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Figure 3 (A) Experimental set-up for washout resistance test (B) Water spray onto the mold
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The Effect of Blood Contamination on Setting
Time and Washout Resistance of Three Calcium

Silicate Cements

Thanuk P Sakdee J' Dumrongvute K "

Research Article

Abstract

The objective of this study was to compare the effect of blood contamination on the setting time and washout resistance of three
types of calcium silicate cements including ProRoot MTA, Biodentine, and RetroMTA. Each type was divided into two groups consisting of the
blood-contaminated group and the uncontaminated group. The blood-contaminated group, blood was coated inside of the mold and the material
was put into the mold. Then, blood was coated on the surface of the material and the specimen was wrapped by the moist gauze. For the blood-
uncontaminated group, after putting the material into the mold, it was wrapped by the moist gauze until each material reached initial setting
time. Thereafier, the setting time was determined using a universal testing machine until the indenter failed to create a completely circular
impression on the surface. In addition, the washout resistance was assessed through metered spray testing, with the subsequent calculation of
the percentage of material washed out and analyzed data using two-way ANOVA and post-hoc Sidak test. The results showed that the setting
time of all three materials had a significant increase under blood-contaminated conditions. ProRootMTA had the highest setting time which
was significantly higher than Biodentine and RetroMTA in both conditions. The washout resistance test demonstrated significant changes in
the average washout percentage for all three tested materials under conditions of blood contamination. This study concludes that blood
contamination notably increased the setting time across all materials. Regarding washout resistance, a marked difference was observed under
both conditions. ProRootMTA exhibited the greatest washout resistance, which diminished upon contamination with blood. In contrast,
Biodentine demonstrated the lowest washout resistance in the absence of blood contamination, however the resistance increased when
contaminated with blood.

Keywords: Blood contamination/ Setting time/ Washout resistance/ ProRootMTA/ Biodentine/ RetroMTA/ Calcium silicate cement
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Comparison of Cyclic Fatigue Resistance of

M3L-Platinum File with and without Nanoceramic
Coating After Sodium Hypochlorite Immersion

. 1 . *
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Research Article

Abstract

The purpose of this study was to compare the cyclic fatigue resistance of M3-L Platinum 2018 with M3-L Platinum 2020, which has
improved the properties by nanoceramic coating after immersion in sodium hypochlorite. The study was conducted in a simulated root canal
using a total of 48 nickel-titanium files divided into 4 groups (n=12) as follows: group 1 M3-L Platinum 2018 without immersion, group 2 M3-
L Platinum 2018 immersion in 5.25% NaOCI for 15 minutes, group 3 M3-L Platinum 2020 without immersion, and group 4 M3-L Platinum
2020 immersion in 5.25% NaOCI for 15 minutes. Cyclic fatigue resistance was determined by the number of rotations prior to fracture in a
simulated root canal. Data were recorded and analyzed using an Independent t-test at 95% confidence level. The results indicated that M3-L
Platinum 2020 in both the immersed and non-immersed groups exhibited statistically significant higher number of cycles to failure than M3-L
Platinum 2018. When comparing the mean number of cycles to failure between the same model, whether immersed or not immersed in sodium
hypochlorite solution, no statistically significant difference was observed.

Key Words: Cyclic fatique resistance/ Nanoceramic/ Sodium hypochlorite/ Nickel-Titanium rotary file
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The Penetrating Ability of Elastomeric Impression
Materials in Simulated Model with Different Sulcular
Widths

