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Original Article

A Comparison of Pulp Necrosis and Root Resorption After Auto-transplantation
Between Immature Teeth and Apicoectomized Mature Teeth

Ploypailin Manovilas', Chootima Ratisoontorn’, Onanong Silkosessak’, Anchana Panichuttra’,

Kanit Dhanesuan’

1Depar‘tment of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
“Department Radiology, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

“Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Abstract

Success in pulp revascularization after autotransplantation tends to happen in a tooth with an incomplete
root formation, while a tooth with a complete root formation needs a root canal treatment. However, recent studies
showed that apicoectomy facilitated the repair and revascularization process with promising outcomes. This study
aimed to compare the incidences of pulp necrosis and root resorption of autotransplanted teeth with a complete
root formation which underwent apicoectomy and teeth with an incomplete root formation. Patients with a history
of autotransplantation received clinical and radiographic follow-up examination. The autotransplanted teeth were
divided into two groups, the incomplete root formation group and the extraoral apicoectomized complete root
formation group. Pulp and periradicular outcomes (pulp healing, pulp necrosis and presence of root resorption) were
determined with an additional of cone-beam computed tomography investigation. The incidence of each outcome
and prognostic factors were statistically compared. The result showed that the incomplete root formation group presented
40 % (4 of 10) pulp necrosis and 10 % (1 of 10) root resorption, while the extraoral apicoectomized complete root
formation group presented 77.8 % (7 of 9) pulp necrosis and 66.7 % (6 of 9) root resorption. The periradicular status
between the two groups was significantly different. No prognostic factor was found to be related to pulp outcome,
however apicoectomy and recipient socket were found to be related to the periradicular outcome. Autotransplanted
teeth with complete root formation undergoing extraoral apicoectomy increased the risk of pulp necrosis and root
resorption. A totally prepared recipient socket without remaining periodontal ligament was also found to be related

to root resorption.
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Introduction

Tooth autotransplantation is a surgical transposition
of a tooth by extraction and replantation into another site
in the same patient’s mouth, also known as a controlled,
aseptic avulsion and re-implantation.’ It is one of the
treatment options for patients to replace missing teeth
and is preferred in children due to its adaptation to growth
and developmental changes.?

Wound healing in autotransplantation is dependent
on PDL healing, bone healing, pulp regeneration and root
development.’ Pulp revascularization is expected in an
immature and developing transplanted tooth without the
need for root canal treatment’, while it is recommended
that a tooth a with complete root development should
undergo root canal treatment within 2 weeks after tooth
transplantation to prevent root resorption.” According to
Andreasen®’, 1 mm is the critical diameter of apical foramen
which led to successful revascularization, while increasing
the stage of root development® and the stage of eruption
was found to be related to root resorption. However,
recent case reports showed that apicoectomy of fully
developed tooth facilitated the revascularization process
and prevented subsequent endodontic treatment.”*° These
were consistent with studies of extraoral apicoectomized
mature teeth in dogs which showed the repair process via
the ingrowth of connective tissue and pulpal revasculari-
zation."""” Moreover, a recent retrospective study of extraoral
root-end resection of mature teeth showed promising
outcomes with a single root canal and uncomplicated
root morphology."

Although autotransplantation has been successfully
performed for several years, only one clinical study has
investigated the survival and complication of immature
and root-end resected mature autotransplanted teeth.”
Therefore, this study aimed to compare the incidence of
pulp necrosis and root resorption of autotransplanted
teeth with incomplete root formation and extraoral
apicoectomized complete root formation at the Faculty
of Dentistry, Chulalongkorn University. The finding might

suggest the possibility of pulp revascularization in different

root types, expand the potential applicability and create the

protocol for root canal treatment in autotransplanted teeth.

Materials and methods

Patient recruitment

The Human Research Ethics Committee of
Chulalongkorn University, Bangkok, Thailand (HREC-DCU
2020-070) approved the study protocol. Patients who had
received tooth autotransplantation from January 2011 to
May 2018 at the Faculty of Dentistry, Chulalongkorn University,
were recruited and assessed via dental record history.
Inclusion criteria:

1. Patients with a history of autotransplantation and
a minimum postoperative period of 1 year.

2. The patients’ dental records with presurgical radiographs
or immediate postsurgical radiographs.

3. At the time of surgery, the donor tooth was classified
as incomplete root formation (stage 0-4 of Moorrees
classification™®) or complete root formation (stage 5-6 of
Moorrees classification™) and underwent apicoectomy
during surgery.

Data collection

Patients were divided into two groups according
to donor tooth at the time of surgery as follows: (1) Teeth
with incomplete root formation, (2) Teeth with complete
root formation and underwent apicoectomy during surgery.
Teeth with complete root formation and underwent
intentional root canal treatment were excluded from
this study.

The patients’ demographics were collected from
the hospital records. The following variables which may
influence the outcome were recorded; donor tooth type,
stage of root development, recipient socket, cause of
tooth loss, and eruption status of donor tooth. The recipient
socket was classified as a partially prepared socket, if a
permanent tooth was extracted from the recipient
site and the donor tooth was placed into the socket within
the same visit and only need some additional socket

preparation, while a totally prepared socket referred to
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the recipient socket from an edentulous area or a primary
tooth extraction, which operator needed to establish a
new recipient socket without any remnant PDL. If the
donor tooth received root canal treatment after auto-
transplantation, the cause of root canal treatment was
identified according to the treatment records.
Clinical and radiographic evaluation

Patients who met the inclusion criteria were
contacted via phone and invited to take part in the follow-up
examination from September 2020 to July 2021. A clinical
examination was performed by one examiner (PM). Subjective
symptoms and clinical parameters including tooth mobility™,
percussion sound, pain on percussion, sensibility test (electric
pulp test and Endo-Frost), gingival index'®, periodontal
pocket, soft tissue appearance (presented of sinus fistula
or swelling), and restoration condition were recorded.

Two different angles of parallel periapical radiographs
were taken to examine obliteration of pulp cavity, periapical
lesion, the integrity of periodontal space and signs of root
resorption. Patients who agreed to additional radiograph
were subjected to cone beam computed tomography
(CBCT) [Accuitomo 170 (J. Morita USA)] with a limited field
of view (FOV) of 4x4 cm. The CBCT images were assessed
using One Volume Viewer software. All examiners were
reminded of the salient features of resorption lesions
using sample radiographs and CBCT images before images
analysis. The periapical and CBCT images were evaluated
by two examiners (PM and CR) at two-week intervals.All
discrepancies were resolved by a consensus between
the two examiners.
Determination of pulp and periradicular outcomes
The outcomes of pulp status were categorized as pulp
healing and pulp necrosis

« Pulp healing was defined by teeth which include
all the following criteria: positivity to sensibility test (EPT
or thermal) *, absence of tenderness to percussion, absence
of sign and symptom of pathosis (abscess, swelling, sinus),
together with a radiographic presentation of partial pulp
obliteration or continue root formation (in a tooth with

incomplete root formation).

*If the teeth showed any radiographic evidence
including pulp obliteration or continue root formation,
the teeth would be assumed as successful in pulp healing
despite having a negative response to the sensibility test."’

« Pulp necrosis was defined by teeth which radio-
graphically presented periapical radiolucency, and/or
infection-related root resorption'® with or without a
response to pulp sensibility test or teeth which did not
fulfill all criteria for pulp healing.

The outcome of periradicular status was to be
categorized as no resorption, external inflammatory
resorption, replacement resorption and external cervical
resorption.

« No resorption: A tooth presented physiologic
mobility with normal percussion sound. CBCT radiograph
showed no sign of resorption or presented surface resorption.”

« External replacement resorption (ERR): CBCT
radiograph showed an absence of periodontal space
together with continuous replacement of loss of root
substance with bone and no radiolucency.”

« External inflammatory resorption (EIR): CBCT
radiograph showed loss of root substance, bowl-shaped
resorption with adjacent periradicular radiolucency in bone.”

« External cervical root resorption (ECR): CBCT
radiograph showed extensive irregular radiolucency
extending from the cervical area into the crown and
projected over the root canal outline.”!

Statistical Analysis

Incidences of pulp necrosis and root resorption
were reported by descriptive analysis as frequencies and
percentages. The comparison of the incidence of each
treatment outcome between teeth with incomplete
root formation and teeth with complete root formation
undergoing extraoral apicoectomy prior to transplantation
were investigated by chi-square test or Fisher exact test
as appropriate.

Quantitative prognostic factors between each
treatment outcome were tested by independent t-test
or Mann-Whitney U test. Qualitative prognostic factors

between each treatment outcome were tested by chi-square
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test or Fisher exact test. A P value < 0.5 was considered
statistically significant. Statistical analysis was calculated
using IBM SPSS statistics for Windows, version 22 (IBM,

Armonk, New York).

A total of 26 patients with 28 transplanted
teeth met the inclusion criteria according to the hospital
database from January 2011 to May 2018. Nine patients
could not be contacted due to changing phone number

or relocation. Seventeen patients with 19 transplanted

Table 1 Patient’s demographic data and tooth variable

teeth received follow-up examinations with an additional
CBCT radiographs. Nine patients with 10 transplanted
teeth were categorized in the teeth with incomplete root
formation group, while 8 patients with 9 transplanted
teeth were categorized in the extraoral apicoectomized
complete root formation group.

The patient’s demographic data and tooth
variables between the two groups were not significantly
different. (Table 1) The average follow-up time of incomplete
root and extraoral apicoectomized complete root groups

was 6.02 years and 4.72 years, respectively.

Incomplete

Extraoral apicoectomized

root formation complete root formation Prvalue’
Gender 0.37
Male 3 5
Female 7 4
Donor tooth type 0.277
Anterior 0 2
Premolar 5 4
Molar 5 3
Donor root type 1
Single root 5
Multi root 4 4
Eruption status 0.981
Fully erupted 5
Partial erupted 2
Unerupted 2
Recipient socket 0.141
Partially prepared socket 1
Totally prepared socket 8
Age 0.115
Mean age 16.6 20.56
Follow up time 0.153
Mean 6.02 4.72

"The chi-square test/Fisher exact test.
‘Significant difference (p<.05).

The incomplete root formation group presented 40 %
(4 of 10) pulp necrosis, while the extraoral apicoectomized

complete root formation group presented 77.8 % (7 of 9)

pulp necrosis. The outcome of pulp status between the two

groups was not statistically different. (Table 2)
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The incomplete root formation group presented
10 % (1 of 10) root resorption. The root resorption type was
defined as external cervical root resorption (Fig.1), while
the external inflammatory root resorption and replacement
resorption were not found in this group. The extraoral

apicoectomized complete root formation group presented

Table 2 Outcome of pulp and periradicular status

66.7 % (6 of 9) root resorption. All 5 of 7 pulp necrosis
teeth developed external inflammatory root resorption.
(Fig.2 and 3) External cervical root resorption was also
found in one tooth. (Fig.4) The periradicular status between

the two groups was significantly different. (Table 2)

Incomplete root

Extraoral apicoectomized

formation complete root formation P-value'

n (% of total)

n (%) of total

Pulp status 0.17
Pulp healing 6 (60%) 2 (22.2%)
Pulp necrosis 4 (40%) 7 (77.8%)

Periradicular status 0.02*
No resorption 9 (90%) 3 (33.3%)
Root resorption 1 (10%) 6 (66.7%)

Type of root resorption 0.286
External inflammatory resorption - 5 (83.3%)
External cervical resorption 1 (100%) 1(16.7%)
Replacement resorption - -

Need of endodontic treatment 0.35
No treatment needed 5 (50%) 2(22.2%)
Treatment needed 5 (50%) 7 (77.8%)

"The chi-square test/Fisher exact test.
‘Significant difference (p<.05).

Figure 1 Straight on (a.) and horizontal tube shift (b.) periapical radiographs of tooth 28 (left maxillary third molar) transplanted to

36 (left mandiibular first molar) area at 9 years follow-up showed pulp obliteration with diffused radiolucent area in the crown.

CBCT images (coronal (c.), sagittal (d.) and axial (e.)) exhibited an ECR in the reparative phase™
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(a.) Tooth 34 (left mandibular first premolar) transplanted to 44 (right mandibular first premolar) area at 4.42 years follow-up
(b.) Tooth 14 (right maxillary first premolar) transplanted to 44 (right mandibular first premolar) area at 4.17 years follow-up
(c.) Tooth 24 (left maxillary first premolar) transplanted to 34 (left mandibular first premolar) area at 3.75 years follow-up
(d.) Tooth 47 (right mandibular second molar) transplanted to 16 (right maxillary first molar) area at 4.67 years follow-up
(e.) Tooth 48 (right mandibular third molar) transplanted to 16 (right maxillary first molar) area at 4.08 years follow-up

Figure 3 CBCT radiographs of extraoral apicoectomized complete root formation tooth with external inflammatory resorption. Sagittal (a.)

coronal (b.) and axial (c.) images showed extensive external inflammatory resorption. Tooth was indicated to be extracted

Figure 4 Periapical radiograph (a.) and CBCT images (coronal (b.) and axial (c.)) of tooth 23 (left maxillary canine) transplanted to
replace prolonged left mandibular second primary molar at 5.17 years follow-up. Extensive external cervical resorption was

observed. The tooth was indicated to be extracted

No prognostic factor (patient demographic, donor to pulp outcome, while apicoectomy and recipient socket
tooth type, donor root type, stage of root development, were found to be related to the periradicular outcome.
recipient socket, cause of tooth loss, eruption status of (Table 3)

donor tooth and apicoectomy) was found to be related
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Discussion

This retrospective study was designed to compare
the incidence of pulp necrosis and root resorption between
an autotransplanted tooth with incomplete root formation
and an autotransplanted tooth with complete root formation
which underwent apicoectomy. The period of patient recruitment
was from January 2011 to May 2018, due to the homogeneity
of treatment protocols, before the involvement of 3D digital
printing technology which improved the treatment outcome
by facilitating the recipient site preparation, reducing donor
tooth extra-alveolar time and avoiding PDL damage.”
The requirement of the minimum postoperative period of
1 yearis indicated because root resorption usually develops
within the first year after replantation.” No significantly
different variable was found between the two group. The
average follow-up time for both groups was 5.4 years,
which was enough to detect any pathology. However, the
recall rate was 70 % due to loss of contact.

The transplantation was performed by residents
under the supervision of maxillofacial staff. Although this
led to the lack of treatment procedure homogeneity, the
main concept of minimizing periodontal trauma and extra-
alveolar time was still maintained. All the apicoectomy
cases were supervised by KD. A tooth with a cone-shaped
root was cut to achieve 1 mm. of apical foramen width,
which is believed to facilitate the revascularization process.’
In some cases, the donor’s root length was longer than the
recipient socket depth, the donor root had to be cut to
fit into the recipient site.

Detection of apical periodontitis can be difficult,
if the cortical bone was not involved.” Two-dimensional
periapical radiograph may not detect bone changes in the
cancellous bone due to its lower sensitivity compared
to CBCT.” Cone beam computed tomography (CBCT)
is a three-dimensional imaging technique that has been
recommended as an additional radiograph. American
Association of Endodontists and American Academy of
Oral and Maxillofacial Radiology (AAE and AAOMR) joint
position statement has suggested using limited FOV CBCT as

an imaging modality for endodontic diagnosis and detection

of periapical lesions. The statement has also suggested
CBCT imaging in the localization and differentiation of
inflammatory resorption defects to determine appropriate
treatment and prognosis.”” CBCT also presented superior
accuracy in detecting root resorption than periapical
radiograph.”** This study chose the smallest FOV possible,
4x4 cm, that covered anatomical area of interest. Smaller
FOV produces higher spatial resolution images with lower
radiation doses compared to large FOV.?' The benefit of
using CBCT radiograph in this study is to confirm the diagnosis,
type of root resorption and extent of the lesion in addition
to periapical radiographs.

Pulp necrosis was found in teeth with a complete
root formation which underwent apicoectomy more than
in teeth with an incomplete root formation, but was not
statistically significant in this study. Root development
together with apical foramen diameter were known as
important factors related to pulp necrosis.”® Tooth with
apical foramen larger than 1 mm. has a low risk of pulp
necrosis.’ The process of apicoectomy might enlarge apical
foramen size and facilitate the ingrowth of connective
tissue and blood vessel as seen in the histological study.'"*?
However, from our study, an extraoral apicoectomized
tooth still achieved less pulp healing than a tooth with an
incomplete root formation. This might be due to the
complexity of the autotransplantation procedure. This
procedure is a highly sensitive technique with several
prognostic factors involved.” Factors affecting healing of
transplanted teeth include sex’, age of the patients’ storage
media®, length of extra-alveolar period™, stage of root
development’, stage of eruption’, distance from apical
foramen to pulp horn®, and subsequent orthodontic
movement'. In addition, stem cells from the apical papilla
(SCAP) which are believed to play an important role in
the healing process™ are absent in a tooth with a complete
root formation. In the previous clinical study, all the un-
complicated single canal autotransplanted tooth (n=4)
achieved pulp canal obliteration which was presumed

as a sign of pulp healing.” The author suggested that the
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apicoectomy technique in a single root canal gave promising
outcomes." In contrast with our study, 2 teeth that achieved
pulp healing were a canine and a molar, while the other
single canal tooth developed pulp necrosis. The contrary
between the 2 studies might be inconclusive due to the
small sample size. However, the previous study did not
perform CBCT imaging in all samples, which might affect
the interpretation of outcome since CBCT yield additional
information.

This study showed the relationship between
periradicular status and apicoectomy. Root resorption
was statistically higher in teeth with a complete root
formation which underwent the apicoectomy than in
teeth with an incomplete root formation. The only case
of root resorption found in the incomplete root formation
group was external cervical root resorption in tooth 28
(left maxillary third molar), which was transplanted to
36 (left mandibular first molar) recipient area. Due to its
divergent palatal root and insufficient bucco-lingual bone
width, palatal root amputation and MTA retrograde filling
were performed extraorally. The patient was unable to
complete the follow-up appointment after 7 months. At
9 years follow-up examination, CBCT radiograph classified
the resorption as 2Cp according to Patel classification.”
The surgical procedure was assumed to cause a defect at
the cementoenamel junction and initiated the resorptive
process. (Fig. 1) The unmatched donor tooth and recipient
socket could lead to endodontic complications. This can
be prevented nowadays by the use of digitalized approaches
such as CBCT, 3D-printed guiding templates and replicas.”

Atooth with pulp necrosis in an incomplete root
formation group did not show any sign of inflammatory
root resorption in contrast to the extraoral apicoectomized
complete root formation group. In the latter group, 5 of
7 pulp necrotic teeth presented features of external
inflammatory resorption. Four teeth were successfully
treated and remained functional, while another didn’t
attended annual follow up and presented extensive root
resorption at 4 years. (Fig. 2) After additional investigation
with CBCT, the tooth was extracted. (Fig. 3) The risk of root

resorption was found to be related to the increasing stage

of root development.”***’

Incomplete formed root is usually
covered with thick follicle and required less traumatic
force in extraction than a complete formed root with a
firm attachment of the periodontal ligament.” Damage to
the root surface together with inflammatory stimulus from
necrotic infected pulp result in external inflammatory
root resorption.” If the root surface is injured without
infection, the repair process by osteoclasts and osteoblasts
will replace the radicular dentin with bone which results
in external replacement resorption.”

Another root resorption case in the extraoral
apicoectomized complete root formation group was
external cervical resorption. Embedded tooth 23 (left
maxillary canine) was transplanted to the recipient site after
tooth 75 (left mandibular second primary molar) extraction.
The detection of the resorptive lesion was delayed and
the tooth was extensively destructed. At 5 years follow-up,
CBCT radiograph showed the resorption as 3Ap according
to Patel classification” After a discussion with the patient’s
orthodontist, the tooth was extracted. (Fig. 4)

No replacement resorption was found in both groups
which was assumed to result from good management
of the donor tooth during surgery. The donor tooth was
removed with atraumatic surgical technique and handling
via its crown to preserve the PDL. The tooth was also kept
in its socket during the recipient site preparation with
minimal extra-alveolar time. Replacement resorption is
known for its relation to the extra-alveolar period and
dry storage.”

Due to the limitation of the retrospective study
design, information about the surgical period, extra-alveolar
time and storage media were not recorded. Another
limitation of this study is the small sample size because
apicoectomy is a novel technique in autotransplantation.®
The incidence of pulp necrosis, root resorption and the
analysis of the relationship between each prognostic
factor may have a large proportion difference between
the two groups, but not statistically significant due to the

limitation of the small sample size. We suggest further
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prospective cohort studies with a larger sample size and
3D printing technology which facilitate the surgical procedures,
reduce complications from surgical techniques and control
other confounding factors.

Interestingly, the recipient socket was another
factor that was found to be associated with root resorption.
The recipient socket was prepared slightly larger than the
donor tooth by an implant drill kit or an external cooling
bur. The donor tooth was periodically placed into the
socket with light pressure to ensure proper fit. All teeth
presented with root resorption were founded in a totally
prepared socket. A tooth that was transplanted into a
freshly extracted socket with partial preparation demon-
strated a better outcome compared to socket preparation
from the edentulous area or primary tooth extraction.
Assuming some vital PDL might still be present in the
former socket. Despite the importance of PDL viability on
the root surface, PDL on the socket wall also facilitated the
healing process as seen in the animal studies.*** However,
the amount of remaining PDL in a partially prepared socket
in this study was inconclusive due to a lack of data.

Even though some extraoral apicoectomized
complete root formation autotransplanted teeth successfully
healed without any complication. This method showed
more undesirable outcomes than teeth with incomplete
root formation. Our study found that 80 % of an extraoral
apicoectomized group without presurgical/ postsurgical
root canal treatment needed more additional endodontic
treatment subsequently than teeth with incomplete root
formation due to pulp necrosis and root resorption, but
not statistically significant. (Table 2) Root canal treatment
performed in the canal with wide apical foramen or root
resorption is complicated. Therefore, we suggest that
extraoral apicoectomized transplanted teeth should be

closely followed up.

Conclusion

Autotransplanted teeth with complete root
formation undergone extraoral apicoectomy increased

the risk of root resorption than autotransplanted teeth

with incomplete root formation. In addition, the develop-
ment of root resorption was related to a totally prepared

recipient socket, which had no periodontal ligament.
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Abstract

This study evaluated the prevalence of midpalatal suture maturation stages in 8 to 18 years old patients
and the relationship between chronological age and the suture maturation stages in a Thai population. The cone-beam
computed tomography (CBCT) images of the midpalatal suture from 240 subjects (110 males, 130 females) aged 8 to
18 years were classified into five stages (A-E). The distribution of the maturation stages was determined according to
chronological age and sex. Chi-square test was used to compare the prevalence of maturation stages between male
and female subjects. Spearman’s rank correlation analysis was performed to investigate the relationship between
the maturation stage and chronological age. The results showed that the fused stages (D-E) were not seen in the
prepubertal age group (8-11 years old). In the postpubertal age group (12-18 years old), the prevalence of nonfused
stages (A-C) and fused stages (D-E) was 82.3% and 17.7% respectively. Stage C was the most prevalent (62.6%) in the
postpubertal age group. Female showed a significantly higher prevalence of fusion than male ()} = 5.434, p=0.02).
The correlation coefficient between chronological age and the suture maturation was 0.325 (p<0.001). In conclusion,
fusion was not observed in females under 12 years old and males under 14 years old. Thus, CBCT might be recommended
to verify the suture status before performing maxillary expansion in female =12 years old and males =14 years old.

Overall, chronological age had a weak positive correlation with the suture maturation.
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Introduction

Rapid maxillary expansion (RME) is an orthopedic deficiency'™, posterior crossbite, dental crowding and
procedure that is routinely used in orthodontic practice for facilitating Class lll correction by facemask therapy.” The
many purposes, including correction of maxillary transverse objective of RME is to increase the transverse width of
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the maxillary arch at the skeletal level by splitting the
midpalatal suture.”

Treatment timing for RME is very important.
The treatment effects of RME differ depending on the
skeletal maturity of the patient.” As patients grow older,
interdigitation of the midpalatal suture increases, making
maxillary expansion more difficult.” Performing RME in a
skeletally mature patient in which fusion of the midpalatal
suture has occurred could lead to undesirable side effects
such as buccal tipping of maxillary posterior teeth, alveolar
bone bending, reduction of buccal bone thickness and
marginal bone level, gingival recession, pain and increasing
risk of relapse.”" Hence surgically assisted rapid maxillary
expansion (SARME) has been recommended in patients
with advancing age."" However, there is no consensus in the
literature about the time point to shift from RME to SARME."

The start and the advance of fusion of the midpalatal
suture vary greatly with age and sex.”*"* There have been
controversies regarding the age at which fusion of the
midpalatal suture occurs. Understanding these variabilities
is essential in treatment planning for RME."" For evaluation
of the midpalatal suture, Angelieri et al.”* classified the
midpalatal suture into five stages using cone-beam computed
tomography (CBCT) images. At stages A, B and C, the
midpalatal suture was still open, and a conventional RME
could be easily performed. At stages D and E, the midpalatal
suture was partially or totally fused, hence patients in these
stages might be better treated by SARME. This method has
the potential to avoid undesirable effects of RME failure
or unnecessary SARME, particularly in adolescents and
young adults whom prognosis of RME is unpredictable.
However, routine CBCT radiography of every patient is
not recommended because of ethical concerns regarding
unnecessary radiation exposure. Thus, a CBCT study of the
midpalatal suture maturation could provide information
and help in treatment planning for maxillary expansion.
Unfortunately, there has been a lack of evidence regarding
the maturation of the midpalatal suture and the relationship
between chronological age and the midpalatal suture

maturation in a Thai population. Furthermore, racial

variations in the maturation have also been suggested.
Therefore, the aims of this study were to evaluate 1. the
prevalence of midpalatal suture maturation stages in 8
to 18 years old patients and 2. the relationship between
chronological age and the suture maturation stages in a

Thai population.

