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Figure 5 Bar graph of cell size distribution analysis of TRPV1 expressing trigceminal neurons following the application of orthodontic force
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Osteoconductivity Evaluation of 3-Dimensional Dual-leached Polycaprolactone
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Abstract

Recently, the dual-leached polycaprolactone (DL-PCL) scaffold for bone tissue engineering had been
fabricated using sodium salt and polyethylene glycol as porogens. This novel scaffold showed good porous inter-
connectivity and did not have any cytotoxicity as judged by SEM analysis and MTT assay. The purpose of this study
was to evaluate the in vitro biocompatibility and osteogenic conductive potential of this DL-PCL scaffold on the bone
formation in vivo. Periodontal ligament stem cells were seeded on the DL-PCL scaffold for 16 hours and the morphology
of cells on the scaffold was assessed by SEM analysis. The expression of osteogenic related genes was also determined
by real-time reverse transcription polymerase chain reaction (RT-PCR). The ability of the DL-PCL scaffold to support
new bone formation was examined in a rat calvarial defect model. The total IgG from blood serum was measured
after scaffold implantation at two, four and eight weeks. The amount and quality of new bone formation were monitored
by micro-computed tomography and histological analysis, respectively. The results showed that periodontal ligament
stem cells attached and spread on the DL-PCL scaffold and expressed the markers of osteogenic differentiation
including ALP, RUNX2 and OSX. There were no significant changes in the level of serum IgG after the scaffolds were
implanted. Micro-computed tomography and histological analysis in a rat calvarial model showed a significantly greater

amount of new bone formation. These results indicated the ability of DL-PCL for the use of bone tissue engineering.
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Introduction

Large bone defects resulting from tumor resection,
trauma, non-union of fractures, and congenital malformations
are common clinical problems in maxillofacial surgery.
Several methods have been used for bone reconstruction
in the maxillofacial region to solve the previously mentioned
problems, which include autogenous bone grafts, allografts,
alloplasts and xenografts.”” Autogenous bone graft has
been the gold standard of bone replacement for many years
because it provides osteogenic cells as well as essential
osteoinductive factors needed for bone healing and
regeneration. However, this practice is limited by donor-site
morbidity and the limited amount of bone that can be
obtained. These limitations have inspired a search for
innovative techniques for bone bioengineering and
developing more suitable biomaterials.>”

The concept of tissue engineering can be defined
as the use of a combination of cells, engineering material
or scaffold to support the growth and differentiation of
cells and the proper biochemical factors to improve or
replace biological functions.®’ The main principle for bone
tissue engineering strategy is to use an osteoconductive
porous scaffold in combination with osteogenic cells or
osteoinductive biochemical factors that can improve or
replace the biological function of the bone.®® The scaffold
is the first requirement needed to facilitate the tissue
integration into the bone defect; a three-dimensional (3D)
porous scaffold will function as a template for cell attachment,
proliferation and differentiation of bone cells.”"

Several natural and synthetic polymers have been
used to fabricate tissue engineering scaffolds. Aliphatic
polyesters such as polycaprolactone (PCL), polylactic
acid (PLA), polyglycolic acid and related copolymers are
most extensively used in biodegradable scaffolds. PCL is
a semicrystalline polyester that is degraded by the hydrolysis
of its ester linkages under physiological conditions, such
as in the human body. This polymer has received FDA
approval and is currently used in clinical practice. Its excellent
mechanical, slow biodegradation rate and biocompatibility

characteristics were previously highligshted. Moreover, it

is significantly less expensive, readily available in large
quantities and can be molded into porous structures to
allow for osteoconduction.'*"

During the past year, many techniques have
been applied for making porous scaffolds. These include
solvent casting combined with particulate leaching, freeze
drying, electrospinning, phase separation, melt molding,
and combinations of these techniques. Solvent casting
combined with particulate leaching is a technique that
results in highly porous structures."

In our previous research', a three dimensional PCL
scaffold was fabricated using a modified solvent casting,
particulate leaching. By using both sodium chloride and
polyethylene glycol (PEG) powders as porogens, a newly
synthesized dual-leached (DL) PCL scaffold has been
fabricated. The in vitro analysis reported that this DL-PCL
scaffold exhibited highly interconnected pore networks,
equally distributed pores, and a relatively uniform pore
size of 378-435 um, further leading to high water absorption
capacity of the materials tested. An indirect cytotoxicity
evaluation using mouse calvaria-derived preosteoblastic
cells (MC3T3-E1) revealed that the scaffolds were not
harmful to the cells. The cells cultured on DL-PCL scaffolds
also yielded better mineral deposition values compared
to the original PCL scaffold. However, the effectiveness of
this scaffold to promote new bone formation is still unclear.

The purpose of this work was to evaluate the
potential of the DL-PCL scaffold as bone scaffolding
material. The scaffold was assessed in vitro in terms of
the ability of the scaffolds to support the adhesion and
differentiation, as judged by the expression of osteogenic
related genes by primary human periodontal lisament
(PDL) cells. Finally, the scaffolds were assessed in vivo based
on the calvarial defect model in rats. The interaction
between scaffold and immune response was assessed by
the serum IgG of rats. Bone regeneration in the calvarial
defects was evaluated by micro-computed tomography
(micro-CT) and histological analysis four weeks and eight

weeks after implantation.
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Materials and Methods

Materials

PCL (Molecular weight (MV) 80,000 ¢/mol) was
purchased from Sigma-Aldrich (St. Louis, MO), and PEG
(MW 200, 600, and 1,000 ¢/mol) was purchased from Merck
(Germany). Chloroform (Labscan Asia, Thailand) was used
as a solvent for these polyesters, whereas sodium chloride
(NaCl; Ajax Finechem, Australia) was used as a porogen.
Preparation of 3D DL-PCL scaffolds

The three-dimensional scaffolds were fabricated
as previously reported.” Briefly, polymer solution was
prepared by mixing a PCL pellet with PEG (PCL/PEG = 1/1
(w/w)) and chloroform at a concentration of 28% (w/v).
The solution was then stirred at room temperature for
two to three hours. Next, NaCl particles ranging in diameter
from 400 to 500 um (polymer/NaCl = 1/30 (w/w)) were
added. The mixture was packed into petri dishes, creating
cylindrical scaffolds that were 10 cm in diameter and 0.5 mm
in thickness. Scaffolds were placed in a ventilation hood
overnight to allow for solvent evaporation. After evaporation,
the porogens were leached out by immersing the scaffold
in deionized (DI) water for 48 hours, with repeated changes
of the DI water every eight hours. The scaffolds were
then air-dried for 24 hours and vacuum-dried overnight.
Isolation and culture of the primary human periodontal
ligament cells

Human PDL cells were isolated from periodontal
liscament tissues obtained from the third molars extracted
for orthodontic reasons. The protocol was approved by
the Human Ethical Committee from the Faculty of Dentistry,
Chulalongkorn University (HREC-DCU-2012-079). All patients
gave informed consent. Third molars from three healthy
young individuals without systemic and oral infection, age
between 18-25 years old, were obtained. The periodontal
ligament tissue from the middle one-third was scraped off
with a surgical blade. The tissue explants were cultured
in Growth Medium [GM; Dulbecco Modified Eagle medium
(DMEM) supplemented with 10% FBS, 1% L-Glutamine,

0,5 mg/ml gentamicin and 3 mg/ml amphotericin B] and

grew at 37°C humidified atmosphere with 5% O, The
medium and all the supplements were obtained from
Gibco (Life Technologies Corporation, Grand Island, NY).
After the outgrowing cells reached confluence, cells were
subcultured at the ratio 1:3 and cells at the 3rd-5th passages
were used for the experiments.

Reverse-transcription polymerase chain reaction

Human PDL cells were seeded in 12-well at a density
of 100,000 cells/well and grew for two days in either growth
medium (GM) or osteogenic media [OM; GM supplemented
with ascorbic acid (50 mg/ml) and B—glycerophosphate
(10 mM)]. The same density of cells was also seeded in
DL-PCL scaffold and cultured in OM medium for two days.
The scaffolds were prepared in circular shape (5 mm in
diameter and 1 mm thickness). Total cellular RNA was
extracted with TRI Reagent (Roche Diagnostics) according
to the manufacturer’s instructions. The RNA pellet was
washed with 70% ethanol, air dried, and reconstituted
in RNase free water.

Each RNA sample (1 pg) was converted to cDNA
by avian myeloblastosis virus (AMV) reverse transcriptase
(Promega, WI) for 1.5 hours at 42°C. Subsequently, semi-
quantitative PCR was performed. Cycling conditions were
set at 95°C for 30 seconds followed by 40 cycles of 95°C
for three seconds and 60°C for 30 seconds. The amount
of PCR product was calculated based on the quantitation
cycle and normalization to the expression of glyceraldehyde
3-phosphate dehydrogenase (GAPDH) gene. The primers
were prepared following the reported sequences from
GenBank. The oligonucleotide sequences of the primers
for alkaline phosphatase (ALP: forward 5 CGA GAT ACA
AGC ACT CCC ACT TC 3, reverse 5’ CTG TTC AGC TCG
TAC TGC ATG TC 3’), runt-related transcription factor 2
(RUNX2: forward 5’ ATG ATG ACA CTG CCACCT CTGA 3,
reverse 5° GGC TGG ATA GTG CAT TCG TG 3’), osterix
(OSX: forward 5" GCC AGA AGC TGT GAA ACC TC 3’,
and reverse 5° GCT GCA AGC TCT CCA TAA CC 3’) and
GAPDH (forward 5’-TGA AGG TCG GAG TCA ACG GAT-3’
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and reverse 5’-TCA CAC CCATGA CGA ACATGG-3’). The
real-time PCR was performed in a LightCycler instrument
(Roche Diagnostics, USA) using the LightCycler 480SYBR
Green-l Master Kit according to the manufacturer’s
recommendations.
Morphological observation of cultured cells

Cells were seeded in the DL-PCL scaffold as
described above for 16 hours in GM and fixed with 2.5%
glutaraldehyde solution (Sigma, USA) for 30 min. The samples
were extensively washed with PBS and dehydrated in
ethanol solutions of increasing concentration (30, 50, 70, 90,
and 100%) for approximately two minutes at each concentration.
The specimens were dried in 100% hexamethyldisilazane
(HMDS; Sigma, USA) for five minutes and air-dried after
removal of the HMDS. Once completely dry, the specimens
were mounted on an SEM stub, coated with gold, and
observed under SEM (JSM-5200, JEOL model, Tokyo)
Rat calvarial defect model

The experiment was carried out on six-week-old
wistar rats. The protocol was approved by the Animal Care
and Use Ethical Committee, Faculty of Medicine, Chulalongkorn
University (Animal Use Protocol No. 1773019). Bilateral
circular calvarial defects (5 mm in diameter) were created
under general anesthesia with xylazine and ketamine
intraperitoneal injection. A total of ten rats were used and
divided into two groups; for the DL-PCL group (n=5), the
defect was implanted with DL-PCL scaffold and for the
SHAM group (n=5), the defect was left empty. The wound
was closed with a 4-0 nylon suture. The DL-PCL scaffolds
were prepared as a circular disk as described above in
the culture section.
Quantitative analysis of immunoglobulin G (IgG) with
enzyme-linked immunosorbent assay (ELISA)

Whole blood was collected via rat tail before

performing the implantation (0 week), two, four and eight

weeks after implantation. The blood centrifugation is made
with 10,000 rpm to separate the red blood cells. Then,
quantitative detection of rat IgG was done using the Rat
IgG ELISA Kit (abcam, MA, USA) with a spectrophotometer
at 450 nm. Serum IgG was compared between the SHAM
and the DL-PCL groups.

