mucosa (Fig. 3B—D). A thick coating was present
on the dorsum of the tongue (Fig. 3E). Laboratory find-
ings showed hemolytic anemia, elevated blood glucose,
serum glutamic-oxaloacetic transaminase (SGOT), urea,
and creatinine levels, and a reactive ANA test. Table 3 lists
the patient’s medications.

Two weeks after treatment, the patient’s condition im-
proved. The coated tongue showed marked improvement
(Fig. 3F), the dryness of the vermilion decreased (Fig. 3G),
and the oral candidiasis was reduced and almost com-
pletely resolved (Fig. 3H-J). The patient was discharged
and scheduled for regular control at the Pediatric Depart-
ment, having followed the instructions for maintaining
oral hygiene.

The fourth patient reported experiencing ulcerations in
the mouth, pain while swallowing and pain inside the ear

systemic corticosteroid
calcium carbonate
pulse dose intravenous

antifungal oral suspension
antimicrobial oral gel
petroleum jelly

dexamethasone calcium carbonate
« omeprazole vitamin D3
« oral topical corticosteroid selective grinding
« antimicrobial mouthwash (teeth 27 and 36)

intravenous corticosteroid

. . . « antibiotics
intravenous corticosteroid .

8 « calcium carbonate
calcium carbonate o

: ) « vitamin D3
antifungal oral suspension . . ) .
oral hvaiene instructions « skin topical corticosteroid

¥ « SPF 45 sunblock

antimicrobial mouthwash

SPF —sun protection factor.



Dent Med Probl. 2024;61(1):145-152

149

for 2 days before admission. The patient has been receiv-
ing treatment for SLE with skin and musculoskeletal in-
volvement since March 2019. On examination, a butterfly

Fig. 3. A. Butter y rash; B. Multiple scrapable white patches that leave

an erythematous base on the lower labial mucosa; C,D. Multiple scrapable
white patches that leave an erythematous base on the hard palate and
left buccal mucosa; E. Thickly coated tongue; F. Coated tongue improved;
G. Dryness of the vermilion decreased; H. Whitish plaques decreased; |,J.
Whitish plaques almost completely resolved

rash was observed on her face (Fig. 4A). Intraorally, mi-
nor ulcerations surrounded by an erythematous area and
a regular border were found on the lower labial mucosa
opposite tooth 32 (Fig. 4B). Multiple faint, non-scrapable
whitish plagues were observed at the anterior part of the
left and posterior part of the right buccal mucosa (oppo-
site teeth 44 and 46), and on the right and left lateral bor-
ders of the tongue (Fig. 4C—E). The patient’s treatment is
described in Table 3. Five days later, the ulceration on the
lower labial mucosa disappeared, but the white keratotic
plagues on the tongue and the faint whitish plaques on
the right buccal mucosa persisted.

Fig. 4. A. Butter y rash; B. Minor ulcer on the lower labial mucosa; C,D.
Multiple faint non-scrapable whitish plaques on the right and left lateral
borders of the tongue; E. Multiple faint non-scrapable whitish plaques
(marked with a circle) and a minor ulcer (marked with an arrow) on the
right buccal mucosa
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Discussion

Oral ulceration can be an indicator of various system-
ic diseases, such as LP, LE, benign mucous membrane
pemphigoid, pemphigus vulgaris, Crohn's disease, and
Behcet's syndrome. The ulcerations may present in vari-
ous ways but maintain their characteristic features. In
LE, oral lesions may present as oral discoid lesions, ery-
thema, irregularly shaped ulcers, honeycomb plaques,
raised keratotic plaques, purpura, petechiae, and chei-
litis.!®> These lesions may also be accompanied by other
organ involvement or present as a solitary lesion. There-
fore, it is crucial for clinicians to recognize the charac-
teristic presentation of the disease to achieve an accu-
rate diagnosis.