Materials and methods

The research protocol was approved by the
Human Research Ethics Committee of Faculty of Dentistry,
Chulalongkorn University (HREC-DCU 2019-036). From 581
patients aged between 8 and 18 years old who underwent
CBCT imaging at the Department of Radiology, Faculty of
Dentistry, Chulalongkorn University between January 2013 and
December 2018, 240 subjects (110 males, mean age 13.9+
2.8y; 130 females, mean age 14.4+2.6 y) were consecutively
selected based on the following inclusion criteria: good
quality of CBCT images that displayed the entire midpalatal
suture. The exclusion criteria were craniofacial syndromes,
pathology in the maxilla that might affect the midpalatal
suture, history of trauma in the maxillofacial region and
orthodontic treatment. All CBCT images were taken for
diagnosis purpose; therefore, no subjects received
unjustified radiation exposure. The CBCT images were
obtained using a 3D Accuitomo 170 machine (J. Morita,
Kyoto, Japan) with 80-90 kV, 1-10 mA and 17.5 s exposure
time. The field of view of the CBCT images was 8 x 8 or
10 x 10 cm with 0.165 or 0.25 mm voxel size. A 1-mm
slice thickness was used. Infinitt® PACs software (Infinitt
Healthcare Co., Ltd., Seoul, Korea) was used to adjust
the patient’s head position in three planes of space: in
the coronal and axial views, the vertical reference line
was positioned at the midsagittal plane; in the sagittal
view, the horizontal reference line was adjusted so that
it passed anteroposteriorly through the long axis of the
palate, and positioned in the center of the supero-inferior
dimension of the palate (Fig. 1).

The central cross-sectional axial slice of the
midpalatal suture was used to determine the maturation

stage. For subjects who exhibited a thick or curved palate,
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two or more axial cross-sectional slices were assessed. All
slices were saved as JPG files and randomly arranged in
a Powerpoint (Microsoft Corp., Redmond, WA) presentation
file with a black background; only random identification
numbers were visible.

Two examiners (NC, KM) were trained and calibrated
for classification and any disagreement discussed until
consensus was obtained. For the main evaluation, all CBCTs
were classified blindly by the principal examiner (NC). The
midpalatal sutures were classified into five stages of
development according to the protocol described by
Angelieri et al.” (Fig. 2).

To evaluate the intra-examiner and inter-examiner
agreement, 30 CBCT images were randomly selected
and reclassified by the principal examiner (NC) and the
second examiner (KM) 2 months after the main evaluation.

All statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS 22.0; IBM
Corp, Armonk, NY). Intra-examiner and inter-examiner
agreements were evaluated using weighted kappa statistics,
and defined using the scale of Landis and Koch'* (<0, poor;
0-0.20, slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80,
substantial; 0.81-1.00, almost perfect agreement). The
distribution of maturation stages of the midpalatal suture
according to chronological age and sex was compiled as
absolute and percentage frequencies in a cross-tabs table.
Chi-square test was applied to compare the prevalence
of maturation stages between male and female subjects.
Spearman’s rank order correlation analysis was used to
investigate the relationship between chronological age
and midpalatal suture maturation stages. The level of

significance was set at p<0.05 for all statistical calculations.

Figure 1 Orientation of head position in three planes of space. A,
axial; B, sagittal; and C, coronal views. Note that in B,
the sagittal view, the horizontal line that indicates the
position of the axial plane view is positioned through
the center of the supero-inferior dimension of the hard
palate (Infinitt® PACs software)
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two parallel,
scalloped, high
density ling,

Figure 2 Maturation stages of midpalatal suture. A) stage A, the suture is characterized by one relatively straight high-density line;
B) stage B, the suture is observed as one scalloped, high density line at the midline. Stage B may present as two parallel,

scalloped, high-density lines close to each other and separated by small low-density spaces in some areas. C) stage C, the

suture is visualized as two parallel, scalloped, high density lines that are close to each other, separated by small low density

spaces; D) stage D the suture is visualized as two scalloped, high density lines on the maxillary portion of the palate (anterior

to the transverse palatine suture), but the suture cannot be identified in palatine bone (posterior to the transverse palatine

suture); E) stage E, the suture cannot be identified along the maxillary and palatine bones, indicating the sutural fusion has

occurred. Stage A-C (Nonfused midpalatal suture). Stage D-E (Fused midpalatal suture)

The weighted kappa coefficients for both intra-
examiner and inter-examiner agreements were 0.94,
demonstrating almost perfect intra-examiner and inter-
examiner agreement. The distribution of the stages of
midpalatal suture maturation are summarized in Table 1.
The most prevalent in the study population was stage C
(62.1%), followed by stage B (21.7%), stage D (10.8%),
stage E (3.8%) and stage A (1.7%), respectively. The

midpalatal suture was not fused in 85.4% of the total

subjects. Both sexes had a higher prevalence of stage C,
which was more frequent in females (females, 63.1%;
males, 60.9%). Furthermore, in females, higher frequencies
of stages D and E were observed (stage D, 16.2% in females,
4.5% in males; stage E, 3.8% in females, 3.6% in males).
Neither females under 12 years old nor males under 14
years old had fusion of the suture. In general, the percentage
of subjects who had fused midpalatal suture (stages D

and E) increased with age.

Table 1 Distribution of the midpalatal suture maturation stage by chronological age and sex

MPS stage
Age (y) Sex A B C D E Total
n % n % n % n % n %
8 M 2 50 2 50 a4
F 1 50 1 50 2
M+F 3 50 3 50 6
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Table 1 Distribution of the midpalatal suture maturation stage by chronological age and sex (cont.)

MPS stage
Age (y) Sex C Total
n % n % n % n % %
9 M 2 333 a 66.7 6
F 1 20 4 80 5
M+F 3 27.3 8 72.7 11
10 M 1 16.7 2 333 3 50 6
F 2 40 3 60 5
M+F 1 9.1 a4 36.4 6 54.5 11
11 M 5 62.5 3 37.5 8
F 1 16.7 5 83.3 6
M+F 1 7.1 5 35.7 8 57.1 14
12 M 3 333 6 66.7 9
F a 26.7 10 66.7 1 6.7 15
M+F 7 29.2 16 66.7 1 4.2 24
13 M 5 55.6 4 a4.4 9
F a 36.4 6 54.5 1 9.1 11
M+F 9 45 10 50 1 5 20
14 M 1 5.9 a 235 11 64.7 1 5.9 17
F 2 9.5 15 714 4 19 21
M+F 1 2.6 6 15.8 26 68.4 5 13.2 38
15 M 8 80 2 20 10
F 1 6.3 13 81.3 2 12.5 16
M+F 1 3.8 21 80.8 4 154 26
16 M 3 15.8 14 3.7 10.5 19
F 2 14.3 7 50 5 35.7 14
M+F 5 15.2 21 63.6 5 15.2 6.1 33
17 M 3 25 8 66.7 1 8.3 12
F 2 125 8 50 4 25 125 16
M+F 5 17.9 16 57.1 5 17.9 7.1 28
18 M 1 10 2 20 4 40 1 10 20 10
F 2 10.5 10 52.6 a4 21.1 15.8 19
M+F 1 3.4 a 13.8 14 48.3 5 17.2 17.2 29
8-18 M 3 2.7 31 28.2 67 60.9 5 4.5 3.6 110
F 1 0.8 21 16.2 82 63.1 21 16.2 3.8 130
M+F 4 1.7 52 21.7 149 62.1 26 10.8 3.8 240

MPS, midpalatal suture; M, male; F, female
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The distribution according to the midpalatal
suture maturation stage is shown in Figure 3. Stage A was
observed in subjects aged 10, 11, 14 and 18 years old.
Stage B was observed at all ages, and the distribution
tended to increase from 8 to 13 years of age, then decreased.

Stage C was observed at all ages and tended to increase

from 8 to 14 years of age, then decreased. Stage D was
observed from 12 to 18 years of age, the distribution
mainly being in the range of 14 to 18 years old. Stage E
was observed from 16 to 18 years of age, mostly at 18
years of age. The distribution of stages D and E was notably

in the older age group.
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Figure 3 Sample distribution according to the midpalatal suture maturation stage; MPS, midpalatal suture

The comparison of the prevalence of fusion of
the midpalatal suture by sex in the postpubertal age
group (12-18 years old) is given in Table 2. There was

a significant difference in the prevalence of fusion of

the suture between the sexes. Females had a higher
prevalence of fusion than males (23.2% and 10.5% in

females and males respectively, Xz = 5.434, p=0.02).

Table 2 Comparison of the prevalence of fusion of the midpalatal suture between the sexes in the postpubertal age group

MPS stage Chi-square test,
Sex Total
Nonfused MPS (stage A, B, C) Fused MPS (stage D, E) p-value
Male 77 (89.5%) 9 (10.5%) 86 XZ =5.434,
Female 86 (76.8%) 26 (23.2%) 112 p = 0.02
Total 163 (82.3%) 35 (17.7%) 198

MPS, midpalatal suture

In the study population, there was a weak correlation
between chronological age and the midpalatal suture
maturation stages (r=0.325, p<0.001). Females showed a
slightly higher correlation coefficient than males (r=0.348,
p<0.001 and 0.276, p=0.003 for females and males

respectively).

Discussion

This study was performed to evaluate 1. the
prevalence of midpalatal suture maturation stages in 8
to 18 years old patients and 2. the relationship between
chronological age and the suture maturation stages in

a Thai population. The results showed that fusion was
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not observed in females under 12 years old and males
under 14 years old, however, it was possible to find
nonfused midpalatal suture in individuals older than
these ages. Overall chronological age had a significant,
but weak positive correlation with the maturation stage
of the midpalatal suture.

Determining maturation stage of the midpalatal
suture is important for RME therapy.>** Many methods for
assessment of the midpalatal suture have been proposed

7,12,16

in the literature, including histological studies™ =, evaluation

of occlusal radiographs'’, micro-CT of autopsy material'®
and CBCT." Histological and micro-CT evaluations require
an invasive biopsy material, precluding its use in orthodontic
patients.” Revelo and Fishman'" used occlusal radiographs
to assess the fusion of midpalaltal suture before RME
therapy. However, the study by Wehrbein et al.” showed
that an occlusal radiograph was unreliable to assess the
fusion of the midpalaltal suture due to the superimposition
of nearby anatomical structures. The diagnostic advantages
of CBCT are its ability to visualize the midpalatal suture
without such superimposition, allowing a reliable assess-
ment of suture maturation.” In this study, we classified the
midpalatal suture into five stages of maturation according
to the method of Angelieri et al.”” Although this classification
method has the potential reliability and reproducibility
for diagnostic purposes, it requires an extensive training
program before it can be applied.”"* In the current study,
the two examiners (NC, KM) were trained and calibrated
before using this classification method, which was validated
by the almost perfect intra-examiner and inter-examiner
agreement.

The results of this study showed that there
was a high prevalence (85.5%) of nonfused midpalatal
sutures (stages A, B and C) in patients aged 8 to 18 years,
consistent with the previous study by Angelieri et al.”,
who observed that 81.5% of subjects aged 5 to 18 years
had nonfused midpalatal sutures. Furthermore, it should
be noted that patients at prepubertal age (8-11 years old)
had no stages D and E, indicating an absence of midpalatal

suture fusion in this age group. These results are consistent

with those of Angelieri et al.” and Tonello et al.”>, who
observed a lack of subjects under 12 years of age in stages D
and E. Furthermore, these findings support a previous
study, which reported greater and more stable orthopedic
changes when performing RME in patients under 12 years
of age.” However, Jang et al.** observed stages D and E
in some females aged 10 and 11 years old, probably
because of the racial difference and the difference in
classification method used in their study, in that they
additionally investigated the suture on a coronal cross-
sectional planar view and on volume-rendered images.

The findings of this study illustrate great variability
in distribution of the maturation stages of the midpalatal
suture, especially in the postpubertal age group, as subjects
12 years of age and above presented all stages of maturation.
These results are consistent with Angelieri et al.”?, who
observed all stages of maturation in subjects older than
11 years, and Ladewig et al.”’, who observed all stages in
subjects aged 16 to 20 years. In addition, previous his-
tological studies have also shown great variations in the
ages of midpalatal suture fusion.”'*'*'® In the postpubertal
age group (12-18 years old), it was observed that the
nonfused stages (stages A, B and C) were seen in 82.3% of
the subjects; this is quite similar to the study by Angelieri
et al.” who observed that 75% of subjects aged 11 to
18 years were in the nonfused stages. These results
demonstrated that there was a high possibility to find
nonfused midpalatal suture in the postpubertal age group.
Furthermore, we observed that the prevalence of fused
midpalatal suture (stages D and E) gradually increased
with increasing age, especially from 14 to 18 years of age,
which is consistent with previous studies.”****

The maturation of the midpalatal suture occurs
earlier in females than in males, as verified in this study in
which stage D was present in females from 12 years and
in males from 14 years of age. These findings are consistent

with previous studies***

and correspond with the sex
differences in the pubertal growth spurt that occurs
approximately 2 years earlier in females than in males.”

Furthermore, in the postpubertal age group, female subjects
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had a significantly higher prevalence of fusion compared with

male subjects. Other studies>***

, although not statistically
significant, also observed higher prevalence of fusion in
female subjects than in male subjects. These findings have
clinical relevance in that performing RME in the postpubertal
age group might not be successful in some patients, particularly
in female subjects. Thus, individual assessment of the
suture might be considered in this age group.

In the present study, the correlation between
chronological age and suture maturation stage was weak
in both male and female subjects. Previous studies
reported that the suture maturation stages were more
consistent with skeletal age, such as hand-wrist bone
age”™ and cervical vertebrae maturation (CVM)***', rather
than with chronological age. These indicated that the
midpalatal suture maturation stages might not be reliably
determined on the basis of the chronological age. However,
chronological age may be a viable alternative to predict
the maturation of the suture when the skeletal age cannot

be assessed.” Shin et al.?®

also found that the midpalatal
suture opening ratio had significant negative correlations
with age, palate length, and midpalatal suture maturation
stage in young adults and suggested that these parameters
can be predictors of suture expansion.

Based on the results of this study, fusion of the
midpalatal suture was not observed in females under
12 years old and males under 14 years old. However,
the suture has not been fused in some older individuals.
Thus, in order to reduce the risk of RME failure or unnecessary
SARME, it would be useful to individualize assessment
of the suture before performing maxillary expansion in
females from the age of 12 and males from the age of 14.
Female showed a significantly higher prevalence of fusion
than male in the postpubertal age group. The correlation
between chronological age and suture maturation stage
was weak in both male and female subjects.

This study included a large sample in circumpubertal
age group, i.e., from 8 to 18 years old. However, the limitation
of our study was the small samples in the younger age

group (8 to 11 years old), and further studies could include

a larger sample size in this group. Furthermore, a longitudinal
clinical study would be necessary to evaluate the clinical
effectiveness of this classification method on predicting
the treatment outcomes of RME. In addition, consideration
should also be given to other features of anatomical
resistance to maxillary expansion, such as zygomati-

comaxillary, zygomaticotemporal and pterygopalatine
29,30

sutures when performing RME therapy.

Conclusions

Fusion of the midpalatal suture was not observed
in females under 12 years old and males under 14 years
old. However, the suture was not fused in some older
individuals. Thus, from the age of 12 in females and 14
in males, CBCT might be recommended to verify the
suture status before performing maxillary expansion. In
the postpubertal age group, the possibility to find fusion
of the suture was higher in females than in males. Overall,
chronological age showed a weak correlation with the

maturation stage of the midpalatal suture.
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A Retrospective Comparative Study of Mandibular Stability and the Anteroposterior
Dimension of the Airway between the Surgery-early and the Conventional
Orthognathic Surgery after Bilateral Sagittal Split Ramus Osteotomy Setback
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Abstract

The purpose of this study was to compare the skeletal and upper airway stability at 6 months post-surgical
treatment between the surgery-early approach and the conventional orthognathic surgery in patients with skeletal
Class Il malocclusion who underwent one-jaw bilateral sagittal split ramus osteotomy setback surgery. Thirty-five
patients were included and allocated into two groups based on pre-surgical orthodontic treatment: surgery-early
group (n = 15) and conventional orthognathic surgery (n = 20). Lateral cephalometric radiographs were taken before
surgery (T0), immediately after surgery (T1), and 6 months after surgery (T2). Independent t-test and Mann-Whitney
U test were used to analyze the data between the two groups. Paired t-tests and Wilcoxon signed-rank tests were
used to analyze the data in each group. At 6 months after surgery (T1-T2), forward, upward, and counterclockwise
rotational movements of the mandible in both groups were observed with no statistically significant difference.
Changes in upper airway dimensions, when compared between the pre-post surgical phase (T2-T0) revealed that
the surgery-early group showed a statistically significant decrease (p<0.05) in the oropharynx, while the conventional
orthognathic surgery group showed statistically significant decrease (p<0.05) in the oropharynx and hypopharynx. A
comparison between the two groups at 6 months post-surgical treatment revealed no statistically significant difference.
Dental movement in both groups had no statistically significant difference in either the vertical or anteroposterior
movement. Compared with the conventional orthognathic surgery group, the surgery-early group showed an equal

amount of mandibular movement and upper airway change at 6 months post-surgical treatment.
Keywords: Class Ill orthognathic surgery, Surgery-early, Upper airway
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Introduction

In the past several years, it has been established orthodontic treatment is an appropriate treatment in

that conventional orthognathic surgery (COS) with pre-surgical patients with severe skeletal discrepancies.' However,
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the pre-surgical orthodontic phase contains leveling and
aligning, and decompensation of the anterior teeth that
worsen facial aesthetics with time during a period of about
15-24 months, especially among patients with skeletal
Class Il malocclusion where the lower lip protrudes
according to the alignment of the lower teeth.”

The surgery-first/early approach (SEA) is a therapeutic
strategy that consists of orthognathic surgery followed by
post-surgical orthodontics without pre-surgical orthodontic
treatment or minimal pre-surgical orthodontic treatment.’
The surgery-first/early approach increases patient satisfaction
with immediate profile improvement after surgery and
shortens the total treatment time due to regional acceleratory
phenomena, which include accelerated bone turnover
and decreased regional mineral density resulting in faster
tooth movement. Furthermore, the direction of post-surgical
orthodontic treatment coincides with the natural direction
of spontaneous dental compensation and muscular force.*
Even though the surgery-first/early approach has many
advantages, stable occlusion is not found immediately
after surgery. More tooth movement is needed to settle
the occlusion, unlike conventional orthognathic surgery.
Therefore, surgical relapse due to occlusal instability is
found to be greater in this group.’

The mandible, tongue and pharyngeal walls are
closely related by their soft tissue attachments. Mandibular
setback surgery can reduce pharyngeal airway volume
and may lead to obstructive sleep apnea.*’

Several studies have concluded that the surgery-
first/early approach is a clinically acceptable and helpful
approach; however, postoperative mandibular stability
from post-surgical orthodontic treatment remains unclear,
and none of the studies has compared post-surgical changes
in the upper airway between patients in the COS and the
SEA groups.

Our study aimed to assess the skeletal and upper
airway stability 6 months after mandibular setback and
compare the results between the COS group and the

SEA group in skeletal Class Ill patients.

Materials and methods

Study subjects and power analysis

This retrospective study was conducted on
patients with skeletal Class Il who underwent surgery at
the Prince of Songkla University between January 2014 and
August 2020. Approval from the ethics committee was
received from Prince of Songkla University(EC6303-009).
The sample size was calculated using the G*Power 3.1
statistical program based on a significance level of 0.05
and a power of 80%. Power analysis showed that 19
patients were required for each group.

L 1 riteri

- Class Il patients who underwent one-jaw surgery with
bilateral sagittal split ramus osteotomy (BSSRO) setback
with non-extraction.

- Patients had three sets of good quality radiographs.
- The SEA group had minimal presurgical orthodontics
not longer than 6 months.

The exclusion criteria included patients who
underwent two-jaw surgery or genioplasty only.

The patients were subsequently allocated into two
groups. The SEA group was patients who obtained initial
leveling and aligning for less than 6 months (n = 15; 4 males
and 11 females; mean age 27.9 + 3.6 years). The COS
group was patients who obtained complete presurgical
orthodontic treatments (n = 20; 6 males and 14 females;
mean age 24.9 + 4.9 years).

Changes in the mandibular position and upper
airway dimensions were retrospectively examined by
measuring the lateral cephalometric radiographs (GXDP-
700™, Gendex, PA, USA) at three time points: before surgery
(T0), 4-6 weeks after surgery (T1), and at 6 months after
surgery (T2). Dolphin Imaging software (Dolphin Imaging
and Management Solutions, Chatsworth, California, USA)
was used to digitize and analyze the data by one examiner
who was blinded to the groups of patients.
Landmarks and reference planes

The landmarks and reference planes are shown

in Figure 1 and 2. The measurements were divided into
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three groups: (1) skeletal measurements: horizontal
measurements, vertical measurements, and angular
measurements (Fig. 1); (2) dental movements (Fig. 1);
and (3) upper airway measurements (Fig. 2).

The horizontal reference plane was defined as
the line that passes through the sella (S) and oriented 7
degrees inferior to the sella-nasion plane (SN7 plane). The
line perpendicular to the SN7 plane through the S point
was taken as the vertical reference plane (SN7 perp plane).

Pogonion (Pog) was selected to measure the
mandibular position while the dental landmarks were
mesial cusp tip of the upper and lower first molars. The
distances between the SN7 perp plane and SN7 plane

to the Pog and cusp tip were defined as horizontal

SN7 plane

SNT perp plane

Figure 1 Landmarks and reference planes for skeletal and dental
measurements. Landmarks: S, sella; N, nasion; A, subnasale;
B, supramentale; Pog, pogonion; Go, gonion; Me, menton;
U6, upper molar; L6, lower molar. Reference planes:
SN7 plane; perpendicular line of S to SN7 plane (SN7
perp plane). Skeletal and dental measurements (mm):
1. SN7 perp plane to Pog; 2. SN7 plane to Pog; 3. SN7 perp
plane to U6; 4. SN7 plane to Ué6; 5. SN7 perp plane to
L6; 6. SN7 plane to Lé6.

measurements and vertical measurements, respectively.
Rotational changes of the mandible were measured from
the angle between the SN plane and the GoMe plane.
Measurements of the upper airway were subdivided into
three regions: nasopharynx; oropharynx; and hypopharynx.
The nasopharynx was defined as the distance between
the perpendicular line from the posterior nasal spine (PNS)
to the upper posterior pharyngeal wall (UPW). The oropharynx
was defined as the distance between the perpendicular
line from the tip of the uvula (U) to the middle posterior
pharyngeal wall (MPW), and the hypopharynx was defined
as the distance between the perpendicular line from the

vallecula (V) to the lower posterior pharyngeal wall (LPW).

Figure 2 Landmarks and reference planes for upper airway
measurements. Landmarks: PNS, posterior nasal spine;
U, uvula; V, vallecula; UPW, upper posterior pharyngeal
wall; MPW, middle posterior pharyngeal wall; LPW, lower
posterior pharyngeal wall. Upper airway measurements
(mm): 1. PNS-UPW: 2. U-MPW; 3. V-LPW.

Chooputtipong and Samruajbenjakun , 2023 23



Statistical analysis

Statistical analyses were performed using SPSS
software, version 26 (IBM Corp., Armonk, NY, USA). Assessing
the assumption of normality was accomplished by Shapiro-
Wilk test. Postoperative movement of the mandible, dental,
and anteroposterior changes of the upper airway in each
group were analyzed using a paired t-test/Wilcoxon sign
rank test, while changes between the SEA and the COS
groups were determined using the independent sample
t-test/Mann-Whitney U test. For all tests, two-sided P values
<0.05 were considered significant.

All cephalometric measurements were repeated
on ten randomly selected radiographs after a 1-month
interval. The intra-observer reliability was high according
to the correlation coefficients that were between 0.7916

and 0.8885.

Comparison of demographic data between the SEA
and the COS groups at the initial examination (T0)

No significant difference was observed in the skeletal
measurements (SNA, SNB, ANB, Sn-GoMe), upper airway
measurements (nasopharynx, oropharynx, hypopharynx), or
overjet between the two groups (Table 1). However, overbite
and interincisal angle were larger in the SEA group (p<0.05).
Comparison of surgical changes (TO-T1) and post-
operative changes (T1-T2) in skeletal measurements

No significant difference was observed in mandibular
setback distance between the SEA group (6.68 + 3.46 mm)
and the COS group (6.09 + 3.93 mm). Rotational movement
changed by 1.95 + 2.55°in the SEA group and 1.23 + 1.79°
in the COS group with clockwise direction (Table 2). However,
there was significant difference (p<0.05) between the
groups in the vertical movement immediately after surgery.
In the SEA group, downward movement (0.50 + 1.89 mm)
was observed, while upward direction (1.04 + 2.79 mm)

was observed in the COS group.

No significant difference in mandibular movement
was observed at 6 months post-surgery between the two
groups. The mandible moved forward in both groups: 1.44 +
1.71 mmand 0.72 + 2.05 mm in the SEA and the COS groups,
respectively. In the vertical direction, the mandible moved
upward in both the SEA group (0.59 + 2.30 mm) and the
COS group (0.97 + 1.50 mm). The average rotational change
in the counterclockwise direction was 0.52 + 2.36° in the
SEA group and 0.39 + 1.32° in the COS group.
Comparison of the postoperative changes (T2-T0) in
upper airway measurements

The anteroposterior dimension decreased with
no significant difference between the two groups at the
oropharynx and hypopharynx, while the nasopharynx was
barely maintained through the follow-up period (Table 3).

At 6 months after surgery, the changes at the
oropharynx from T0 to T2 were decreased to 1.76 £ 2.03 mm
in the SEA group and 0.93 + 2.66 mm in the COS group with
statistically significant differences in SEA group (p<0.05).

After surgery from TO to T2, the hypopharynx
were decreased to 1.59 + 2.43 mm in the SEA group and
1.52 + 2.75 mm in the COS group with statistically significant
differences in both groups (p<0.05).