Micro-Computed Tomography (Micro-CT)

Bone formation in the calvarial defect at 4 and 8
weeks were analyzed using micro-CT imaging. After being
euthanized using pentobarbital intraperitoneal injection,
the calvarial bones were carefully excised, cleaned and
fixed immediately with 10% (v/v) formaldehyde for 24
hours and kept in PBS. Then, the samples were assessed
using 35 SCANCO MEDICAL Micro-CT (70 kVp, 114 pA, 8 W
with 15 pm Voxel; SCANCO, Switzerland) for bone mineral
density and bone morphology in the defect area. The
analyses were performed using 3D analysis software
from Scanco Medical (SCANCO Medical AG, Switzerland).
Histological examination

After micro-CT analysis, the specimens were
dehydrated in graded ethanol solutions, embedded
in paraffin, coronal sectioned (5 pm in thickness), and
stained with Masson’s Trichrome to demonstrate osteon
and cellular detail. The digital images of the sections
were obtained by a visual slide microscope (Mirax desk,

Carl Zeiss, Germany).

Statistical Analysis

Statistical analysis was performed using the
independent t-test for mineral density of micro-CT data.
Differences at p<0.05 were considered statistically significant.
All statistical analyses were performed using Statistical
Package for the Social Science (SPSS) Statistics software

package version 22 (IBM, New York, USA).
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Scaffold + Cells
Figure 1 (A) SEM images at 250x (a) and 500x (b) magnification illustrating the microstructures of the DL-PCL scaffold. Representative
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SEM images illustrating the morphology of PDL cells cultured for 16 hours on DL-PCL scaffolds (c and d with the magnification

of 2000x and 5000x, respectively). Note the well spread cells (*) on the surface of the scaffold. White arrow showed the

border of cells that extended over the attached cells. (B) Graph showed the results from real-time RT-PCR analysis to examine

the expression of osteogenic markers ALP, RUNX2, and OSX cultured for 2 days. In growth medium (GM) or osteogenic
medium (OM) and in DL-PCL scaffold using OM medium (DL-PCL) * indicated the significance when compared to GM, # indicated

the significance when compared to OM at p < 0.5

Cell adhesion and differentiation

The biocompatibility of DL-PCL scaffold was
evaluated in terms of its ability to support cell attachment
and differentiation. Fig. 1(A) shows SEM images of DL-PCL
with and without PDL cells. Cells were seeded onto the
DL-PCL scaffolds for 16 hours and then processed by SEM
analysis. The image of the DL-PCL 3D-scaffold showed
good interconnected porosity and the appearance of a
polymeric network (Fig.1A; a and b). The figure also showed
well-spread PDL cells after 16 hours seeded on the
scaffold. The majority of cells showed evidence of the
extension and expansion over the area of the scaffolds.
Comparison of osteogenic gene expression by RT-PCR
analysis

The osteogenic differentiation was monitored
based on the expression of three key osteogenic related
genes including ALP an early marker of osteogenic differen-
tiation, RUNX2 and OSX, the key transcription factors

that induced osteogenic differentiation. The results in

Fig.1B showed upregulation of ALP, RUNX2 and OSX
mRNAs expression in cells cultured with OM medium
for two days compared to the cells cultures in GM. The
results also indicated that cell culture on the DL-PCL
scaffold showed the increased expression of these
three genes compared to those in the OM medium as
analysed by real-time RT-PCR.
Quantitative analysis of IgG levels in rat

The scaffold was implanted in the rat calvarial
defect model. Fig. 2 showed the schematic of calvarial
defects and the implant of the scaffold in the defects.
The defects were created with 5 mm diameter trephine
bur within the temporal bone. The defects were left empty
(SHAM) or filled with the DL-PCL scaffold for up to 8 weeks.
To evaluate the specificimmune response, the amount of
total IgG from the serum was measured. The results did
not show any significant differences between the level
of serum IgG in both the SHAM and the DL-PCL groups at

all time points (0-8 weeks).
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Figure 2 Graph showed the level of serum IgG of the rat in the SHAM
and DL-PCL groups. No significant difference was detected

In vivo bone formation of DL-PCL scaffolds in rat
calvarial model
The amount of new bone formation in the defect

was assessed by micro-CT analysis after four and eight
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weeks of implantation. Quantification of bone volume/
total volume (BV/TV) showed the amount of new bone
formation at four and eight weeks of DL-PCL group was
significantly higher than the SHAM group (P<0.05) [Fig. 3].

Histological analysis of specimens at four and
eight weeks after implantation were shown in Fig. 4. At
four weeks, the DL-PCL group was found to have an
increase in the amount of collagen, osteoid formation
and vascularization inside the scaffold. At eight weeks,
woven bone structures, osteocytes and lacunae structures
were prominent and the newly formed bone in the center
of the defect was seen. In contrast, the defects in the SHAM
group were filled with loose connective tissue and minimal

mineralization at either time point.

% of New bone formation

Sham m Scaffold

Figure 3 (A) Picture from micro-CT analysis showed the amount of new bone formation compared between SHAM and DL-PCL groups

after 4 and 8 weeks implantation. (B) Graph showed the quantitative amount of new bone formation as calculated by

bone volume/total defect volume (BV/TV). * indlicated the significance when compared to SHAM at p < 0.5

288 J DENT ASSOC THAI VOL.71 NO.4 October - December 2021



Figure 4 Decalcified histological sections of rat calvarial at 4 and 8 weeks in the SHAM and the DL-PCL groups. a and b showed the

section from SHAM after 4 and 8 weeks, respectively. Fibrous tissue was found in the center of the defect. New bone formation
could be observed at the edge of the defect. c and d showed the section from the DL-PCL group at 4 and 8 weeks, respectively.
New bone formation could be observed within the implanted scaffold. Black bars represented 1 mm

Discussion

The data from this present study showed the
ability of three-dimensional DL-PCL scaffold to support
cell adhesion and differentiation both in vitro and in vivo.
The use of PCL scaffold for bone tissue engineering had
been report in several studies, however, the majority of
bone grew outside the scaffold.”'® On the contrary, using
our fabrication method, i.e., improve the connectivity
between porous, can find the ossification centre that
occurred within the scaffold, indicating the enhance ability
of the scaffold to support the de novo bone formation.

In terms of cell adhesion, the SEM showed the
well spreading of PDL cells on DL-PCL scaffold within
16 hours. The flatten of the cells on the surface of the
scaffold indicated the good biocompatibility of the
scaffold. This may be due to not only the high porosity
and highly interconnected pore networks of the scaffold
that allowed the cells to penetrate the scaffold'""* but
also to the architecture of the scaffold that is similar to

the fibrous network.

Not only supporting cell adhesion, cell culture on
the DL-PCL scaffold could undergo osteogenic differentiation
as judeed by the increased expression of ALP, RUNX2 and
OSX. ALP is the enzyme that provides to increase the local
concentration of inorganic phosphate, a mineralization
promoter, and to decrease the concentration of extracellular
pyrophosphate, an inhibitor of mineral formation." ALP
has been considered to be one of the markers that represent
the osteogenic differentiation.”” RUNX2 and OSX are the
key transcription factors that regulate osteogenic differen-
tiation.””” An increase of these two genes have been
considered as cell undergoes osteogenic differentiation.
The higher level of expression of ALP and OSX in cells cultured
on the DL-PCL with the OM group compared to cells
cultured with OM alone suggested the possibility that the
DL-PCL architecture might help promote the cells differen-
tiation. Similar to the present results, Chuenjitkuntaworn
et al.”, reported the significant increase in the expression

of type | collagen and osteocalcin mRNAs for the primary
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human bone cells cultured on the PCL/HAp and the PCL
scaffolds fabricated by combined solvent casting and particulate
leaching techniques using sucrose as the porogen.

The ability to support bone cell adhesion and
differentiation of DL-PCL scaffold is the key issue determining
the success in new bone formation. In order to explore the
potential of clinical applications, an in vivo study of the
scaffold to repair a calvarial defect was performed. The
interaction between the scaffold and specific-immune
response was analyzed through the serum IgG of rats.
Increased serum IgG level at four and eight weeks post-
operatively from baseline was probably due to surgical
trauma which lead to endogenous upregulation of 1gG.**
There was no significant difference when comparing the
IsG levels the of SHAM and DL-PCL groups at all time
points, suggesting that B-lymphocyte activity or adaptive
immune response was in a range expected for the calvarial
defect. Furthermore, an histological analysis saw no foreign
body reaction around DL-PCL scaffolds. Thus, the DL-PCL
scaffold may become the biocompatible option for tissue
engineering. Similarly, Nisbet et al.” reported the extent
of microglial and astrocytic responses following the im-
plantation of an electrospun PCL scaffold on the rat brain.
The inflammatory microglia peaked at around four days
and persisted for 28 days. Astrocytes displayed a similar
pattern of activation. However, 60 days after implantation,
there were no scars or foreign body reactions detected
surrounding the scaffolds.

Finally, bone regeneration in the calvarial defects
of rats was assessed. During the operation, good retention
of the DL-PCL scaffolds on the implant site was observed.
This may be due to ample drainage of the exudate through
the pore structure of the scaffold prevents the accumulation
of exudate beneath the scaffold, which may dislodge the
scaffold due to the pressure build-up.” From a histological
view, new blood vessels with red blood cells were formed
in the groups receiving DL-PCL scaffold implantation. This
suggests the regeneration of vascularized bone tissue by
the scaffold. Vascularization is critical for bone regeneration

and persistence of newly formed bone tissue mass.”

Furthermore, micro-CT data demonstrated a significant
increase in BV/TV in the defects of the DL-PCL group at
four and eight weeks post-surgery and from histological
analysis, the degradation of scaffold and the newly
formed bone in the center of the defect in the DL-PCL
group at eight weeks after implantation were identified.
Interestingly, the appearance of new bone area both at
the center and edge of the DL-PCL scaffold group made
them significantly increased bone volume greater than the
SHAM group and indicate the excellent osteoconductivity
of the DL-PCL scaffolds, when implanted in vivo. This
ability might come from the highly interconnected pore
networks of the scaffolds to facilitate cells ingrowth'®as
well as the fibrous like structure of the scaffold.
Regarding the degradation rate of PCL, there was
a report showing that the degradation time for the PCL
scaffold ranged between 21 days to two years. " Generally,
a scaffold was designed to allow the seeded cells to
proliferate and secrete extracellular matrix, therefore the
gradual degradation of the scaffold will provide space
for new cell growth." In addition, the water absorption ability
of the DL-PCL scaffold may facilitate specific adsorption
of serum proteins that could help regulate the adhesion

221 Consider the amount of

and proliferation of the cells.
scaffold left in the affected area between four and eight
weeks; approximately half of the scaffold already had
degraded. Therefore, the degradation of the scaffold
should be within three to six months, which would be the
reasonable time frame in craniomaxillofacial applications.”

In conclusion, this study suggests that the DL-PCL
scaffold was suitable for bone defect repair in a critical
size rat calvarial defect model. The novel DL-PCL scaffold
could serve as a carrier for repairing bone defects. This scaffold
has enormous potential to develop as material for bone
tissue engineering applications. Further experimental and

clinical studies should be conducted to confirm these results.

Acknowledgement

This study was supported by the 2012 Research

Chair Grant from the National Science and Technology

290 J DENT ASSOC THAI VOL.71 NO.4 October - December 2021



Development Agency (NSTDA). The Center of Excellence for
Regenerative Dentistry was supported by the Chulalongkorn

Academic Advancement into Its 2nd Century Project.