The first classifications of mucocutaneous SLE in the
1970s were divided into lupus-specific skin lesions (LE-
specific) and non-specific skin lesions (LE-non-specific)
and are used in both adult- (adult SLE) and juvenile-onset
SLE (JSLE).'® The majority of the manifestations appear
similarly in both groups. A study reported that the LE-
specific butterfly rash and the generalized lupus rash were
more frequent in JSLE than in adult SLE.' In contrast,
adult SLE patients were more likely than JSLE patients
to present with subacute cutaneous lesions, discoid rash,
generalized discoid LE (DLE), and LE panniculitis (pro-
fundus). In LE-non-specific cases, cutaneous vasculitis,
oral and nasal ulcers, and bullous SLE were more common
in JSLE patients, whereas photosensitivity, non-scaring
alopecia, livedo reticularis, and Raynaud’s phenomenon
were more frequent in adult SLE.*”

The most common LE-specific lesion in JSLE and
adult SLE is the butterfly rash. It presents as a symmetri-
cal erythematous and edematous non-pruritic rash over
the nasal bridge, typically sparing the nasolabial folds.
This rash represents acute cutaneous lupus erythemato-
sus (ACLE).18-20 In the present report, the butterfly rash
was present in 3 out of 4 cases, with 2 patients reporting
a recent diagnosis of SLE within the previous 2 weeks or
6 months.

Diagnosing SLE in the first patient was more challeng-
ing due to the absence of a butterfly rash. The patient
presented with rashes on the upper and lower extremi-
ties, which are not specific to cutaneous LE. However, the
presence of oral ulcers and laboratory findings of hemo-
lytic anemia, leukopenia, thrombocytopenia, and a re-
active ANA test helped establish the correct diagnosis.
As stated in the literature, secondary Evans syndrome
is linked to suspected underlying autoimmune diseases
such as SLE, which causes hemolytic anemia, leukopenia
and thrombocytopenia.?*

In cases of adult SLE, oral ulcers may resemble reticu-
lar and erosive OLP, which typically present as a white
lacy patch or Wickham's striae and erythematous, ulcer-
ated or erosive mucosa, frequently on the bilateral buccal
mucosa and rarely on the palate. They may also resemble

FK. Hartanto, I. Sufiawati. Oral lesions in adult and juvenile SLE

oral lichenoid reactions, which are usually associated
with an adjacent metallic dental restoration. A biopsy
of the lesion is required when the clinical presentation
alone cannot establish a definitive diagnosis.??> Howev-
er, in our study, a biopsy could not be performed in the
first patient due to hemolytic anemia and thrombocyto-
penia, while the second patient refused to undergo the
procedure. Moreover, the OLP-like lesions observed in
our SLE patients were painless, unlike the erosive OLP,
which may cause symptoms and interfere with patient
activities.

Lip swelling may resemble angioedema, but it does not
need to be accompanied by multiple ulcerations as ob-
served in the second case. Erythema multiforme associ-
ated with HSV or induced by some drugs was also consid-
ered as a differential diagnosis due to the patient’s recent
history of similar lip swelling associated with antibiotic
treatment. However, we excluded the possibility of a hyper-
sensitivity reaction due to the normal range of the se-
rology test and the absence of causative antibiotic or drug
consumption. Fortunately, the swelling subsided within
a few days and the ulcerations, which may have been non-
specific, healed.

The third patient did not have any SLE oral lesions, ex-
cept for oral candidiasis. Multiple risk factors have been
identified for oral candidiasis in SLE patients. A study rec-
ommends examining for oral candidiasis in those with ac-
tive disease, proteinuria, high white blood cell count, and
those taking prednisone, immunosuppressive agents or
antibiotics.? In our study, the third patient had protein-
uria, was taking prolonged methylprednisolone and anti-
biotics for SLE, and had pulmonary tuberculosis. There-
fore, he was at increased risk of opportunistic infection,
such as oral or oropharyngeal candidiasis.