Comparison of post-surgical changes (T1-T2) in
dental measurements

The upper molar showed extrusion in the SEA
group (0.62 + 1.69 mm) and the COS group (0.13 + 1.29
mm), and mesialization in the SEA group (1.09 + 2.86
mm) and the COS group (0.47 + 1.69 mm) without sta-
tistically significant difference between the two groups
(Table 4). The lower molar presented extrusion in the
SEA group (0.89 + 2.24 mm) and the COS group (1.04 +
1.39 mm) and distalization in the SEA group (1.38 + 2.38
mm) and the COS group (1.26 + 1.70 mm). However,
there was no significant movement of the lower molars

between the groups during this period (Table 4).
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Table 1 Comparison between the SEA and the COS groups at the initial examination (T0)

SEA group COS group
Variable p-value
Mean SD Mean SD

SNA 84.53 2.98 82.31 3.65 0.064
SNB 86.96 4.46 85.56 3.16 0.294
ANB -2.41 3.64 -3.23 3.63 0.512
SN-GoMe 36.17 5.41 36.04 4.40 0.939
Overjet -3.10 2.78 -4.31 2.66 0.201
Overbite 1.53 1.63 0.50 1.12 0.034*
Interincisal angle 132.49 7.39 122.73 7.73 0.001*
Nasopharynx 24.47 3.40 24.57 3.21 0.973
Oropharynx 11.75 2.80 11.51 3.59 0.894
Hypopharynx 15.81 377 17.29 3.44 0.161

nasopharynx: distance between the perpendicular line from the posterior nasal spine (PNS) to the upper posterior pharyngeal wall (UPW). oro-
pharynx: distance between the perpendicular line from the tip of the uvula (U) to the middle posterior pharyngeal wall (MPW).
hypopharynx: distance between the perpendicular line from the vallecula (V) to the lower posterior pharyngeal wall (LPW).

*significance at p-value <0.05 (independent sample t-test)

Table 2 Measurement of mandibular movement

Variable TO T1 T2 TO-T1 p-value T1-T2 p-value
Mean SD Mean SD Mean SD Mean SD between gr. Mean SD between gr.

SN7 perp -Pog  SEA 68.63 9.17 6195 9.16 6339 9.11 6.68 3.46 0.647 -1.44 171 0.550
(mm) COS 69.6 859 6358 770 6430 7.69 6.09 393 -0.72  2.05
SN7-Pog SEA 103.7 8.06 104.28 7.85 103.69 7.62 -050 1.89 0.045* 059 230 0.278
(mm) COS 103.8 892 10284 838 101.86 821 1.04 279 097 1.50
SN-GoMe SEA 36.17 541 3813 453 3761 566 -195 255 0.334 052 236 0.844
©) COSs 36.04 440 3728 437 3689 416 -123 1.79 039 1.32

SN7 perp to Pog (+) backward movement of the mandible, (-) forward movement of the mandible.

SN7 to Pog (+) upward movement of the mandible, (-) downward movement of the mandible.

SN-GoMe (+) counterclockwise rotation of the mandible, (-) clockwise rotation of the mandible.

*significance at p-value <0.05 (independent sample t-test)

Table 3 Measurement of upper airway changes
Variable TO T1 T2 T2-TO p-value p-value

Mean SD Mean SD Mean SD Mean SD intra gr.  between gr.

PNS-UPW (mm) SEA 24.47 3.40 24.27 342 2445 396 -0.02 350 0.983 0.784
Cos 24.57 3.20 24.37 320 2430 330 -0.27 191 0.527

U-MPW (mm) SEA 11.75 2.80 10.14 3.54 9.99 399  -176 203 0.007* 0.321
Cos 11.51 3.59 10.36 3.11 1058 339 093 266 0.159

V-LPW (mm) SEA 15.81 3.77 15.23 376 1422 453 -159 243 0.026* 0.941
CoSs 17.29 3.44 16.06 348 1577 467 =152 275 0.026*

T1-T0, T2-T0 (+) increased upper airway dimension, (=) decreased upper airway dimension.
*sienificance at p-value <0.05 (Wilcoxon signed-rank tests)

Chooputtipong and Samruajbenjakun , 2023 25



Table 4 Comparison of tooth movements at post-surgical evaluation (T1-T2)

T1 T2 T1-T2 p-value p-value
Variable b
Mean ) Mean SD Mean SD Intra gr. etween gr.

SEA 66.46 5.15 67.09 4.36 -0.62 1.69 0.162 0.537
SN7-U6 (mm)

COos 66.12 4.94 66.34 5.04 -0.13 1.29 0.433

SEA 39.60 6.95 40.69 5.03 -1.09 2.86 0.201 0.714
SN7 perp-U6 (mm)

COos 43.09 5.08 43.52 3.39 -0.47 1.69 0.334

SEA 68.07 5.42 68.37 5.59 -0.89 2.24 0.432 0.777
SN7-L6 (mm)

COos 67.31 5.02 67.44 5.41 -1.04 1.39 0.506

SEA 40.43 7.09 40.49 7.16 -1.38 2.38 0.706 0.777
SN7 perp-L6 (mm)

COosS 42.21 5.55 41.61 5.85 -1.26 1.70 0.191

SN7-U6 (+) intrusion, (=) extrusion
SN7 perp-U6 (+) distalization, (=) mesialization
SN7-L6 (+) intrusion, (=) extrusion
SN7 perp-L6 (+) mesialization, (-) distalization

*significance at p-value <0.05

Discussion

At the initial examination, all patients had a
skeletal Class Il relationship with a normal maxilla position
and prognathic mandible with no difference in vertical
growth to control the upper airway size.

The occlusion examinations revealed that the
interincisal angle and overbite were greater in the SEA
group. According to the compensatory mechanism in
skeletal Class Il patients, flaring of the upper incisors and
lingual tipping of the lower incisors are generally observed.
Therefore, in the SEA group that didn’t receive a complete
correction of these problems, the deep curve of Spee,
flaring of the upper incisors, lingual tipping of the lower
incisors, and increased overbite remained.

After surgical correction, mandibular displacement
unavoidably occurs to some degree, and skeletal relapse
occurs. Studies of skeletal relapse after mandibular setback
for Class Il patients have reported various results, including
the amount of mandible setback (4.80 to 8.70 mm [mean
= 6.49 mm)), forward movement (0.60 to 2.87 mm [mean =
1.49 mm]), and relapse rate (7.1% to 51.4% [mean = 22.6%)]).”
The results of this study revealed that the average amount

of mandibular setback was 6.59 mm, which is close to a

previous study, and the mandible moved forward with
no significant difference between the groups during the
post-surgical period. The average forward movement was
1.44 mm in the SEA group and 0.72 mm in the COS group,
which was about 21% and 11.8% higher than the Ko et al.’
study, which found a 14.3% forward movement in the
SEA group and 15.7% in the COS group with no significant
difference between the groups. However, the Kim et al. *°
study also found significant differences between the two
groups and reported that the SEA group had greater relapse
(3.14 mm) than the COS group (1.30 mm) due to counter-
clockwise rotation of the mandible, which resulted in
forward movement of Pog after correction of the occlusal
interference in the SEA group.

When we compared the changes in the vertical
dimension immediately after surgery, the SEA group
showed a downward movement, while the COS group
moved upward. This possibly occurred from a remaining
deeper curve of Spee and presented dental interference
in the SEA group. Six months after surgery, both groups
presented an upward movement with no significant

difference in distance. This is contrary to the Kim et al.”
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study that found an increase in upward movement of
2.69 mm in the SEA group more than 0.93 mm in the
COS group.

Clockwise rotation of the mandible during surgery
in this study occurred in both groups, but didn’t present
a significant difference. At 6 months post-surgery, the
angular measurements decreased. Counterclockwise
rotation of the mandible was found in this period, but
without significant difference between the two groups.
The Kim et al." study found counterclockwise rotation,
but the SEA group showed increased angular movement
in the counterclockwise direction that was greater than
the COS group. The rotational movement might contribute
to the forward and upward movement of the mandible.
This indicates that the horizontal position of the mandible
is equally displaced in the vertical dimension; therefore,
the movement in these two directions may have the
effect on rotational movement.

Changes in the mandibular position during post-
surgical orthodontic treatment can be due to muscular
tone, the amount of mandibular setback, fixation technique,
pre-surgical orthodontic treatment, and autorotation
from a settling process of the upper and lower posterior
teeth." The results of this study exhibited upper first molar
extrusion and mesialization, and lower first molar extrusion
and distalization. All findings showed no significant difference
between the SEA and the COS groups. It might be the result
of using Class lll elastic to correct open bite on the posterior
teeth." In addition, there was no significant difference of
mandibular and tooth movement.

According to some studies, the mandibular set-
back can affect the upper airway.® Our findings confirm
that upper airway changes need to be taken into account
when planning surgical correction of dentofacial deformities.
However, Park et al. > used cone-beam computed tomography
which showed no significant changes of the nasopharyngeal
or oropharyngeal airway in patients who underwent setback
surgery. These results indicated lateral expansion of the
soft tissue of the pharynx to preserve its volume. This

present study showed that changes in the nasopharyngeal

airway at 6 months post-surgery were not affected by
mandibular setback surgery. These results are consistent
with the studies by Engboonmeskul et al.**

At the 6-month post-surgical evaluation, the
decrease in the anteroposterior dimension of oropharynx
was founded in both groups in a ratio of 1:0.26-0.31 compared
to the setback distance, but only the SEA group had a
significant decrease compared with the initial examination.
This agrees with the results of a study by Jeong et al.”,
which used CBCT superimposition to evaluate the three-
dimensional morphologic changes in the upper airway
space and found a decrease in the anteroposterior width
of oropharyngeal region after 1-year mandibular setback
surgery 14.2% and 18.0% in the CV1 and CV2 planes,
respectively. However, recovery of the airway size was
observed in some studies during the follow-up period."®

Together with the oropharynx, the hypopharynx
significantly decreased in the anteroposterior dimension.
A continued gradual decrease was shown in the hypopharynx
and the size decreased in a ratio of 1:0.20-0.24 compared
to the setback distance. This is in agreement with previous
studies that found a continued reduction in the upper airway
at the hypopharynx level for 2-6 years after surgery.'"*®
This occurs because this part of the upper airway is
affected by the hyoid bone and muscles of the tongue
that adjust to the new environment.

This study used a two-dimensional lateral cephalo-
gram to analyze the pharyngeal airway space. The three-
dimensional images might be a better method. However,
they are more expensive and have a higher radiation dosage
than lateral cephalogram. Riley and Powell"’ evaluated
the reliability of CT scans and cephalograms in determining
the posterior airway space and reported an acceptable
result. Moreover, lateral cephalogram is widely used, less
expensive, and simple for comparison with extensive
normative data and with other studies.

Finally, no difference was observed between the
SEA and the COS groups in the anteroposterior dimensions
at all three levels of the upper airway, which is due to the

similar amount of the mandibular setback.”*
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This study had some limitations. The small
sample size possibly led to anincreased type 2 error and
affected the power of testing for statistical differences.
The short observation period did not permit evaluation
of the final complete occlusion. Further studies are
needed to examine the treatment period to the end of
complete orthodontic treatment to evaluate skeletal

changes, especially upper airway changes.

Conclusions

At 6 months after surgery, Class Ill orthognathic
surgery with or without presurgical orthodontic treatments
showed no difference in the anteroposterior, vertical, or
rotational change of the mandible, and the dimension of
the upper airway. To achieve a good outcome of madibular
setback surgery and prevent the occurrence of obstructive
sleep apnea, careful and precise treatment plans about

skeletal and soft tissue structures are needed.
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Original Article

A Denture Cleansing Solution and Household Agents Differentially Affect the
Surface Roughness of Acrylic Resin

Sita Thaworanunta', Naluemol Sriprasert', Chutimon Nanarong®, Pichsinee Dittaratchaphong’,

Thananya Momin?, Thanpitcha Krisanawong®
'Prosthodontics Dept, College of Dental Medicine, Rangsit University, Pathumthani, Thailand
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Abstract

This article evaluated the surface roughness of heat-cured acrylic resin before and after immersion in 4
different household agent solutions and a commercial denture cleansing solution after simulated 6-month and
12- month durations. Seventy-two specimens were fabricated from heat-cured acrylic resin and were divided into
6 groups (n=12), namely 4 household agents (100% clear vinegar, 5% acetic acid 0.1%, and 0.5% Sodium hypochlorite),
a commercial denture cleansing solution, Polident® (Block Drug Company Inc, Memphis, TN38113, USA.) and tap water.
The acrylic resin specimens were immersed for 10 min/cycle, 5 times/day for 36 days representing 6-month of
clinical service, and continued for another 36 days representing 12-month of clinical service. The surface roughness
(Ra, nm) was measured before and after simulated immersion. The data were compared using repeated ANOVA and
Tukey’s test. The mean difference in the Ra after the 6-month and 12-month immersions in the control group and
the Polident®, 100% clear vinegar, and 5% acetic acid groups was not significantly different (P > 0.05). In contrast,
the mean Ra in the 0.1% and 0.5% sodium hypochlorite groups was significantly higher (P < 0.05) after the 6-month
immersion. However, the Ra increased with a diminishing value after the 12-month immersion. The Ra of the specimens
immersed in 0.1% and 0.5% sodium hypochlorite was significantly increased after 6-month, which decreased by
12-month immersion. The Ra in the 100% clear vinegar and 5% acetic acid groups were not significantly different
from that of the Polident® group. Therefore, 100% clear vinegar and 5% acetic acid, which are household agents, can
be an alternative option for routine use. Further study should be performed to evaluate whether 0.1% and 0.5%

sodium hypochlorite might be an alternative option for denture cleansing.
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Introduction

Thailand is becoming an aging society. The National
Statistical Office of Thailand reported that in 2019, the
aging population comprised 16.73 % of the total 66-
millionThai population.' The Thai National Oral Health
Survey by the Department of Health, Ministry of Public
Health also revealed that 1 million elderly people wore
complete dentures, and 4.9 million people wore removable
partial dentures” Axe et al. found that denture wearers
often suffered from the anxiety of further oral care problems
and concerned about the esthetic problems of denture,
malodor, and staining which may reveal denture wearing
to others.” Therefore, appropriate denture cleaning is essential
in plague elimination, and maintaining good oral hygiene
to eradicate all problems that denture wearers concern.

Acrylic resin was introduced as a denture base
material in 1937. The reason for acrylic resins continued
popularity in dentistry is the simple processing equipment
required and the relatively low cost of the fabrication
process." The properties of a denture base which should be
taken into account are biological properties, microbiological
properties, and physical properties; which include surface
roughness.” The surface roughness of a denture base is
clinically meaningful and influences the amount of plaque
and bacteria that accumulate on the denture.® Candida
albicans is the most common opportunistic pathogen
found in the oral cavity and can cause oral diseases, such as
denture stomatitis. Increased porosity has been proven
to increase microorganism colonization. The adhesion of
Candlida albicans to the surfaces is significantly affected
by the interactions with other microorganisms in the oral
cavity. The acceptablesurface roughness to prevent plaque
accumulation should be lower than the critical threshold
of 0.2 um.*®

There are two major approaches for cleaning the
denture base. The first approach is the mechanical method,
such as brushing and an ultrasonic cleanser. These methods
are effective in reducing and removing the biofilm.”"
However, brushing effectiveness can be reduced by poor

manual skills of the denture wearer.

The second cleansing approach is the chemical
cleaning method in which the denture base is immersed
in different chemical agents, such as alkaline peroxides,
alkaline hypochlorite, acids, and disinfectants.”"" These
agents can be excellent tools because they reduce the
amount of microorganisms adhering to the denture, com-
pensate for possible limitations in brushing ability, have
good acceptance by wearers, and are easy to acquire?.'*"

One of the chemical methods is immersion in
a commercial denture cleansing solution. A good denture
cleansing solution should not alter the denture properties,
such as its color, dimensional stability, strength, and surface
roughness.™ In geriatric or disabled patients who are denture
wearers, chemical denture cleansers can be a choice.”

Despite the effectiveness of commercial denture
cleansing solutions, there are difficulties in finding them
in the rural areas. If household agents, such as sodium
hypochlorite and clear vinegar could be used to clean
the denture and do not affect the surface roughness to the
point of potentially increased bacteria/plaque accumulation,
denture wearers would have an appropriate alternative
to clean their dentures.

To evaluate the surface roughness of heat-cured
acrylic resin before and after immersion in 4 different
household agent solutions and a commercial denture
cleansing solution for simulated 6-month and 12-month
durations. The null hypothesis was that there were no
significant differences in surface roughness between the

immersion groups or immersion intervals.

Materials and Methods

1. Specimen preparation
The sample size calculation was performed
using the G*Power 3.1.9.4%program. The calculation was
performed using data from a prior study."
Seventy-two 10x10x2 mm?’ disc-shaped specimens
were fabricated from heat-cured acrylic resin using a
stainless steel mold. The mold was designed with three

layers, the upper and the lower parts were used as covers;
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the center part had a 10x10x2 mm? disc-shaped space
that was used to fabricate the specimens. These three
parts were locked into one piece by screws. Therefore, all
of the specimens were the same size. The mold used for
preparing the test specimens was applied with separating
medium. The heat-cured acrylic resin used was in the
powder-liquid form. The powder and liquid was mixed
at the ratio recommended by the manufacturer. When
the mixture reached the dough stage, it was packed into
the mold space and processed per the manufacturer’s
instructions. A short cure polymerization cycle (73°C
for 90 min followed by 94°C for 30 min) was used. The
specimens were removed from the molds and finished
with 1000 and 2000 grit sandpaper, followed by a buffing
polishing wheel. The other surfaces were marked with
a number and left unpolished to be distinguished from
the experimental surface that was measured by the
surface roughness tester. Finally, the specimens were
steamed in an ultrasonic cleaner.
2. Immersion procedure

A commercially available denture cleansing
solution: Polident® (Block Drug Company Inc, Memphis,
TN38113, USA) and 4 household agents, 0.1% and 0.5%
sodium hypochlorite (Suksapan®, Thailand), 100% clear
vinegar (9a3®, PFO FOOD co., ltd, Thailand), and 5% acetic
acid (Suksapan®, Thailand) were used in this study. The
immersion groups consisted of 4 household agents: 100%
clear vinegar (pH 3.5), 5% acetic acid (pH 3.5), 0.1% and
0.5% Sodium hypochlorite (pH 7.5 and pH 8.0, respectively),
the commercial denture cleansing solutions (pH 7.0) and
tap water (pH 7) which served as a negative control. The

pH in each group was determined using PL Precision

Tablel Solutions used in the study

LABORATORY® Litmas paper. The Polident® immersion
solution was prepared using 1 Polident® tablet dissolved
in 50 ml of tap water. The solutions were prepared in glass
beakers at room temperature and the specimens were
immersed horizontally.

After immersion in the respective solutions for 10
minutes/cycle, each test specimen was rinsed in running
tap water for 2 min and immersed in a new respective
solution, repeated for 5 cycles per day for 36 days, which
is equivalent to 6-month of clinical service and continued
for another 36 days representing 12-month of clinical
service. When not immersed in the cleansing solutions,
the specimens were stored in tap water.

3. Surface Roughness Measurement

The surface roughness (Ra) was measured at
the central area of each specimen using a non-contact
surface roughness tester (InfiniteFocus SL, Alicona®, Austria)
at a speed of 0.5 mm/s. The speed of 0.5 mm/s was set
for precisely detecting the surface roughness and the
magnification of the objective lens was 50x. Each specimen
was measured as an area. The Ra of each specimen was
determined in three areas, and the mean Ra was calculated.
The change in surface roughness was obtained by the
difference in surface roughness between pre-immersion
and post-immersion for 6-month and 12-month.

The specimens were divided into 6 groups (n=12).
The surface roughness of the specimens in each group
was measured using the non-contact surface roughness
tester immediately after polishing and cleaning. The
results demonstrated that the Ras of all groups were not
significantly different at TO, confirming that the specimens

had a similar surface roughness.

Solutions pH Conc.

Brand Immersion Time at
room temp. (min/cycle)

Tap water (negative control)
Polident® (positive control)

Clear vinegar 35 100%
Sodium hypochlorite (NaOCl) 7.5 0.1%
Sodium hypochlorite (NaOCl) 8.0 0.5%
Acetic acid 35 5%

10
Polident®, Inc, USA. 10
9a3°,PFO FOOD,, ltd, Thailand 10
Suksapan®,PFO FOOD., ltd, Thailand 10
Suksapan®,PFO FOOD., ltd, Thailand 10
Suksapan®,PFO FOOD., ltd, Thailand 10
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3. Data analysis

The data analysis was performed using repeated
measures analysis of variance (repeated measures ANOVA)
and Post-hoc Tukey test to compare and evaluate the
differences in surface roughness values between the
groups. All statistical analyses were set at a significance
level of < 0.05. The statistical tests were calculated using
the SPSS 20.0 program (SPSS Inc., Chicago, IL, USA)

This experimental study was performed under
ISO/TC212: Clinical laboratory testing and in vitro diagnostic

test systems.

The data was analyzed and confirmed to have

homogeneity of variance and normality. Descriptive

statistics was used to present the mean and standard
deviation (S.D.) of the Ra by time (T0, T6, and T12) and by
cleansing solution groups (Polident®, 100% clear vinegar,
5% Acetic acid, 0.1% sodium hypochlorite, 0.5% sodium
hypochlorite, and Tap water) (Table 2). These results
demonstrated no significant difference between the mean
in the Ra in the control group and the Polident®, 100%
clear vinegar, and 5% acetic acid groups (P > 0.05) after
simulated the 6-month and 12-month immersions.
However, the mean Ra in the 0.1% and 0.5% sodium
hypochlorite groups was significantly higher (P < 0.05) after
the 6-month immersion compared with the control group.
Furthermore, the values of Ra increased with a diminishing
value after the 12-month immersion in these groups.

Based on these results, the null hypothesis was rejected.

Table 2 Descriptive statistics of Ra in nm for the cleansing solution groups

Mean Ra (nm) + S.D.

T6 T12

200.11 + 11.12*
197.77 + 8.70%"

197.84 + 10.60™"
195.13 + 8.50*

Solutions
TO

Polident® 195.13 + 8.92
100% clear vinegar 196.04 + 8.92
5% Acetic acid 195.64 + 8.94
0.1% NaOCl 193.72 + 10.55
0.5% NaOCl 194.76 + 7.42
Tap water 195.58 + 8.69

198.25 + 7.44™
214.32 + 13.81%
218.84 + 9.53%
195.80 + 10.90*"

200.17 + 7.44*'
229.07 + 13.88"
23570 + 11.16"
196.15 + 11.00°"

*Similar superscript capital letters indicate no
sienificant differences between groups at 6-month (left
columns), similar superscript lowercase letters indicate
no significant differences between groups at 12-month
(right columns), and similar superscript numbers indicate

no significant differences between 6-month and 12-month

Table 3 Repeated measure ANOVA results

within each group (rows) according to Tukey’s (HSD)
test (p>0.05)

The analysis of the mean in surface roughness
of the heat-cured acrylic resin in 6 cleansing solutions

using repeated measures ANOVA (Table 3).

Tests Source Type Il Sum of Squares df  Mean Square F p-value

Within-Subjects TIME 7762.051 1 7762.051 600.311 0.000*

Contrasts TIME * GROUP 10083.295 5 2016.659 155.967 0.000*
Error (TIME) 853.383 66 12.930 853.383

Between-Subjects Intercept 8881715.333 1 8881715.333 31081.172 0.000*

Effects GROUP 15004.404 5 3000.881 10.501 0.000*
Error 18860.074 66 285.759

Note: Asterisks indlicate significance at the 99% confidence level
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The first test was the test of within-subjects
contrasts, which determined if the time used for testing
(TO, T6, and T12) affected the surface roughness of the
heat-cured acrylic resin. The results demonstrated that
Time significantly affected the surface roughness of the
heat-cured acrylic resin both directly (TIME) and indirectly
(TIME * GROUP) at the 99% confidence level (Table 3).

The second test was the Between-Subjects
Effects, which evaluated whether the different cleansing
solutions (GROUP) (commercial denture cleansing solution,
100% clear vinegar, 5% Acetic acid, 0.1% sodium hypochlorite,
0.5% sodium hypochlorite, and Tap water) affected the
surface roughness of the heat-cured acrylic resin. The

results indicated that the GROUP significantly affected

Table 4 The results of the Tukey’s test for Post-Hoc analysis

the surface roughness of the heat-cured acrylic resin at
the 99% confidence level (Table 3).

The surface roughness of heat-cure acrylic resin
immersed in groups of tap water (a negative control),
commercial denture cleansing solution (a positive control),
100% clear vinegar, and 5% acetic acid had no significant
difference in term of group and time. On the other hand,
time and group had significant effect in groups of 0.1%
and 0.5% Sodium hypochlorite

The next analysis classified the differences in
the surface roughness of the heat-cured acrylic resin
from the cleansing solutions (GROUP) using Tukey’s test

for Post-Hoc analysis.

Solutions N Rate of Ra

Subset 1 Subset 2
Tap water 12 195.8422 -
100% clear vinegar 12 196.3142 -
Polident® 12 197.6931 -
5% Acetic acid 12 198.0206
0.1% NaOCl 12 212.3664
0.5% NaOCl 12 216.4336

p-value 0.994 0.909

The Tukey’s test for Post-Hoc analysis (Table 4)
classified the treatments into 2 groups. The mean Ras in
the tap water, 100% clear vinegar, 5% acetic acid, and
Polident® groups were 195.8422,196.3142, 197.6931, and
198.0206 nm, respectively, and they were not significantly
different. In addition, the Ras in the 0.1% sodium hypochlorite
(212.3664 nm) and the 0.5% sodium hypochlorite
(216.4336 nm) were not significantly different.

Discussion

Denture cleansing is a necessary procedure that
reduces the risk of oral infection and improves denture
longevity. There are two methods to clean acrylic dentures:

mechanical method, such as brushing, and chemical method,

such as using a denture cleansing solution. Kurniawan et al.
demonstrated that mechanical method by brushing
dentures with toothpaste and chemical method by im-
mersing in denture cleanser greatly increased the surface
roughness, which causes more plaque retention."’ Thus,
this study focused on the chemical method, which is
still the alternative to clean dentures to reduce biofilm
formation due to their limited effect on surface roughness.

For daily use, patients soak their dentures in the
cleansing solution for 10 min, then wash and store in tap
water overnight. The present study simulated that situation
using running tap water to clean the specimens for 2 min
before immersing in a new solution in each cycle to eliminate

the remaining cleansing solution. After the immersion cycles,
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the specimens were stored in tap water representing
soaking the denture overnight. Felipucci'® revealed that
ideally, denture cleansers should reduce or remove the
biofilm without altering the physical and mechanical
properties of the denture base material. However, many
studies found that the daily use of denture cleansing
solutions can affect the denture’s mechanical and chemical
properties, including the denture base material’s color,
surface roughness, and hardness.”>""?

Most of the studies found that commercial
denture cleansing solutions did not show any significant
increase in term of surface roughness.”** In our experimental
study, immersing in a commercial denture cleansing solution
(Polident®) was found to increase the surface roughness.
Jorgensen found that Alkaline peroxides were the most
commonly used cleansing solution in denture cleansers
including Polident®”* Sodium percarbonate becomes a
hydrogen peroxide when dissolved in water and releases
an oxygen. The oxygen bubbles are supposed to exert a
mechanical cleansing effect which is suspected to cause
an increase in the surface roughness. However, the surface
roughness between Polident® and tap water (a negative
control) was not significantly different.