References

1. Wan DC, Nacamuli RP, Longaker MT. Craniofacial bone tissue
engineering. Dental Clinics 2006;50(2):175-190.

2. Ayoub A, Al-Fotawei R. Biomaterials in the reconstruction of the
oral and maxillofacial region. Front Oral Biol 2015;17:101-14.
3.LiuY, Lim J, Teoh SH. Development of clinically relevant scaffolds
for vascularised bone tissue engineering. Biotechnol Adv 2013,;
31(5):688-705.

4. Mobini S, Ayoub A. Bone tissue engineering in the maxillofacial
region: The state-of-the-art practice and future prospects. Regeneration,
Reconstruction, & Restoration 2016;1(1):8-14.

5.Wu'S, Liu X, Yeung KW, Liu C, Yang X. Biomimetic porous scaffolds
for bone tissue engineering. Mater Sci Eng R 2014;80:1-36.

6. Murphy CM, O’Brien FJ, Little DG, Schindeler A. Cell-scaffold
interactions in the bone tissue engineering triad. Eur Cell Mater
2013;26:120-32.

7. O’brien FJ. Biomaterials & scaffolds for tissue engineering.
Materials today 2011;14(3):88-95.

8. Burg KJ, Porter S, Kellam JF. Biomaterial developments for
bone tissue engineering. Biomaterials 2000;21(23):2347-2359.
9. De Witte T-M, Fratila-Apachitei LE, Zadpoor AA, Peppas NA. Bone
tissue engineering via growth factor delivery: from scaffolds to
complex matrices. Regen Biomater 2018;5(4):197-211.

10. Hutmacher DW. Scaffolds in tissue engineering bone and cartilage.
In: The Biomaterials: Silver Jubilee Compendium. Elsevier; 2000:
175-189.

11. Salgado AJ, Coutinho OP, Reis RL. Bone tissue engineering: state
of the art and future trends. Macromol Biosci 2004;4(8):743-765.
12. Marletta G, Ciapetti G, Satriano C, Perut F, Salerno M, Baldini N.
Improved osteogenic differentiation of human marrow stromal cells
cultured on ion-induced chemically structured poly-E-caprolactone.
Biomaterials 2007;28(6):1132-1140.

13.SinhaV, Bansal K, Kaushik R, Kumria R, Trehan A. Poly-E-caprolactone
microspheres and nanospheres: an overview. Int J Pharm 2004,
278(1):1-23.

14. Thadavirul N, Pavasant P, Supaphol P. Development of
polycaprolactone porous scaffolds by combining solvent casting,
particulate leaching, and polymer leaching techniques for bone
tissue engineering. J Biomed Mater Res A 2014;102(10):3379-3392.

15. Williams JM, Adewunmi A, Schek RM, Flanagan CL, Krebsbach PH,
Feinberg SE, et al. Bone tissue engineering using polycaprolactone
scaffolds fabricated via selective laser sintering. Biomaterials 2005;
26(23):4817-4827.

16. Roosa SMM, Kemppainen JM, Moffitt EN, Krebsbach PH, Hollister
SJ. The pore size of polycaprolactone scaffolds has limited influence
on bone regeneration in an in vivo model. J Biomed Mater Res A
2010;92(1):359-368.

17. Karageorgiou V, Kaplan D. Porosity of 3D biomaterial scaffolds
and osteogenesis. Biomaterials 2005;26:5474-5491.

18. Takahashi Y, Tabata Y. Effect of the fiber diameter and porosity
of non-woven PET fabrics on the osteogenic differentiation of
mesenchymal stem cells. Biomater Sci Polym 2004;15:41-57.
19. Golub EE, Boesze-Battaglia K. The role of alkaline phosphatase
in mineralization. Current Opinion in Orthopaedics 2007;18(5):444-448.
20. Endres M, Hutmacher DW, Salgado AJ, C Kaps, J Ringe, R L Reis, et al.
Osteogenic Induction of Human Bone Marrow-Derived Mesenchymal
Progenitor Cells in Novel Synthetic Polymer-Hydrogel Matrices.
Tissue Eng 2003;9(4):689-702.

21.Liddo R, Paganin P, Lora S, Dalzoppo D, Giraudo C, Miotto D, et al.
Poly-€-caprolactone composite scaffolds for bone repair. Int J Mol
Med 2014;34:1537-1546.

22. Sinha KM, Zhou X. Genetic and molecular control of osterix
in skeletal formation. J Cell Biochem 2013;114(5):975-84.

23. Chuenjitkuntaworn B, Inrung W, Damrongsri D, Mekaapiruk K,
Supaphol P, Pavasant P. Polycaprolactone/hydroxyapatite composite
scaffolds: preparation, characterization, and in vitro and in vivo
biological responses of human primary bone cells. J Biomed Mater
Res A 2010;94(1):241-251.

24. Fishman JM, Wiles K, KJ W. CHAPTER 8 - The Acquired Immune
System Response to Biomaterials, Including Both Naturally Occurring
and Synthetic Biomaterials. Host Response to Biomaterials 2015:
151-187.

25. Nisbet DR, Rodda AE, Horne MK, Forsythe JS, DI F. Neurite
infiltration and cellular response to electrospun polycaprolactone
scaffolds implanted into the brain. Biomaterials 2009:4573-4580.
26. Santos M, Reis R. Vascularization in Bone Tissue Engineering:
Physiology, Current Strategies, Major Hurdles and Future Challenges.
Macromol Biosci 2010;10:12-27.

27. Hariraksapitak P, Suwantong O, Pavasant P, Supaphol P. Effectual
drug-releasing porous scaffolds from 1,6-diisocyanatohexane extended
poly(1,4-butylene succinate) for bone tissue regeneration. Polymer
Elsevier 2008;49:2678-2685.

28. Bose S, Roy M, Bandyopadhyay AJTib. Recent advances in bone
tissue engineering scaffolds. Trends Biotechnol 2012;30(10):546-554.

Aksorn et al.,, 2021 291



Original Article

Prevalence of Maxillary Sinus Septum and Investigation of Morphology in
Thai Population by Cone-beam Computed Tomography; Comparative Study
between Dentate Partial Edentate and Edentate
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Abstract

The aim of this study was to investigate and compare the maxillary sinus septa and morphology in the Thai
population by using cone-beam computed tomography (CBCT) between dentate, partially edentate and edentate
patients. CBCT scans from 300 Thai patients: 209 females and 91 males with a mean age of 49.22 years old, were
retrospectively collected from the hospital database of the Faculty of Dentistry, Chulalongkorn University, Bangkok,
Thailand. All CBCT images were viewed and evaluated on Infinitt® software. The evaluation of maxillary sinus septa
(type, maxillary sinus wall, location, completion) was performed by two observers. Sixty CBCT scans were randomly
selected for re-evaluation after four weeks. Patients’ demographic data were recorded. Descriptive analysis of the
data was done. A total of 567 maxillary sinuses were included in this study and 241 septa were found. The majority of
dentate (60%), partial edentate (59.63%) and edentate (85.71%) groups were found without septa in maxillary
sinus. The correlation between dentition and septa was not found. Most septa were located on the medial wall of the
maxillary sinus (85.06%), and commonly found in the region of the first and second molars (41.49%). Most maxillary
sinuses contained only one septum (88.38%). The septa is mostly attached to the walls of the maxillary sinus (73.03%).
Almost 43% (42.74%), of the three-wall-septa attached to the floor, lateral wall and medial wall of the maxillary sinus.
The major orientation of the septa was not parallel to sagittal, coronal or horizontal planes (48.96%). The majority of
septa completely separated sinus compartments (83.83%). Maxillary sinus septa are common anatomical structures
that showed at around 60 - 85% among dentate, partial edentate and edentate patients of the Thai population in this
study. They are most often found in the first or second molar region on the floor of the maxillary sinus. These findings

are useful information for dentists to prevent possible complications during sinus augmentation procedures.
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Introduction

Maxillary sinus is a pyramidal shaped cavity
extending anteriorly to the canine and premolar area and
inferiorly to the first molar region. The size of the sinus
increases with age, starting from an insignificant size to an
average of 25-35 mm in width, 36-45 mm in height and
38-45 mm in length.' The blood supply comes from the
infra-orbital artery, the posterior superior alveolar artery
and the greater palatine artery.” Some anastomoses of the
posterior superior alveolar artery and the greater palatine
artery can be found at the lateral antral walls. These arteries
also supply the Schneiderian membrane of the maxillary
sinus.” Following tooth extraction, there is a dimensional
change of the edentulous area® In the posterior maxillary
region, there is not only a deficiency in the width and height
of the alveolar ridge, but also there is usually the pneuma-
tization of the maxillary sinus which was found to be varied
according to tooth type and region. Research showed pneu-
matization occurs in an area without previous pneumatization.
Moreover, previous pneumatization did not favor more
pneumatization after tooth extraction.’ Septa is contained
inside some of the maxillary sinuses. Maxillary septa were
first described by Underwood in 1910." These septa normally
arise from between adjacent teeth and can be found to
originate from the floor, the wall or the roof of the sinus.

Nowaday, an osseointegrated dental implant has
become readily available for replacing missing teeth. The
treatment procedure includes osteotomy of the edentulous
areaforplacement of adentalimplant. The common complication
found in a dental implant procedure is inadequate bone
both in width and height. In order to achieve optimum bone
height and width for dental implant placement, a bone
augmentation procedure is required. Sinus floor elevation
and augmentation is one of the widely used procedures
to obtain bone height in the maxillary posterior region.
This procedure was first described by Tatum in 1986.° The
sinus wall is opened at the antral wall and the Schneiderian

membrane is lifted to create spaces in between for bone

grafting materials. During the step of exposing the maxillary
sinus, perforation of the sinus membrane may occur. This
complication is usually associated with the presence of
amaxillary sinus septum.” Furthermore, there were other
intraoperative or postoperative sinus complications such
as excessive bleeding, infection, wound dehiscence, sinusitis
or loss of bone graft.” Therefore, it is necessary to investigate
the maxillary sinus septa morphology and pathology by
radiographic images prior to the procedure.

Patients with a complete or partial edentulous
area are more likely to get dental implant treatment. As
aresult, the anatomical complication during sinus augmentation
surgery will be frequently found in these patients. The
correlation between the status of dentition in the posterior
maxilla and the presence of sinus septa were not found in
the Caucasian population™ nor in the Taiwanese population.'
However, this type of data is not available in the Thai population.

Panoramic radiography and cone-beam computed
tomography (CBCT) are generally used in dental practice for
a preoperative evaluation before placing dental implants.*?
Due to the image geometry and superimposition of anatomical
structures, panoramic radiograph may lead to false-positive
and false-negative findings in the visualization of septain
almost half of the case studies. False diagnosis of finding
maxillary sinus may occur if only panoramic radiography
is used.">'* CBCT is therefore recommended to obtain a
precise preoperative evaluation and three-dimensional
visualization of the maxillary sinus.

When using CBCT to investigate maxillary sinus
morphology, various orientations and locations of the
sinus septa were found in different group populations.**°
Nevertheless, there has been no published research
on 3D information of maxillary sinus morphology in the
Thai population. Therefore, the aim of this study was to
investigate the maxillary sinus septum and morphology
between dentate, partial edentate and edentate in Thai

population by using CBCT.
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Materials and Methods

Study design and patient selection

The study protocol was reviewed and approved
by the ethics committee of the Faculty of Dentistry,
Chulalongkorn University (No.064/2019). CBCT images from
1 January 2017- 31 December 2018 were retrospectively
collected from the hospital database at the Radiology
clinic, Faculty of Dentistry, Chulalongkorn University,
Bangkok, Thailand. AL CBCT images were screened based
on the inclusion and exclusion criteria. CBCT images with
a minimum 8x8 mm field of view to cover at least one
complete maxillary sinus were included. The exclusion
criteria are patients who had a history of surgical intervention
or trauma to the maxillary sinus, pathology of the maxillary
sinus and the maxillary posterior teeth involving the
maxillary sinus (Fig. 1), insufficient image quality. Moreover,
the sinuses that exhibited mucosal thickening of more
than 4 mm were excluded.