Manopphun S " Uasuwan P° Hovichitr W ° Sosakul T° Arwatchanakan S

Research Article

Abstract

Vinylpolyethersiloxane (VPES) has been developed by combining features of polyether (PE) and polyvinylsiloxane (PVS). Therefore, the
study regarding to penetrating ability of this new material in clinically simulated model is scarcely. The purpose of this laboratory study was to
evaluate and compare the penetrating ability of VPES, Soft PE, Hydrophilic and Hydrophobic PVS in three different sulcular widths. One hundred
forty-four impressions were made from simulated model of sulcular width 0.1, 0.2 and 0.4 mm with four elastomeric impression materials using
double-mixed single impression technique. Each impression was sectioned longitudinally then determined the penetrating depth of each specimen
by measuring microscope starting from finish line. The data obtained were analyzed by descriptive statistics and two-way ANOVA. There was a
statistically significant interaction between the effects of sulcus widths and material types on penetrating ability. VPES and soft PE groups had been
shown statistically significant greater penetration than that of PVS groups. While there were no differences between VPES group and soft PE group
when sulcus wide 0.4 and 0.2 mm. However, at sulcular width 0.1 mm, VPES was significantly higher penetrating depth than other materials. In
conclusions, the penetrating ability of impression materials in wide sulcus was greater than narrow sulcus. VPES had been revealed superior sulcus

reproduction in all sulcular widths.

Keywords: Penetration/ Sulcular width/ Impression material/ Vinylpolyethersiloxane

Introduction

Fixed restoration of teeth that have extensive loss of
cervical tooth structure such as in cases of root caries, cervical
abrasion, existing subgingival margins of restorations, short
abutment tooth and esthetics improvement in the anterior
region are often indicated to place subgingival margin.1
Margins of restoration or finish line of prepared tooth are one
of the most important and may be considered the weakest
points in the success of restoration. More often, it is
unavoidable to restore the teeth with subgingival margin,
even though subgingival placement of these margins may be
harmful to periodontal health. Prevalence of subgingival
finish lines can be found up to 80% especially in the distal
surface of endodontically treated molar. ? Impression taking
of the subgingival margin is considered a clinical challenge
because of the difficulty to access and inadequate moisture

control from oral fluid.
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In order to access preparation margin placed
subgingivally, gingival retraction is required. Gingival
retraction provides to control of gingival crevicular fluid and
also keeps tooth surface dry which is an important
consideration for hydrophobic materials. } Among gingival
retraction techniques, the use of impregnated retraction cord
is the most popular method.* Although cords packing into
gingival sulcus may cause minor trauma to sulcular
epithelium and time consuming, wider sulcus has been
provided by this method than the others. % After removal of
the cords from gingival sulcus, the displacement space
changes from 0.3-0.4 mm to 0.2 mm within 40 seconds. ’ This
0.2 mm space is the smallest crevicular width enabling
consistent accuracy and defect-free impression. If sulcular
width is smaller than this, the impression margin will be thin

and may be predisposed to tearing or distortion on removal. ’

" Dental Department, Nakhon Phanom Hospital, Amphur Muang, Nakhon Phanom.

: Department of Prosthodontics, Faculty of Dentistry, Khon Kaen University, Amphur Muang, Khon Kaen.

’ Corresponding Author.




insufficient retraction

The narrow sulcus width from

technique or delayed taking impression after cord removal
was clinically found. Especially in transition line angle and
interproximal areas, the sulcus width was rapidly closed
because there are thicker gingiva and richer in collagen fibers.
Moreover, the groups of collagen fiber bundles; intergingival
fibers, transgingival fibers, trans-septal fibers including
semicircular fibers have an important relevance on the sulcus
closure pattern.g‘lo

Impression materials should have a low-viscosity to
flow into the sulcus and capable to arrest the good detail of
finish line. Polyvinyl siloxane (PVS) and polyether (PE) are
now preferred materials due to their characteristics. PVS has
a very high dimensional constancy over time because it does
not release any by-product and has the best elastic behavior.
However, the disadvantages of PVS are hydrophobic nature."”
The new formula of PVS has been added nonionic surfactant
to improve wettability, reduce contact angles and also pour
stone cast without incorporating voids.”” PE is hydrophilic in
nature and can reproduce precise impression in the case of
presence some saliva or blood because of low wetting angle.
Nevertheless, this material may be likely to absorb moisture
which resulting in dimensional change. Moreover, once the
material has set, it becomes the most rigid impression
material. Therefore, soft PE; a new generation of PE tries to
improve these drawbacks by decreasing filler content and
increasing plasticizers. However, the less rigidity improvement
makes it difficult to control directional flow. Additionally, the
soft PE has also been reported easier to stretch and higher
deformation under pressure than former generation.13 To
combine the advantageous features of PVS and PE, a new
material so-called vinyl polyether siloxane (VPES) has been
developed. To form VPES, the chemical compounds of PE
polymer and vinyl groups of PVS are combined by
organohydrogen polysiloxane via platinum catalyst.14 This
material possesses better mechanical properties along with
excellent flowability under pressure. The improved flowability
makes it has greater competency to record finer detail of
impression made on humid area of gingival sulcus.”
Nonetheless, the current literature determining the penetrating
ability of this new material into subgingival narrow sulcus