Acetic acid is one of the most important components
of vinegar; which contains other by-products from the
manufacturing method. Therefore, we diluted pure acetic
acid to 5% which is the amount of acetic acid in clear vinegar,
and used this as a comparative experimental group. The
results indicated that the surface roughness in the clear
vinegar and 5% acetic acid groups was not significantly
different. We can also assume that these by-products do
not affect the surface roughness of acrylic denture specimens.

Therefore, ester group in heat-cured acrylic resin
are easily hydrolyzed with acids and formed numerous
cracks on acrylic resin specimen. The number of cracks on
the surface of heat cured acrylic resin causes surface
irregularity and increases the roughness of the surface of
the acrylic resin.”’ The results of the present study demon-
strated that the surface roughness in the clear vinegar
and 5% acetic acid groups was not statistically different

from that of the positive control group.

Chau et al.*® found that 10-minute immersion
in 0.5% sodium hypochlorite eliminated microorganisms
from the superficial and the inner surface of acrylic resin.
de Sousa Porta et al.”’ stated that 0.5% sodium hypochlorite
effectively reduced microorganisms without significantly
changing the denture resin color or roughness. However,
sodium hypochlorite significantly increased surface
roughness.” In the present study, 0.1% and 0.5% sodium
hypochlorite significantly increased the surface roughness,
similar to the study by Porwal et al.” These researchers
evaluated the effect of different denture cleansers on
the color stability, surface hardness, and surface roughness
of three denture base resin materials. The results demon-
strated the most remarkable change in the surface
roughness of conventional heat-cured acrylic resin when
immersed in 0.5% sodium hypochlorite for 180 days.
Sodium hypochlorite causes structural changes in the
polymer matrix of acrylic resins. This effect could result
in softening of the surface and, as a consequence, roughness
could be expected to increase.”!

Arruda et al. found that 0.1% sodium hypochlorite
effectively removed the biofilm when used by participants
with denture stomatitis.”” Therefore, 0.1% sodium hypochlorite
would be a better choice for denture cleansing compared
to 0.5% sodium hypochlorite because it is less toxic and
adequately removes biofilm. Gopferich and AlAmeer
demonstrated that the degradation of heat cured acrylic
material significantly increased when soaking in neutral
or basic pH solutions.”* The pH affects the degradation
rates of the polymer because the breaking strength of
the polymer depends markedly on the pH and is highest
at neutral pH. In basic pH solutions, there is a hish number of
Hydroxyl ions, which is responsible for accelerating polymer
degradation, thus increasing the surface roughness.”

The present study had limitations; the shape of
the specimens did not resemble the denture shapes that
reflect the patients’ oral tissue anatomy. The present study
focused on surface roughness only; thus, the effect of
immersion on the other properties of denture base material

requires further investigations.
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Conclusion

The present study found that immersion in 0.1%
and 0.5% sodium hypochlorite significantly increased the
denture bases’ surface roughness after 6- and 12-month
immersions. The surface roughness in the other household
groups was not significantly different from that of the
commercial dentures cleansing solution and tap water
groups. However, this study only evaluated 6- and 12-month
immersion periods, and there may be other household

agents that could be investigated in the future studies.
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Abstract

Untreated bruxism can cause pathologic consequences to the components of the masticatory system leading
to unnecessary treatments that are often complicated and costly. However, the damage could be prevented if the
condition is diagnosed earlier. Bruxism patients with asymptomatic or mild jaw symptoms usually refused to admit
that they ¢rind their teeth. Therefore, a reasonably priced tool with high sensitivity that is comfortable to wear
would be beneficial for early screening or diagnosing sleep bruxism. The aim of this clinical study is to investigate
Bruxcore Plate (Brux Checker®) accuracy to diagnose sleep bruxism in known cases. Forty-four sleep bruxism participants
with clear evidence of bruxofacets on the intraoral appliance were enrolled. Results showed that Brux Checker® had

a sensitivity of 84.1% after one night of application and a sensitivity of 100% on four consecutive nights. In conclusion,

at least four nights of Brux Checker® wearing is recommended for sleep bruxism diagnosis.
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Introduction

Bruxism is a repetitive jaw-muscle activity
characterized by clenching or grinding of the teeth and/or
bracing or thrusting the mandible. Bruxism has two distinct
circadian manifestations: it can occur during sleep (indicated
as sleep bruxism) or during wakefulness (indicated as awake
bruxism)." Awake bruxism is a semi-voluntary bite often
associated with stress about daily life or work." Sleep
bruxism (SB) is medically defined by the International
Classification of Sleep Disorders, 3" edition (ICSD-3) as a

sleep-related movement disorder characterized by teeth

grinding or clenching associated with an excessive sleep
arousal activity.” Bruxism has been reported to be caused
by forces that are transmitted during tooth contact for
20 minutes or more than two hours of tooth contact.’

Bruxism is a common condition. Studies showed
the self-reported prevalence of 8-16% in the general adult
population with similar numbers in males and females.
Bruxism begins about one year after deciduous incisors appear
in the oral cavity. A survey of children and adolescents

found bruxism rates between 14-20% and tended to
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decrease when they got older. In particular, only 3% of
bruxism was found in adults over 60 years of age. However,
it should be considered that many older patients wearing
dentures could still have bruxism. In addition, several
psychotropic medications taken by the elderly could
aggravate the bruxism condition.™®

The etiology of bruxism is multifactorial; however,
the exact cause is still unknown. There is an assumption
that there may be four factors."" 1) Pathophysiological
factors and the central nervous system such as genetics,
neurochemicals disrupt the balance of nerve impulses
in the basal ganglia, causing a disturbance in dopamine
transmission similar to Parkinson’s disease or brain injuries
and diseases. 2) Psychosocial factors: daytime teeth grinding
is associated with psychosocial conditions, especially stress.®
3) Factors related to drugs: drugs affecting the dopaminergic
system such as amphetamine, nicotine, serotonin ecstasy,
alcohol, caffeine, tobacco, selective serotonin reuptake
inhibitors, benzodiazepines.® 4) Physical factors such as
the anatomical structure of the jaw, face and oral cavity.?

The cause of bruxism is controversial, but it can
be separated into teeth grinding while conscious and while
sleeping with different disease factors. Awake bruxism
can be determined by accumulated daily stress.” The
occurrence of muscle spasms associated with sleep
bruxism caused by the central nervous system and may
be related to shallow sleep, also known as slight arousal
(micro-arousal).”

Several methods were used to evaluate bruxism.
A guestionnaire could be a useful tool in assessing this
condition. The advantage of questionnaires is being able
to collect data among large populations efficiently, but
the disadvantage is underestimation or overestimation
in bruxism patients. Many of them could not identify
themselves as bruxers, especially those who sleep alone.
Thus, the questionnaire was limited in terms of accuracy.™""**

Clinical examination, one of the most common methods

for bruxism assessment, could be performed by looking
for signs and symptoms of bruxism in the patient’s oral
cavity, such as wear facets, scalloped tongue and linea
alba buccalis. However, these signs and symptoms should
not be used in the clinical diagnosis of bruxism alone.””"’
Measurement of muscle function or electromyography
(EMG) is considered close to the standard of sleep laboratory
testing.” However, the disadvantage involves other confounding
factors that may cause interpretation error due to other
orofacial movements, such as swallowing, sneezing, or
coughing during sleep or sleepwalking.”

The gold standard for sleep bruxism evaluation
is Polysomnography (Sleep laboratory), which is the most
accurate but costly. Therefore, an inexpensive tool or
test to diagnose bruxism with specificity, sensitivity, and
accuracy that increases patient incorporation in using will
benefit dentists and patients in assisting the assessment of
bruxism. The assessment of bruxism by using oral devices
can be divided into the following two groups:

1. Observation wear facets type:

1.1 Occlusal Splint: The result is assessed from
the wear facets on the appliance.'"’

1.2 Bruxcore Plate (Brux Checker®): The Brux
Checker® is used to clinically diagnose bruxism that facilitates
torecord and evaluate a patient’s parafunctional activity
patterns. It presents the wear marks of static and dynamic
occlusal contacts, the identification of physiological or
unphysiological tooth contacts, and the classification
and differentiation of the dynamic occlusal scheme. The
assessment of these patterns in the context of occlusion
diagnostics enables the development of a precise,
personalized treatment plan for each patient based on
their respective current bruxism pattern.”

[t is fabricated with a 0.51 mm thick polyvinyl
chloride color-coated plate (Table 1), that is shaped
according to the patient’s dental anatomy, using a vacuum

pressure machine.”
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Table 1 Demonstration of physical, chemical, mechanical and biological properties of Brux Checker® (SCHEU DENTAL GmbH, 2019)*

General properties

Properties Guideline Value
Form - Solid
Colour - Transparent film with a red paint layer
Odour - Odourless
Density ISO 1183 1.33 g/cm’
Water absorption after 24 h at 23°C ISO 62 Method 1 -

Mechanical properties
Tensile strength ISO 527 > 42 MPa
Flectional strength ISO 527 -
Impact strength 23°C ISO 179 600 KJ/m”
Notched 23°C ISO 179 -
Yield strain ISO 527 -
Yield stress ISO 527 -
Elasticity DIN 53377 +/- 4%
Elongation at tear ISO 527 -
E-modulus ISO 527 -
Hardness Shore D DIN 53505 ~ 78

Thermal properties
Vicat softening point ISO 306 / Verfahren B/50 74°C
Thermoform resistance ISO 75 55°C
Continuous stress temperature ISO 75 55°C

Biological properties / Biocompatibility

The material has been tested on biocompatibility according to DIN EN ISO 10993

Similar to an occlusal splint, the result is positive
when wear facets appear after use, According to the
recommendation of Prof. Sadao Sato, after one night
use enabled the diagnosis of bruxism.*"**

2. Measurement of bite force type: Intra-splint force
detector (ISFD) is an instrument that measures the bite force
of bruxism when teeth come into contact with the tool.”

Even though there is a lack of standardized
indications for scoring and evidence supporting its validity,
the results obtained from these instruments may not
reflect the current state of bruxism because of the variety
of bruxism at night. The findings may not be the bruxism
results and could be the disturbances associated with
recording methods.”*’ Owing to the convenience and

practicality, the oral appliance has become increasingly

common for bruxism assessment. Patients with bruxism
may not know or refuse that they are bruxers. Therefore,
inexpensive tools with high sensitivity like oral appliances
are suitable for diagnosing this group of patients. This research
focused on studying Bruxcore Plate (Brux Checker®)’s
sensitivity test in diagnosing bruxism in known sleep bruxism
patients and determining the relationship between sex,

age range, and instrument (Brux Checker®) sensitivity.

Materials and method

Study design: This research was modeled as human
experimental research.
Sample size calculation and Sampling method

The sample size was calculated based on the

Brux Checker® determination to indicate bruxism in 80%
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of patients with bruxism, 90% confidence interval, and
sensitivity of Brux Checker®was equal to 0.8 + 0.1 based
on sample size for a descriptive study with dichotomous
variable. Total of 44 participants were required. A random
sampling method used systematic random sampling by
dividing the sample into males and females and selecting
from the pool within three months.
Inclusion criteria
1. Thai people between the ages of 18 - 60 years with
at least two pairs of occluded posterior teeth on each side.
2. Patients who had been treated for bruxism by using an
intraoral appliance in Michigan splint or flat plane stabili-
zation splint design in which the material was heat-cured
clear acrylic resin, and showing wear facets from bruxism.
Exclusion criteria
1. Having sore teeth, gums, or symptoms of periodontal
disease in the past six months.
2. Parafunction of the jaw muscles resulting from other
sleep disorders, medical or neurological disorders, drug
or substance abuse.
3. Allergy to polyvinyl chloride and acid red 51 food coloring.
Brux Checker® fabrication and Data collection
Upon passing the inclusion criteria, participants

were instructed to photograph the wear facets on the

occlusal splint to confirm being the true bruxer. Then the
alginate impression was taken to fabricate a dental model
with dental stone. The dental model was then sent to a
laboratory to construct the Brux Checker® from the polyvinyl
chloride plate using vacuum pressure machine (Bio Star®).
(Fig. 1) Brux Checker® was given to the participant for familiarity
and observation of allergic reactions to polyvinyl chloride
and acid red 51 food coloring for ten minutes. (Fig. 2) Then
the participant was instructed to wear Brux Checker® at
bedtime and observe for the number of nights when the
wear marks on Brux Checker® first appeared. Once the
recording was completed, the participant inserted the Brux
Checker® on the dental model or in the box to prevent

tearing and sent it back to the researcher. (Fig. 3)

Figure 2 Wearing a Brux Checker® in the subject; 2a in frontal view, 2b in occlusal view
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of wearing it as well as the other subsequent nights that
the wear marks initially appeared. The relationship between
gender and Brux Checker®’s sensitivity and age range and Brux
Checker®’s sensitivity were determined using Chi-square
association statistics and the Fisher’s Exact Test.

The study was accredited by the Human Research
Ethics at the Faculty of Dentistry and Faculty of Pharmacy
Mahidol University No. MU-DT/PY-IRB2018/053.140.

Figure 3 Brux Checker® with wear marks The frequency distribution data obtained from 44

Data analysis participants was analyzed in four categories: gender, age

The information gathered and the nominal scale range, the presence of wear marks on the Brux Checker®

data, such as sex, age range, the number of participants on the first night, and the presence of wear marks on the
with wear marks on the first night and the number of Brux Checker® on other nights by using descriptive analysis.
nights wearing the Brux Checker® until the wear marks According to these data, there were 10 males (22.7%) and
appeared were distributed into groups. The sensitivity of 34 females (77.3%). Based on the age range, there were

the Brux Checker® for each night was calculated based 11 participants with the ages between 18 to 24 years old
on the number of samples who reported the presence of (25%) and 33 participants at the ages ranging from 25 to
the wear marks on the Brux Checker® after the first night 60 years old (75%). (Table 2)

Table 2 Demonstration of numbers of the participants classified by gender, age range, and the presence of wear marks on the Brux
Checker® on the first night

N =44 Independent variable Participants Wear marks on the first night
N (%) N (%)
Gender Male 10 (22.7 %) 9 (20.45 %)
Female 34 (77.3 %) 28 (63.64 %)
Age range 18 — 24 yrs. 11 (25 %) 8(18.18 %)
25 - 60 yrs. 33 (75 %) 29 (65.91 %)
In this study, the wear marks presented on the equaled to 6.8% and were consistent with the cumulative

Brux Checker® after the first night use were found in 37 sensitivity of 90.9% and 97.7%, respectively. On the fourth
participants of which the sensitivity was 84.1%. The numbers night, all participants had positive results with 100% of
of the positive results detected after the second and third cumulative sensitivity. (Table 3)

nights were increased to three participants per night and

Table 3 Demonstration of the frequency of the participants with wear marks presented on the Brux Checker® from the 1st to 4th night

Night with wear marks presented Numbers of participants with Cumulative sensitivity
positive wear marks (%)
N (%)
1% night 37 (84.1 %) 84.1
2™ night 3 (6.8 %) 90.9
3 night 3 (6.8 %) 97.7
4" night 1(2.2 %) 100
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The expected ideal sensitivity of the diagnostic
tool should approach 1. In this study, the sensitivity after
using Brux Checker® for one night was 0.841 or 84.1%.

The results of Fisher’s Exact Test of the data with
frequency less than 5in 1 cell of 2x2 table of total data

set, revealed no significant correlation between gender, or
age range and detected wear marks on the Brux Checker®
used on the first night with p-value > 0.05 and = 0.341,
respectively. (Tables 4 and 5)

Table 4 Demonstration of the correlation between gender and detected wear marks on the Brux Checker® used on the 1st night,

p-value > 0.05
Wear marks on the 1% night
Count Total
Positive Negative
Sex Male 1 10
Female 6 34
Total 7 44

Table 5 Demonstration of the correlation between age range and detected wear marks on the Brux Checker® used on the 1st night,

p-value = 0.341
Wear marks on the 1% night
Count Total
Positive Negative
Age range 18 - 24 yrs. 3 11
25 - 60 yrs. [ 33
Total 7 44

Discussion

While the authors expected to have the sensitivity
of the diagnostic tool approaching or equaling to 1 or 100%,
the sensitivity of Brux Checker® was as high as 84.1% after
one night of use. However, the sensitivity was 100% after
four nights of use. This can be due to the variable force
of teeth grinding of individuals during the week which
can lead to absent or shallow wear marks on intraoral
appliance in mild bruxers.”®

Initially, the study was designed in a randomly
systematically sampling manner to minimize the bias
during the sample collection, and the distribution of data
and study group population were expected to be normal.
However, during the experiment, the number of female
participants was approximately three times greater than
males, and most participants in our study were in the working
age. All these factors might affect data interpretation.

Interestingly, the correlation between age range

and sensitivity of the Brux Checker® tested on the first night

revealed that the sensitivity of Brux Checker® in diagnosis
of bruxism in participants between 18 to 24-year-old was
approximately four times lower than in 25 to 60-year-old
participants. Firstly, this can be due to the skewed dis-
tribution of the data resulting from the great difference
regarding the numbers of populations between 25 to 60-
year-old and 18 to 24-year-old participants. In our study,
the number of participants between 25 to 60-year-old
was three times greater than the number of participants
between 18 to 24-year-old. Therefore, the results may
not be reflective of a true correlation between the age
range and the sensitivity of the tool. Another possibility
is the psychological condition from stress and an urban
lifestyle which can contribute to the severity of bruxing
activity during sleep.” In addition, most 18 to 24-year-old
participants were university students in bachelor program,
thus they could suffer from academic study stress and

personal issues.” On the other hand, the 25 to 60-year-old
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participants were primarily under work pressure and stress
from several life-factors.” All of these conditions can be
associated with the severity of sleep bruxism. Similar to
the age range factor, the data distribution of the gender
was not in normal distribution because of the difference
in numbers of populations between males and females
which could affect the results of data analysis. This can
be due to several uncontrolled confounding variables.
In the present study, there was no statistical significance
between gender, age range, and bruxing activity detected
on the first night. However, the correlation between these
factors cannot be definitively excluded due to the above-
mentioned possibilities. On the contrary, some literature
suggested that gender displayed an association with
bruxism.” Some study explained that females likely paid
more attention to their oral health than males resulting in
an increased incidence of bruxism in female population.”

The aim of the future study is to focus on the
identification of correlation between factors that can impact
on the presence of wear marks on the Brux Checker®,
particularly gender and age range. In addition, the study
population selection method should be altered in order to
obtain the optimal normal distribution of the study data.

Unfortunately, there are few studies on the use
of the Brux Checker® in diagnosing bruxism, and none of
the studies report on how many nights to wear Brux Checker®.
Only patterns of tooth wear marks have been reported in
the form of horizontal grinding and vertical grinding, and the
results are used for the diagnosis and treatment of bruxism.**"**

Our study found that some participants did not
give positive results after the first night. Therefore, the
participants should continue to wear Brux Checker®until a
clear mark appeared since all participants were known bruxism
cases according to wear facets on their occlusal splints.

Our hypothesis would be accepted with the
confidence interval of 90%. The power of the test of the
diagnostic tool was only at 80% for this study. This could
be due to limitations in the funding budget and the criteria
for study participant recruitment might affect the number

of participants. However, if we consider the confidence

interval of our study at 95-99% and increase the population
size, the sensitivity and accuracy of the Brux Checker®
might increase. In addition, the Polysomnography test
should be applied in a future study to obtain the true
negative results in the participants who do not have

sleep bruxism for specificity calculation.

Conclusion

In this studly, the Brux Checker® has high sensitivity
at 84.1 % with 100% cumulative sensitivity after four-night
usage. Thus, the authors suggest that Brux Checker® should
be used at least for four consecutive nights as a preliminary

bruxism diagnostic method.
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Abstract

The year 2021 marks the breakthrough of the COVID-19 mRNA vaccine as a new class of medicine. The same
fundamentals of the mRNA-based vaccine could facilitate the development of mRNA-based regenerative therapy. Our
research group is working on mRNA encoding growth factors for periodontal regeneration in patients with periodontitis.
The objective of this study was to investigate protein expression after local administration of mRNA encoding platelet-
derived growth factor-BB (PDGF) encapsulated in lipid nanoparticles (PDGF mRNA) in ligature-induced rat periodontitis.
3-0 silk was placed around the maxillary left second molar for two weeks and then removed, while the maxillary right
second molar was left non-ligated. A significant bone loss analyzed by a stereomicroscope and micro-computerized
tomography and gingival bleeding at the ligature sites were observed as compared to the non-ligature sites. To
evaluate transfection and protein translation, different doses of PDGF mRNA including low dose (3 pg), medium
dose (10 pg), high dose (30 pg), and DPBS (control) and LNPs alone were injected into rat gingiva at palatal side. The
translated PDGF protein production was assessed 24 hours after the injection using enzyme-linked immunosorbent
assay (ELISA). High levels of PDGF production were detected at both ligature and non-ligature sites. The mean PDGF
levels in mRNA treated groups ranged from 10,912.54+1,893.94 to 51,883.91+7,415.45 pg/mg protein, whereas levels
in DPBS control and LNPs alone were negligible. PDGF protein expression showed a trend of dose response but the
differences between doses were not significant. Clinical findings at injected sites showed no erythema or swelling.
The histological findings showed no evidence of LNPs and other foreign substances of mRNA formulation remaining
in the tissues. In conclusion, this study of 24 hour-local delivery of PDGF mRNA-LNPs into rat periodontitis results
in highly translated PDGF protein without profound local inflammatory response. However, further studies into the

in vivo kinetics and therapeutic efficacy of mRNA are required.
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Introduction

For the past few decades, intensive research based
on tissue engineering strategies for periodontal tissue
regeneration has been the use of stem cells, scaffold, and
signaling molecules. Many growth factors such as platelet-
derived growth factors-BB (PDGF), insulin-like growth factors,
fibroblast growth factors, bone-morphogenetic protein (BMP)
have shown potential to regenerate the lost periodontal
tissues.! Recombinant human PDGF-BB (rhPDGF), GEM 215®
(Osteohealth, USA), has become the first growth factor
product, which was clinically approved by the U.S. FDAIn
2005 for periodontal regeneration. However, one of its
limitations in clinical application is the relatively short
half-life of growth factors in vivo, which typically range
from several hours to days. As a result, supraphysiologic
doses or several administrations are required, and such
high doses of growth factors may cause undesirable side
effects and increase the cost of therapy.” Gene therapy
is considered as an alternative approach to address the
drawbacks of protein delivery. The gene therapy involves
a delivery of DNA or mRNA encoding protein of interest
into the cells, thus allowing cell transfection and protein
translation to occur. Hence, one’s own body makes the
desired protein by themselves.’

In 2021, mRNA-based technology emerged in
the field of medicines by the first mMRNA vaccine against
SARS-CoV-2, which was approved by the U.S. FDA.* This
MRNA vaccine uses nucleoside-modified mRNA encoding,
a spike protein antigen, which is encapsulated with lipid
nanoparticles (LNPs). It is known that nucleoside modified
MRNA translated more protein than unmodified mRNA by
suppressing an inflammatory response, which can interfere
with protein translation.” Encapsulation of mRNA with
LNPs can protect mRNA from degradation by extracellular
ribonucleases MRNA and make mRNA more stable.’ Hence,
MRNA-LNPs technology has been recognized as the most
advanced platform in medicine. Now more than a billion
doses of MRNA vaccine have been used around the world
showing that the mRNA vaccine is both safe and effective.’
Likewise, the same mRNA technology platform could be
applied for mRNA-based therapeutics.

In the field of MRNA-based regenerative medicine,
Zangi et al., (2013) showed that the use of modified mMRNA

encoding human vascular endothelial growth factor-A
(VEGF-A mRNA) in a mouse myocardial infarction model
could enhance the formation of new blood vessels in
infarction area and the survival rate increased as compared
to controls (no MRNA administration).” The phase 2 study
showed safety and improved heart function after direct
injections of VEGF-A mRNA into the hearts of 11 patients
with coronary diseases during open heart surgery, suggesting
a promising clinical outcome of VEGF-A mRNA treatment for
heart tissue regeneration.’ Currently, the phase 3 clinical study
of VEGF-A mRNA in a larger number of heart failure patients
are ongoing, and the results are pending till next year."

Our research group has studied the potential use of
mMRNA encoding growth factors for periodontal regeneration.
High protein expression was demonstrated after 24 hour-
transfection in vitro of primary human periodontal lisament
cells and primary human gingival fibroblasts with modified
mRNA encoding PDGF." Furthermore, we demonstrated in
vivo that direct injection of modified PDGF mRNA in healthy
rat gingiva induced high protein translation.”” Therefore,
the present study investigated protein translation following
gingival injections of PDGF mRNA in rat periodontitis. A
ligature-induced periodontitis in rats was selected as a
study model since it mimics the pathogenesis of periodontitis
in humans caused by dental plaque accumulation around
the ligature."” Different mRNA doses were also tested.
Findings from this study will provide information regarding
the use of ligature-induced periodontitis in rats for further
investigation of PDGF mRNA therapeutic efficacy for

periodontal regeneration.

Materials and methods

- . PN . i :
ncoding PDGFE
The nucleotide sequence of human PDGF was
designed by Professor Rangsini Mahanonda and Professor
Sathit Pichyangkul, and the N1-methylpseudouridine -
modified mMRNA encoding PDGF was synthesized by Dr.
Norbert Pardi (University of Pennsylvania, USA)."

Li re-in xperimen ri ntitis in r.
Animal care and experimental procedures were

approved by the Ethics committee at Faculty of Tropical
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Medicine-Institute Animal Care and Use Committee at
Mahidol University (Certificated no. FTM-IACUC 012/2019).
Sprague-Dawley male rats (six weeks old) were purchased
from Nomura Siam International Co.,Ltd. (Bangkok, Thailand)
and adopted in individually ventilated cages with a 12-hour
light/dark cycle for a week before the beginning of the
experiment. Figure 1A demonstrated experimental design of
lisature-induced rat periodontitis. Rats were anaesthetized

by intraperitoneal injection with Zoletil (40 mg/kg) and

Xylazine (5 mg/kg). Induction of experimental periodontitis
in rat, silk ligatures (3-0 silk threads, Johnson & Johnson,
New Brunswick, NJ, USA) were placed on the maxillary
left second molar for two weeks (Fig. 1B). Suture was
tied firmly with a double-knot on the buccal side of the
maxillary left second molar. The maxillary right second
molar was left non-ligature (Fig. 1B). The animal was fed with
regular diet, received postoperative care, and the ligature

was checked at one week post-ligation.