A total of 300 cases were selected with 209
females and 91 males. From these samples, 567 maxillary
sinuses (399 sinuses from females and 168 sinuses from
males) were included. The maxillary sinuses were divided
into three groups (dentate, partial edentate and edentate).
Dentate patients include patients with all the teeth present

in the selected field of view, partial edentate included

LAO (OUT) CAU 90

patients with some missing teeth and edentate included
patients with no teeth in the field of view. The age group
ranged in four groups: 0-20 years old, 21-40 years old,
41-60 years old and more than 60 years old.
Radiographic and analysis

AW CBCT images were viewed and evaluated on
the picture archiving and communication system (PACS)
software (Infinitt® software, Infinitt Healthcare Co. Ltd.,
Seoul, Korea). The parameters regarding patient’s data
(age, sex, status of dentition of the investigated side:
dentate, partial edentulous, edentulous), maxillary sinus
septum of more than 2.5 mm in height, type of septa
(sagittal, coronal, axial, others) (Fig. 2), the maxillary sinus
wall that the septum originated from (floor, roof, medial,
lateral, anterior, posterior), the number of septa in the
sinus, the location of the septa (anterior: premolar,
middle: first and second molar, posterior: third molar)
(Fig. 3) and the completion of the sinus (complete: cross
one wall to the opposing wall, incomplete) were reviewed
from the software by two observers. Prior to the observation,
a calibration session to be familiar with the software and
the collecting data was performed. Twenty percent of the
included CBCT scans were randomly re-evaluated after

four weeks.

Figure 1 An axial CBCT image showed an example of a non-investigated left sinus due to pathology
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Figure 2 Types of maxillary sinus septa: (a) A sagittal CBCT image showed an example of a complete coronal septum in the left

maxillary sinus (b) A coronal CBCT image showed an example of a complete axial septum in the left and right maxillary

sinus (c) A coronal CBCT image showed an example of a complete sagittal septum in the left maxillary sinus (d) A sagittal

CBCT image showed an example of a complete other septum in the left maxillary sinus
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Figure 3 Locations of septa: (a) A sagittal CBCT image showed an example of sinus septa in the anterior region in the left maxillary

sinus. (b) A sagittal CBCT image showed an example of sinus septa in the middle region in the left maxillary sinus. (c) A

sagittal CBCT image showed an example of sinus septa in the posterior region in the left maxillary sinus

Statistical analysis

IBM SPSS Statistics software version 22.0 (IBM,
Armonk, NY, USA) was used to perform statistical analysis.
Descriptive analysis and the frequency of maxillary sinus
septa was performed. Any correlation regarding age, dentition,
type, location and the present of the sinus septa was
calculated using Pearson chi-square tests. Cohen’s kappa
statistic was performed to evaluate interobserver agreement.

The significant level was set at p<0.05.

In this study of 300 patients, 209 patients were
females (69.67%) and 91 were males (30.33%) with an
average age of 49.22 years old. From these patients, 162
(54%) had at least one septum, and 64 (24%) of the 267
bilateral sinus scan showed septa in both sides. In the
567 maxillary sinuses evaluated, a total of 241 septa were
present, and 226 sinuses presented with at least one septum

(39.9%). The frequency of sinus presented with at least
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one septum for the left and right sides were 38.8% (n = 111)
and 40.9% (n = 115), respectively. This finding was statistically
significant (p<0.001). Of the total evaluated sinuses, 37.6%
(n = 213) had one septum, 2.3% (n = 13) had more than
one septum (Table 1).

The samples were categorized into three groups
according to the types of dentition on the side that
maxillary sinus was investigated. The number of maxillary
sinuses with absence and presence of septum in the
dentate, the partial edentate and the edentate groups
are presented in Table 1. Of the 290 sinuses with dentate
(100%), 270 sinuses with partially edentulous (100%) and
seven sinuses with completely edentulous (100%), the
frequency of sinus presented with at least one septum
were 116 sinuses (40%), 109 sinuses (40.37%) and one

sinus (14.29%) respectively (Table 3).

Regarding the distribution of sinus septa in relation
to the status of the dentition in the left posterior maxilla,
septa were present in 49.5% of dentate regions, 50.5% of
partially edentulous, and 0% of completely edentulous.
For the right posterior maxilla, septa were present in 53%
of dentate regions, 46.1% of partially edentulous, and 0.9%
of completely edentulous. No significant difference was
found for the frequency of septa based on the type of
dentition (p=0.358 and p=0.788 for the left and right sides,
respectively). When comparing between male and female,
no statistically significant difference was found (p=0.590).
The frequencies of septa in males and females were 51.3%
and 55%, respectively (Table 2). Patients were assigned into
four age groups. There was also no significant difference
in the frequency of septa in relation to the age of a patient
(p=0.392) (Table 4).

Table 1 Frequency sinus septa with regards to types of dentition and sex

Total sinus Number of maxillary sinus
" Age Total sinus
Dentition By dentition Sex No Septum
range (y) by sex (%) 1 (%) More than 1 (%)
(%) (%)
Dentate 290 (51.1) F 10.24 - 84.45 (43.95) 198 (34.9) 113 (19.9) 79 (13.9) 6 (1.1)
M 11.57 - 70.85 (36.25) 92 (16.2) 61(10.8) 29 (5.1) 2(0.3)
Partial 270 (47.6) F 14.06 - 87.19 (57.21) 196 (34.6) 121 (21.3) 70 (12.4) 5(0.9)
edentate M 22.51 - 85.18 (56.07) 74 (13.0) 40 (7.0) 34 (6.0) 0
Edentate 7(1.2) F 62.36-64.33 (62.93) 5(0.9) 4(0.7) 1(0.2) 0
M 69.91 - 69.91 (69.91) 2(0.3) 2(0.3) 0 0
Total 567 (100) 341 (60.1) 213 (37.6) 13 (2.3)

Table 2 Frequency of patients who have sinus septa with regards to sex

Sex Total patients by sex Number of patients who have septa (%)
Male 91 47(51.6)
Female 209 115(55)

Table 3 Frequency of the maxillary sinus with regards to the number of septa by the dentition

Dentition Total sinus (%) Number of maxillary sinus (%)

No septum 21
Dentate 290 (100) 174 (60) 116 (40)
Partial edentate 270 (100) 161 (59.63) 109 (40.37)
Edentate 7 (100) 6 (85.71) 1(14.29)
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Table 4 Frequency of sinus septa with regards to age group

Age group
Total
0-20 years old 21-40 years old 41-60 years old More than 60 years old
No Septa 10 40 42 46 138
Septa 7 38 52 65 162
Total 17 78 94 111 300

Types, morphology and locations of maxillary sinus septa

Of the 241 included septa, the most common
orientation of septa was coronal (44%; n = 106), followed
by axial (4.1%; n = 10) and sagittal (2.9%; n = 7). More than
one-third of the septa (49%; n = 118) could not be classified
as coronal, sagittal, or axial and were designated as “other”.
The most frequently found origin of septa was medial
(29.5%; n = 205), followed by floor (24.8%; n = 172), lateral

(24.1%; n =167), roof (8.4%; n = 58), anterior (7.8%; n = 54)
and posterior (5.5%; n = 38) (Figure 4). The majority of septa
were found in the region of the first or second maxillary
molars (41.5%; n = 100), 32.8% (n = 79) were located in the
retromolar (posterior) area, and 25.7% (n = 62) were in
the premolar area. Of the 241 septa identified, 83.8% (n

= 202) were complete and 16.2% (n = 39) were incomplete.
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The differences in the orientation of the septa
in relation to the type of dentition (dentate, partially
edentate and edentate) were not statistically significant
(p=0.571 and p=0.588 for the left and right sides, respectively).
The differences in the location of the septa in relation
to the type of dentition were not statistically significant
(p=0.685 and p=0.614 for the left and right sides, respectively).

In addition, the differences in the completion of the septa

Table 5 Intraobserver reliability (Cohen’s kappa values)

in relation to the type of dentition were not statistically
significant (p=0.833 and p=0.490 for the left and right sides,
respectively).
Observer reliability

The kappa values for both observers were excellent,
ranging from 0.983 to 1.00. Substantial interobserver reliability
for the type of septa (classified into coronal, sagittal, axial and

others) was observed (Cohen’s kappa value = 0.983) (Table 5).

Measurement Reliability test Values
Presence of septa Cohen’s kappa coefficient 1.000
Dentition Cohen’s kappa coefficient 1.000
Type of septa Cohen’s kappa coefficient 0.983
Septa completion Cohen’s kappa coefficient 1.000
Septa location Cohen’s kappa coefficient 1.000
Number of septa Intraclass correlation coefficient 1.000

Discussion

This study aimed to investigate the maxillary
sinus septa and morphology in the Thai population by
using CBCT scans from 300 Thai patients collected from
the hospital database of the Faculty of Dentistry. In this
investigation, 54 % of the patients had at least one septum
and 39.9 % of the sinuses had at least one septum. These
findings were lower than results reported by Bornstein et al”,
with septa present in 66.5 % of the patients; 56.5 % of
the sinuses, using a similar threshold of 2.5 mm height of
sinus septum as our study. However, a systematic review
by Pommer, et al which included at least 2-4 mm height
of sinus septum demonstrated that septa presentin 28.4 %
of the sinuses.'® Different methods have been used to
investigate the maxillary sinus septa and morphology in
previous studies such as panoramic radiographs, computed
tomographic imaging and direct assessment in sinus surgery
patients and cadaveric heads.””*' Gandhi and others conducted
a study of cadaveric heads with at least 2.5 mm in height
as a minimal height of maxillary sinus septa and found

that 28.1 % of the maxillary sinuses have sinus septa.”

Lee and colleagues conducted a study using CBCT
images for posterior maxilla with at least 2.5 mm in height
as a minimal height of maxillary sinus septa found that
24.6 % of the maxillary sinuses and in 27 % of the total
patients have maxillary sinus septa.”’ Park et al. and others
conduct a study using CT scans with at least 3 mm in
height as a minimal height of maxillary sinus septa found
that frequency of 37 % of patients and 27.7 % of maxillary
sinuses have sinus septa.”’ From the study of Park et al,
they reported a higher percentage of maxillary sinus
septa even with a higher threshold than Lee et al. and
Gandhi et al. but the frequency was still lower than the
current study’’ (9,10). The higher threshold may explain
the lower frequency of sinus septa compared to the results
of this study.

The results of this study was similar to a study
conducted by Koymen et al.”* Dental CT images were used
to assess 410 sinus segments, it was found that 35.4 %
of maxillary sinus had sinus septa.” Another study by Qian

et al. used reconstructed CBCT images of 1,012 sinuses
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with at least 2.5 mm in height. It was revealed that the
prevalence of septa was 48.2 % based on the number
of patients and 32.6 % based on sinuses." In this study,
there were no significant differences between the frequency
of septa and sex or age and type of dentition (dentate,
partially edentulous, edentulous) of the patients. These
findings were similar to previous reports.'”"! However,
Pommer et al. showed that there was a significant difference
of septa between edentulous and dentate ridges. The authors
explained that there might be a recruitment bias because
radiographic images were collected from a specific patient
group who were referred for implant treatment.’