area is scarcely.16 Therefore, the aim of this study is to

examine the penetrating ability of PE, PVS and VPES using
the single stage double-mixed impression technique made on
a tooth and sulcus model simulating clinical condition with
various sulcular widths.

The null hypothesis of this study was there would
be no significant difference in penetrating ability among four

impression materials and three sulcular widths.

Materials and Methods

This study is an experimental study to investigate
penetration ability of different elastomeric impression
materials into circumferential 2 mm deep gingival sulcus with
three varying sulcular widths. The distance of sulcular
extension of these impressions were determined by measuring
microscope starting from finish line level of the impression as
areference point. The data obtained is analyzed by using two-
way ANOVA.

The model used in this study was designed by
software PLM NX version 11.0 and fabricated by computed
numerical control technique via milling machine (Mikron
model VCE 750, Germany). After the steel dummy rod and
steel ring were placed in position on a shoulder of the base
tool. The space occurred was filled up with reversible
hydrocolloid solution served as artificial gingiva (Figure 1a)
by mixing 7 g of reversible hydrocolloid powder (Vidhyasom,
Thailand) with 10 ml of deionized water. The hydrocolloid
solution was heated to liquid state by hotplate stirrer at 65°C
then filled in the space within the steel ring. Three long steel
rods were machined at one end with chamfer finish line 1 mm
width, 10 mm height and 10°angle of convergence to simulate
the prepared tooth. The finish line was placed 1 mm apical to
the top surface of artificial gingiva thus defining as
subgingival finish line. These steel rods served as metal
abutment differed in their diameter at finish line level 7.6 mm,
8.0 mm and 8.2 mm so that generating 3 varying sulcular
widths 0.4, 0.2 and 0.1 mm respectively. Each of metal
abutment was delineated with 4 equal distance lines
representing the reference points. The impressions were taken
by double mixed-single impression technique using a
cylindrical perforated impression tray with 19.6 N force
(Figure 1b). The impression materials used in this study are

listed in Table 1.




Double-mixed single impression technique was used
for all four materials in the details as figure 2. After setting, the
impression was removed from metal abutment with a quick
jerk, rinsed the impression with running tap water. Then, the
impression was air-dried and sprayed with 2.5% glutaraldehyde
disinfectant which is no significant impact on the accuracy of
the impression by this disinfectant method."” The disinfected
impression was stored at laboratory atmosphere for minimum
30 min prior to determine penetrating ability. Before another
impression were done, the newly mixed reverse hydrocolloid

solution (artificial gingiva) was prepared and replaced. The

Artificial
gingiva

Steel
dummy rod

I B

twelve impressions were provided form each impression
material. Thus, a total of 144 impressions were taken to
investigate the penetrating ability. The impression was
sectioned in occluso-gingival direction at the marking points
using a thin blade to generate 4 pieces of each specimen. The
penetrating ability into the simulated sulcus was determined
by measuring microscope (Nikon® measurescope 20, Tokyo,
Japan) with linear resolution 1 pm, a 30x magnification.
Then, the mean penetrating depth of each material analyzed
by two-way ANOVA in two parameters (sulcus widths and

impression materials).