A Day -1%

Ligature placement
at maxillary left second molar

}

Group 1: untreated

(n=6)

Anterior

Right Left

Posterior

Figure 1 Overview of the experimental design. (A) Diagram of ligature-induced rat periodontitis and the intra gingival delivery of DPBS,
LNPs, and PDGF mRNA-LNPs. (B) In each rat, ligature was placed around the maxillary left second molar while the maxillary

right second molar was not ligated. (C) Black dots indlicate the injection sites. (DPBS = Dulbecco’s phosphate-buffered saline,

LNPs = lipid nanoparticles, PDGF mRNA-LNPs = N1-methylpseudouridine - modified mRNA encoding platelet derived growth
factor-BB encapsulated with LNPs).

Administration of DPBS, LNP NI -
RIA ine PDGE in LNP

All ligatures were removed after two weeks of
ligation The animals were randomized into six groups (six
to seven animals per group) as demonstrated in Figure 1A.
The first group was immediately sacrificed and served
as the untreated group. Groups 2 to 6 received different
substances by intra gingival injections. The injection was

performed at six sites (Fig. 1C) with the volume of 6 pl

Ligature removal

/ -\ (palatal) and maxilla

Collection of gingival tissues
(palatal) and maxilla

Collection of gingival tissues

Intragingival injection of DPBS,
LNPs and PDGF mRNA-LNPs

|

Group 2: DPBS (n=7)

Group 3: LNPs (n=7)

Group 4: Low-dose mRNA (n=7)
Group 5: Medium-dose mRNA (n=7)
Group 6: High-dose mRNA (n=7)

c

Anterior

Posterior

solution per site, which contained DPBS (group2, control);
LNPs only (group3); 3 ug PDGF mRNA (group4, low-dose
MRNA); 10 g PDGF mRNA (group5, medium-dose mRNA);
and 30 pg PDGF mRNA (groupé, high-dose mRNA). A total
volume of 36 ul solution was given to each rat. All animals
(group 2-6) were sacrificed 24 hours after administration.

In each group, four rats were harvested for maxillae.
In each maxilla, gingival tissues (palatal side) were used

for measurement of protein production, while the remaining
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maxillae were used for alveolar bone measurement. The
other two to three rats in each group were used for micro-
computerized tomography (micro-CT) imaging and sub-
sequently for histological analysis.
M rement of alv r bone lev

Rat maxillae were dissected and defleshed in 5%
sodium hypochlorite for seven days. Pictures of these
samples were taken under stereomicroscope (Olympus
SZ61; Olympus Corporation, Tokyo, Japan) and analyzed
alveolar bone level by ImageJ 1.52a software program
(National Institutes of Health, USA). Two to three maxillae
per group were scanned under a micro-CT system (Micro-CT
u35 scanco; SCANCO medical, Brittisellen, Switzerland)
and generated 3D images of the maxillae. All images of the
maxillae were analyzed at the buccal and palatal sites.
To identify alveolar bone loss, the mean distances from
cementoenamel junction (CEJ) to alveolar bone crest (ABC)
were measured at five sites on each surface (distobuccal or
distopalatal line angle of maxillary first molar, mesiobuccal
or mesiopalatal line angle, mid-buccal or mid-palatal,
distobuccal or distopalatal line angle of maxillary second
molar, mesiobuccal or mesiopalatal line angle of maxillary
third molar).
M rement of protein pr ion

Gingival tissues at the palatal side were collected
with a sulcular incision at the mesiopalatal line angle of
maxillary first molar to distopalatal line angle of maxillary
third molar and a horizontal incision was made approximately
2-3 mm below the gingival margin. The collected gingiva
was weighed and homogenized in RIPA (extract protein)
with protease inhibitor cocktail (Sigma, St. Louis, MO, USA).
The homogenates were then centrifuged at 16,000 rpm
for 15 minutes at 4°C. The amount of total proteins was
measured by a BCA protein assay kit (PierceTM BCA Protein
Assay; Thermo Scientific, Co., Ltd., Rockford, IL USA). The
levels of PDGF protein, |L—1B and TNF-OL were measured
using enzyme-linked immunosorbent assay (ELISA) kits
(Quantikine® ELISA; R&D System, Inc., Minneapolis, MN, USA).
The sensitivity of the |L—1B and TNF-QL was < 5 pg/ml,

according to the manufacturer.

Hi i Vi ion

After micro-CT scanning, the maxillae were
decalcified in 10 % ethylenediaminetetraacetic acid
solution at 4°C for two weeks. Decalcified maxillae
were dehydrated and embedded in paraffin. The serial
section of specimens was performed in 7 um thickness
in mesio-distal direction and stained with hematoxylin
and eosin (H&E) to analyze inflammatory cell infiltration.

isti nalysi

All data were analyzed by the statistical software
SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Data between
non-ligated site and ligated site were compared by Paired
T-test. Differences among groups were analyzed by ANOVA
followed by multiple comparisons with Bonferroni’s post
hoc test. The statistical significance was considered as

P-value < 0.05.

Ligature-induced periodontitis model in rats

In group 1, after two weeks of ligature placement,
the mean alveolar bone loss of the ligature site was 0.7
+0.04 mm (0.63 + 0.05 mm on buccal sides and 0.78 +
0.07 mm on palatal sides). Whereas the mean alveolar
bone loss of non-ligature sites was 0.5 + 0.05 mm (0.35 +
0.02 mm on buccal sides a nd 0.66 + 0.08 mm on palatal
sides) (Fig. 2A - 2C). There was significantly more bone loss
at the ligature sites than at the non-ligature sites, indicating
an established periodontitis model with periodontal bone
loss in rats.

In eroup 1, both non-ligature and ligature sites
showed low levels of inflammatory cytokine |L—1B <50
pg/mg protein, with no significant differences between
the two sites (Fig. 2D). TNF-OL was not detected.

H&E stained sections of the ligature sites showed
ulcerated epithelium, crestal bone loss and the presence
of inflammatory infiltrates (Fig. 3E,3F), while non-ligature
sites showed intact sulcular epithelium and some cellular
infiltrates (Fig. 3B,3C). These histological findings corresponded
to the 3D micro-CT imaging (Fig. 3D, 3A).
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Figure 2 Bone loss and cytokine production after 14 days of non-ligature and ligature sites in group 1. Representative stereomicroscope
images from the buccal surfaces of (A) non-ligature, and (B) ligature sites (20x magnification; scale bar = 1 mm) (n=4). (C) The
distance (mm) was from cementoenamel junction (CEJ) to alveolar bone crest (ABC), the linear measurement under stereo-
microscope. Data shown are mean + SE of the CEJ-ABC distance from the buccal side, palatal side, and total (the sum of
buccal and palatal sides) (n = 4; *p < 0.05; ** p < 0.001, compared between non-ligature and ligature sites; Paired T- test)
and (D) inflammatory cytokine levels of IL—Z[_)) and TNF-QL in gingival tissues (palatal site). Data shown are mean + SE (n = 4).
(IL-1 B = interleukin-1 beta, TNF-OL = Tumor necrosis factor-alpha)

Figure 3 Representative of micro-CT images and histological findings after 14 days of (A) non-ligature and (D) ligature sites in group 1. The
corresponding H&E-stained sections of (B&C) showed intact sulcular epithelium and some inflammatory cell infiltrates whereas
(E&F) showed ulcerated epithelium and the presence of inflammatory cell infiltrates in the ligature site. (B&E; original magnification
x4; C&F; original magnification x20; B= alveolar bone; G= gingival epithelium; C= connective tissue)
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Expression of PDGF and inflammatory cytokines after local
delivery of PDGF mRNA-LNPs in rat periodontitis model

After 24 hours of gingival injection of PDGF mRNA,
clinical findings at the injected sites showed no erythema
or swelling. The expression levels of translated PDGF protein
tended to increase as MRNA dose increased at both non-
ligature and ligature sites (group 4, 5, 6) (Fig. 4A). At each
mMRNA dose, there was no statistically significant difference
in protein production between non-ligature and ligature
sites. Negligible amount of PDGF protein was detected in
DPBS control (group 2, ranging from 19.26 + 2.01 to 24.13 +
3.93 pg/mg protein) and LNPs (group 3, ranging from 18.79 +
1.83 t0 21.96 + 2.3 pg/mg protein) (Fig. 4A). At the non-
ligature sites, the mean PDGF protein was 51,883.91 +
7,415.45 pg/mg protein at the high-dose mRNA; 24,666.22 +
5,782.93 pg/mg protein at the medium-dose mRNA; and
10,912.54 + 1.893.94 pg/mg protein at the low-dose mRNA
group. It was found that the medium-dose mRNA and
high-dose mRNA groups resulted in significantly higher
protein production than the control and LNPs groups. In
addition, the translated protein in the high-dose mRNA

and medium-dose mRNA groups. At the ligature sites, the
mean PDGF protein was 48,012.66 + 16,063.13 pg/mg
protein at the high-dose mRNA; 41,134.63 + 10,430.55
pg/mg protein at the medium-dose mRNA; and 15,918.79
+ 7,681.11 pg/mg protein at the low-dose mRNA. It was
found that the mean protein levels were significantly
higher only in the high-dose mMRNA-LNPs group than the
control and LNPs groups.

In addition to PDGF protein production, the
levels of inflammatory cytokines including IL—1B and
TNF-OC were assessed after injection of PDGF mRNA. TNF- X
production was undetected in all groups, whereas |L—1B
production was observed with the mean ranging from
72.08+13.24 to 1,458.44 +180.51 pg/mg protein. The IL-1B
level was higher in LNPs and high dose of mRNA groups
compared to the other groups, however the difference
was not statistically significant. (Fig. 4B).

The H&E staining showed no evidence of LNPs and
other foreign substances of MRNA formulation remaining in
the tissues. There was no significant inflammatory infiltration in

any of the animals that received PDGF mRNA (data not

group was significantly higher than in the low-dose mRNA shown).
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Figure 4 Production of (A) PDGF protein and (B) /L—JB in palatal tissues after gingival injection with DPBS control, LNPs and PDGF mRNA
(low, medium, and high doses) in non-ligature and ligature sites. Data shown are mean + SE (*p<0.05, compared between
non-ligature and ligature sites; #p<0.05, compared to control group; tp<0.05, compared to LNPs group; §p<0.05, compared
to low-dose mRNA group; ¥p<0.05, compared to medium-dose mRNA group; one-way ANOVA and Bonferroni’s post hoc tests),
(DPBS = Dulbecco’s phosphate-buffered saline, LNPs = lipid nanoparticles, PDGF mRNA = N1-methylpseudouridine - modified
mRNA encoding platelet derived growth factor-BB encapsulated LNPs)
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Discussion

This study is the first study to explore the potential
application of MRNA encoding PDGF-BB for periodontal
regeneration in periodontitis. Local delivery of PDGF-BB
MRNA in LNPs in ligature-induced rat periodontitis demon-
strated a high production of the PDGF-BB protein. Although
the translated protein showed a dose response trend, the
differences in protein levels among different mRNA doses
were not statistically significant.

The ligature model was used to establish perio-
dontitis in the present study since it is a well-known
approach to induce periodontitis and has been used in
many relevant studies for testing efficacy of biological
reagents.”” This model is reported to be similar to human
periodontitis in various aspects, as the alveolar bone
resorption depends on bacterial plague and inflammation
of gingival tissue. Numerous studies of ligature-induced
periodontitis in rodents showed alveolar bone loss, which
is a hallmark of periodontitis.”**** In this study, the ligature-
induced periodontitis model was successfully established
in rats by ligation, as the alveolar bone loss at ligature sites
was significantly greater than at non-ligature sites on both
buccal and palatal surfaces. Our results supported previous
studies that used a similar technique with 3-0 silk for
2-week ligation."" However, the level of inflammatory
cytokine and the presence of inflammatory infiltrates
were not different between the ligature site and the non-
lisature site. This could possibly be explained by the timing
of tissue collection for cytokine and histological analysis.
Our study was conducted on day 14 after ligation, which
was later than some other previous studies.’*”* Alveolar
bone loss with intense infiltration of inflamsmatory cells
was observed at days 7-9 following ligature placement and
then markedly declined.”®” IL-1[3 and TNF-OL gene expression
was also significantly elevated as early as days 1-3."*” Those
studies used real-time PCR to measure mRNA expression,
whereas our study used ELISA, a reliable and appropriate
method for investigating the protein levels of secreting

cytokines. In addition to observation period, differences in

host genetic variations on immune responses and plaque
accumulation may contribute to variation in inflammation.

In a previous in vivo study of kinetic protein expression
following local delivery of pseudouridine-modified PDGF
mRNA in a healthy rat, the peak of PDGF protein translation
was observed in gingival tissues 24 hours after intra gingival
injection.'” Therefore, the time frame used for protein
analyses in this study was 24 hours.

The mRNA formulation used in this study was N1-
methylpseudouridine-modified mMRNA encapsulated with
LNPs. In comparison to our previous study with pseudouridine-
modified mMRNA, N1-methylpseudouridine-modified mRNA
encapsulated with LNPs resulted in higher protein translation
and expression at the same time point (24 hours following
intra gingival injection).” This could be explained by the
use of the modified nucleobase N1-methylpseudouridine
that has been shown to effectively decrease intracellular
innate immune signals and, thus, improve mRNA stability.21
In addition to the mRNA based modification, LNPs were
employed to protect mRNA from RNase degradation and
promote intracellular entry.” Because of their ease of
manufacture and ability to improve mRNA translational
capacity, LNPs are widely used as a carrier for mRNA, for
example, in mMRNA COVID-19 vaccine. The structure of LNPs
consist of phospholipids, cholesterol, ionizable cationic lipids
and PEGylated lipids for support, stabilization, complexation
of negatively charged mRNA molecules, facilitating endosomal
escape, and reducing nonspecific endocytosis by host immune
cells, respectively.”” However, previous pre-clinical studies
reported that cationic lipid component in LNPs could
activate an inflammatory response via NF-KB activation,
and the production of TNF-0¢ IL-1[3, IL-6 and IFN-Y.%**" In this
study, we found that LNPs and high-dose mRNA groups
had higher level of |L—1B in compared to other groups,
however, we did not observed clinical swelling or erythema
at the injected gingiva. Although, LNPs-induced inflammatory
response could serve as an effective adjuvant for an mRNA-

LNPs vaccine, this inflammation may be unfavorable for
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tissue regeneration. Therefore, development of new types
of noninflammatory delivery molecules that protect
therapeutic mRNA from degradationand facilitate its
cellular uptake would be required to address the issue
of LNP-induced immune system activation.

Safety is a major concern when using mRNA as
a therapeutic option in patients with periodontitis. The
mMRNA dosage used in our experiment ranges from 3 - 30 g
PDGF-BB mRNA/animal, which is considered lower than
the previous study by Zangi et al. (2013). They injected
200 pg VEGF mRNA/animal into the myocardium of mouse
myocardial infarction model. Their results showed improved
heart function, no adverse effects and enhanced long term
survival (1 year).? Of importance, it is becoming clear that
COVID-19 nucleoside- modified mRNA-LNP vaccines have
shown a strong safety and efficacy profile (>90%)”® and
to date, 12.68 billion doses of these vaccines have been
used around the world.” The success of an mRNA vaccine
is likely to facilitate the development of other mRNA-based
therapeutic products. However, a future long-term study
investigating safety and therapeutic efficacy of PDGF-BB

mMRNA in small and large animals is required.

Conclusion

PDGF expression was detected in gingival tissues
in a periodontitis model following an intra gingival injection
of PDGF mRNA-LNPs without profound local inflammatory
response. A further study is required to evaluate the
therapeutic effect of PDGF-BB mRNA.
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Abstract

Chronic lymphocytic leukemia deletion 7 (CLLD7) and chromosome condensation 1-like (CHC1L) proteins
are putative tumor suppressor proteins that have never been studied in oral potentially malignant disorders (OPMDs).
This study aimed to evaluate the expression of these two proteins in OPMDs which encompassed oral leukoplakia,
oral lichen planus (OLP), and oral lichenoid lesions (OLL). The histopathological features of oral leukoplakia were
acanthosis with or without hyperkeratosis and mild to severe epithelial dysplasia. Therefore, five groups including
acanthosis with or without hyperkeratosis, mild, moderate, and severe dysplasia and the last group OLP/OLL were
subjected to immunohistochemistry using normal oral mucosa as a control. In each case, random areas were selected
and photographed after immunohistochemistry, then at least 1000 cells were counted. For CLLD7 and CHC1L, nuclear,
cytoplasmic, and/or membrane staining were considered positive. Positive cells at different locations were evaluated.
SPSS version 18 was used to compare the variation of protein expression among groups with a statistical significance
at p<0.05. CLLD7 and CHCLL proteins were expressed in all cases of NOM and OPMDs. Compared to the acanthosis
group, nuclear staining of CLLD7 was significantly lower in the severe epithelial dysplasia and the OLP/OLL groups.
Although increased cytoplasmic staining of CLLD7 was observed in all OPMDs groups compared to the NOM group,
a statistically significant difference was observed between the mild and moderate epithelial dysplasia groups
compared to the NOM group. Regarding CHC1L staining, the percentage of nuclear staining was reduced, whereas
membrane staining was increased in all OPMD groups compared to the NOM group. However, a statistically significant
difference was observed between the severe epithelial dysplasia and OPL/OLL groups compared to the NOM group.
In conclusion, the altered subcellular localization of CLLD7 and CHC1L in OPMDs suggests that the expression of
these putative tumor suppressor proteins might be dysregulated during the early malignant transformation processes

of oral cancer.
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Introduction

The International Agency for Research on Cancer
(IARC) reported that lip and oral cavity cancers accounted
for 377,713 cases and 177,757 deaths worldwide in 2020.!
In the same year, in Thailand, lip and oral cavity cancers
ranked as the tenth most common cancer, 2.5 % of all
new cancer cases.” The most common malignant tumor
of the oral cavity was oral squamous cell carcinoma
(OSCQ).>* Northeastern Thailand is the region where the
incidence of oral cancer is relatively high®® and strongly
associated with tobacco smoking, alcohol use, and betel
nut chewing habits.” These risk factors have some ingredients
and metabolites which can gradually cause normal tissues
to transform into oral potentially malignant disorders
(OPMDs) and malignant tumors.®

As suggested by the WHO, OPMDs are any clinical
presentations or conditions of tissue alteration that are
hazardous to becoming cancers.” Therefore, early detection
of OPMDs leads to confirmatory investigations and timely
appropriate treatments. OPMDs consist of oral leukoplakia,
oral erythroplakia, palatal lesions in reverse smokers,
oral submucous fibrosis, oral lichen planus (OLP), oral
lichenoid lesion (OLL), discoid lupus erythematosus, actinic
cheilitis, and inherited cancer syndromes.” Regarding
leukoplakia, it could be histopathologically diagnosed as
acanthosis with or without hyperkeratosis, mild or moderate
or severe epithelial dysplasia. Therefore, leukoplakia
specimens were selected for this study. In addition, OLP/
OLL were also included since it is one of the OPMDs.

Clinical and/or histopathological examinations
are not always enough to prove the malignant potentials
of OPMDs; investigations at a molecular level will complement
these methods to confirm occurrences of genetic alterations
more precisely." This comprehensive integration is based on
the biological fact that cumulative alteration of subcellular
structures such as DNAs, RNAs, and proteins influences the
replication and differentiation of normal cells to progress
to OPMDs and invasive cancer."

RCBTB proteins (Regulator of chromatin con-

densation 1 and Broad complex, Tramtrack and Bric a

brac domain-containing proteins) belong to one of the
subgroups of proteins under RCC1 (Regulator of Chromatin
Condensation 1) superfamily proteins, which function as a
GEF (guanine nucleotide-exchange factor) of Ran (Ras-related
nuclear protein). Ran acts as a biological switch cycling
between GTP-bound “on” and GDP-bound “off” states.
Thus, RCC1 operating through Ran plays an essential
role in cell cycle regulation, chromatin condensation,
nucleocytoplasmic transport, mitotic spindle formation,
and nuclear envelope assembly.”” There are three
members of RCBTB proteins, namely, CLLD7 (RCBTB1),
CHC1L (RCBTB2), and IBtk (inhibitor of Bruton’s tyrosine
kinase), but in this study, only CLLD7 and CHC1L will
be investigated.

Mabuchi et al. created a high-resolution physical
map of chromosome 13q14 covering the critically deleted
region in B-cell chronic lymphocytic leukemia® and
identified three novel genes that were CLLD6, CLLD?,
and CLLD8. The CLLD7 gene encodes the CLLD7 protein
containing the RCC1 domain at the NH2 terminus and the
broad complex, tramtrack, and bric-a-brac (BTB) domain
at the COOH terminus."”” These structural components give
the CLLD7 protein the official name RCBTB1 (RCC1 and
BTB domain-containing protein 1)." In addition, Zhou and
Munger investigated the biological roles of CLLD7 in different
human cancer cell lines. They reported a decreasing
expression of CLLD7 in human cancer cell lines, which
subsided in cell apoptosis.™ Thus, it is possible that CLLD?,
as a novel protein involved in cell cycle mechanism, and
transcriptional repression of several proteins, can be a
tumor suppressor protein.”

Another novel gene, CHCIL, was discovered by
Devilder et al. The gene was later designated as RCBTB2
since it contains RCC1 and BTB domains similar to CLLD7."°
The evaluation of the mapped clones determined the
CHCIL gene to be located on chromosome 13g14.3.
Protein analysis revealed a significant resemblance be-
tween the CHCIL N-terminal amino acid sequence and

the seven intradomain repeats of the RCC1, so CHC1L is
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qualified to be a new member of the RCC1-related GEF
family."” CHC1L may function in the cell cycle, nucleocyto-
plasmic transport, and human cell growth, possibly in the
transfer of an anti-oncogenic signal.'® Even though there
is no distinct evidence to date, CHC1L was still considered a
candidate tumor suppressor gene. Latil et al. in 2002, reported
the loss of heterozygosity (LOH) and decreasing expression
of CHC1L in human prostate cancer.'” According to a study by
Spillane et al., CHC1L-deficient mice succumbed to multiple
cancers, including histiocyte-rich neoplasms suggesting
that CHC1L plays a role in preventing tumorigenesis.'®

Detection of changes or abnormalities of cells
from the beginning stage by the molecular technologies
accompanied by conventional examination promotes
effective prevention, early diagnosis, and possible treatment.'’
Our previous study analyzed the expression of CLLD7 and
CHC1L proteins in OSCC specimens and compared them
to the normal oral mucosa (NOM)."” Mislocalization of CLLD7
and CHC1L proteins were found." Therefore, this study
aimed to assess and compare the expression of these two
proteins in NOM and OPMDs, including acanthosis with
or without hyperkeratosis, various degrees of epithelial
dysplasia, and OLP/OLL using immunohistochemistry in
biopsy specimens obtained from a group of participants

in the lower part of Northeastern Thailand.