The current study revealed that the most common
orientation of septa was coronal plane (44 %). These results
were in concordance with the study published by Bornstein
etal'. In this report, the most frequently found origin of
septa was the medial wall (29.5 9%). In contrast, Bornstein
et al. showed that most septa were located on the floor
of the maxillary sinus (58.6 %). This might be because of
the pyramidal shape of the maxillary sinus; therefore, it
was hard to identify the exact boundaries between each

wall”

. The first or second maxillary molars region was the
area that the majority of the septa was found (41.5 %) and
most of the septa were complete (83.8 %). The results
also agree with what was reported by Bornstein et al."’
During a lateral window sinus augmentation procedure,
the operator has to perform an osteotomy at the lateral
of the maxillary sinus. Our study showed a second frequently
found origin of septa at the floor and the lateral of the
maxillary sinus, therefore, this area should be operated
with caution. Sinus perforation is the main complication
found during the sinus augmentation procedure especially
when replacing a single tooth.”” Moreover, the most frequent
sinus orientation found in our study was in the coronal
plane which is perpendicular to the osteotomy site of the
sinus augmentation procedure. Without prior information
from CBCT, dentists could create a sinus membrane
perforation when opening the wall of the sinus.

Prior studies reported data from mostly a Caucasian

population, some reports from South Korea and Taiwan

showed prevalence of maxillary septa in the East Asian
population.'**** However, a prevalence of the sinus septa
in the South East Asian population was not described
previously. Further studies with a larger sample size among
a South East Asians population is needed.

Regarding how the number of maxillary sinus septa
correlates to sex, our study showed 51.6 % of male and
55 % of female were presented with sinus septa. However,
in the Taiwanese population, men have more chances
to have septa than women."" In a study of edentulous
patients, age did not correlate with the presence of sinus
septa.” Our report showed similar results to the study
by Orhan, et al in a Turkish population where significant
difference was not found among age groups.”

The limitations in this research are all radiographic
images come from a patient group who were referred for
any specific reason such as implant or investigate sinus
anomaly so there might be a recruitment bias and some
radiographic images have only one side so in this research,
we can’t collect data of left and right side equally. Moreover,
due to the small sample size of the edentate group, our
report showed 85.7 % without sinus septa while 14.3 % or
one person was found with septa. A larger group of edentulous
patients is needed to evaluate the significance of edentulous
to the presence of sinus septa. Nevertheless, based on the
findings of this study, the reliability of CBCT image analysis
was very high. The clinical applications can be drawn from
this research that CBCT is recommended for investigation

of maxillary sinus before a sinus augmentation procedure.

Conclusions

Maxillary sinus septa are common anatomical
structures and in this study, the Thai population are most
often found in the first or second molar region which
originated from the medial wall of the maxillary sinus. They
are usually completed and parallel to the coronal plane.
The majority of the population who have septa showed more
than one wall septa. These findings are useful information
for dentists to prevent possible complications during

sinus augmentation procedures.
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Abstract

Photovoice is an activity used in Participatory Action Research. It helps lead to an awareness of social
problems. The group of novices at the Phrapariyattidhamma school consists mostly of marginalized youths who are
socially pressured into participating in smoking. As a consequence, smoking-related problems ensue. This research
involved 13 group-leaders, consisting of 11 of the novitiate’s leaders and 2 of their teachers, all of whom were either
studying or working at the Phrapariyattidhamma school in the province of Chiang Mai. This research took place between
October of 2020 and April of 2021. The goal was to promote awareness of these problems among the novitiate’s
leaders at that school. We incorporated focus groups and participant observations by way of the photovoice. The

results revealed that photovoice correctly identified smoking-related problems in temples, schools and communities.
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Accordingly the novitiate leaders learned to recognize problems related to smoking, particularly health-related problems
for smokers, the negative effects of second-hand smoke and the various other deleterious economic effects. These
realizations led to a non-smoking campaign being organized by the leaders group. After the campaign 30.8% of the
novice students had quit smoking, and a further 26.9% had reduced their daily intake. Furthermore, no new smokers
were created, nor were recidivists noted. In summation: the photovoice method as applied here increased awareness

of smoking-related problems amongst the novitiate leaders, caused the creation of a non-smoking campaign, and

either a reduction or cessation of smoking amongst the novice students themselves ensued.
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Table 1 Smoking behavior of novice student before and after campaign (n=49)

Survey

Smoking behavior

Never Smoke

Used to smoke Smoke until now

Before campaign 21 (42.9%)

After campaign 21 (42.9%)

2 (4.1%) 26 (53.1%)

10 (20.4%) 18 (36.7%)
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Table 2 Smoking behavior of novice student after campaign (in smoking group before campaign; n=26)

Smoking behavior

Amount (%)

Quit smoking
Decrease smoking
Non-change smoking

Increase smoking

8(30.8%)
7(26.9%)
11(42.3%)

0(0.0%)
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Abstract

This project aimed to develop an integrated model to foster dietary behavior and executive function skills
among preschool children in Wangthong District, Phitsanulok Province through community based participatory research
process. A partnership between school, health care workers, and researchers used multiple methods to examine the
context and environmental health risks in the community. A school health program was also implemented through this
collaboration. An action working group was established to facilitate structured involvement of partners in the design,
implementation, and evaluation phase of the project. Results of this project were emerging concerted activities as
follows: (a) environmental modifications to promote positive dietary behavior practices; (b) assessment of development

and problem behaviors of executive function in children and subsequently determining the potential solutions; (c)
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promoting healthy dietary behavior and executive function skills in the classroom setting; (d) cultivating parent involvement
to facilitate improved child care; (e) storytelling through parents with their children to influence positive dietary behavior
and executive function skills; and (f) developing additional activities towards betterment of dietary behavior and executive
function skills. Despite the brief duration and limitations of the project, the newly nurtured partnerships, emerging
concerted activities, and unforeseen community support were fundamental to forge organizational participation

focused towards growth and addressing other health-related issues.
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Table 1 General characteristic of children and parents
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Table 1 General characteristic of children and parents (cont.)
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Table 3 Summary of output from participatory planning (AIC) process
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Table 4 Example of practice-experience activities
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Comparison of Andrographis paniculata and Chlorhexidine Mouthwash on
Anti-plaque, Anti-gingivitis and Side Effects

Jananya Plianrungsi' and Promphakkon Kulthanaamondhita'

'Department of Oral Diagnostic Science, College of Dental Medicine, Rangsit University, Pathum Thani, Thailand

Abstract

The purpose of this study was to evaluate the effects of Andrographis paniculata (Ap) mouthwash com-
pared with chlorhexidine (chx) mouthwash on anti-plaque, anti-gingivitis, tooth staining, and burning sensation. This
study was a double-blind, randomized two group experiments. Thirty-four healthy volunteers were enrolled in this
study. Participants were assigned into two groups and mouthwash was given according to the group. Gingival index,
plaque index, stain index and visual analog scale for burning sensation were recorded at baseline and three weeks
after the experiment. Then, participants were switched between groups and the data were recorded. The results had
shown that the baseline data were not significantly different between the groups. Both mouthwashes can reduce
the gingival index but were not significantly different from baseline and between the groups. Both mouthwashes can
significantly reduce plaque index but were not statistically significant between the groups. Chx significantly caused
more staining on the teeth compared to Ap and the burning sensation reflected as VAS score was significantly lower
in Ap. It can be concluded that Ap mouthwash can effectively reduce plaque accumulation, produce less staining
and discomfort. This herbal mouthwash can be used as an adjunctive to mechanical oral hygiene procedures and

as an alternative to chlorhexidine mouthwash.
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Introduction

Dental plaque removal is an important issue in
oral health promotion. Dental plaque is the mass of bacteria
that starts accumulating on the surface of a tooth as a sticky
biofilm. Plaque deposition brings about the inflammatory
changes on the periodontium that can lead to the destruction
of periodontal tissues and loss of periodontal attachment.

If adequate control measures are not undertaken, the

gradual build-up of plaque over time will lead to tooth
decay and gingival diseases.’

Gingivitis is one of the most common oral diseases
which can occur with every individual.”> Normally, the
mechanical and chemical plaque controls are used to
remove the plaque. Chemical plaque control like mouthwash

is widely used for adjunctive therapy. The most widely
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prescribed anti-plaque and anti-gingivitis chemical agent is
chlorhexidine gluconate (chx) containing mouthwashes.”
Chx has been reported to be the gold standard antiplaque
and antigingivitis agent and its effects in combination with
or without mechanical plaque control measures havebeen
widely discussed in the literature.”” However, the long-term
use of chlorhexidine gluconate mouthwash has been
found to be associated with several side effects including
teeth discoloration, staining, and a burning sensation,
mucous membrane irritation, and taste disturbance.**'**

Nowadays, people pay more attention to natural
products, including herbal mouthwash due to its low
toxicity, ease of availability and lack of microbial resistance
of herbal agents. Bamboo, Triphala, pomegranate mouthwash
has been studied for a long time and advantages of these
herbs are verified by much evidence.”"’

Andrographis paniculata (Ap) is an alternative
choice due to its properties. Ap has been used in the
treatment of various diseases, such as cancer, diabetes,
high blood pressure, ulcer, leprosy, bronchitis, skin diseases,
flatulence, colic, influenza, dysentery, dyspepsia and malaria
for centuries in Asia, America and Africa.’ It also has been
used in the treatment of oral diseases such as oral cancer
in which dehydroandrographolide of Ap inhibits cell migration
and the invasion of cancer cells."” Inhibitory activity against
P. gingivalis has also been found in Ap combined with a
95% ethanol extract which can aid in the treatment of
periodontal diseases.”” Furthermore, subgingivally
delivered Ap gel had been investigated and found to
aid in adjunctive chronic periodontitis treatment and
to improve the periodontal conditions in periodontitis
patients during the maintenance phase.”*

Myseptic Mybacin® is a commercially available
mouthwash that contains Ap extracts, water, alcohol and
other essential oils. The manufacturer claims it can be
used as an adjunctive mouthwash to help prevent dental
plaque build-up, the development of gingivitis and to
improve halitosis.

A previous study by our group” found that both

chx and Ap mouthwash were able to reduce the gingival

index but are not significantly different from baseline
and between the groups. Therefore, to overcome the
bias and limitations in the previous study, this study was
developed to further evaluate the effect of these mouthwashes
in reducing the severity of gingivitis and also evaluate the
side effects caused by both mouthwashes.

In addition, existing evidence in support of
mouthwash formulation containing Ap as a single active
ingredient against plaque and gingivitis is still limited,
and studies that so far investigated the effectiveness of
Ap had many methodological limitations.

Therefore, the aim of this study was to compare
the commercially available Ap mouthwash and the
commercially available chx mouthwash on anti-plaque,

anti-gingivitis, tooth staining, and burning sensation.