The fourth case demonstrated LE-non-specific aph-
thous oral ulcers. The white keratotic plaque observed at
the lateral border of the tongue may indicate initial ver-
rucous LE. This white plaque-like lesion may resemble
homogeneous leukoplakia or reticular OLP.>* In 2005,
the World Health Organization (WHO) defined leuko-
plakia as “a white plague of questionable risk having ex-
cluded (other) known diseases or disorders that carry no
increased risk for cancer’?® In contrast, there were no
changes in the tissue’s physical consistency, which is typi-
cally identified in leukoplakia.

In the present report, the diagnosis of SLE adhered to
diagnostic criteria established by the SLICC. The disease
activity was measured using the MEX-SLEDAI (Mexican
Version of Systemic Lupus Erythematosus Disease
Activity Index). The third and fourth cases had index
scores of 17 and 2, respectively. A score greater than 5 in-
dicates an active or flare condition, a score of 2—5 suggests
the possibility of a flare, and a score of less than 2 rep-
resents an inactive condition or remission.?® Regrettably,
the disease activity was not evaluated in the first and sec-
ond cases.
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The management of SLE involves the use of corticoste-
roids and an antimicrobial mouthwash to suppress the au-
toantibody response. Chlorhexidine digluconate (0.12%)
was used as an antimicrobial in this case series due to
its antiplague properties, bactericidal action to prevent
secondary infection of oral ulcers and promising antifun-
gal benefits.?” The importance of a multidisciplinary ap-
proach and referral should be emphasized in the manage-
ment of multi-organ SLE as it results in a shorter recovery
time and improved patient quality of life.282°

The article described various oral lesions in adults and
juveniles with SLE and their management. However, only
4 SLE cases were reported with limited follow-up on the
patients’ systemic conditions. Additional research should
be conducted with a larger sample size and a longer
follow-up period.

Conclusions

In conclusion, oral manifestations in adult- and
juvenile-onset SLE have a diverse presentation and may
resemble lesions in other diseases. Additionally, they
may occur as a manifestation of treatment received for
the underlying systemic disease. The lesions presented
in this report were mostly ulcerations, including aph-
thous-like ulcers, OLP-like lesions, palatal ulcers, ery-
thema, and white keratotic honeycomb plaques, which
may also indicate the underlying disease. Oral candi-
diasis may appear as a side effect of systemic condition
treatment. A thorough evaluation of oral and systemic
conditions is necessary for the accurate diagnosis and
comprehensive management of patients with adult-
and juvenile-onset SLE.
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Abstract

Background. Temporomandibular disorders (TMD) are a group of conditions that affect the function
of the masticatory muscles, temporomandibular joints and surrounding structures.

Objectives. The objective of the preliminary investigation was to develop an initial questionnaire for emo-
tional assessment, pre-designed for TMD patients, and provide guidance for further management through
referral to psychological and/or psychiatric counseling. Additionally, we aimed to compare the results
of tests carried out in TMD patients with those of healthy subjects.

Material and methods. The study involved 260 patients who reported for dental treatment. The TMD
study group (Group 1, n=130) consisted of patients diagnosed with TMD, and the control group (Group 2,
n = 130) had TMD diagnostically excluded. The questionnaire included 30 questions about the emotional
state of the patients in the past 4 weeks.

Results. The mean scores were 37.715 points for Group 1 (median (Me) = 35.5, standard deviation
(SD) = 12.58 and 24.938 points for Group 2 (Me = 24, SD = 7.95) (p < 0.001).

Conclusions. The research suggests that the developed questionnaire is useful for an initial assessment
of the psycho-emotional state of TMD patients. Furthermore, the results emphasize a greater need for psy-
chological counseling in TMD patients compared to their healthy counterparts.