Materials and methods

This is a laboratory-based and observational
cross-sectional study. Biopsy specimens were obtained
from the “Development of Disease Management Model
for Oral Cancer with an Integration Network of Screening,
Surveillance, and Treatment in Northeast Health District”
project during 2018-2019 or the Faculty of Dentistry,
Mahidol University to assess the expression of CLLD7 and
CHCIL in OPMDs and NOM using immunohistochemistry.
The research was approved by the Committee on Human
Rights Related to Human Experimentation, Faculty of
Dentistry/Faculty of Pharmacy, Mahidol University (MU-
DT/PY-IRB 2020/059.2909, MU-DT/PY-IRB 2019/041.0307
and MU-DT/PY-IRB 2018/025.1106). Demographic data of

the participants were retrieved from the questionnaires
or pathological report forms without recording the
name of the participants. Only age, gender, risk factors
that contributed to OPMDs and oral cancers, site, and
characteristics of the lesions were recorded.
Tissue specimens

The OPMDs identified as white and/or red patches
were clinically diagnosed as oral leukoplakia, OLP, or
OLL by board-certified oral medicine specialists or oral
surgeons who performed biopsies at the screening clinics
for the OPMDs and oral cancer project. Board-certified oral
and maxillofacial pathologists at the Faculty of Dentistry,
Mahidol University, made histopathological diagnoses of
the biopsied specimens as acanthosis with or without
hyperkeratosis, various degrees of epithelial dysplasia,
OLP, or OLL. Since there was no data regarding the use of
the drug(s) that can induce OLL, history of dental restoration
in the oral cavity, or history of liver disease, the term
OLP/OLL is used in this study. The inclusion criteria of
each group were as follows. 1) NOM group; male or female
patients at the ages older than 15 years old who attended
the Faculty of Dentistry, Mahidol University for impacted
third molar removal were asked to participate. NOM
specimens that served as normal controls were obtained
from the flap of tissue left over from the removal of impacted
third molars. These tissues were histopathologically free
from inflammation and dysplasia. 2) Oral leukoplakia;
male or female participants at ages equal to or older than
40 years old attended the screening for OPMDs and oral
cancer in the northeastern areas of Thailand were
requested to participate. The clinical diagnosis of oral
leukoplakia was made according to Warnakulasuriya
and colleagues, 2007.”° Specimens included acanthosis
with or without hyperkeratosis, mild, moderate or severe
epithelial dysplasia. 3) OLP/OLL; male or female participants
at ages equal to or older than 40 years old attended the
screening for OPMDs and oral cancer in the northeastern
areas were recruited. The clinical and histopathological
diagnosis of OLL/OLP was according to the WHO criteria for
the diagnosis of OLP/OLL, 2016.”' Complete demographic
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data and risk factors for oral cancer were also received.
The specimens with incomplete data on demography
and risk factors were not included in the study. Biopsy
specimens with poor orientation and superficial ulceration
were excluded from the study. Due to the limitation of
tissue samples and immunohistochemical technique, only
six samples were used in each group of NOM and OPMDs
in this preliminary study. In addition, some tissue samples
were too small for the staining of both proteins. Therefore,
a substitution of tissue samples was made leading to different
groups of tissue specimens from different participants
for CLLD7 and CHC1L immunohistochemistry.
Immunohistochemical analysis

Three-um-thick tissue sections of NOM and OPMDs
were cut and mounted over aminopropy!-triethoxysilane
(APES) coated slides, then deparaffinized and rehydrated.
Sections were incubated with 3% HO,to block endogenous
peroxidase. Antigen retrieval was performed by heating the
sections in citrate buffer pH 6.0 using a microwave oven.
After washing with phosphate-buffered saline pH 7.6 with
0.1% Tween 20 (PBS-T), the sections were blocked using
5% bovine serum albumin (BSA). Next, the primary antibody
diluted in commercially available diluent was applied over
the tissue sections. Slides were then kept inside a humidifier
and incubated overnight at 4°C. The dilution of the primary
antibody used for CLLD7 (ab233533, Abcam, Cambridge, UK)
and CHC1L (ab175505, Abcam, Cambridge, UK) was 1:400.
On the second day, after draining off the primary antibody,
slides were rinsed in PBS-T with gentle agitation. A horseradish
peroxidase (HRP)-conjugated secondary antibody (Dako
REAL® EnVision®/HRP, Rabbit/Mouse (ENV), Dako, Denmark)
was applied over the sections and incubated for 30 minutes
at room temperature in a humidified environment. After
thorough washing, the color was developed by incubating
with freshly-made diaminobenzidine (DAB) solution. Sections
were then washed and counterstained with hematoxylin
before dehydration and mounting. A diluent with no primary

antibody was used as the negative control reagent. Sections

of the mouse brain were used as the positive controls for
CLLD7 and CHCIL staining.
Evaluation of CLLD7 and CHCI1L expression

For CLLD7 and CHCLL, the presence of nuclear,
cytoplasmic, and/or membrane staining was considered
positive. Photographs of five random fields were taken
for each case using a light microscope (X400 magnification).
At least 1000 cells were counted in each case. The number
of positive cells at different subcellular localizations (nuclear
staining, cytoplasmic staining, and membrane staining)
was counted using ImageJ software, and the percentage
of these cells at various subcellular locations was reported.
Cells that exhibited staining with a very faint intensity which
is as intense as the background were not counted. The
primary investigator (S.S.) was calibrated with a board-certified
oral medicine specialist (S.P.K.) to count the positive cells
and identify the localization of the proteins. The intraclass
correlation coefficients (ICCs) were calculated for each
location of staining and it was found that the ICCs were
between 0.85-0.94. After the counting, photographs were
also randomly selected and re-evaluated by S.S. and S.P.K.
to see if the counting was correct. If there was any discrepancy,
corrections were made immediately.
Statistical analysis

Statistical analysis was performed with SPSS Statistics
version 18. Demographic, clinical, and histopathological
data were reported by descriptive statistics. In addition,
the normality of the percentage of positive cells was
analyzed by the Shapiro-Wilks test. In the case of normal
distribution, Levene’s Test for Equality of Variance was
used. When equal variances were assumed, and at least
one pair was significantly different, one-way ANOVA and
Post Hoc tests were used. However, when equal variances
were not assumed and at least one pair was significantly
different, the Welch and Post Hoc tests were used. In cases
where normal distribution was not applicable, the Kruskal-
Wallis test and pairwise comparisons were used. Significant

differences were established at p<0.05.
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CLLD7 immunohistochemistry

The characteristics of the participants for CLLD7
immunohistochemistry are presented in Table 1. The mean
age of the participants in the NOM group was approximately
20 years and in the OPMDs groups was 63.13+7.18 years.
Female participants (n=24) were more common than male
participants (n=12).

Data regarding the localization of CLLD7 are
presented in Table 2 and Figure 1. The representative
images of CLLD7 immunostaining in each group are shown

in Figure 2. Membrane staining was scarcely observed in all

groups which made the median number almost 0 (Table 2).
Nuclear and cytoplasmic staining of CLLD7 were observed
in all groups. No significant difference was observed for
nuclear staining between the NOM group and all other
groups (Fig. 1). However, a significant reduction was found
between 1) the severe epithelial dysplasia and OLP/OLL
groups compared to the acanthosis group, 2) the severe
epithelial dysplasia and OLP/OLL groups compared to
the mild epithelial dysplasia group, and 3) the severe
epithelial dysplasia group compared to the moderate

epithelial dysplasia group.

Table 1 Characteristics of participants for CLLD7 immunohistochemistry

Groups Sex (M/F) Age (MeanSD) Site (n) Associated
Range (years) risk factors (n)
NOM 3/3 19.83+2.71 Pericoronal tissue of 3" None
(n=6) (15-23) molar from mandible (5)
Pericoronal tissue of 3"
molar from maxilla (1)
Acanthosis 2/4 67.00+£9.25 Alveolar ridge (1) Smoking (3)
(n=6) (50-76) Buccal mucosa (4) Alcohol consumption (1)
Tongue (1) Betel nut chewing (1)
Working in sunlight (4)
Mild dysplasia 3/3 64.50+8.09 Buccal mucosa (1) Smoking (5)
(n=6) (49-71) Gingiva (2) Tobacco (2)
Tongue (2) Betel nut chewing (1)
Lower lip (1) Working in sunlight (1)
History of cancer (1)
Moderate dysplasia 0/6 65.67+6.62 Buccal mucosa (3) Smoking (3)
(n=6) (55-72) Edentulous area (1) Smokeless tobacco (3)
Labial mucosa (1) Alcohol consumption (1)
Lower lip (1) Betel nut chewing (4)
Working in sunlight (2)
Severe dysplasia 1/5 65.33+6.80 Buccal mucosa (3) Smoking (4)
(n=6) (54-72) Lower lip (1) Smokeless tobacco (1)
Labial mucosa (1) Alcohol consumption (1)
Tongue (1) Betel nut chewing (4)
Working in sunlight (3)
OLP/OLL 3/3 63.17+9.30 Buccal mucosa (6) Smoking (4)
(n=6) (51-73) Alcohol consumption (2)

Working in sunlight (4)

NOM: normal oral mucosa; OLP/OLL: oral lichen planus/oral lichenoid lesion
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Table 2 Percentage of subcellular localization of CLLD7 and CHCIL

Protein and Category
localization NOM Acanthosis Mild Moderate Severe OLP/OLL P-Value
Dysplasia Dysplasia Dysplasia
Nucleus 56.10+3.00 %  64.31+6.38°  60.23+1.83*  59.90+5.02°  4564+527°  46.97+435°  0.035"
Cytoplasm 0 1.96 48.44 58.74 25.17 10.07
5 0.005°
= (0.00,0.29)°  (0.23,57.46) ° (29.27,61.63)° (35.08,72.88)° (18.16,51.34)° (1.91,19.92)°
@]
Membrane 0 0 0 0 0 0
0.671"
(0.00,0.01)®  (0.00,0.00)°  (0.00,0.00)°  (0.00,0.03)°  (0.00,0.03)"  (0.00,0.00)"°
Nucleus 45,52 16.92 5.75 6.50 5.60 4.12
0.003"
(36.62, 64.22)°  (6.31,24.33)° (2.10,11.43)°  (4.80,857)"  (0.35,11.21)°  (3.75,8.89)"°
= Cytoplasm 0 3.27 2.28 5.18 2.65 0.80
0 0.178"
v (0.00,0.33)°  (0.00,12.63)°  (0.71,3.44)°  (0.00,9.51)°  (0.00,5.83)°  (0.38,1.97)°
Membrane 1.13 9.88 32.11 26.34 50.55 46.19
0.002"

(0.00,11.29)° (232, 15.68) °

(14.64, 49.70) ® (21.55, 52.64) °

(26.27, 58.05) °

(32.27,61.91) °

“Mean+SEM; #One-way ANOVA test; *median (Q1, Q3): 'Kruskal-Wallis test: NOM: normal oral mucosa, OLP/OLL: oral lichen planus/oral lichenoid lesions
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Figure 1 Percentage of subcellular localization of CLLD 7 immunohistochemistry. No membrane staining was detected. Increased

cytoplasmic staining was observed in the OPMDs groups compared to the NOM group. NOM denoted normal oral mucosa.

OLP/OLL denoted oral lichen planus/oral lichenoid lesions
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Figure 2 Representative pictures of CLLD7 immunohistochemistry; original magnification: X400 A. Normal oral mucosa B. Acanthosis

C. Mild epithelial dysplasia D. Moderate epithelial dysplasia E. Severe epithelial dysplasia F. oral lichen planus/oral lichenoid

lesions. Note that cytoplasmic staining could be observed in OPMDs specimens. Positive staining was also observed in some

stromal areas

The cytoplasmic staining of CLLD7 was higher in
all OPMDs compared to the NOM. However, a statistically
significant increase in cytoplasmic staining was observed
between the mild and moderate epithelial dysplasia
groups compared to the NOM group. These data suggested
some degree of changes in the localization of the CLLD7
protein in OPMDs. In addition to positive staining in the
epithelial cells, positive staining was also observed in
some stromal areas.

CHCI1L immunohistochemistry

The biopsy specimens used for CHCIL immu-
nostaining were not the same as those for CLLD7 due to
the limited size of the biopsy specimens. Nevertheless,
the mean age of each group and the sites of biopsy were
similar, and this should not affect the immunohistochemical
analysis.

Table 3 summarizes the characteristics of the
participants for CHC1L immunohistochemistry. The mean
age of the participants in the NOM group was approxi-
mately 20 years old. The mean age of the participants in
the OPMDs groups was 66.63+12.95 years old. There were

more female participants (n=24) than male participants
(n=12).

Table 2 and Figure 3 show the data on the localization
of CHCIL. Figure 4 illustrates the representative images of
CHCIL staining in each group. In addition to the nuclear and
cytoplasmic expression, membrane staining was detected
for CHC1L. Except for the acanthosis group, the percentage
of nuclear staining was significantly reduced in all OPMDs
groups compared to the NOM group. Although cytoplasmic
staining appeared to be increased in all OPMDs groups
compared to the NOM group, a significant difference was
not observed.

Interestingly, the percentage of membrane staining
was higher in all OPMD groups compared to the NOM group.
However, a statistically significant difference was observed
between the severe epithelial dysplasia and the OLP/OLL
groups compared to the NOM group. These data implied
that there were changes in the localization of CHC1IL in
the OPMDs groups compared to the NOM group.

Similar to CLLD7 immunohistochemistry, positive

staining was also observed in some stromal areas.
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Table 3 Characteristics of participants for CHC1L immunohistochemistry

Groups Sex (M/F) Age (Mean+SD) Site (n) Associated
Range (years) risk factors (n)
NOM 3/3 19.83+2.71 Pericoronal tissue of 3" None
(n=6) (15-23) molar from mandible (5)
Pericoronal tissue of 3"
molar from maxilla (1)
Acanthosis 1/5 70.83+3.06 Buccal mucosa (5) Smoking (4)
(n=6) (68-76) Tongue (1) Betel nut chewing (3)
Working in sunlight (3)
Mild dysplasia 3/3 67.83+10.01 Buccal mucosa (2) Smoking (3)
(n=6) (49-79) Gingiva (1) Smokeless tobacco (1)
Lower lip (2) Betel nut chewing (1)
Labial mucosa (1) Working in sunlight (2)
History of cancer (1)
Moderate dysplasia 0/6 69.33+2.07 Buccal mucosa (3) Smoking (1)
(n=6) (66-72) Labial mucosa (2) Smokeless tobacco (2)
Lower lip (1) Alcohol consumption (2)
Betel nut chewing (4)
Working in sunlight (2)
Severe dysplasia 1/5 65.33+6.80 Buccal mucosa (3) Smoking (4)
(n=6) (54-72) Labial mucosa (1) Smokeless tobacco (1)
Tongue (1) Alcohol consumption (1)
Lower lip (1) Betel nut chewing (4)
Working in sunlight (3)
OLP/OLL a/2 59.83+7.14 Buccal mucosa (6) Smoking (3)
(n=6) (51-71) Smokeless tobacco (1)

Alcohol consumption (2)
Betel nut chewing (1)
Working in sunlight (5)

NOM: normal oral mucosa; OLP/OLL: oral lichen planus/oral lichenoid lesions

CHCIL
p=0.012
o p=0.011 p=0018
p=0.024 p=0.040
p=0.035
:
s [0 NoMm
g o I [0 Acanthosis
k=
& ] Mild epithelial dysplasia
§ O Moderate epithelial dysplasia
40
Y [ Severe epithelial dysplasia
2 W oroLL
) 1
éﬁﬂ I ﬁﬁ

nucleus cytoplasm membrane

Figure 3 Percentage of subcellular localization of CHC1L immunohistochemistry. Increase membrane staining and decrease nuclear
staining were observed in the OPMDs groups compared to the NOM group. NOM denoted normal oral mucosa. OLP/OLL
denoted oral lichen planus/oral lichenoid lesions
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Figure 4 Representative pictures of CHCIL immunohistochemistry, original magnification: X400 A. Normal oral mucosa B. Acanthosis

C. Mild epithelial dysplasia D. Moderate epithelial dysplasia E. Severe epithelial dysplasia F. oral lichen planus. In the

parabasal and prickle cell layers, membrane staining could be observed in OPMDs specimens. Positive staining was also

observed in the stromal areas

Discussion

All OPMDs participants in this research were
recruited from the “Development of Disease Management
Model for Oral Cancer with an Integration Network of
Screening, Surveillance, and Treatment in Northeast Health
District” proactive inspection project. The NOM controls
were the participants who visited the Faculty of Dentistry,
Mahidol University for impacted teeth removal. As presented
in Tables 1 and 3, most of the participants with OPMDs
lesions were from the senior population with an average
age of 60. In addition, the participants exhibited the following
associated risk factors; smoking, use of smokeless tobacco,
alcohol consumption, prolonged exposure to sunlight
during the day, and history of cancer elsewhere. Aiti-
warapoj and colleagues reported that OPMDs and OSCCs
occurred most frequently in the sixth and seventh decades
when they surveilled 208 Thai patients with OPMDs and
OSCCs at the tongue.” Juntanong et al. found that the
most critical factors strongly associated with increased

risk for OPMDs are smoking, alcohol consumption, and

betel nut chewing.” Therefore, the distribution in age and
characteristics of the OPMDs participants in our study are
consistent with previous studies done in Thailand.
CLLD7 is a nuclear protein with the potential for
tumor suppression. It has RCC1 and BTB domains, which
are involved in key steps in cell division, nucleocytoplasmic
transport, and protein-protein interaction.”” Many
previous studies pointed out that the genes at 13g14,
where the CLLD7 gene is also located, were frequently
deleted in different cancers.**** However, those studies
experimented with other tissues, but not with oral epithelium.
Recently, there was a pioneer study comparing CLLD7
expression in OSCC and NOM." Bhattarai et al. presented
the mislocalization of this protein in OSCC compared to
NOM. They reported that nuclear and cytoplasmic staining
was observed in NOM and OSCCs, while OSCCs had a
much higher cytoplasmic staining than normal mucosa.”
[t was suggested that the nuclear activity of CLLD7 may
be compromised in OSCC, and the dislocation of CLLD7
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may have a role in tumorigenesis. This study did not find
a significant difference in nuclear staining between NOM
control and other OPMDs. However, significantly different
numbers of nuclear staining were appreciated in the
acanthosis group compared to other groups. This may be
due to the very high percentage of nuclear staining in the
acanthosis group. Since only a limited number of cases
were included in this study, a future study is mandatory
to confirm this result.

For cytoplasmic staining of CLLD7, it was found
that the average percentage of cytoplasmic staining in all
OPMDs groups was higher than that of the NOM group.
Still, a significant difference was observed between the
mild and moderate epithelial dysplasia sroups compared
to the NOM group (Fig. 2). This result implied a potential
sign of CLLD7 protein dislocation to the cytoplasm. Since
CLLD7 must be localized in the nucleus to function properly,
its localization in the cytoplasm may suggest an improper
function of this protein in early oral carcinogenesis.
Nevertheless, future studies are necessary to confirm
this concept.

CHC1L is a candidate tumor suppressor located
telomeric to the Retinoblastoma (Rb) gene on chromosome
13g14.3. It contains similar key domains to CLLD7 and,
therefore, carries the same potential to be a tumor suppressor
protein as CLLD7. CHC1L may play its functional role in the
cell cycle, nucleocytoplasmic transportation, and human cell
growth, a possible conveyer of an anti-oncogenic signal.*
However, many studies reported the under-expression of
CHC1L in tumors such as prostate cancer'’, histiocyte-rich
neoplasms'®, and multiple myeloma.”” Bhattarai et al.
conducted a recent study to compare the expressions of
CHC1L between OSCC and NOM." It was suggested that
the mislocalization of CHC1L as nuclear staining was reduced,
whereas membrane staining was significantly increased in
OSCC compared to NOM control.”’ The staining pattern
in our study revealed reduced nuclear staining of CHC1L in
almost all groups of OPMDs. However, increased membrane
staining was appreciated in OPMDs. Furthermore, a significant

difference was observed between the severe epithelial

dysplasia and OLP/OLL groups compared to the NOM
control group. Surprisingly, the membrane staining was
gradually increased in accordance with the severity of
epithelial dysplasia and was even more pronounced in
the OLP/OLL group. These results were in line with the
previous study of Bhattarai et al. that reported predominant
nuclear staining in all cell layers of the normal epithelium
with very few cytoplasmic and membrane staining.”” While
in OSCC, membrane staining was dominant, and only very
few cells with nuclear staining were spotted.” Our results
seemed to support the concept of protein dislocation
in CHCIL proposed by Bhattarai et al.

Protein synthesis usually occurs in the cytosol,
and the proteins are then transported to their functional
sites, including the nucleus, plasma membrane, mitochondria,
or other organelles. Several mechanisms are involved in
the dysregulation of protein trafficking in cancer cells, causing
abnormal subcellular localization of proteins. Mutation
of protein-targeting signals, dysregulation of transporter
machinery, aberrant endocytosis and vesicular trafficking,
dysregulation of signal transduction and post-translational
protein modification, alteration of protein-protein interactions,
and cross-regulation of cancer-related proteins are some
examples of such mechanisms.”® Another interesting point
is the mislocalization of these proteins in the OLP/OLL group.
This implied that the potential dysregulation of this protein
in OLP/OLL might support the concept of malignant transfor-
mation in OLP/OLL by protein mislocalization.

Another interesting point is the positive staining
in the stroma. There might be some crosstalk between
oral epithelial cells and the stromal cells as some studies
indicated the interaction between the tumor microenviron-
ment and its influence on the growth and metastasis of
head and neck squamous cell carcinoma.”” We believe that
there might be an interaction between the stromal cells
within the underlying connective tissue and the epithelial
cells in dysplasia and OLP/OLL but this needs to be further
elucidated in future studies.

Despite the exciting results, we acknowledge the

limitations of this study in that only a small number of
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specimens were included in each group. In addition, there
was no investigation concerning the mechanism responsible
for protein mislocalization. Therefore, future studies using
molecular techniques are needed to declare the potential

tumor suppressive function of these two proteins.

Conclusion

Increasing cytoplasmic expression of CLLD7 and
subcellular mislocalization of CHCIL from the nucleus
to the membrane were interesting. Both these proteins
could be putative markers during oral malignant trans-
formation; nevertheless, further study is still needed to

confirm these results.
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Abstract

Osteoradionecrosis of the jaw is an incurable condition. Management of complete healing of the necrotic
bone and clinical full mucosal coverage is challenging. Therefore, the prevention of osteoradionecrosis of the jaw
is worth considering. There was some evidence of using laser therapy for preventing osteoradionecrosis of the
jaw. The purpose of this systematic review was to evaluate the effectiveness of laser therapy in the prevention of
osteoradionecrosis of the jaw. A systematic review was conducted on published articles in databases of MEDLINE,
Embase, Cochrane Library, Scopus, Google Scholar and Thai-Journal Citation Index Center to identify the eligible
studies to compare the effectiveness to prevent osteoradionecrosis of the jaw. The latest search date was 29 May 2022.
The included studies were assessed with two independent reviewers by using the Cochrane Risk of Bias Tool for
randomized controlled trials or the Joanna Briggs Institute critical appraisal for case reports. Then the data was
extracted by using the Cochrane Handbook for Systematic Reviews of Interventions. The two reviewers were calibrated.
The agreement of assessment between the reviewers was 90 %. There were 24 articles included by title and abstract.
Five articles were discarded because of duplication. Of 19 articles, there were four studies; one randomized controlled
trial and three case reports, that met the eligible criteria. The level of the bias was low risk. In conclusion, there was
a possibility of using laser therapy immediately after extraction to prevent osteoradionecrosis of the jaw by gaining
faster tissue coverage. The combinations of using laser therapies; photobiomodulation and photodynamic therapy with
antibiotics or pentoxifylline and tocopherol or platelet-rich fibrin allowed favorable clinical outcomes in prevention

of osteoradionecrosis of the jaw.
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Introduction

Itis afact that 75% of head and neck cancer patients surgeries. There is a risk for the patient to develop osteo-
need radiation therapy either for primary or adjunctive radionecrosis of the jaw (ORNJ) which is one of the most
therapy after surgical resection of the tumors. Subsequently, unmanageable complications of radiation therapy for head
patients have to undertake dental extractions or other oral and neck tumors.”
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From the review by Marx et al. ORNJ is defined
as an unhealed exposed bone for at least six months in
the size of more than 1 cm”in an area involving the field
of radiotherapy.” There was a systematic review and
meta-analysis reporting the prevalence of ORNJ in the
range of 5% to 15%.* According to a review by Rice et al.
more than 70% of ORNJ occurred within the first three years
after cancer treatment including radiotherapy.” ORNJ was
commonly found in the mandible by comparison with
the maxilla due to poor vascular supply and high bone
density of the mandible.” Several factors including primary
tumor sites especially at the tongue and floor of the
mouth, cancer staging, radiation dose, radiotherapeutic
technique, oral condition, tooth extraction, smoking, drinking
and nutritional status were able to increase susceptibility
to developing ORNJ.® The clinical presentations of ORNJ
varied from an area of exposed bone intra-orally, cutaneous
fistula, resorption of the inferior border of the mandible
and pathological fracture.” Once ORNJ has occurred, it is
very challenging for the medical team to regain the form
and function of the jaw to the patient.

There have been several therapies used for
treating ORNJ such as conservative treatments’, hyperbaric
oxygen therapy (HBO), medications comprising pentoxi-
fylline, tocopherol and clodronate (PENTOCLO), surgery’
and laser therapy.® Regarding conservative treatments
including oral hygiene care and antibiotics, 40% to 60% of
patients improved by these treatments.” From the meta-
analysis of Leesomprasong et al. hyperbaric oxygen therapy
provided no statistically significant better healing of tissue
coverage of the exposed bone when compared to the
no treatment group.’ Although, PENTOCLO seemed to gain
the efficacy of achieving clinical and radiographic remission
of ORNJ, the result needed to be confirmed by prospective
randomized studies.” After surgical interventions such as
radical resection and immediate well-vascularized tissue
flap reconstruction, only 55 of the 108 patients were free
from ORNJ."® There was a report that proposed the benefit
of laser therapy via photobiomodulation (PBM) and anti-
microbial photodynamic therapy (@PDT) .° This is a novel

treatment for ORNJ due to the prominent property of laser
for promotion of wound healing. Laser therapy was used to
control ORNJ because it was able to promote the healing
of soft tissue coverage for exposed bone in the oral cavity.

From the review as mentioned, the clinical
outcome of treating ORNJ has been still unpredictable.
Moreover, some procedures such as resection of the jaw
and extensive surgery may compromise the quality of life
of the patient. Therefore, we postulate that prevention
is considered to be the best strategy for managing ORNJ.
Some interventions have been introduced for the
prophylaxis of ORNJ such as hyperbaric oxygen therapy
and PENTOCLO. From the systematic review, there was
insufficient information to demonstrate that the use of
hyperbaric oxygen therapy reduced the incidence of ORNJ."
Regarding the use of pentoxifylline and tocopherol, there
was a systematic review suggesting a lower incidence of
ORNJ in the patients receiving dental extractions following
radiation therapy.'' However, both hyperbaric oxygen
therapy and PENTOCLO have required a long treatment
period and compliance from the patients at least 30 dives
of HBO in one and a half month or nine weeks of taking
pentoxifylline and tocopherol. The systematic review of
El-Rabbany et al. reported the prevention of ORNJ by
using platelet-rich plasma (PRP), fluoride gel and high
content fluoride toothpaste, HBO and antibiotics. There
has been no review on laser therapy preventing ORNJ."

Regarding the properties of the laser, this therapy was
able toincrease cellular proliferation, stimulate protein synthesis,
promote angiogenesis, and inhibit electrophysiological
activity on the nerves."’ Laser therapy not only enhances
wound healing but also relieves pain. Therefore, it is noted
that laser therapy can be a good modality for the prevention
of ORNJ. This systematic review was conducted with the
aim to evaluate the effectiveness of laser therapy in the

prevention of osteoradionecrosis of the jaw.

Materials and Methods

The systematic review was conducted based

on the assumption and methods as follows.
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Objective: Our objective for this systematic review was
to evaluate the effectiveness of laser therapy used for
preventing ORNJ. The main process of the systematic
review provided by the Cochrane Handbook for Systematic
Reviews of Interventions was followed.™ The assessment
of the included article was based on the Cochrane Risk of
Bias Tool for randomized controlled trials™ or the Joanna
Briggs Institute (JBI) critical appraisal for case reports. '

Eligibility criteria: The eligibility criteria were the following:

- Types of studies: The clinical studies or reports which
had the goal to evaluate the effectiveness of laser therapy
in the prevention of ORNJ in humans published from 2000
to week 5, April 2022 were included. In addition, the studies
or reports must be published in Thai or English language.

- Types of participants of the studies: The studies
involved patients who had a history of radiation therapy
in head and neck regions that required dental extractions
or oral surgeries. The studies would be excluded from
the systematic review if ORNJ existed before receiving the
interventions. However, it was acceptable if ORNJ occurred
on a different site from the area where the intervention
would be done.

- Types of interventions: The studies of interest
would be the ones that used laser therapy to prevent
ORNJ. Apart from that, the studies needed to provide
laser parameters such as wavelength, power, and time.
The interventions could be either given to patients before
or after dental extractions or oral surgeries.

- Types of outcome measures: The investigators of
the studies had to evaluate the complete wound healing
(defined as an absence of clinical signs and symptoms of
ORNJ), complete mucosal coverage with no bony exposure,
no pain and patient satisfaction.