Materials and methods

1. The recruitment of participants

The study recruited 40 healthy participants
from dental students at the College of Dental Medicine,
Rangsit University among the age group of 18-30 years
old. The study was approved by the Ethics Committee of
Rangsit University (RSUERB2020-015) and the participants
were included in the study after signing informed consent
and voluntarily agreeing to participate in this project.
Inclusion criteria

- Healthy participants aged between 18-30 years old

- Dental students of College of Dental Medicine,

Rangsit University

- BOP > 10%

- Probing depth < 3 mm

- No clinical attachment loss

- No radiographic bone loss

- Periodontal diagnosis as localized or generalized

dental plaque induced gingivitis (AAP/EFP 2018)

Exclusion criteria

- Pregnancy and lactation

- Gingival enlargement

- Requiring daily medication

- Allergy to any component used in this study
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- Any fixed or removable orthodontic appliances
or prosthesis
- Physical and mental retardation that can
interfere with oral hygiene
- Alcoholism
- Severe malalighment teeth
- Smoking
- Participants had received periodontal therapy
or antibiotics within 6 months prior to the study
- Tooth loss due to periodontal disease
The participants were randomly divided into the
following two groups of 20 patients each: Group A were
given commercially available 0.12% Chx mouthwash
(Mybacin®) and Group B were given commercially available
Ap mouthwash (Myseptic Mybacin®).
2. Data collection
Two calibrated examiners held all of the examinations
and were trained and well calibrated. The intra and inter-
examiner reliability was calculated. Cohen’s kappa coefficient
(k) for intra and inter-examiner reliability was 0.81 and
0.79 respectively. The data collection processes were in
total of five visits as shown by the flow chart in Figure 1.
First visit
All participants received oral prophylaxis using
Gracey curettes and sickle scaler by the operators and
were approved by an instructor at the Oral Diagnosis Clinic,
College of Dental Medicine, Rangsit University. Oral hygiene
instructions using the modified Bass brushing technique were
given. The participants received the same dental hygiene
set comprised of a toothbrush (soft-bristled brushes)
and tube of toothpaste (Colgate®) to use until the end
of study. Normal saline solution (NSS) was given to the
participants and they were instructed to rinse 15 ml twice
daily immediately after tooth brushing during this period.
Second visit
One week after the first visit, the participants were
requested to return all the bottles at this visit to evaluate
the compliance. Clinical examination using mouth mirror,
explorer and William probes comprising of Silness & Loe

plaque index (PI)”', Lée & Silness Gingival index (GI)*®,

modified Lobene stain index (SI)*” and visual analog scale
(VAS)” for burning sensation were performed by the same
examiners. The participants were randomly divided into
two groups, A for Chx mouthwash and B for Ap mouthwash.
All of the mouthwashes were packed in similar colored
bottles but labeled differently and were administered to
the participants by the examiners. The participants were
also unaware of which mouthwashe they had been given
and were asked to rinse with 15 ml of mouthwash for 30
seconds immediately after toothbrushing in the morning
and before bedtime.
Third visit

Three weeks after the second visit, participants
were recalled for a second measurement by the same
examiners. Again, the participants were requested to return
all the bottles at this visit to evaluate the compliance.
Clinical examinations comprising of PI, GlI, SI and VAS
were performed. Oral prophylaxis using Gracey curettes
and sickle scaler was done to set the clinical parameter
to zero. Normal saline solution (NSS) was given to the
participants and they were instructed to rinse 15 ml twice
daily immediately after tooth brushing during this period.
Fourth visit

One week after the third visit, once again the
compliance of the participants were measured by the
return of all the bottles and participants were recalled for
a third measurement by the same examiners. Clinical
examinations comprising of PI, GI, Sl and VAS were performed.
Mouthwashes were administered by switching types of
mouthwash between groups. Participants were asked to
rinse with 15 ml of mouthwash for 30 seconds immediately
after toothbrushing in the morning and before bedtime.
Fifth visit

Three weeks after a fourth visit, participants
were recalled for the final measurement by the same
examiners. Once again, the participants were requested
to return all of the bottles at this visit to evaluate for
compliance. Clinical examinations comprising PI, Gl, SI
and VAS were performed. Oral prophylaxis using Gracey

curettes and sickle scaler was done.
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First visit

Oral prophylaxis, oral hygiene instruction and distribute NSS

40 subjects

l 1 week

Second visit
Measure PI, Gl, SI and VAS

-

Group A 20 subjects

Chx mouthwash

l

Divide into 2 groups \

Group B 20 subjects

Ap mouthwash

l

i 3 weeks

Third visit Measure PI, GI, S| and VAS
Oral prophylaxis
i 1 week
Fourth visit Measure PI, Gl, SI and VAS
X switch mouthwashes
between groups
Group A 20 subjects Group B 20 subjects
Ap mouthwash Chx mouthwash
i 3 weeks
Fifth visit Measure PI, Gl, SI and VAS

Oral prophylaxis

Figure 1 Study desien flowchart

3. Data analysis

The statistical software SPSS version 25.0 (SPSS Inc.,
Chicago, IL, USA) was used for data analysis. The normal
distributions of the clinical measurements were assessed
using the Shapiro-Wilk test. For the clinical measurements,
the descriptive analysis of PI, G, Sl and VAS is presented
as mean + SD and median (min, max). After investigating
the normal distribution of the data, the Pl and Gl scores
were not normally distributed so the mean Pl and Gl scores
between groups were examined using the Mann-Whitney
U test and the differences of mean within a group were
assessed by the Wilcoxon signed rank test. Whereas, the
Sland VAS scores were normally distributed so the mean

Sland VAS scores between groups were examined using

the independent t test and the differences within the
groups were assessed by a paired t test. Significant

differences were defined as p<0.05.

This study was approved by the Research Ethics
Office of Rangsit University (RSUERB2020-015) and all the
participants signed the informed consent before starting
the study. Of the 40 participants, six were excluded from
the study due to loss of follow up. Thus 34 participants
completed the study, 17 participants in the Chx group
and 17 participants in Ap group. The mean age of the
participants was 22.09 + 2.24 years old. There were more

females than males (Table 1).
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Table 1 Demographic data at the participant level. Data reported as mean + SD

Characteristics

Number of participants

Age: mean + S.D.

34
22.09+2.24

Sex

Female

Male

23 (67%)
11 (33%)

1. Gingival index

The baseline gingival index (GI1) was not significantly
different between the Chx and the Ap mouthwash groups.
After finishing the experiment, the gingival index (GI2)

was not significantly different between the Chx and the
Ap mouthwash groups. Both mouthwashes slightly
decreased the gingival index but not significantly from
baseline (Table 2).

Table 2 Descriptive data and comparison of gingival index (Gl) between Chx and Ap mouthwash. Data reported as mean + SD and median

Clinical parameter Chlorhexidine Andrographis paniculata P-value
Mean + S.D. Median (min, max) Mean + S.D. Median (min, max)
Gl1 1.15 + 0.36 1.25(0.38, 1.75) 1.15 £ 0.28 1.19(0.64, 1.71) 0.787
Gl2 1.12 + 0.39 1.19 (0.25, 1.83) 1.09 + 0.25 1.08 (0.33, 1.58) 0.418

2. Plague index
There was no significant difference in the baseline
plaque index (PI1) between the Chx and the Ap mouthwash

groups. The plaque index at the end of the experimental

period (PI2) was significantly lower in both groups compared
with baseline. Whereas, the plaque index between
both groups after the experiment were not significantly
different from each other (Table 3).

Table 3 Descriptive data and comparison of plaque index (Pl) Chx and Ap mouthwash. Data reported as mean + SD and median (p<0.05).

Clinical parameter Chlorhexidine Andrographis paniculata P-value
Mean + S.D. Median (min, max) Mean + S.D. Median (min, max)
PI1 1.31 +£0.35 1.27(0.67, 2.13) . 1.30 + 0.35 1.36(0.42, 1.88) . 0.811
PI2 1.06 + 0.39 1.04(0.42, 1.96) } 1.15 + 0.36 1.15(0.54, 1.83) } 0.320

3. Stain index

No analysis was performed on the baseline stain
data because no participants presented with staining
after the first visit. The overall scores revealed that Chx
mouthwash significantly demonstrated more stain deposited

for both extent, intensity, and total of both. When analyzing

each area, only the gingival area significantly demonstrated
more extent and intensity of staining in the Chx mouthwash
compared to the Ap mouthwash. There was a trend
toward less proportions of the heavy stain intensity and
the total area but not statistically different from each other
(Table 4, Fig. 2 and Fig. 3).
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Table 4 Descriptive data and comparison of stain index (SI) between Chx and Ap mouthwash. Data reported as mean + SD and

median (p<0.05)

Clinical parameter Chlorhexidine Andrographis paniculata P-value

Stain index Mean + S.D. Median (min, max) Mean + S.D. Median (min, max)

Extent Gingival 0.20 + 0.28 0(0, 1) 0.04 +0.18 0(0, 1) 0.008*
Approximal 0.08 + 0.21 0(0, 1) 0.01 + 0.03 0(0, 0.17) 0.056
Body 0.04 + 0.15 0 (0, 0.83) 0.05 + 0.03 0(0, 0.17) 0.142
Total 0.32 + 0.52 0.17 (0, 2.67) 0.05 + 0.22 0 (0, 1.25) 0.009*

Intensity Gingival 0.19 + 0.25 0(0, 0.92) 0.04 + 0.16 0(0, 0.92) 0.005*
Approximal 0.09 + 0.25 0 (0, 1.33) 0.03 + 0.171 0(0, 1) 0.058
Body 0.04 + 0.13 0 (0, 0.67) 0.00 + 0.01 0 (0, 0.08) 0.170
Total 0.32 + 0.52 0.13 (0, 2.67) 0.05 +0.21 0(0, 1.17) 0.008*

Extent + intensity: Total 0.64 + 1.04 0.29 (0, 5.33) 0.11 £ 0.44 0(0, 2.42) 0.008*

Stain index
(extent average score per person)

0.4 *

0.2

Total extent

Extent gingival Extent approximal

Wcix Ma

Figure 2 Comparison of stain index (extent) between Chx and

Extent body

Ap mouthwash. Data reported as mean + SD (p<0.05)

Stain index
(intensity average score per person)

0.4

0.2 0.19

0.09

Intensity gingival Intensity approximal  Intensity body
Wox W

Figure 3 Comparison of stain index (intensity) between Chx and

Total Intensity

Ap mouthwash. Data reported as mean + SD (p<0.05)

4. Burning sensation

The VAS was used to represent the burning
sensation experienced by the participants. There was
more burning sensation observed in the Chx group.
Furthermore, the means of VAS between the two groups

were also significantly different (Fig. 4).

VAS
(average score per person)

*

6 1

VAS

B cHx I ar

Figure 4 Comparison of visual analog scale (VAS) of burning
sensation between Chx and Ap mouthwash. Data

reported as mean + SD (p<0.05)

Discussion

This study was further developed from the
previous study” to overcome the bias and limitations

with additional investigation that aims to compare both
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types of mouthwashes in reducing the severity of gingivitis
and its side effects. A previous study had shown that
there was no difference in the reduction of Gl between
both mouthwashes, so the investigations on PI, SI and
burning sensation were performed in order to evaluate
other aspects of gingivitis reduction, and in addition,
evaluate the side effects after using both mouthwashes.

This study was a double-blind, randomized two
group experiments evaluating the effect of Ap compared
with chx on the development of plaque and tooth staining,
decreasing the severity of gingivitis and burning sensation.
The results revealed that after 21 days, Ap significantly
reduced the plague accumulation comparable to chlorhexidine.
Moreover, Ap significantly generated lower staining on teeth
and less burning sensation was experienced by the participants
when compared with chx.

In this study, the gingival index after the experiments
which indicates the status of the gingival health revealed
no significant differences from the baseline in both groups.
Previous studies have shown that chx can improve the
gingival index towards better gingival health when used
concurrently with mechanical plaque control >**%*"%

Thawonrungroj et al. found that subgingivally
delivered Ap gel was able to significantly reduce the
gingival index in chronic periodontitis patients with mostly
moderate gingival inflammation when compared to scaling
and root planing alone.” A recent study by Kuphasuk
and Prommas® which studied the effect of subgingivally
delivered Ap gel during a supportive periodontal therapy
also support the ability of Ap inimproving the gingival health
in a chronic periodontitis patient as shown by the reduction
of the gingival index.

In comparison to our study, Ap mouthwash did
not significantly reduce the gingival index when compared
to baseline. This was due to the different types of the
gingival disease, different preparation of the agent, delivery
method and the initial status of the gingival health of
the participant which, in our study, were gquite mild to
moderate gingival inflammation. Most of the participants

presented very mild gingival inflammation that may not

show further improvement after the mouthwash was
used. Furthermore, oral prophylaxis procedures given
to the participants before the experiment could reduce
the gingival inflammation that resulted in no difference
in gingival inflammation between the two groups.