Keywords: anxiety, stress, questionnaire, temporomandibular disorders, TMD
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Introduction

Temporomandibular disorders (TMD) are a group
of clinical conditions that affect the function of the mas-
ticatory muscles, temporomandibular joints and the sur-
rounding structures. They are a significant cause of oro-
facial pain, along with dental pain. In TMD, pain is often
caused by overloading the masticatory muscles rather
than by primary joint changes. Temporomandibular dis-
orders have a multifactorial and complex etiopathogene-
sis.1~® Psycho-emotional disorders (excessive nervous ex-
citability, anxiety and depression) are a critical etiological
factor of this condition, as confirmed by numerous stud-
ies.*~*1 However, several other factors may also contribute
to TMD development.

An increase in stress levels (psycho-emotional tension)
is a crucial factor affecting the state of masticatory func-
tion. Structures such as the hypothalamus, the reticular
formation and the limbic system have a decisive influ-
ence on the patient’s emotional state.}?'>-15 The activity
of the limbic system, which governs emotions, and the ad-
ditional connections of the gamma loops to the mastica-
tory muscles, determine that increased emotional tension
results in a significant increase in the contractile activity
of the masticatory muscles.'6

Temporomandibular disorders and functional disor-
ders of the masticatory muscles are the most common
complaints of patients seeking treatment in the dental
office. The primary symptoms of TMD are pain and dys-
function, with myalgia being most commonly caused by
increased muscle use, which is related to arterial vasocon-
striction and accumulation of metabolic waste products
in the muscles. Activities such as daytime teeth clenching,
gum chewing, and biting lips, fingernails or cheeks cause
significant strain on the masticatory muscles and tem-
poromandibular joints.*'®> Karacay and Sahbaz evaluated
the relationship between TMD type and the occurrence
of probable sleep bruxism and awake bruxism, demon-
strating an association with TMD-related pain and intra-
articular joint disorders.*6

The relationship between psychological factors and
clinical pain is well established. Numerous cross-sec-
tional studies show that individuals with chronic pain
exhibit higher levels of psychological distress, envi-
ronmental stress and somatic symptoms than those
without pain.”-®1718 Additionally, chronic TMD cases
differ from controls in terms of personality traits, such
as neuroticism.5-%1718 Diagnostic procedures use the
Research Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD) questionnaire axis Il (bio-
behavioral questionnaires), which predominantly focuses
on pain assessment, with the patient’s emotional state
(point 20) evaluated to a very limited extent.? Despite
its widespread use, the questionnaire does not provide
a reliable multidirectional assessment of psycho-emo-
tional status. It may provide broad insight into potential
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psychological disturbances in chronic TMD, such as
mood disorders, anxiety disorders and psychosocial
disability. However, it does not offer guidance on fur-
ther psychological, psychotherapeutic and/or medical
support. Wieckiewicz et al. emphasized the importance
of psycho-emotional factors, such as stress, fatigue,
anxiety, depression, sleep disorders, and the fast pace
of life, which have a significant negative impact on the
human psyche and the progression of TMD.®

The aims of the preliminary investigation were:

1) to develop an initial questionnaire for the emotional as-
sessment of patients with TMD and provide guidance
for further management, including specialized psycho-
logical and/or psychiatric consultation;

2) to compare the results of tests carried out on TMD pa-
tients with those of healthy subjects without mastica-
tory dysfunction symptoms.

The primary goal of the project was to create a univer-
sal questionnaire for the initial evaluation of the psycho-
emotional state of TMD patients that would be available
to all dentists as an alternative to numerous assess-
ment scales, such as the Beck Anxiety Inventory (BAI),
the Perceived Stress Scale (PSS), the Patient Health
Questionnaire-9 (PHQ-9), the Symptom Checklist
90-Revised (SCL-90-R), the State-Trait Anxiety
Inventory (STAI), and the Lazarus—Folkman Ways
of Coping Questionnaire.**® The questionnaire is only
intended as a preliminary assessment of the psycho-
emotional state to guide the dentist’s further manage-
ment of psychotherapeutic support for TMD patients. It
refers to broad emotions such as lowered mood, anxiety,
introversion, current mental well-being, sudden panic
attacks, and self-dissatisfaction.