Search methods for the identification of studies. This
systematic review was not registered. Our search strategy
for this review was applied up to 29 May 2022, to the
following electronic databases which was accessed
through Khon Kaen University, namely, MEDLINE, Embase,
Cochrane Library, Scopus, Google Scholar, and Thai-Journal
Citation Index Center (TCl). Once the articles were identified,

the reference lists of the included articles were reviewed

to identify articles that may have been missed in the search.
Articles published in Thai and English were included. The
keywords used in the search include (Laser therapy) AND
(Osteoradionecrosis), (Photobiomodulation) AND (Oste-
oradionecrosis), (PBM) AND (ORN), (Laser therapy) AND
(Osteoradionecrosis of the jaw), (Photobiomodulation)
AND (Osteoradionecrosis of the jaw), N3z@n#1e (in Thai),
1awe3 (in Thai). The exploration of the references of each
article was also performed to include more studies.
Study selection and data extraction. Two reviewers
(T.S. and S.T.) independently conducted study selection
and data extraction. Before selecting publications, T.S. and
S.T. calibrated the criteria of selection with S.S. Then each
reviewer independently reviewed the titles and abstracts
of the studies to include the eligible studies. The data extraction
form was designed with guidance from the Cochrane Handbook
for Systematic Reviews of Interventions version 6.3." Disagree-
ments were solved by discussion. The senior reviewer was
involved when the disagreements remained uncleared.
The following data was collected:- type of study, subject,
control, intervention and outcome.

Assessment of risk of bias and certainty of evidence.
The risk of bias was assessed in the selected studies by
using either the Cochrane Risk of Bias Tool for randomized
controlled trials” or the Joanna Briggs Institute (JBI) critical
appraisal for case reports.’® The calibration of applying
these assessments was also conducted among the authors.
Two reviewers (T.S. and S.T.) independently graded the
studies into a “low”, “unclear”, or “high” risk of bias for
the Cochrane Risk of Bias Tool” and “Yes”, “No”, “Unclear”,
or “Not applicable” for the JBI critical appraisal.' The
reviewers solved disagreements by seeking consensus or
consultation with a senior reviewer (S.S.). GRADE system
was used to assess the certainty of the evidence for the
main outcome. The certainty of the evidence was classified

as high, moderate, low, or very low."*®

According to the methods of conducting this
systematic review, there were 24 articles from the electronic

search and no related article from the reference search.
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After the removal of duplicates, there were 19 articles.
These articles were independently reviewed by 2 reviewers
(T.S.and S.T.) in order to screen the titles and abstracts.
Out of 19 articles, 14 were discarded because they did not
meet the inclusion criteria. The 14 excluded articles were

related to the treatments or management of ORNJ only

and had no information about prevention. Furthermore,
there was one article' that the full paper could not be

22 that met the inclusion

found. Finally, four articles
criteria were included in our systematic review. The number
of articles per process of searching, screening and selection

is shown in Figure 1.
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Figure 1 The flow chart of database searching, screening, and selection. There were 5 retrieved studies (Da silva et al. 2020, Magal
haes et al. 2020, Tateno RY et al. 2020, Franco T et al. 2017, Moreschi et al. 2016)

The included articles were one randomized controlled
trial® and three case reports.”*” The agreement of assessment
between the two reviewers was 90%. The results of the
risk of bias assessment are shown in Figure 2. The study
of Da silva et al. which was a randomized controlled trial
study showed a low risk of bias overall. This study achieved
a low risk of bias in four domains and some concern in the
domain of selection of the reported result (Figure 2).

The assessment of the case reports is shown in

Figure 3. The evaluation of the case report of Magalhaes

IA et al. was considered as low risk of bias as comprising
5yes, 2 unclear, and 1 not applicable. The case report of
Tateno RY et al. had a low risk of bias due to achieving 6
yes, 1 unclear, and 1 not applicable. The case report of
Franco T et al. was evaluated as low risk of bias comprising
7 yes and only one unclear.

The certainty of evidence was only assessed from
the included RCT (Table 10). It was a moderate certainty.

The extracted data is shown in Table 2.
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Risk of bias domains

® & &6 & © 0

Domains: Judgement
D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data. . Low
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reparted result.

Study

- Some concerns

Figure 2 The risk of bias of the randomized controlled trial evaluated by using Cochrane Risk of Bias Tool for randomized controlled trials
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Figure 3 The risk of bias of the case reports evaluated by using JBI critical appraisal for case reports

Table 1 Summary of findings: Laser therapy in prevention of osteoradionecrosis of the jaw (ORNJ)

Laser therapy in prevention of osteoradionecrosis of the jaw (ORNJ)

Patient or population: patients at risk of developing ORNJ
Setting: Hospital
Intervention: Laser therapy with antibiotics

Comparison: sham laser with antibiotics

Outcomes Anticipated absolute effects* Relative No of Certainty of Comments
(95% CI) effect participants the evidence
Risk with sham Risk with Laser (95% C1) (studies) (GRADE)
laser therapy

Incidence At day 14, laser therapy Laser therapy (PBMT) seems
of ORNJ significantly improved mucosal cov- to speed up
(mucosal erage 18/19 sites compared to 0/21 40 ®PD0 the epithelization of
coverage) in the control group (RR 0.053, 95%Cl OF (1 RCT) Moderate® the extraction

0.008 to 0.355, p<0.001). There is no estimable sockets compared to sham

difference in mucosal coverage on lasers.

day 28.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative
effect of the intervention (and its 95% Cl).

ClI: confidence interval

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but
there is a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

a. downgraded 1 level due to serious indirectness (both intervention and control groups were combined with antibiotics)
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In the four included articles, it was found that
the investigators used the following treatments for the
prevention of ORN.

1. Photobiomodulation (PBM) and amoxicillin.
The study of da Silva et al. compared the effectiveness
of PBM using diode laser and amoxicillin in the prevention
of ORNJ in patients submitted to dental extraction after
head and neck radiation therapy.”’ The patients were
divided into two groups which were PBMT and sham-PBMT.
The intervention group received PBM by using an 808 nm
diode laser at 40mW, 100 J/cm? and 70 seconds on days
0,7,14,and 21. However, all patients received amoxicillin
and surgical debridement to promote primary closure of
the surgical site. The PBMT group showed faster mucosal
healing (NNT = 1.056, CI95% = 0.954-1.181) and less post-
operative pain (NNT = 2.192, CI95% = 1.372-5.445) than the
other group.

2. Photobiomodulation, photodynamic therapy
and antibiotics.

Magalhaes et al. reported on a 58-year-old male
patient with a history of radiotherapy to the head and
neck region exhibiting a periapical cyst and multiple root
remnants.” The PBMT using a 660 nm diode laser at 100 mW,
35 J/cm’, 10 seconds was immediately irradiated after the
surgical procedure. The patient also received three PBMT
weekly for three weeks and one aPDT by using methylene
blue as a photosensitizer and 660 nm at 100mW, 90
seconds as an activator. In addition, 21 days of amoxicillin
followed by seven days of clindamycin or metronidazole
was prescribed. 0.12% chlorhexidine mouthwash was
prescribed until the complete tissue coverage of the
surgical wound. From 12 months of follow-up, there was
no recurrence of ORNJ.

Tateno RY et al. reported on a 62-year-old male
patient with a history of squamous cell carcinoma at the
base of the tongue undertaking radiation therapy for 35
fractions of 2 Gy. After one year of cancer treatment, he
developed generalized radiation-induced dental caries.
Thereby, the dentist performed full mouth extraction.”

The total number of 17 teeth were removed under general

anesthesia. Removing bone roughness and primary closure
was achieved. Immediately after the surgical procedure,
PBMT by using 660 and 880nm diode lasers at 100 mW,
1 J/point together with aPDT by using methylene blue
and red light 660 nm at 5 J/point were undertaken. The
patient also received the combination of PBMT and aPDT
once a week for 30 days. During the follow-up period of one
year, there was no recurrence of bone necrosis or sequestration
as well as infection. The patient was asymptomatic besides
normal oral functions.

3. Photobiomodulation, platelet-rich fibrin (PRF)
and antibiotics Franco T et al. reported on a 16-year-old
female patient who was sent to the dentist for extraction
of teeth 37,38 (mandibular left second and third molars)
due to advanced external root resorption. She had a history
of mucoepidermoid carcinoma at the left parotid gland
and received conventional radiotherapy with a total dose
of 70 Gy in 35 sessions five years ago.”” The medications
including 0.12% chlorhexidine mouthwash, antibiotic
(amoxicillin with clavulanic acid 875mg, twice a day),
pentoxifylline (400mg, twice a day) and tocopherol (1000
IU) once daily were prescribed. The patient took those
medications one week prior to the surgery and continued
the antibiotics for one week and pentoxifylline with to-
copherol for eight weeks. After the teeth were extracted,
PRF membranes collected from the patient’s blood were
placed in the sockets. After suturing, PBMT by using an
808 nm diode laser at 100 mW, 0.0028 cm?, 2 J was irradiated.
The extraction sockets were completely healed. The
patient did not report any post-operative pain, edema, or

any other significant side effects.

Discussion

Based on the assumption of our systematic review,
only one randomized controlled trial met the criteria. The
main result of this study showed that the mucosal healing
of the group receiving PBM was faster than the other group
which received sham PBM. It was noticed that both groups

21-23

received amoxicillin.” For the case reports®™® showing

favorable results, the combination of laser therapy either
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PBM or aPDT and antibiotic medications or pentoxifylline
and tocopherol or PRF was employed. However, the duration
and dose of antibiotics or pentoxifylline and tocopherol
taken were not less than the routine protocol.

Regarding the protocol of providing laser therapy
in particular photobiomodulation, all of the studies started
lasering the patients just immediately after the surgical
procedure. According to the mechanism of photobiomodu-
lation which modulates tissue by regulating cellular activity
and increasing microcirculation.”* We suggest that a pre-
session of photobiomodulation be considered for improving
the quality of post-radiotherapy tissue before undertaking
oral surgery intervention. The aPDT has an antimicrobial
effect by producing reactive oxygen species.’ Furthermore,
this mechanism does not cause bacterial resistance.® We
postulate that using aPDT may reduce the duration of
antibiotic medication taken by the patients.
Strengths and limitations of this review

This is the first systematic review evaluating the
effectiveness of laser therapy in preventing ORNJ. However,
meta-analysis cannot be performed because there is only
one RCT that met the inclusion criteria. Before making
a reliable conclusion, we emphasize that there is a need
for a well-designed RCT to examine the preventive effect
of laser therapy for ORNJ.
Implications for practice

There is limited evidence evaluating the effec-
tiveness of laser therapy alone to prevent ORNJ. However,
there is no report of ORNJ and clinical complications after
being treated with laser therapy. This study cannot conclude
that laser therapy alone prevents ORNJ due to an insufficient
number of included studies. With the medium certainty
evidence, this study probably recommends that pre-session
and post-session of laser therapies combined with antibiotics
may prevent ORNJ and promote tissue coverage in the
patients who underwent extraction.
Implications for research

We strongly recommend further clinical trials
assessing the effectiveness of laser therapy alone or combining

the treatment with other preventive modalities to prevent

ORNJ. Not only the clinical outcomes should be evaluated
but the patient satisfaction should be assessed among

different preventive modalities of ORNJ.

Conclusion

From this systematic review of which low risk of
bias and moderate certainty of evidence, there was a
possibility of using laser therapy immediately after extraction
to prevent ORNJ by gaining faster tissue coverage. In the
case reports, it was found some combinations of using
laser therapies; photobiomodulation and photodynamic
therapy with antibiotics or pentoxifylline and tocopherol
or PRF. Using these combinations allowed favourable
results in the prevention of ORNJ.
Sources of support: This systematic review was supported
by Lasers in Dentistry Research Group (LDRG), Faculty of
Dentistry, Khon Kaen University, Thailand.”
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Abstract

This research aims to analyze the digital color-coded values of clinical gingival color images and create a
gingival color database using digital images to measure the clinical gingival color levels. Theories of RGB and HSB
color models were applied in the present study. The research model was cross-sectional descriptive. There were
two research methods: 1) Digital gingival color code analysis and 2) Digital gingival color reliability analysis. In the
first part, photographs of the gingiva of 99 patients who were admitted to the dental hospital, Faculty of Dentistry,
Naresuan University, were taken. Adobe Photoshop CS6 software was employed for digital color code analysis. The
digital color codes of the gingiva collected from the 143 samples were then examined for their reliability. Data from
the study exhibited the total numbers of digital areas from the gingival images were 3,700 areas, with slightly red
being the majority, 35.51%, followed by pale pink, red, and bluish-red, for 27.46, 25.43, and 11.59%, respectively.
The RGB and HSB color models revealed the frequency of one or two codes using the statistical mode. In contrast,
the red code showing ten performed by the RGB model and more codes in the HSB model. The reliability analysis
of digital gingiva was calculated with an alpha coefficient of 0.655, which is a moderate confidence level. The analysis
of dental images in the present study shows the promising potential to create a database of gingival color. The digital
image databases are created on the Windows operating system and Microsoft Access software that can display
data such as frequency, percentage, gingival color code, and color samples. Performing the software, users can
basically input data consisting of gingival images, color codes, filter inputs, and search the database of RGB and

HSB color models.
Keywords: Digital image analysis, Gingivitis, Gingival color
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Introduction

Gingivitis and periodontitis are diseases caused by due to antagonistic interactions between bacteria in the

bacterial infection, which affects the periodontal organs dental plaque and periodontal tissues via intracellular
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and vascular responses. The onset and progression of
periodontitis are classified as immunopathogenesis with
inflammation. It can be clinically demonstrated locally
or generalized. In addition, supporting factors affecting
pathogenesis include environmental and genetic factors.!

Inflammation causes the color of the gingiva to
change from normal to pale pink, starting to redden with
the degree of inflammation. If the inflammation is mild, it
will be slightly red, and more inflammation will be red.
Gingival discoloration is caused by an increased cellular
and vascular response within the gingival tissue. If the
inflammation persists for a long time, it will have a bluish-
red color due to congestion of venous blood.”

In previous studies, digital image processing was
performed to assess the importance of plaque adhesion
conditions on the teeth, gingival swelling, and gingival color
changes associated with inflammation in Gingivitis. The
researchers observed that the change in gingival color from
different levels of inflammation could indicate Gingivitis.”®
Usually, the gingival color assessment can be assessed
by a dentist, but sometimes the color assessment may
vary depending on the experience of each dentist. It can
cause inaccuracies in the diagnosis of Gingivitis.” Building a
database of digital gingival color values can help develop
a tool to distinguish gingival color, which would help reduce
the aberration of color vision and make the gingival color
assessment more accurate with the same standard.

The RGB color model is based on the principles
of color theory and color mixing that uses red, green, and
blue light as the primary colors to mix different colors.
The color reproduction mechanism on computer monitors
uses the glow of red, green, and blue phosphor dots to
mix the light into different colors. It will assign three numeric
values, which are the value of R, the value of G, and the
value of B. The program will set a number from 0 - 255.
The number 0 indicates that the beam is not firing in that
area, but the higher the number, the more increasing

intensity of the light.’

The HSB color model (HSB) is a basic color system
whose mechanism of color reproduction is similar to
the human color perception process. This color system
divides the color composition into three parts. The first
part, hue (H), indicates that color is caused by the value
of light waves that hit an object and are reflected into
the human eye. Hue is arranged in a color wheel ranging
from 0 to 360 degrees. The second part, Saturation (S),
is the intensity and fade of the color. Determined by
the proportion of gray that exists in that color, it ranges
from 0% (much gray) to 100% (no gray). The third part,
Brightness (B), is the lightness and darkness of a color.
It ranges from 0% (black) to 100% (white). ’

A 1975 study of Ibusuki’s gingival color measuring
Hue, Chroma, and Value found that the gingiva of the
elderly had a more purplish-blue hue and a higher chroma
value, while the Value was higher among adolescents.’
In addition, the CIELAB color system model was used to
study gingival color, such as in the study of Huang JW et al.
2010, to develop a shade guide for pink aesthetics and
to create ten gingival color shades.” However, the RGB color
model is used to view colors in images from a typical
electronic device screen. The HSB model is closer to the
human color perception process, with limited studies in
gingival color separation. The RGB (Red, Green, Blue) and
the HSB (Hue, Saturation, Brightness) color model theories
and the concept of four clinical grades of gingival color
classification: Pale pink, Slightly red, Red, and Bluish-red,
were used to study and build a database. This study aimed
to analyze the digital color code of the gingiva on the
clinical inflammatory color scale, and to create a digital

image database for clinical gingival color measurement.

Materials and Methods

This study has been accredited by the Human
Research Committee on Project Ethics. Naresuan University
institution review board on February 27, 2019, No. COA
NO.086/2019
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This study was a cross-sectional descriptive of
99 Thai ethnic patients admitted to the Periodontology
clinic, Faculty of Dentistry, Naresuan University, who were
diagnosed with gingivitis or periodontitis. The exclusion
criteria were the patient who has braces, has a metal
component of a prosthesis, has a dental implant, or has
hyperpigmented gingiva from the area of the second
premolar to the anterior teeth onwards. The expert
observers were dentists who work in periodontology and
have at least five years of working experience. A Canon
700D digital camera was used to record gingival images.
A tripod was used to control the distance and shooting
position 80 cm away from the background wall. ISO sen-
sitivity of 800, shutter speed (f) at /18, exposure time
of 1/40 sec, automatic white balance, and automatic
head flash were set consistently. All patients were fixed
at the position of the Frankfurt plane paralleling the floor.
Images were taken from the frontal view. Adobe Photoshop
CS6 was used to identify digital color codes. Color analysis
software used in this study was newly developed by our
research team. The study was conducted in two parts:
1) Digital gingival color code analysis and 2) Digital
gingival color reliability analysis. For the digital gingival
color codes analysis, three observers viewed images and
selected the area representing the best pale pink, slightly
red, red, and bluish-red from anywhere in each image
(maximum of ten areas of each color). Selected areas
were analyzed for the codes of RGB and HSB using Adobe
Photoshop CS6. All code values were recorded and analyzed
in the color analysis software. The data of frequency, percentage,
highest value, lowest value, popular base, and range were
described statistically. For digital gingival color reliability
analysis, verifying the consistency of the representative
color code values obtained from the first part is a procedure.
Twelve new clinical images, (three pale pink, three slightly
red, three red, and three bluish-red) selected by three

experts, were used in the questionnaire, with four choices

of both RGB and HSB color codes from the first part. The
developed questionnaire was tested by periodontologists,
general dentists, and dental students totaling 143 people.
A sample of the questionnaire is shown in Figure 1. Internal

reliability was analyzed using Cronbach’s Alpha coefficient.

1. The gingival color in the white square closest to which of the option?

A B C D

Figure 1 Shows a sample of the questionnaire

1. Digital gingival color code analysis

AUl 99 participants were ethnic Thais. As for the
other demographic data of the samples from this study,
only the gingival images were collected in the early stages.
As a result, only 31 participants could collect feedback
on other sample demographic characteristics (Table 1).

The gingival images of 99 participants showed the
total numbers of digital areas from the gingival images
were 3,700 areas, with slightly red being the majority,
35.51 %, followed by pale pink, red, and bluish-red, for
27.46, 25.43, and 11.59 %, respectively (Table 2).
1.1 RGB color code classified according to the degree
of clinical gingival color

RGB color code values classified according to the
degree of clinical gingival color in the gingival images of 99
participants showed that the gingival color code is distinctly

different for each clinical grade of gingival color (Table 3).
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Table 1 Demographic data of the sample (N=31)

Demographic characteristics Frequency Percentage
sex
Male 12 38.70
Female 19 61.30
Age (years)
<30 26 83.88
31-49 3 9.67
>50 2 6.45
Average = 28.16 SD = 8.97 Highest = 56 Lowest = 23
Table 2 Summarizing the number of areas and percentage of each gingival color chosen by the expert
Gingival color Area Percentage
Pale pink 1,016 27.46
Slightly red 1,314 35.51
Red 941 25.43
Bluish-red 429 11.59
Total 3,700 100.0
Table 3 Shows the summary of RGB color code and gingival color
Gingival color Min. Mode Max. Range
Pale pink 109,75,39 184,125,108 204,212,150 95,137,111
Slightly red 121,52,48 181,102 209,166,157 88,114,109
Red 73,9,25 160,44,42 160,44,49 160,44,75 197,149,136 124,140,111
160,48,42 160,48, 160,48,75
167,44,42 167,44,49 167,44,75
167,48,42 167,48, 167,48,75
Bluish-red 91,27,6 135,62, 199,143,130 108,116,124

The red code is especially the most different

(Range = 124,140,111), while the slight red code was the
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colors are different when comparing the color vision at



all four levels of gingival color by considering only the
Mode value. Pale pink is lighter than slightly red and
red. The bluish-red color looks darker than purple.
However, it is worth noting that the Mode
value of the red grade has up to 12 values. Looking at
the color of the eyes, it can be seen that all colors are
very close. It can be divided into two types of vision:

reddish-orange and reddish-pink.

1.2 HSB color code classified according to the degree
of clinical gingival color.

HSB color code values classified according to
the degree of clinical gingival color in the gingival images
of 99 participants showed that the gingival color code
is distinctly different for all gingival colors, and there

are 1-2 specific codes for each gingival color (Table 4).

Table 4 Shows the summary of the HSB color code and gingival color

Gingival color Min. Mode Max. Range

Pale pink 0°,19,32 13°,39,72 359°,59,80 359,40,48
= [ N

Slightly red 0°4,48 8°,45,68 359°,72,82 359,68,34
B ] B

Red 0°31,5 0°,47,66 0°,55,66 359°,92,78 359,61,73
H B B B

Bluish-red 0°,24,5 4° 39,51 4° 39,52 359°,75,78 359,51,42

When considering only the Mode value, the visible
color difference is noticeable. Pale pink looks lighter than
slightly red and red, while bluish-red is the darkest.

2. Digital gingival color reliability analysis.

The sample group used to examine the reliability
of the test consisted of 143 persons, including specialists,
general dentists, dental students, and dental personnel.
Demographic characteristics data are shown in Table 5.

Cronbach’s Alpha Coefficient found that when all 24

Table 5 Demographic characteristics of the sample

tests were taken into the analysis, the reliability score
was 0.612, with the reliability value of the whole text
being between 0.556 — 0.638. However, when the three
low correlation tests were eliminated, the reliability value
was increased to 0.655. Therefore, the visual and color-
coded tests were moderately confident, with a confidence
level greater than 0.610. As mentioned earlier, the exam

can be used as a digital gingival color database.

demographic characteristics Frequency Percentage

Sex

Male a5 31.46

Female 97 67.83

no answer 1 0.69
Age (years)

20-29 75 52.44

30 - 39 60 41.95

40 - 49 6 4.19

>50 1 0.69
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Table 5 Demographic characteristics of the sample (cont.)

demographic characteristics Frequency Percentage
no answer 1 0.69
Average = 29.13 SD = 5.93 Highest = 50 Lowest = 22
expertise
Specialized dentist 37 25.87
General dentist 64 44.76
Dental student (Class year 5-6) 37 25.87
Other dental personnel (Dental assistant) 2.10
no answer 1.40

3. Creating a Gingival color database

The color analysis program is a newly created
software by our research team for collecting color-coded
gingival color data in RGB and HSB models. It is run through
the Microsoft Access runtime Version 2010 on Windows
8.1 and above (Windows Version 8.1). A total of 32,750
records can be recorded. The program can display frequency,
percentage, gingival color code, and color samples. Using
the software, users can input data consisting of gingival
images, color codes, filter inputs, and search the database
of RGB and HSB color models.

Discussion

The RGB color model accurately recognized the
clinical gingival color with almost every color except red.
The analysis showed that the RGB color code’s mode
was found in only one value for each of the three gingival
colors. These were pale pink (Code 184,125,108), slightly
red (Code 181,102,94) and bluish-purple (Code 135,62,76).
The red gingival color was found to have up to 12 color
code base values. Red gingival classification by RGB color
system has many central tendency values; therefore, red
gingival diagnosis may be inaccurate. The results supported
the weakness of the RGB color model, namely its sensitivity
to uneven illumination, and the difference between colors
is not linear. It may cause an aberration of human color
vision." Another reason may be that the chances of seeing
red light are higher than in other colors. Humans can
generally see the light or waves of different colors, with

a wavelength range of 390 — 780 nm. Different wave-

lengths produce different colors. For example, blue has a
length of 455-492 nm; green is 492-577 nm, etc. Compared
to red, with a wavelength of 622 - 780 nm, it is found that
red light has a significantly longer wavelength than other
colors®, so professionals have a greater chance of seeing
red than any other color.

As a result, the nominal values are more multivalued.
The findings provide a better understanding of using the
RGB color model in clinical gingival color diagnosis. In the
case of red gingiva, the dentist may need to review or confirm
the results in conjunction with the HSB color model or
another color instrument. To make the diagnosis more
accurate, Seshan H and Shwetha M** used Serif plus-6
software to help compare the differences in swelling and
red gingiva before and after treatment. Alternatively, the
red representing inflamed gingiva, may be compared with
the alveolar mucosa, characterized by red tissue near the
gingiva. More accurate confirmation of gingival inflammation
was obtained by looking at the gingival color and the
hemorrhages from the insertion of a periodontal probe.™

The HSB color model can accurately identify clinical
gingival colors at all color levels. The HSB system, which
analyzed four levels of gingival color, found that there
were only 1-2 values for the color codes that experts
agreed on: pale pink and slightly red, with only one color
code: 13°,39, 72, and 8°, 45, 68, respectively for red and
bluish-red to purple with two values each. These findings
show that gingival color classification by the HSB color
model has very low aberrations. Therefore, this color model

can be used in clinical studies or diagnoses of gingival
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color. The main reason that most experts see the same
color is probably because the HSB system is a primary
color system consisting of Hue, Saturation, and Brightness,
which is the mechanism of color reproduction that isclose
to the process of receiving knowing the human color.”
So it can be seen that the HSB color model has been used
in various contextual studies; for example, a 2011 study
by S. Khairunniza-Bejo and S. Kamarudin used the HSB
color model to determine the sweetness of Chokanan
mangoes. The study used a Keyence Machine Vision system
to capture mango images with an HSB color model and
then used a Digital AR2008 Abbe refractometer to obtain
the sweetness to the set threshold.” Although the HSB
color model has not been ever used for clinical gingival
color analysis, there is the potential to apply it as a know-
ledge base to develop tools or methods for measuring and
evaluating gingival color and creating a future database
of gingival color.