Impression
material

Q

v'f i B ]

Figure 1 Schematic diagram of simulated model (A) longitudinal section through steel device for production of artificial gingiva tissue and (B)

longitudinal section through impression of metal abutment

Figure 2 Impression taking procedure (A) Metal abutment was placed in artificial gingiva forming sulcular width (B) Injection of light body

material around metal abutment and finish line within 60 s (C) Removed impression from abutment model after 10 min wait

Table 1  The materials used in this study
Brand Type Viscosity ISO 4823 Batch Manufacturer

Identium” VPES Heavy 190941052 Kettenbach GmgH, Germany
Light 180221

Hydrorise Hydrophilic PVS Heavy 307044 Zhermack S.p.a.,
Light 296174 Italy

Variotime Hydrophobic PVS Heavy KA 10271 Kulzer Gmbh, Hanau

dynamix Light KA 10110 Germany

Impregum Soft PE Heavy 3770828 3M ESPE AG, Seefeld,

Penta" duosoft Light 5459727 Germany




Results

The result of two-way ANOVA indicated that there
was a statistically significant interaction between the effects
of impression materials and sulcular widths on penetrating
ability (P<0.05) (Table 2). When a cross-product interaction
was significant, a one-way ANOVA was conducted
separately for each sulcular width.

For sulcular width 0.4 mm, Soft PE group showed
the greatest extension followed by VPES group and

Table 2 Two-way ANOVA results

hydrophilic PVS group. Whereas hydrophobic PVS group has
been revealed the least penetrating depth. For the sulcus 0.2
mm width, VPES group reproduced the depth better than Soft
PE group and hydrophilic PVS group while hydrophobic PVS
group showed the least depth. For sulcular width 0.1 mm,
VPES was significantly higher penetrating depth than other

materials (Figure 3).

Source of variance Sum of squares df Mean square F Sig
Type 0.004 3 0.001 40.337 0.000
Width 0.473 0.237 7830.078 0.000
Type*width 0.001 0.000 7.106 0.000
Residual 0.004 132
total 163.079 144 3.021E-005
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Discussion

The null hypothesis, there would be no significant
difference in penetrating ability among different type of
elastomeric impression materials and different sulcular
widths, is rejected. Both parameters have an influence on the
penetrating ability of impression material. It is apparently that
large sulcus (0.2 and 0.4 mm) provides better penetrating
depth than narrower sulcular width (0.1 mm). The tearing
specimens were belonging to only sulcular width 0.1 mm
group according to previous study.8 Emergence profile is
contour of tooth and restoration in relation to the gingival
tissue." To create the suitable emergence profile, impression
material should penetrate to unprepared tooth structure below
finish line at least 0.5 mm within gingival sulcus. 19According
to our results, all impression materials could penetrate more
than 0.5 mm in all sulcular widths.

From the perspective of penetrating ability, it is
assumed that the ability of material to reproduce sulcus depth
related to its chemical nature, viscosity of mixed material,
wettability on oral tissue and strain tolerance.”’ Soft PE group
showed greater extension than all other materials group at
sulcular width 0.4 mm and performed reproduction depth
similar as VPES group at critical sulcular width 0.2 mm. A
possible explanation for why Soft PE group exhibits the
higher depth reproduction could be related to inherent
hydrophilicity due to the chemical formula containing
carbonyl (C=0) and ether functional group (C-O-C) which
attract water into the backbone.” In addition, rheological
properties study on flow profile using shark fin test found that
PE had a significantly high initial tan delta. The decreased of
its tan delta with time is initially relatively smaller when

2223

compared with that of PVS.” Tan delta is a property that
gives the relative ratio of the viscous to the elastic component
of a material behavior. A material with high tan delta value
will have a long induction period. This period implies that
material keep its plasticity to flow longer than other
materials.”

When considering the mean penetrating depth in

PVS groups, the hydrophilic PVS group had been shown

greater value than that of hydrophobic PVS group. One
explanation is the level of hydrophilicity of materials.
Hydrophilic PVS was attributed to incorporation of non-ionic
surfactants that change its surface properties. The non-ionic
surfactant possesses different functional groups which are
silicone-binding group (nonylphenoxy group) and water-
binding group (polyethyleneoxy group) dispersible in
prepolymer matrix. The surface property of hydrophilic PVS
predominantly depends on the surfactant concentration at the
silicone impression surface.” The mechanism of action that
surfactant has an effect on impression material surface
probably involves diffusion into wetting liquid and then
reduces its surface tension. These surfactant molecules also
increase surface energy of polymerized impression
materials.” Therefore, the wettability of hydrophilic addition
silicone was superior to that of conventional addition
silicone.”® In agreement with previous study, hydrophilic PVS
was better sulcus-reproducing than hydrophobic PVS
especially for the narrow sulcus width.” Practically, the
clinical use of hydrophilic PVS still needs dry field
preparation. In reality, this material remains hydrophobicity.