Material and methods

The study involved 260 patients who reported for
dental treatment at the Prosthodontics Clinic of the
Institute of Dentistry at Jagiellonian University in Krakow,
Poland, and the Prosthodontic Cilnic at Medical
University of Warsaw, Poland, between October 2021
and October 2023. Permission to conduct the study
using our self-developed questionnaire was granted
by the Bioethics Committee of Jagiellonian University
(consent No. 1072.6120.312.2021 — 15.12.2021; clini-
cal trial No. 1072.6120.312.2021 — 15.12.2021; ID
NCT06041633). The population consisted of both men
and women, with a female predominance, aged be-
tween 20 and 43 years. The study group (Group 1) con-
sisted of 130 patients diagnosed with TMD, whereas
the control group (Group 2) consisted of 130 patients
who were excluded from having TMD (confirmed or
excluded using the RDC/TMD questionnaire). The
prosthetic treatment of patients in Group 2 was neces-
sary to replace single missing teeth.
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The inclusion criteria for the study were;

1) good general health, with no craniofacial trauma in the
last 5 years and no severe mental health conditions;

2) the presence of TMD symptoms (pain in the mastica-
tory muscles, limitation of the mouth opening range,
and clicking or popping in the temporomandibular
joints); these symptoms were not present in Group 2;

3) the patient’s consent to participate in the research proj-
ect.

The exclusion criteria for the study were:

1) willingness to withdraw from the study;

2) the presence of general medical conditions that made it
impossible to continue participation in the study.

The questionnaire included 30 questions related to the
respondent’s emotional state over the past 4 weeks, such
as lowered mood, emotional irritability, feelings of sad-
ness, lack of desire for daily activities, lack of concentra-
tion, a desire for self-isolation, critical thoughts toward
oneself, nervousness, or anxiety. Responses to each ques-
tion included: no, several times in the last 4 weeks, sev-
eral times per week, several times a day, and constantly/
continuously. The results of the questionnaire were
divided into sections A, B, C, and D, with scores ranging
from 0 (most favorable response) to 4 (most unfavorable
response) for each question.

During the initial stage of questionnaire development,
it was evaluated for the appropriateness of the questions
(special questionnaire). This evaluation was carried out
by 4 dentists and 4 psychologists who were invited to
cooperate, all of whom provided positive feedback. The
survey was linguistically adapted by first being translated
from Polish to English by a sworn translator, and then
translated back into Polish by a person of British origin
who is well-versed in Polish and works in Poland. Upon
comparison of the 2 versions, differences were found in
the wording of memory disorders.

The results of the questionnaire were compiled as
follows:

—section A (0—30 points): good psycho-emotional state,
possible individual difficulties with negative emotions;

—section B (31-60 points): mild psycho-emotional diffi-
culties, symptoms indicating the experience of a small
degree of emotional difficulties on a daily basis that do
not cause discomfort to the patient but require moni-
toring, with a repeat examination indicated in about
a few months;

—section C (61-90 points): moderate psycho-emotional
difficulties that may cause discomfort to the patient
if they increase in severity or persist (more than 3
months). Specialized help is recommended through
psychoeducation and psychological and psychothera-
peutic counseling;

—section D (91-120 points): exacerbated psycho-emo-
tional difficulties that are frequent or continuous in
nature. Psychiatric consultation and psychotherapeutic
support are indicated.
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Statistical analysis

Statistical analysis employed the IBM SPSS Statistics
for Windows software, v. 29.0 (IBM Corp., Armonk,
USA). The normality of data distribution was assessed
using the Shapiro—Wilk test, and descriptive statistics,
including mean (M) and standard deviation (SD), were
calculated. Since the data was not normally distrib-
uted, differences between clinical cases and the con-
trol group were compared using the non-parametric
Mann—-Whitney U test. The ¥? test verified any rela-
tionship between the categories (with points’ parti-
tions) between the 2 groups. The differences were con-
sidered significant for p < 0.05.2°

A normality test determines whether the sample data
was drawn from a normally distributed population. The
Kolmogorov—Smirnov and Shapiro—Wilk tests are com-
monly used to test data normality. Since the data was not
normally distributed, non-parametric tests were used
(Mann—Whitney U test and ¥? test).