However, a 2018 study by Edgar Chavolla'
looked at the ability to distinguish and detect colors by
different color systems using clustering and fragmentation
techniques. It was found that different color systems
were able to identify different colors. Each color system
has different advantages and disadvantages. It was found
that the RGB color system is a color system with vast color
space, enabling a wide range of colors close to what the
human eye sees and is compatible with electronic devices
without different adjustments and can interpret mathematical
results accurately.'® Nevertheless, the system has a discrete
nature within the color space, so that mistakes are easy to
make when grouping and separating colors. The RGB
system has no luminance processing, resulting in shadows
or noise in the image and the color processing of images is
easy to distort. In a color system with a separate H (Hue)
value, such as HSB, HSV, or HSL, there is a discrepancy in
the color values at the 0° and 360° region if a set of correction
commands are inserted into these color systems. It will
be able to group and separate colors well."® Therefore, in

preparing the database, the researcher gathered information

on gingival color codes for both RGB and HSB systems, as
both systems have different advantages and disadvantages.

The gingival image and color code reliability in
the RGB and HSB color models was within acceptable
levels in most images. The alpha coefficient reliability
analysis found that the value was 0.612 obtained from
24 images, indicating that the color codes from the RGB
and HSB color models showed moderate or adequate
reliability (an alpha coefficient greater than 0.6"); the
tool can be used as a gingival color database. However,
due to time and resource constraints in this study, only
24 items were included in the analysis, which was one
reason for the low reliability. Increasing the number of
questions is one way to increase the confidence score',
where the rule of thumb must be 0.7 or higher. The higher
the value, the more consistent the instrument was created.'*®
Therefore, in order to increase the confidence in the gingival
color image in the future, the number of gingival image
exams should be increased. In addition, the confidence
analysis can be modified with new methods such as test-
retest, parallel forms, and confidence among evaluators
(Interrater reliability), etc.”, to comply with the context
and limitations of the research. It will help develop tools
to be more reliable.

However, in this work, three gingiva-colored
images were removed. After removing the images, the
confidence value rose from 0.612 to 0.655, indicating
that the truncated images had a low correlation with the
other images. It may be because the image that had been
removed has a slightly unclear color. Understanding this
point suggests future developments in gingival color measure-
ment instruments. In measuring instrument development,
especially the test, the analysis of difficulty (p) and dis-
crimination power (r) is essential in addition to making the
test quality. It also helps to check the basic properties of
the tool before applying the statistical analysis in the next
step.” However, due to the limitations of resources and
the researcher’s experience, only 24 initial exams (items)

were created, and the difficulty and discriminant powers

Thammarat et al., 2023 81



of the test were not checked. Therefore, it is not possible
to find confidence by other methods or other statistics
such as Pearson Correlation Coefficient, Paired T-test, etc.

The developed RGB and HSB color databases
can be used for clinical gingival color diagnosis. One of
the objectives of this research is to create a digital image
database to measure the level of gingival color in normal
and inflamed gingiva. The created database is stored in
the color analysis software. It can save data in a database,
manage data, search data, and display color-coded data
as users want, such as charts, frequencies, etc. The initial
usage involves importing new data into a new database
of images, and RGB and HSB color codes. Gingival color
code range values from this present research helped to
separate new codes and imported into data for each
color (pale pink, slightly red, red and bluish-red). As the
database grows larger, distinguishing between gingival
color code range values becomes more precise and more
accurate. It can potentially be used for software that could
analyze the color of the gingiva from the whole image.
The development of an application to analyze the color
of the gingiva from the images in the smartphone may
provide preliminary diagnosis and treatment recommen-
dations for people. For example, pale pink can indicate
healthy gingiva, slightly red can indicate mild gingival
inflammation requiring a dentist to assess gingival health,
red can indicate severe gingival inflammation needing
urgent treatment and bluish-red indicates the gingiva are
chronically inflamed, may have a sub-calculus and need
to be treated by a dentist. In terms of clinical teaching,
image databases and gingival color codes can be used in
dental teaching, especially on gingival color inflammation
issues. However, this newly created database has limitations
in many ways. The subject needs future development,
especially the ability to interpret color codes before saving
the data.

In saving the gingival color into the database, it is
also necessary to save the image in a room or place where
the light must be controlled for the image to be equally

qualified. After that, points or image color spaces are imported

into Adobe Photoshop CS6 to analyze color codes in both
the RGB and HSB color systems and then saved in the
database. Doing so requires knowledge and programming
skills as well as user time. Therefore, to save data and
analyze the color of the image more efficiently. In the
future, functions in the database should be developed
to manipulate images and color codes independently.

The initial usage involves importing new data into a
new database of the initial assessment of gingivitis, which
is only part of the evaluation of gingiva inflammation. In
order to accurately diagnose gingivitis and assess its
severity, additional clinical examinations are required,
such as measurements of bleeding on probing, probing
depth, clinical attachment loss, radiograph, etc. All data
obtained will be processed for diagnosis and lead to the

correct course of treatment.

Conclusion

The RGB and HSB color codes classified by the
clinical grade of the gingival color showed that when
considering the Minimum Mode and Maximum statistics
of each gingival color level, the gingival color codes were
significantly different across all gingival color levels. Considering
only the Mode values, there was a noticeable difference
in the colors. However, it is worth noting that up to 12 of
the red gingiva’s mode values are in the RGB color model.
Nevertheless, all the colors within the red group are very
similar, so the HSB model is suitable for diagnosing accurate
color separations. Although the RGB color model’s color
separation accuracy is less than the HSB, it is compatible
with electronic devices.

The reliability of the gingiva image and the color
code in the RGB and HSB color models were acceptable
for almost all images in the initial instrumentation develop-
ment. Therefore, the development of increased confidence
and database functions to increase their potential is a plan
that further research should be developed to increase
accuracy and performance. When the database is accurate,
and the database size is more extensive, it can be developed

into an artificial intelligence system in the future.
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This new research on gingival color database
construction uses RGB and HSB color models to analyze
the color codes to create a criterion for distinguishing pale
pink, slightly red, red, and bluish-red color ranges. They
are used to assess the color of gingiva in the Thai population.
Nevertheless, color-coded values, especially red, still have
a wide range, and the reliability is not very high. In future
studies, if larger database sizes result in more accurate
color-coded values, further reliability studies of this research

may need to be designed to provide higher reliability.
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Abstract

Coronavirus disease 2019 (COVID-19) is an emerging disease that puts aerosolized dental treatments at a
high risk of transmission; therefore, up-to-date knowledge of aerosol control plays an essential role in determining
standard regulation in dental practice. The objective of this study was to compare the efficiency in reducing the
dispersion of aerosols by using various types of intraoral and extraoral suctions. The study was conducted in a
closed acrylic box. A high-speed handpiece (Airotor) was used to create aerosols. The intraoral and extraoral suctions
were divided into six groups (saliva ejector, high-power suction tip, side-wing tip, dome- shaped tip, EasyPrep®, and
Extraoral suction). The relative humidity in the box was monitored at 1, 5, and 10 mins with a hygrometer and was
repeated three independent times. The videos were also recorded during the experiment. Results showed that the
saliva ejector alone had the most aerosol diffusion outside the mouth. The mean of relative humidity was highest
and was significantly higher than other groups using a saliva ejector in combination with other suctions. After 1 minute
of the procedure, the mean relative humidity in the group using the saliva ejector plus extraoral suction was significantly
lower than that of the group using the saliva ejector plus the high-power suction tip at P-value = 0.038. When the saliva
ejector was used with the extraoral suction, the means relative humidity were not different between groups after 5-10
mins. In conclusion, the present study provided preliminary information for considering instruments as needed and
the most effective one in reducing the dispersion of aerosols. The knowledge from this research could be used as

a guideline to improve the workflow or regulation in dental practice for safety.
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Introduction

Dental procedures require various types of dental or other tools that can produce both large droplets and
equipments, whether a high-speed handpiece, ultrasonic small aerosols which can be smaller than 50 microns."
scaler, dental polishing tool (air polishers and air abrasion), Most dental treatments involve hard tissue and require
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tools to grind, cut, and drill teeth or bone. A tool is a
handheld tool or the tip of a sharp trimming tool connected
to the handpiece that rotates at high speed and requires
water to reduce the operating temperature and the heat
generated. In the operation of these instruments, micro-
scopic droplets of water are contaminated with saliva,
blood, or microorganism.”* Small droplets can be dispersed
into the air and contaminate the tools, equipment, clothing,
and personal protective equipment. In the event of the
coronavirus disease 2019 (COVID-19) outbreak, these small
droplets can float and stay in the air for a period of time
depending on the environment.”®

Aerosols as small as 0.5 to 10 microns can enter the
respiratory tract and lungs’, making them highly susceptible

to transmission of infection"*®

, especially a risk of infection
from patient to dentist and the supporting team.” Therefore,
it is necessary to have guidelines for dental treatment to
control the spread of aerosols and infection effectively
and strictly. The dispersion of these aerosols has not yet
to be reported how far they can disperse, making disinfection
on all surfaces and ventilation systems within the dental
clinicimperative. However, the current standard protocol
in clinical practice may not be effective enough to prevent
the spread of COVID-19, despite tremendous screening
efforts to evaluate if the patients are in the latent period
without any symptoms or not providing accurate information
to screening.

The use of an ultrasonic scaling instrument has
been reported to produce aerosol dispersion as far as 18
inches, even with no water and extraoral testing.” Using
a high-speed handpiece can create a wide diffusion area
of aerosols which can deposit around the working area.'’
However, to date, there has been no study comparing
the control of aerosol distribution in devices currently
used during the COVID-19 outbreak. Based on current
knowledge, it is believed that aerosols produced by dental
treatments are airborne and may remain for several hours.™
As for the diffusion distance, there has been no definitive
research on how far the aerosols spread. During the COVID-19

outbreak, it has been suggested to use aerosol diffusion

control equipment plus the tools and equipment regularly
used under normal circumstances. A wide variety of
additional tools and equipments are available in the
market with different features. However, there has been
no proper research indicating the comparative efficiency
of controlling micro-aerosols’ dispersion by these instruments
and devices.

Since droplets can remain in the air for up to
30 minutes, there is a high risk of infection if they are
contaminated with bacteria or viruses6, especially if the
operators immediately remove masks and protective
clothing in the working area after performing the treatment.
For the control of aerosols in the dental area that aerosols
disperse, in some clinics or hospitals, only a saliva ejector
or together with a high-power suction attached to the
dental chair is used. This can only reduce the dispersion
of aerosols to a certain amount. However, if a high-volume
evacuator is used with a high-volume evacuator power
of 100 cubic feet of air per minute, the aerosols can be
reduced by more than 90 percent.””!" However, high-volume
evacuators, both intraoral and extraoral, are not in the
standard protocol for dental treatments and are not
commonly used in dental clinics or hospitals. Moreover,
some types of the high-volume evacuators require additional
installation resulting in increased costs. In Thailand, these
tools are imported or fabricated for commercial purposes.
Nevertheless, it is not widely used because the comparative
efficacy has yet to be dicovered. Therefore, in this study,
seven different tools available in the market were selected
and tested for their effectiveness in reducing aerosol diffusion.

Direct measurement of aerosol concentrations is
technically difficult. The aerosol measurement, including
Laser scattering technology, has been adopted, with a
pump-suction sampling method to real-time detect and
calculate the number of suspended particles with
different particle sizes in the air. Although the newly
developed novel aerosol measurement methods, such
as “handheld particle counters”, are available in the
market, they are expensive."” Therefore, the hygrometer

was used in this study to measure liquid dental aerosols
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because of its cost-effectiveness rather than using direct

particle aerosol detection.

Materials and Methods

This experiment tested the reduction of dental
aerosols by various types of intraoral and extraoral suctions

(Free arm forte-S, Tokyo Giken, INC.). A high-speed handpiece

(Airotor) (TwinPower TurbinedH® handpieces, J.Morita MFG.
CORP.) was used to generate small aerosols by connecting
to the water system of the dental treatment unit (Actus
9000, Siamdent). The experiment was conducted in a
closed system using a clear acrylic box. The experimental

groups were divided into six groups, as shown in Table 1.

Table 1 Shows the experimental groups on the efficiency in reducing the dispersion of fine aerosols by six different types of intraoral

and extraoral devices

Type of aerosol suction devices

Experimental groups

Group 1  Group 2 Group 3 Group 4 Group 5 Group 6
Saliva Ejector + + + + + +
High-power suction + straight tip +
High-power suction + side-wing tip +
High-power suction + dome- shaped tip +
High-power suction + EasyPrep® +
Extra oral suction +

Before testing, the relative humidity in the box
was measured. The test was carried out using an aerosol
generator in the upper front teeth area. The hygrometer
(Humidity Thermometer DT-321S, Eastern energy co.,ltd)
and the instruments inside the acrylic were positioned
at the same place in all groups. The time required to
perform the experiment and collect data was 1, 5, and
10 mins, while the aerosol generator and the tested
devices were operated simultaneously. Images and video
clips were collected and observed during the experiment
(PXW-Z150 4K camcorder, Sony). The relative humidity
inside the acrylic box was measured using a hygrometer
before every experiment in the acrylic box. The experiments
were carried out in triplicate in each group. Statistical
analysis was performed using SPSS (IBM SPSS Statistics
for Windows, Version 23.0) and statistical significance was
set at 0.05. Mean and standard deviation were calculated
for the relative humidity. One-way ANOVA and Scheffe’s
test were used to compare the relative humidity means

between the experimental groups.

The results from the simulation using a high-speed
handpiece (Airotor) on the upper front teeth adjacent to
the lip, where aerosol diffusion occurs most, together
with various types of aerosol suction tools. Observation of
Images and video clips showed that using a saliva ejector
alone in the control group showed a large amount of
aerosol diffusion outside the mouth. When using other
types of aerosol suction tools with the tip closest to the
aerosol source, it was found that high-power suction
combined with a straight tip, high-power suction with a
side-wing tip, and high-power suction with EasyPrep®were
able to reduce the amount of aerosol dispersion significantly.
The aerosols were sucked back into the oral cavity when
the high-power suction connected with the EasyPrep®
inside the oral cavity was used. The use of high-power
suction with the dome-shaped tip and the use of extraoral
suction, which had the large diameter of the tips, also
made it possible to suck the aerosol back into the tools,

especially when the tool was placed close to the source
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of aerosols. However, if the tool’s tip was far from the
aerosol source, it could not absorb aerosols properly, and

aerosols started spreading out of the mouth. Moreover,

Saliva Ejector

High power s

the large tip size interfered with work and vision more,

as shown in Figure 1.

High power suction
+ EasyPrep

Figure 1 The reduction of aerosol diffusion caused by a high-speed handpiece (Airotor) by various types of intraoral and extraoral

suction tools

The relative humidity inside the acrylic box
measured by a hygrometer at 1, 5, and 10 mins showed
that the group of saliva ejector alone had a mean relative
humidity at 10 min increased from the mean relative

humidity at the beginning of the experiment. For the group

using the saliva ejector in combination with other groups
of aerosol suctions, the data showed that the mean relative
humidity at 10 min decreased from the mean relative

humidity at the beginning, as shown in Table 2.

Table 2 The results of the mean relative humidity (percent) generated by fine aerosols from the high-speed handpiece (Airotor),

classified by type of aerosol suction device used and time of use.

The mean relative humidity (percent)

Type of aerosol suction devices Mean + SD

0 minute 1 minute 5 minutes 10 minutes
Saliva ejector 74.23+0.19 78.28+3.11 77.86+3.48 75.85+3.11
Saliva ejector and High power suction tip 74.23+0.65 68.69+1.28 63.45+1.36 65.17+2.38
Saliva ejector and High power suction side- wing tip 73.75+0.84 67.85+1.36 61.80+2.10 60.68+2.55
Saliva ejector and High power suction dome-shaped tip 74.56+0.80 67.04+0.36 62.65+3.03 61.05+2.74
Saliva ejector and EasyPrep® 74.38+0.60 67.89+1.82 61.22+1.80 59.82+1.86
Saliva ejector and Extra oral suction 74.12+0.82 62.32+2.18 63.15+2.24 63.71+2.28

From the statistical analysis to compare the
average relative humidity from the aerosol suction device

in each group, it was found that at the start of the experiment

(min 0), the means relative humidity of all groups were
not different from the group using saliva ejector alone as

a control group. In comparing the average relative humidity
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from each group of aerosol suctions when the experiment
was conducted for 1 min, the mean relative humidity of
the saliva ejector alone showed the highest value and
a statistically significant difference from all groups. In
addition, it was found that the mean relative humidity
of the group using the saliva ejector combined with the

high-power suction was significantly higher than that of

the group using the saliva ejector combined with extraoral
suction at 1 min (P-value = 0.038). Comparison of the
average relative humidity from each group of aerosol
suctions at 5, and 10 mins showed that the saliva ejector
group had a statistically higher value than that of others

as shown in Table 3.

Table 3 The comparison of the average relative humidity classified by the type of aerosol suction devices and the duration of the
experiment. (*Statistically significant differences (P<0.05; ANOVA test and Scheffe’s test)

95% Confidence Interval

Duration Control group Experimental groups P-value
Lower Bound Upper Bound
Saliva ejector and High-power suction tip 1.000 -2.214 2214
Saliva ejector and High-power suction 0.977 -1.731 2.698
side- wing tip
0 minute Saliva ejector Saliva ejector and High-power suction 0.996 -2.538 1.891
dome- shaped tip
Saliva ejector and EasyPrep® 1.000 -2.358 2.071
Saliva ejector and Extra oral suction 1.000 -2.108 2.321
Saliva ejector and High-power suction tip 0.002* 3517 15.656
Saliva ejector and High-power suction 0.001* 4.360 16.500
side- wing tip
Saliva ejector Saliva ejector and High-power suction <0.001* 5.164 17.303
dome- shaped tip
Saliva ejector and EasyPrep® 0.001* 4.317 16.456
Saliva ejector and Extra oral suction <0.001* 9.884 22.023
1 minute
Saliva ejector 0.002* -15.656 -3.517
Saliva ejector and High-power suction 0.997 -5.226 6.913
Saliva ejector side- wing tip
and High-power  Saliva ejector and High-power suction 0.943 -4.423 7.716
suction tip dome- shaped tip
Saliva ejector and EasyPrep” 0.998 -5.270 6.870
Saliva ejector and Extra oral suction 0.038* 0.297 12.436
Saliva ejector and High-power suction tip <0.001* 6.550 22.264
Saliva ejector and High-power suction <0.001* 8.203 23917
side- wing tip
5 minutes Saliva ejector Saliva ejector and High-power suction <0.001* 7.357 23.070
dome- shaped tip
Saliva ejector and EasyPrep® <0.001* 8.780 24.494
Saliva ejector and Extra oral suction <0.001* 6.853 22.567
Saliva ejector and High-power suction tip 0.008* 2.575 18.785
Saliva ejector and High-power suction <0.001* 7.065 23.275
side- wing tip
10 minutes Saliva ejector Saliva ejector and High-power suction <0.001* 6.695 22.905
dome- shaped tip
Saliva ejector and EasyPrep® <0.001* 7918 24.129
Saliva ejector and Extra oral suction 0.003* 4.031 20.242
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Discussion

The most effective method to select devices
for reducing the amount of aerosol dispersion caused by
dental treatments is controversial. Currently, manufacturers
provide many devices in the market as accessories during
the COVID-19 pandemic, with the expectation that the
efficiency of aerosol removal can be significantly enhanced.
Most of the tools currently used in dental clinics are intraoral
suctions, which are small, easy, and quickly mobilized.
In addition, there is a tool for reducing the aerosol from
outside the mouth to be used as well. Some of these aerosol
removal devices are expensive and may be inconvenient.
Therefore, it is still being determined whether it is worth using or
not. In the present study, various devices widely used to reduce
saliva and aerosols during the COVID-19 outbreak were tested.

Relative humidity is a ratio of atmospheric moisture
relative to the amount that would be present if the air was
saturated. This displays it as a percentage of the total
amount needed for the air to be fully saturated at the same
temperature. Measuring relative humidity is not complicated
by using a hygrometer. Digital humidity hygrometers have a
higher degree of accuracy than analog hygrometers, and
they do not need to be recalibrated. Absolute humidity
measures the weight of water vapor per unit volume of air.
The absolute humidity unit is given as ¢/ m?2., units of grams
of water vapor per cubic meter of air, since the absolute
humidity of the air is calculated by dividing the mass of
water contained in the air by the volume occupied by
the quantity of air concerned. So, it is rather complicated
than the relative humidity measurement. To quantify the
aerosol remaining in the air in this study, we decided to use
the simple, cheap, but still reliable and acceptable method.

From the results of this study, it was found that
at 10 minutes after using the aerosol-generating tool, the
decline in relative humidity percentage was consistent

with other studies.””"!

When the relative humidity was
measured at 5 and 10 mins after the procedure, no tools
tested in the present study significantly reduced the
relative humidity. However, using the saliva ejector alone

is not recommended since this device is ineffective in

reducing the aerosols. The Extraoral suction and high-power
suction combined with a dome-shaped tip had the same
relative humidity reduction efficiency as other types of
aerosol reduction tools, and they can reduce aerosols
effectively when placed near the aerosol source. However,
they have a limitation: the tool’s tip is oversized and must
be placed as close to the aerosol source as possible,
impeding the dentist’s work and vision. Therefore, it is
difficult to use effectively compared with the High-power
suction with a straight tip, hish-power suction with a side-wing
tip, or high-power suction with EasyPrep®, since these
devices are small and can be placed near the source of
aerosol easily in the oral cavity. Moreover, they do not
obscure the vision or obstruct the dentist’s work, thereby
reducing the amount of aerosols greatly.

For the effective removal of aerosols generated
by dental procedures, a saliva ejector is recommended
for only suctioning of water and saliva. For aerosols, the
use a high-power suction combined with a tip that can
be placed as close as possible to the aerosol source is
recommended. Aslam et al. suggested that the high-power
suction should be connected to a large tip at least 8 mm
in diameter." Although Shahdad et al, 2020 and Noordien
etal, 2021 showed that an extraoral suction could reduce
contamination by aerosols, droplets, and splatter."**
Our present study recommended that an extraoral suction
could be used as an additional option to enhance the
elimination of aerosol diffusion from the procedure.
Shahdad et al, 2020 also recommended that four-handed
dentistry and the appropriate use of rubber dam should remain
the primary mitigating factors.™ Lloro et al 2021 showed
that the percentage contamination reductions were highest
on the operator face-shield. They recommended standard
protective gear such as goggles, face shield, and surgical
gloves for maximum safety.'® Piela et al studied aerosol
generated particles using ultrasonic scaling and high-speed
handpiece in 2022. They evaluated the efficacy of different
high-volume and low-volume suction devices in preventing

particle escape during procedures. They found that the
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use of any suction device tested resulted in a significant
reduction in particle counts compared with no suction.
Our present study also showed that all tested devices
could effectively reduce aerosols."’

The previous study revealed no significant
difference in splatter and aerosol reduction between
Isolite illuminated isolation system (Isolite Systems) and
a saliva ejector.” Since those devices were attached to the
high-volume suction, they may work similarly to the high-
volume evacuator (HVE). The HVE has effectively reduced
90 % of aerosols and spatter from the operation site.”***
In contrast, this study showed a significant difference in
aerosol reduction of saliva ejectors compared to other
suction devices. All types of suction tips used in this study
were attached to the HVE except saliva ejector—this causes
low efficiency in aerosol reduction. This study’s findings
showed that suction systems attached to HVE can remove
a large volume of aerosols within a short period, similar
to other studies.”*** Moreover, the extraoral suction at
1-minute showed significant aerosol reduction compared
to other suction tips attached to HVE. The extraoral suction
can suck up a large volume of air and aerosols since it
has a wide-mouth suction hood and power level of the
device. However, after 5 and 10 minutes, the effectiveness
of decreasing the aerosols of the extraoral suction was
not different from other suction tips attached to HVE.

In the actual clinical situation, the placement
of the aerosol-generating instruments in each position is
different, resulting in the pattern, direction, and distribution
of aerosols from the instruments. The results of this study
can be applied to the appropriate positioning of the
aerosol reduction tools by choosing to place them in the
most critical dispersed position to minimize the spread
and contamination as much as possible. Although no definitive
study has reported the effect of 2019 coronavirus infection
and susceptibility to dental aerosol contamination, this
study showed that the aerosol control from each instrument
had the potential to control dispersion. However, the
quantity and the distribution of pathogens in aerosols are

related to many factors, such as the types of procedures

performed, tools, positions, and the efficient air circulation
system. Therefore, further studies of those factors are
still needed, including the accumulation of viruses in
closed areas of the dental treatment room and a study
of the mean probabilities of how many more people will
spread through dental work, known as the Reproductive
number, RO or R naught.”

This study was done in a closed system and
without airflow to determine the true potential of the
instrument. However, in actual practice, the ventilation
system may spread germs and droplets farther and longer
in the air. It can be seen from several reports that infected
people were linked to locations in the enclosed space,
not adequately ventilated, in crowded condition, staying
in the place for a long time, and without personal protection.
Therefore, various methods must be combined to reduce
the risk of infection. Improving ventilation systems in
the building and dental treatment rooms may decrease
the concentration of germs in the air and reduce the
spread of contaminated droplets in the air by means of
bringing sufficient fresh air from the outside to fill the
working area and have exhaust air to be disposed of,

resulting in better air quality.”*

Even though we know
the effectiveness of suction devices in aerosol reduction,
the range of the suction tip to the operating sites and the
proper direction to obtain the best practice to control
the aerosol dispersion of each working area in the mouth

still need to be determined in the future.

Conclusion

The most effective method to reduce the amount
of aerosol dispersion caused by dental treatment is still
doubtful whether it is worth using. From the results of this
study, it was found that the use of an inexpensive high-
power suction tip in combination with the saliva ejector
can reduce the relative humidity well. Notably, based on
the results of this study, the saliva ejector alone is ineffective
in reducing dental aerosols. Although the extraoral suction
has the potential to reduce the aerosols, it has a limitation

and is challenging to be used effectively. Therefore, in terms
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of investment cost-effectiveness, using extraoral aerosol
suction devices could only be an alternative to enhance
the efficiency and could not be used as the primary

replacement for other devices.
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