At critical sulcular width (0.2 mm and 0.1 mm),
VPES showed the outstanding penetrating depth conflicting
result with the previous study of Finger et al. “ltis speculated
that the polyether backbone containing in the chemical
formula of VPES would affect the wettability of VPES on
moist surface. Another factor that would influence the
penetration of VPES is the lowest contact angle with water
and saliva. The lowest contact angle of VPES could be
derived from its component Tenside I or Surface Tension
Eraser Surfactant (STES) and Tenside II or Wetting
Conditioner Surfactant (WCS), when the mixed paste
exposed to moisture the hydrophilic quality was exhibited by
STES hydrophilic heads align with the polar water then STES
transits into water phase whereas the WCS accumulates at the
material surface and dissolves the surface tension of water.”’
This assumption is consistent with the finding of Balkenhol
et al.” and Meenees et al.” who found that the contact angle

of VPES (Identium®) was lower than PE and VPS.

Furthermore, the manufacturer claims that VPES material has




an unique “double-snap” effect which referred to the long
working time together with short intraoral setting time. This
effect arises from the desirable property of parent materials.
The double snap effect consists of viscosity snap and
networking snap. After being mixed, the VPES will behave
similar to polyether in terms of flowability until the viscosity
snap occurs. The viscosity snap is viscosity changing from
viscous to visco-elastic phase. The visco-elastic phase is the
gradual transition to develop elasticity in a short time.
Subsequently, the networking snap occurs to reach final
elastic consistency. With double snap effect, VPES material
allows for a long working time so that maintaining fluidity
throughout the process.*

Although, there were statistically significant
differences in penetrating ability among four elastomeric
impression materials. These materials were clinically
acceptable to use for final impression procedure. The clinical
implication of this study may be helpful for the dentists to
make a decision in selection the proper material when taking
impression of prepared tooth with subgingival finish line in
narrow sulcular width such as delayed taking impression after
cord removal in multiple preparation teeth for full mouth
rehabilitation case. However, the limitation of this study is the
simulated testing model has no adjacent teeth resembling in
patients’ mouth. Besides, the gingival fluid could not be
imitated as same as oral condition. Therefore, the further in

vivo study should be done to confirm the findings of our

study.

Conclusion

1. Both Sulcular widths and material types have
an effect on the penetration ability of all impression materials,
the penetration ability is greater when sulcus width is wider.

2. Hydrophilic PVS had been evaluated to have
higher penetration ability than that of hydrophobic PVS.

3. VPES and Soft PE have been performed greater
extension into sulcus than PVS groups at the wide sulcular
width. When the sulcus is narrower, VPES had been exhibited
greatest sulcus reproduction among all impression materials

groups.
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shows the chemical structure of cis-1,4- polyisoprene.
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Cross-linked polymer chains
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shows the illustration of sulfur cross-linking between polymer chains of rubber.
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Figure 3
rubber sheet to deform but not the other sheet on the right.

shows the vulcanized rubber sheet (V) and the unvulcanized rubber sheet (NV) on the left, and the tensile force causing the unvulcanized
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Figure 4 shows denture bases made from vulcanized rubber.
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Figure 6 A schematic shows the angle bond and bond length of
polydimethylsiloxane.
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Figure 8 shows vinyl and dimethyl silicone chains joining together