The Mann—Whitney U test was implemented in SPSS
software to test the null hypothesis that there are no
statistically significant differences between the scores
of 2 population groups. This function takes 2 data samples
as parameters, uses the median (Me) as a measure of cen-
tral tendency, and returns the test results with a p-value
to indicate statistical significance. A significance level
of p<0.05 was used for all analyses, as it is commonly
used in biomedical research.

The ¥? test was utilized as a statistical tool to assess
whether 2 categorical variables were related or indepen-
dent and to determine if the observed data significantly
differed from the expected data. By comparing the 2 data-
sets, we can draw conclusions about whether the variables
have a meaningful association. Additionally, sensitivity
and specificity analyses were conducted.

Sensitivity and specificity are statistical measures
commonly used in diagnostic and classification tasks
to evaluate the performance of a statistical test or
model. They are used to distinguish between 2 groups,
such as control and clinical/study groups. In the con-
text of questionnaire data, sensitivity and specificity
can help assess how well the questionnaire can identify
individuals in the clinical group while minimizing false
positive cases in the control group. Receiver operat-
ing characteristic (ROC) analysis was used for these
calculations.

Bias

A potential source of error in a survey is the provision
of false answers, which may occur due to the inclusion
of personal information, such as the respondent’s name,
or the presence of sensitive questions, such as those re-
lated to suicidal thoughts or the use of alcohol and other
psychoactive substances.
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Results

The results showed that Group 1 (TMD patients) had
a significantly higher percentage of responses that were
graded as B (90 patients/69.2%) and C (10 patients/7.7%)
compared to Group 2 (controls). In Group 1, 29 patients
(22.3%) scored an A and 1 individual scored a D (0.8%).

In Group 2, 101 individuals (77.7%) scored an A, 28 pa-
tients (21.5%) scored a B, 1 patient scored a C, and there
were no scores of D. These results show significantly more
scores of B in Group 1 and A in Group 2. The results are
collated in Tables 1-3 and Fig. 1.

The mean score obtained in Group 1 was 37.715 points
(median (Me) = 35.5, standard deviation (SD) = 12.58),
while Group 2 had a mean score of 24.938 points (Me = 24,
SD =7.95) (p < 0.001). Most respondents in Group 1 re-
ceived a score of 40 (diagnosis B), while most respondents
in Group 2 scored 20, which is within the range of scores
for individuals without psycho-emotional disorders.

Upon analyzing the resulting diagnoses (A, B, C, and
D) and the need for psychological or psychiatric support,
significant differences were found in diagnoses A, B and
C between Group 1 and Group 2, while the results for
D did not differ. These findings suggest the importance
of simultaneous diagnosis of TMD and evaluation of the
patient’s psycho-emotional status due to the significant

Table 1. Descriptive statistics of the developed questionnaire scores for
Groups 1and 2

Variable
M

37.72 1104 2494 0.697
95%cl lower bound 3553 — 23.56 —
forM  ypperbound  39.90 = 26.32 =
5% trimmed mean 36.81 - 2454 -
Me 35.50 - 24,00 -
Variance 158.329 - 63.190 -
SD 12583 = 7.949 =
Minimum 17 - 10 -
Maximum 92 - 68 -
Range 75 - 58 -
IQR 8 - 10 -
Skewness 1493 0212 1532 0212
Kurtosis 3.245 0422 6.006 0422

Group 1 — patients with temporomandibular disorders (TMD);
Group 2 — control group; M — mean; Cl — confidence interval; Me — median;
SD —standard deviation; IQR — interquartile range; SE — standard error.