Moreover, concentration and preparations of Ap
may also have an effect on the outcome of this study.
Ap gel most widely used in the previous study contains
0.5625 mg/mL of Ap extracts.”** The concentration of
commercially available Ap mouthwash was not provided
by the manufacturer. However, the preparation in gel form
may provide better retention in the target area and also
provide the direct effect of the substance into the gingiva,
which in turn could provide better results in improving
gingival health. The use of mouthwash also required patient
compliances while the gel preparation can only be used
by professional application and applied during the recall
intervals. These differences may account for the different
results obtained from this studly.

Previous studies had investigated the possible
anti-inflammatory mechanism of Ap and found that
andrographolide, an active ingredient form Ap extracts,
was responsible for the anti-inflammatory property.
Overproduction of nitric oxide (NO) and prostaglandin-E2
(PGE2), inducible isoforms of nitric oxide synthase (iNOS)
and cyclooxygenase-2 (COX-2), plays a significant role in
the inflammatory processes. The methanol extract of Ap
and andrographolide incubated with macrophages have
been reported to inhibit LPS-stimulated NO production
in a concentration-dependent manner. Andrographolide
has also been reported to suppress IL-2 production and
T-cell proliferation in a mixed lymphocyte reaction and to
inhibit dendritic cell maturation and antigen presentation®.

Bacterial plagues have been proven to have arole
in the etiology of dental caries and periodontal diseases.
The use of mouthwashes as disinfectants can aids mechanical
methods to reduce plaques.® Chx as a gold standard appears
to be the most effective antimicrobial agent for the reduction
of plaque.””* Our study has shown that Ap mouthwash

can significantly reduce plaque accumulation and comparable
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with chx mouthwash. The results are also in agreement
with previous studies that showed significant effects of
Ap on plaque reduction when compared to baseline.””**

Several studies in the past have shown that herbal
and essential oil-containing mouthwash had similar
properties in plaque reduction when compared to
chlorhexidine. Charles et al.*’ found that at six months,
the essential oil and chlorhexidine mouthrinse produced
statistically significant Pl reductions compared with the
control and were not statistically significantly different from
each other with respect to plaque and gingivitis reduction.

Priya et al.*®

investigated the green tea mouthwash
compared to chlorhexidine mouthwash and observed
a significant decrease in Pl in both of the groups. These
results may support the use of Ap, an herbal medicine,
to be used as an adjunctive to chlorhexidine for chemical
plaque control.

Teeth staining and burning sensation are one of
the side effects when using chx mouthwash. The brown
deposition on the teeth can be esthetically unpleasing,
and coupled with an unpleasant sensation, may discourage
the patient to use the mouthwash and decrease the
compliance of the patient.*'*! Our study found that Ap
significantly caused less staining on the teeth when compared
to chx. Moreover, the patient reported outcome reflected
as a VAS score on the sensation perceived after the use of
both mouthwashes also indicates significantly better results
than chlorhexidine.

Yaghini et al.””, studied the effect of aloe vera-
green tea and matrica mouthwash compared to 0.2%
chlorhexidine mouthwash. The results showed that all
three mouthwashes can significantly reduce gingival index,
plaque index and bleeding on probing with matrica mouthwash
being the most potent in the gingival index and plaque index
reduction. In addition, both aloe vera-green tea and matrica
mouthwash produced significantly lower stains on the
teeth when compared to chlorhexidine.” A recent study by
Kamolnarumeth et al. which studied the effect of chx mixed

with hydrogen peroxide and compared to chlorhexidine

alone showed that 0.2% chlorhexidine significantly produced
more staining on the teeth and the side effects of burning
sensation were more pronounced in the chx only group.”
Both studies support the use of a different preparation or
alternatives to reduce the teeth staining and help improve
patient compliance.

Also, there were some limitations to the present
study. Most of the recruited participants were mild gingivitis
patients which may not reflect the general population
that may have more severe forms of gingival diseases.
Also, due to the time limits of the study, the washout period
between two mouthwashes was reduced to seven days.
Newcombe et al.*" studied the efficacy of oral hygiene
agents with concerns about the residual effect especially
in chx mouthwash. The results showed that the residual
effect of chx was different from other mouthwashes and
suggested that a longer washout period, such as 10 days,
is preferable. Previous studies that comparable mouthwashes,
especially with chx, also used a washout period of 14 days
or more. From this aspect, the shorter washout period in
our study could affect the results and a longer washout
period is mandatory in order to differentiate the effects
of each mouthwash.

Furthermore, the compliance of the participants,
one of the most critical parts of the study, were hard to
control. The amount of the dispensed mouthwash and
the duration that the participants used could also have
an impact. In this study, the participants were instructed
to use 15ml of mouthwashes for 30 seconds. Lang and
Brecx” suggested that the use of 10ml of chx mouthrinse
for 30-45 seconds were adequate for an optimal dose of
30 % of the applied chlorhexidine to be bound in the
oral cavity. A recent review by James et al.”” investigated
51 studies to evaluate the chx mouthrinse as an adjunctive
treatment for gingival health and found that most stud-
ies used 10-15ml of the solution for 30 seconds. This
suggests that the amount and duration of the mouthwash
used in our study were adequate and in compliance with

most of the previous studies.

328 J DENT ASSOC THAI VOL.71 NO.4 October - December 2021



To determine the compliance of the participants,
they were instructed to bring their own bottle of mouthwash
to determine whether they had been using the mouthwash
regularly as instructed. Although the procedure may seem
promising, complete compliance cannot be ascertained
by this method. Moreover, the order of the mouthwash
that participants received could affect their compliance.
The group who received chx mouthwash as their first
mouthwash may experience the burning sensation and
unpleasant taste that might lead them to refrain from
continuing to use the mouthwash as instructed. In contrast,
the group that received Ap mouthwash first may have
better compliance. From this aspect, the results obtained

may be compromised

Conclusion

Within the limitations of the study, it can be
concluded that Ap mouthwash can effectively reduce
plague accumulation with less staining deposition and
burning sensation. The results support the use of Ap as an
adjunctive to mechanical oral hygiene procedures and as
an alternative to chlorhexidine for the antiplaque properties.
Since the number of studies about Ap mouthwash are still
limited, further research with a larger sample size is required

in order to support the use of this valuable medicinal plant.
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Abstract

Temporomandibular (TMJ) dislocation occurs when the mandibular condyle has displaced completely out
of glenoid fossa and anterosuperiorly to the articular eminence. This condition is considered an urgency since it
causes physical pain and mental trauma which is needed to be handled straight away. TMJ reduction, a technique
in which the dislocated jaw is pushed downward and backward into its normal position, is the standard treatment
for both acute and chronic TMJ dislocations. Accurate placement of the operator’s hand position and force direction
make the reduction more effective. The aims of the study were to fabricate the three-dimension (3D) model for
practicing accurate manual reduction of acute anterior TMJ dislocation and to assess the satisfaction of the model
simulation from unexperienced dental students. The 3D-TMJ dislocation model was fabricated, and redesigned based
on the usability principle by Oral and Maxillofacial surgeons until the final design was achieved. The satisfaction,
ease of use, proper posture, convenience to hold the jaw, and demonstration of the direction for jaw relocation
were assessed using the final prototype in unexperienced dental students. The results indicated that the overall
satisfactory level for the final prototype was moderate to high in the formative phase and the overall satisfactory
level was high in the summative phase. The 3D-TMJ dislocation model enabled the students to understand how
to properly adjust patient position, hand placement, and force direction. The 3D-TMJ dislocation model simulation
offers the opportunity for the students to practice their skills and to allow detailed feedback and assessment of

their performance.
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Introduction

Temporomandibular joint (TMJ) is a ginglymo- required."” The primary muscles of mastication are important
arthrodial joint. To understand TMJ function, consideration muscles that play a role in the mandibular movement.
of the relationship of glenoid fossa-articular eminence, The function of masseter and temporalis muscles is to
articular disc-disc ligaments, condyle, synovial membrane, elevate the mandible causing the mouth closed. The
capsule, accessory ligament, and muscles of mastication is function of medial pterygoid muscle is to elevate and
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protrude the mandible. Bilateral contraction of the lateral
pterygoids act to protrude the jaw. Lateral pterygoid muscle
with assistance of gravity and the digastric muscle also
open the jaw.” Anterior mandibular condylar dislocation
occurs when the mandibular condyle has displaced
completely out of glenoid fossa and anterosuperiorly to
the articular eminence.* TMJ dislocation incidence has
been reported to be between 3-7 % in the general population’
and has had an incidence about 3% of all dislocations
throughout the body.®
TMJ dislocation has been classified into 3 groups
depending on how long and the frequency it has occurred:
acute dislocation (most common), habitual or chronic recurrent
dislocation and long-standing or chronic persistent dislocation.”®
Acute dislocation can be managed with a manual
reduction, such as the Hippocratic, the wrist pivot’, combined
ipsilateral staggering' and the extraoral methods." However,
Hippocratic method is the most common technique which
has the highest success rate.'*** The operator should stand
in front of the patient and place their thumbs on the
posterior lower molars bilaterally, while other fingers wrap
laterally around the mandible. The operator subsequently
forces downward pressure on the lower molar region,
which direct the mandible downward and backward. The
other fingers pull upward on the mentum of the mandible.
This levering force will tend to rotate the mandible,
providing additional inferior and posterior movement of
the condyles. Once this occurs, the mandible will be reduced
as the condyle translates back into the glenoid fossa.'
Treatment of TMJ dislocation should be initiated
as soon as possible. Once dislocation has occurred, spasms
of the masseter and pterygoid muscles may be worsen
over time. The first reduction is the most effective. Multiple
attempts make subsequent reductions more difficult
because the patient will have more pain and muscular
spasm.’ Quite often, the ineffective treatment may be
attributable to the limited experience of the surgeons.
To make effective treatment, dental students are
required to develop their practical skills. Teaching using

media is one of the most important components in the

teaching and learning processes." The advantages of using
a 3D solid model are to allow the learners to examine a
model which may not be easy in the real object or patients,
and to handle and permit close-up practicing in a safe and
controlled environment. Moreover, instructional media
promotes critical thinking skills and connect theory to practice.”

Consequently, the opportunity to perform the
first reduction of TMJ dislocation can prepare dental students
and help them feel confident as well as improve the
development of practical skills. Therefore, practicing the
reduction of TMJ dislocation by using the 3D solid model
may improve the skill and confidence of dental students.
Thus, in this present study, the three-dimension (3D) model
for practicing accurate manual reduction of acute anterior
TMJ dislocation was fabricated and then the satisfaction
of the model simulation from unexperienced dental

students was assessed.

Materials and Methods

Design and setting

This study consisted of 3 parts. The first part
was the design and construction of the prototype. Then,
the formative usability test was performed in the second
part to improve the design of the prototype. The formative
evaluation was conducted with the intention of improving
the design, and the results were used for the redesign. This
step was repeated until the final prototype was achieved.
Lastly, the third part, the final prototype was used for the
summative usability test to confirm the effectiveness in
a larger number of participants.
Participants

The population of formative usability test
consisted of Oral and Maxillofacial surgeons who had
experience in the reduction of TMJ dislocation at least
3 times per year (n=5). The population of summative
usability test consisted of the 4" year dental students of
Prince of Songkla University, who had never performed
a manual reduction of TMJ dislocation (n=20).

The project was approved by the Human Research

Ethics Community, Faculty of Dentistry, Prince of Songkla
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University. Each participant gave written informed consent
prior to the model testing.