via free radicals.
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Table 1 shows the type, sample, shore hardness, and tensile strength of fabricated silicone prostheses.33
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Falau ¥iia f20819 ounzihania) Hardness (shore
A)/ tensile strength (MPa)
RTV 2- component Silastic 382, 399 (Dow corning) 38-43/2.7-4.2
Condensation reaction ﬂﬂ@ﬁunﬂwaﬁﬁmcﬁlaﬂﬂl%‘ugﬁ
2- component Silastic MDX4-4210 (Dow Corning) A-2186, A-2186F 25-32/4.8-5.0
Addition reaction (Factor II)
1- component Condensation Silastic 891 (Silastic Medical Adhesive Type A) (Dow 28-35/2.0-3.3
Acetoxy Corning) Silicone Adhesive A-564 (Factor II)
HTV | 1- component Silastic 370, 372 (movidufaouFerily MDX4-4515), 25-75/5.9-6.9
Peroxide curing 373 (mﬂwﬁuﬂaﬂu%gﬂu MDX4-4516) (Dow
Corning) fagifunnraadauaiian1dudn
2- component Liveo™ BioMedical Grade HCR Q7-4720, Q7-4735, 20-80 /9.3
Addition reaction * Q7-4750, Q7-4765, Q7-4780 (DuPont)
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shows dimethyl silicone terminals with hydroxyl groups joining together via ethyl silicate acting as cross-linking agents.
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Figure 10 a and b show the silicone elastomer from the addition polymerization reaction.
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Table 2 shows the temperature and time for MDX4 4210 curing.45
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Figure 12

Polymer chain is end-blocked with two acetoxy functional groups
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shows the reagents of a chemical reaction to produce polysiloxane termination with acetoxy groups.
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shows the silicone elastomer forming from moist curing and acetic acid as by product.
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Extraoral Maxillofacial Prosthesis Materials

Part I: History and Silicone Elastomer

Prawatvatchara W' Punyawattananon v? Uasuwan P’ Boonpitak K * Surintanasarn A Yamockul S

Review Article

Abstract

Over time, various materials have been used to create extraoral maxillofacial prostheses. Vulcanized rubber and polyurethane
elastomers have certain limitations and are not popular choices for prostheses. In contrast, silicone elastomers are most used due to their
softness, flexibility, smoothness, and natural skin-like staining ability. While silicone elastomers are available in various forms, some are
specifically designed for maxillofacial prosthesis rehabilitation. However, despite their advantages, silicone elastomer materials have certain

limitations and may not always be the best option. Therefore, a thorough study of their properties is essential to fabricate prostheses that offer
the best possible outcomes for patients.

Keywords: Extraoral maxillofacial prosthesis materials/ Para rubber / Silicone
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Table 2  Types of orthognathic surgery

Type of surgery

Maxillary surgery
Single-piece Lefort I osteotomy 10 34.5
Two-piece Lefort I osteotomy 7 24.1
Three-piece Lefort I osteotomy 8 27.6
Anterior segmental 4 13.8
Total 29 100
Mandibular surgery
BSSRO* 17 37.8
Genioplasty 3 6.7
BSSRO+Hofer osteotomy 4 8.9
BSSRO+Genioplasty 10 222
Hofer osteotomy 1 2.2
BSSRO-+Hofer osteotomy+Genioplasty 3 6.7
BSSRO+Body osteotomy 4 8.9
Hofer osteotomy+Genioplasty 1 22
IVRO**+BSSRO+Hofer osteotomy 1 22
IVRO+BSSRO 1 2.2
Total 45 100

* BSSRO: Bilateral sagittal split ramus osteotomy

** JVRO: Intraoral vertical ramus osteotomy
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Table 3  Data of lip and chin numbness after orthognathic surgery (N=45)
Watle CRMTERY Fouaz
A1
Al 14 31.1
mn 8 17.8
709914 23 51.1
VINUVDIDINTH
Sadnans 29 64.4
AN 5 11.1
Fairlnaraazana 10 222
Fairlnuu 1 22
ANHUZVDI NIV
Paresthesia 44 97.8
Dysesthesia 1 2.2
ZAVDINIT
1 5 11.1
2 18 40.0
3 10 222
4 5 11.1
5 5 11.1
7 1 2.2
8 1 2.2
9 0
10 0
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Table 4