Table 2. Statistical analysis of mean questionnaire scores in Groups 1 and 2

Group Patients, n M Me
‘ Group 1 130 37.715 35.500
Group 2 130 24938 24,000
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Table 3. Distribution of questionnaire sections established as identi cation
of psycho-emotional or psychiatric support needs in Groups 1 and 2

Section A 29 (223) 101 (77.7) 130 (50)
Section B 90 (69.2) 28 (21.5) 118 (45.4)
Section C 10(77) 1(08) 11(42)
Section D 1(08) 0(0.0) 1(04)
Total 130 (100.0) 130 (100.0) 260 (100.0)

Data presented as number (percentage) (n (%)). There are significant
differences between the groups in sections A, B and C.

Group 1 Group 2
n=130 n=130

120| ean rank = 174.96 mean rank = 86.04 120

100 100
7 7
& 80 80 2
e e
S 60 60 3
"] (7]
2 e
'® 40 40 -3
c c
c c
2 20 20 2
(7] ("]
S S
g 0 0 g

-20 -20

50 40 30 20 10 O 10 20 30 40 50

Percentage of patients [%]

Fig. 1. Frequency of questionnaire scores in Groups 1 and 2

Group 1 — patients with temporomandibular disorders (TMD); Group 2
— control group. Independent-samples Mann-Whitney U test was used.

contribution of this factor to the etiology of TMD. The
results of the RDC/TMD diagnosis within Group 1 are
presented in Table 4 and Fig. 2.

The ROC curve analysis was performed to determine
the cut-off point for the questionnaire scores. On this
basis, the entire model was analyzed and found to be
of good quality (Table 5) (Fig. 3). Based on the Youden
index (0.554) and the Gini index (0.684) as classifier evalu-
ation metrics, a cut-off point of 29.5 was established for
the questionnaire. The sensitivity and specificity values
for the cut-off point were both 0.777, indicating that 78%
(n = 101) of the cases were correctly classified into the
study group. Therefore, those who scored 29.5 points and

Minimum Maximum SD p-value
17.000 92.000 12,580 ‘
<0.001*
10.000 68.000 7.950 ‘

* statistically significant (Mann-Whitney U test).
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higher on the questionnaire were more likely to be classi-
fied into the study group than those who obtained lower
results.

Table 4. Statistical analysis of the Research Diagnostic Criteria for
Temporomandibular Disorders (RDC/TMD) diagnosis results in Group 1

Variable Result

‘ Patients, n 130 ‘
‘ Test statistic 5.053 ‘
df 5 |
‘ Asymptotic significance (two-sided test) 0.409 ‘

df — degrees of freedom.

n=130

Patients, n

1a 1b 2a 2b 2c 3a

Fig. 2. Distribution of TMD forms diagnosed using the Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMD) questionnaire in Group 1
1a — myofascial pain; 1b — myofascial pain with limited opening; 2a — disc
displacement with reduction; 2b — disc displacement without reduction
with limited opening; 2c — disc displacement without reduction, without
limited opening; 3a — arthralgia.

Table 5. Analysis of the area under the receiver operating characteristic
(ROC) curve

Asymptotic Asymptotic 95% Cl
significance upper bound
0.842 0.025 0.000 0.793 0.891
Source
of the curve

-~ points
— reference line

Wl

NV

Ny
/

0 0.2 0.4 0.6 0.8 1.0

Sensitivity

1 - Specificity

Fig. 3. Receiver operating characteristic (ROC) curve analysis for sensitivity
and speci city of study groups

More individuals in Group 1 scored 29.5 points or higher
compared to Group 2, and more individuals in Group 2
scored less than 29.5 points compared to Group 1. This
difference was found to be statistically significant using
the x? test and Fisher’s exact test (Table 6).

Table 6. Comparison of classi cation results based on statistical variables
between Groups 1 and 2

: X? test

Variable ovalue
Pearson's x? 79.754 1 <0.001*
Continuity correction 77554 1 <0.001*
Likelihood ratio 84.434 1 <0.001*
Fisher’s exact test - - <0.001*
Linear-by-linear association 79.447 1 <0.001*
Valid cases, n 260 - -

* statistically significant.