Data collection

Outcome

The questionnaire regarding the use of this fabricated
model gave a satisfactory outcome. The formative usability
test questionnaires were given to experienced Oral and
Maxillofacial surgeons. This part was composed of general
information, experience of treating TMJ dislocation, and
satisfaction of using this fabricated model. The summative
evaluation questionnaires were given to dental students.
This part was composed of general information and
satisfaction of using the final prototype model.

Each item of the questionnaire was determined
to be low, moderate and high.

1) The model was easy to use: low meaning
unstable holding platform and difficult to prepare anterior
dislocation of TMJ, moderate meaning unstable holding
platform or difficult to prepare anterior dislocation of TMJ,
and high meaning stable holding platform and easy to
prepare anterior dislocation of TMJ.

2) The model allowed for proper posture: low
meaning the standing posture is not very comfortable such
as stoop down, moderate meaning the standing posture
is moderately comfortable, and high meaning the standing
posture of operation is very comfortable.

3) The model was convenient to hold the jaws for
reduction: low meaning the model was less comfortable
to hold, moderate meaning the model was moderately
comfortable to hold, and high meaning the model was
very comfortable to hold.

4) The model was able to demonstrate the direction
used for jaw relocation: low meaning the model was not
able to demonstrate the direction used for jaw relocation,
moderate meaning the model can show some direction
in which the jaw moves, and high meaning the model was
able to demonstrate the direction used for jaw relocation.

5) The model shows a realistic simulation for
jaw dislocation as in actual patients: low meaning the

model cannot represent the real patient in the practice,

moderate meaning the model resembles a real patient,
but cannot represent the actual patient in the practice,
and high meaning the model resembles a real patient and
can represent real patients in the practice.
Data collection procedure

The participants were invited to attend the three-
dimensional solid model testing. Each participant performed
a reduction of TMJ dislocation with model under the
supervision of one professors. Professor provided additional
information when necessary or if requested by participants.
After completion of the model testing, all participants
were asked to complete a questionnaire.
Prototype fabrication, formative and summative
assessments

Three prototypes were designed and constructed
by replica cast of the skull by making a polyester resin
cast from a silicone rubber mold of the skull from the
usability concepts.
Prototype 1

The first prototype was fabricated by using a
plastic container that fitted the original skull model and
leaved a space of at least 1 cm between the container
wall and the skull. RTV-2 silicone was the material used for
rubber mold mixture in a ratio of 100:2. The silicone mixture
was then gently poured from the top of the container to
avoid air bubbles and left to set for 24 hours. When the
silicone mold was firm and fully set, the container was
then removed using bur cutting and the skull model was
removed using blade cutting. The silicone mold was then
put back into the container to be casted using polyester
resin mixture in the 100:1 ratio for 1 minute. The polyester
resin mixture was gently pouring from the top of the
container to avoid air bubbles and left to set and harden
for 24 hours before removal from the silicone mold. Coil
springs size 7x51 mm representing the masseter and
temporalies muscles and coil springs size 7x38 mm
representing the medial pterygoid muscle were fixed to
the resin skull in the positions of masticatory muscle

attachments.
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Figure 1

The formative usability test was performed by
experienced Oral and Maxillofacial surgeons to improve
design of the prototype. Participants criticized the difficulty of
use because the model needed to be held by another person
during usage causing difficulty in force assertion and low
stability. Moreover, they mentioned that the resistance was too
low so it was too easy to relocate the jaw in the model. Some of
the participants suggested that it might be better if the model
could have more stable handle and a stiffer spring to create

more resistance against jaw reduction as in the real patients.

Prototype 1 was fabricated by polyester resin and coil spring without handle platform

Prototype 2

From the 1st formative comments, the second
prototype was redesigned to be a solid block without an
internal space, Additional micro-balloons were added for
strength enhancement. The screws were fixed in positions
of muscle attachments, consisting of the masseter, temporalis,
and lateral pterygoid muscles. Rubber bands were used
instead of coil springs and holding platform was designed
to be stabilized with table.

Figure 2 The second prototype with a non-adjustable platform handle

Then, the formative usability test was performed
by experienced Oral and Maxillofacial surgeons to improve
design of the prototype. Participants were satisfied with
the handle making the model more stable. The hand positions
used on the model were similar to those in real patients,

helping dentists understand the hand positions in jaw

reduction. All participants were highly satisfied with
simulation of force direction used for jaw reduction shown
by the model because the anatomy could be seen very
clearly and could help them direct a proper force direction.
The easy handling benefited the participants to feel the

mandibular movement. However, they criticized that
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mandible in the model could be touched and moved
directly unlike in real patients in which mandible is
covered by layers of soft tissues. As a consequence,
jaw reduction in the model was too easy.

Some surgeons suggested that it might be better
if the model could have a more realistic skin coverage
because the exact anatomy is not obvious in real patients
and the operator should not see condyles as clearly as

in the model.

Prototype 3

From the 2nd formative comments, the third,
final prototype was re-designed. It was fabricated by
polyester resin and rubber band with an improved
handle neck that locks tighter to the model and was
adjustable in both horizontal and vertical directions.

The mask was designed to simulate the facial skin and

was removable at will.

Figure 3 Final prototype with adjustable platform handle in both horizontal and vertical directions. The mask is designed to simulate

the facial skin and is removable at will

The formative usability test was performed by
experienced Oral and Maxillofacial surgeons to evaluate
design of the prototype. Participants commented about
the stability and location of the dislocation. The displaced
condyle usually came too anteriorly which caused the
coronoid process to end up anteriorly to the zygomatic
arch and the range of vertical adjustment was insufficient.
Tall operators had to stoop down to use the model. In
term of hand position shown on the model, they stated
that the posterior interocclusal space was too narrow
for proper finger placement on the occlusal surface of
the posterior teeth and the operator had to place their
fingers more anteriorly which is not the best position for
force application in jaw reduction. In term of simulation
of force direction used for jaw reduction shown by the
model, they detailed about the rubber mask being too

thick and stiff and was less likely to move along with

the mandible, making it more difficult to reduce the
mandible into place. All users affirmed that having a
removable mask was a good idea because it was much
easier to see the force direction of jaw reduction when
the mask was not on.

Some surgeons suggested that it might be
better if the mask was thinner and softer for a better
adaptation and unison to the mandible, so the operators

could better feel the mandibular movement.

Five experienced Oral and Maxillofacial surgeons
participated in the formative usability evaluation. The
demographic data of the experienced participants
were shown in Table 1. The satisfactory scores of the
3 prototypes from experienced Oral and Maxillofacial

surgeons were shown in Fig. 4.
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Table 1 Demographic characteristics of experienced Oral and Maxillofacial surgeons

Total participants, n 5
Sex, n

Female 2

Male 3
Age, years

Mean (Minimum, Maximum) 33.2 (29, 37)
Year of experience, years

Mean (Minimum, Maximum) 8.4 (5, 11)
Cases of TMJ dislocation per year, case

Mean (Minimum, Maximum) 3.4 (3, 4)
Success rate, percentage

Mean (Minimum, Maximum) 93 (80, 100)
Overall dislocated duration, percent

sudden case 20

referral case (<24 hours) 80
Percentage of surgeon based on number of attempts, percent

1 40

2 40

3 20

Number of surgeons based on position of operator, n

Anterior

Posterior

Prototype 3
Prototype 2
Prototype 1

Simulation of TMI Dislocation

Demeonstrate the direction for Prototype 3

jaw relocation Prototype 2
Prototype 1

Prototype 3
Convenient to hold the jaw Prototype 2
Prototype 1

Prototype 3
Pratotype 2
Prototype 1

Proper posture

Ease of use Prototype 3
Prototype 2

Prototype 1

=}

1

ra

3 4

Number of Oral and Maxillofacial surgeons

Figure 4 The satisfaction of Oral and Maxillofacial surgeons on 3D-TMJ dislocation model
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Summative usability test

The final prototype was used for the summative
usability test to confirm the effectiveness in unexperienced
students (Fig. 5). Most of them were highly satisfied with
the simulation of TMJ dislocation. The reason was that the
model was able to demonstrate force direction used for
jaw relocation more clearly than just lectures and they
were satisfied with the hand position shown on the model
which was similar to that in real patients. This helped dentists

understand the hand position in jaw relocation. Eleven

Demonstrate the direction for jaw relocation
Convenient to hold the jaw
Proper posture

Ease of use

out of 20 users complained that the rubber mask was too
thick and difficult to carry and therefore caused difficulty
in sensing the mandible. Four out of 20 people complained
about the stability and location of the dislocation because
the displaced condyle usually came too anteriorly.
Some of the students suggested that it might
be better if the dislocation could have a precise and
repeatable location, while the mask could be thinner

and softer for easier handling.

Satisfatory Score

Mild © Moderate mHigh

10 15 20

Number of Dental students

Figure 5 The satisfaction of unexperienced dental students on 3D-TM.J dislocation model

TMJ dislocation is considered an urgency which
is needed to be handled straight away. However, TMJ
dislocation is not a common event. Most dentists are not
familiar with the proper treatment and often fail to perform
jaw reduction correctly which might unintentionally
cause the condition to go worse, and therefore require a
more complex treatment.

This model was created to help dental students
understand better about TMJ anatomy and muscle force
directions in jaw reduction and condyle relocation. Student
should have the opportunity to practice with the model
before the real performance in real patients. The model
helps students understand how to properly adjust patient
position, hand placement, and force direction. The model
does not just improve clinical skill, but also help decrease
the number of procedural errors in the clinical setting.

In jaw reduction, force direction is more important

than force quantity because the difficulty of reduction

is different in each patient, making it impossible to determine
the exact quantity of force required for jaw reduction.
Therefore, this model was designed to focus more on the
understanding of force direction used in jaw reduction
rather than force quantity.

The results showed that the second prototype
was highly satisfied by the users in the simulation of force
direction and hand positions for jaw reduction which is
similar to circumstances in real patients because the anatomy
could be seen very clearly. This helps the students understand
better. However, users suggested that it might be better
if the model could have a more realistic facial skin cover
because the exact anatomy, including condyles, would
not be such obvious in real patients. Therefore, the third
prototype was designed with a removable skin cover for
the users to be able to try to reduce the naked mandible
and see the condylar movements, anatomical relationships,

occlusion, and force direction clearly. Then the users can
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put the skin mask back on before reducing the mandible
again with skin coverage to simulate the proper action
in real patients where the clear anatomical relationship
is not seen. However, the skin cover is made by a thick
stiff rubber, making it more difficult to reduce the mandible
into place and results in less satisfaction in force direction
and hand positions. This still needs to be improved further
to make the mask thinner and softer in order to adapt to
the mandible and move along as one unit.

A limitation to this model was that it was unable
to simulate the articular disc and ligament, which are
key anatomies of TMJ movement. As a result, users need
to be cautious about trauma to ligaments which may poses
the risk of disc displacement. However, the main purpose
of this model is for training of jaw reduction which is suitable
for acute anterior TMJ dislocation where the articular disc
is less important. Unlike cases of chronic dislocation where
the disc may be deformed and interferes with jaw relocation.
The manipulation in the model may not be the same as
in the actual patient due to neuromuscular involvement.
Pain or fear makes the patient more tensed. Moreover, the
model only simulates anterior bilateral TMJ dislocation.

A further study might be necessary in order to
investigate the effectiveness of the model on skill im-

provement of manual jaw reduction of TMJ dislocation.

Conclusion

The 3D-TMJ dislocation model offers the students
to understand how to properly adjust patient position,
hand placement, and force direction. The 3D-TMJ dislocation
model simulation offers the opportunity for the students
to practice their skills and allowing detailed feedback and

assessment of their performance.
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