Oral Impacts on Daily Performances Index (OIDP) score

= X ' oAy Yo 1o A
NITANHIUNUIN ﬂquﬂﬂﬂﬁﬂﬂ?ﬁﬂ1ﬁﬂﬂl@ﬁ

I 1 £ ] 3 1 = a A
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B3 193 INAUMIHIAAANLAIANTITLALDINT T

§ Y ' < a

wnfgamn 3.70+2.21 o814 1sAawns insziaae
ﬂﬁﬂﬂﬁ’e)‘]JﬂgﬁﬂWa’Jﬂﬁaﬁ (Kruskal Wallis Test)hlli‘wu
ANuuAna1veg 1l vod1ngvesnzuuule lodadilu
NMNIINUALTLAVDINIIF AL NITHIAATUNTZYN
1135 105814 (p<0.05) (A519% 5)

Prevalence Severity
OIDP Score

N (%) 0 1 2 3 4 5
Overall * 14(31.0) 321(89.2) | 15(4.2) | 8(2.2) | 7(1.9) | 2(0.6) | 7(1.9)
Performance **
Eating 4(8.9) 1.02 3.93 0 0-0 0 20 41091.1) 122) | 122) | 1(2.2) | 1(2.2) -
Speaking 2(4.4) | 0.36 1.72 0 0-0 0 10 42(93.3) 12.2) | 2(4.4) - - -
Cleaning 4(8.9) 1.20 5.21 0 0-0 0 25 38(84.4) 4(8.9) | 1(2.2) - - 2(4.4)
Relaxing 3(6.7) | 0.64 3.74 0 0-0 0 25 42(93.3) 2(4.4) - - - 1(2.2)
Emotion 12(26.7) 1.80 5.24 0 0-1 0 25 31(68.9) | 6(13.3) | 2(4.4) | 48.9) | 1(2.2) | 1(2.2)
Smiling 2(4.4) 1.11 5.21 0 0-0 0 25 43(95.6) - - - - 2(4.4)
Working 3(6.7) | 0.40 2.25 0 0-0 0 15 42(93.3) 12.2) | 12.2) | 12.2) - -
Social 3(6.7) | 0.93 4.30 0 0-0 0 25 42(93.3) - 12.2) | 12.2) - 1(2.2)

*AZUUAY 100
FHAZUUUIAY 25

d' v A a A @ a Ay [J a L J
MINN S ﬂxLLuuﬂ%uIﬂqﬂﬂW1Uﬂ1W5’Jmm%i%ﬂll?J1ﬂ15‘1ﬂ"l]?NiilFjlhﬂLmZﬂNﬁ]1Ll,uﬂﬂ1il‘liu@ﬂﬁWW]ﬂﬂi%E}ﬂ‘lﬂﬂiivlﬂiﬁN (N=45)

Table 5

Overall OIDP score*

Overall Oral Impacts on Daily Performances Index (OIDP)scores and level of lip and chin numbness by mandibular surgery

Level of Numbness**

Mandibular Surgery
BSSRO 17 1.15 2.11 0 0-1 2.82 1.13 3 2-3
Genioplasty 3 1.33 2.31 0 0-4 3.33 1.53 3 2-5
BSSRO-+Hofer 4 0.00 0.00 0 0-0 1.75 0.96 2 1-3
BSSRO-+Genioplasty 10 14.30 27.94 0 0-20 3.70 2.21 3 2-5
Hofer 1 0.00 - 0 0-0 2.00 - 2 2-2
BSSRO-+Hofer+Genioplasty 2 0.50 0.71 0.5 0-1 3.00 1.41 3 2-4
BSSRO+Body 4 0.00 0.00 0 0-0 2.25 1.89 2 1-4
Hofer+Genioplasty 1 0.00 - 0-0 4.00 - 4 4-4
IVRO+BSSRO+Hofer 1 0.50 - 0.5 0.5-0.5 4.00 - 4 4-4
IVRO+BSSRO 1 0.00 - 0-0 2.00 - 2 2-2
BSSRO-+midsymphysis+Hofer 1 0.00 - 0-0 2.00 - 2 2-2