Discussion

The results of the current study suggest that the de-
veloped questionnaire is useful for the initial assessment
of the psycho-emotional state of TMD patients. The in-
formation obtained, in accordance with established in-
dications for further psychological or psychiatric con-
sultation, can be an invaluable addition to the diagnosis
of TMD patients and may constitute a critical element for
effective treatment of the disorder. The results are sig-
nificant and suggest that patients with TMD suffer from
psycho-emotional problems and require more frequent
consultation and psychological support than healthy in-
dividuals.

Given the numerous reports in the literature link-
ing the psycho-emotional disorders with TMD devel-
opment,1256812161821-25 it js important to consider the
patient’s condition during specialized diagnosis of this
disease. In recent years, emotional state assessment has
become even more important due to the significant stress
and emotional strain experienced by a significant portion
of the population as a result of coronavirus disease 2019
(COVID-19), including the death of loved ones and con-
cern for their lives.*®

In their cross-sectional analysis of Swedish national reg-
istries, Fredricson et al. demonstrated a strong association
between the occurrence of mental and behavioral disor-
ders (MBD) and TMD. Pain, the most common symptom
of TMD, was strongly associated with depression, anxiety
and stress-related disorders, which are modified in TMD.®
A prospective cohort study by Fillingim et al. identified sev-
eral psychological variables as premorbid risk factors for
initial TMD onset.® Meanwhile, Séjka et al.* and others?>-
highlighted that comorbidity factors associated with TMD
development include psychological stress, anxiety, emo-
tional tension, and structural and parafunctional habits.
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Several studies emphasize the importance of standard-
izing the assessment of psycho-emotional state performed
by dentists and developing tools to refer patients for spe-
cialized consultation in the area of psycho-emotional dis-
orders.?-28

If psycho-emotional disorders are believed to significantly
contribute to TMD development, it is critical to diagnose
them at the outset and to provide parallel support or psy-
chiatric treatment within the TMD unit.?>%° Seweryn et at.
noted a correlation between the intensity of pain associated
with TMD and the quality of life and sleep. These param-
eters were found to be influential in modifying TMD man-
agement.®! Furthermore, Topaloglu-Ak et al. evaluated the
relationship between sleep habits and TMD, bruxism and
caries in children, revealing their potential negative impact
on children’s sleep habits and characteristics.??

A dentist’s preliminary diagnosis should complement
the specialized diagnosis of TMD and indicate further
possible solutions. According to Yadav et al., stress is
an important factor that is closely associated with prob-
lematic behaviors such as bruxism. Moreover, the authors
found a significant correlation between this parafunctional
activity and a higher degree of TMD symptoms.*8

In view of the above, it is crucial to consider the ne-
cessity of psychological and/or psychiatric support in the
course of TMD treatment.

Additionally, Martynowicz et al. emphasized that rhyth-
mic masticatory muscle activity (RMMA) is a periodic
muscle activity that characterizes sleep bruxism events.
It can occur as a single event, in pairs or in clusters, and is
connected with the severity of orofacial pain.®

During the implementation of the present project, the
research results facilitated the decision on the indicated
psychological or psychiatric consultation for patients
treated for TMD. Moreover, the patients expressed their
satisfaction with the recommendation of a necessary con-
sultation regarding their psycho-emotional state.

The results of the study suggest that the developed
guestionnaire can be used as a supplement to the special-
ized examination for TMD diagnosis. In addition, it can
assist dentists in identifying potential psycho-emotional
issues in patients and recommending further therapeutic
management.

Limitations

Since thisis a preliminary report, validation of the ques-
tionnaire was not carried out. However, it is planned for
the next stages of the project.

Conclusions

This research indicates that the developed question-
naire was significantly useful for conducting an initial

M.E. Pihut et al. Psycho-emotional state of TMD patients

assessment of the psycho-emotional state of patients dur-
ing TMD diagnosis. Furthermore, the results highlight
a greater need for psychological counseling in patients
with TMD compared to healthy individuals.
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