* Kruskal Wallis Test p=0.673
** Kruskal Wallis Test p=0.474
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Table 6 Spearman's correlation coefficient between level of lip and chin numbness and various performance scores
Correlations Spearman’s correlation
Eating score 0.463 0.001
Speaking score 0.347 0.020
Cleaning score 0.347 0.020
Relaxing score 0.251 0.960
Level of numbness vs. Emotion score 0.478 0.001
Smiling score 0.372 0.012
Working score 0.436 0.003
Social score 0.436 0.003
Overall OIDP score 0.525 0.000
* Significance at p<0.05
a Eating* b Speaking* o Cleaning*
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Figure 1 Relationship between level of lip and chin numbness and mean of Oral Impacts on Daily Performances Index (OIDP) scores in each

activity. *p<0.05
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Impact of Altered Sensation in Lip and Chin Area
after Orthognathic Surgery to Oral Health Related
Quality of Life

KansonR' Vittayakittipong P .

Research Article

Abstract

Lip and chin numbness is a common nerve complication after orthognathic surgery and may impact to the patient’s quality of life.
This study aimed to evaluate the impact of long term altered sensation in the lip and chin on a patient’s quality of life after orthognathic surgery.
The study design was a cross-sectional survey on the patient aged between 18 and 70 years old who had altered sensations in the lip and chin
area at least 6 months after orthognathic surgery. The demographic and operation data were collected. The impact of oral health-related
quality of life was assessed by the Oral Impacts on Daily Performances Index (OIDP) related to numbness of the lip and chin area. The result
showed a 34.5% incidence of lip and chin numbness after orthognathic surgery for at least 6 months. Forty-five patients were included in the
study. The mean follow-up time was 34.24+17.86 months, and the mean age was 33.64+9.26 years (range 21-67). The study found that lip and
chin numbness impacted to oral health related to the quality of life for 31% with mild severity. The mean overall OIDP score was 3.73+13.94.
The emotional status was the most impacted by the lips and chin numbness (26.7%). The level of numbness had a significant positive correlation
with the overall OIDP score (p<0.05). The study summarized that long term altered sensations in the lip and chin area after orthognathic
surgery had a mild degree of impact on oral health-related quality of life and had the greatest impact on the emotional and psychological
status. Therefore, long term follows up is necessary for orthognathic surgical patients.

Keywords: Altered sensation/ Lip/ Chin/ Orthognathic surgery/ Oral health related quality of life/ ODIP index
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Anti-Palatal Fibroblast Cells Migration of 5-
Aminolevulinic Acid Photodynamic Therapy; in vitro

Vichitrananda V' Damrongrungruang T ** Hormdee D*° Manosudprasit A “

Research Article

Abstract

Palatoplasty on a patient with a cleft palate resulted in the creation of palatal scars. Photodynamic therapy (PDT) is used as an
alternative treatment for scar reduction. 5-Aminolevulinic acid (5-ALA) PDT was reported to have the ability of anti-fibrotic in human vocal fold
fibroblasts. This study aimed to investigate the anti-migration effect of 5-ALA PDT on palatal fibroblast cells. Palatal fibroblast cells were treated
with various concentrations of 5-ALA PDT and evaluated to determine the role of 5-ALA PDT on migration ability. Cell migration was conducted
and analyzed by scratch wound healing and collagen contraction assay. The results of the study found that the percentage of cell viability diminished
steadily as the concentration increased, and sub-lethal concentration was 0.01, 0.05, 0.1, and 0.2 mM, with 635 nm red light emitting diode (LED),
50 mW/cmz, 10 Jlem’. The migration of human palate fibroblast cells was inhibited by 5-ALA at doses of 0.1 and 0.2 mM. However, in this study
0.2 mM 5-ALA PDT caused abnormal morphology of cells. In conclusion, the optimal condition 5-ALA PDT for suppressing palatal fibroblast

migration without causing cell damage was 0.1 mM 5-ALA PDT with 635-nm red LED at 50 mW/cmz, 100/cm’,

Keywords: 5-Aminolevulinic acid / Migration / Palatal fibroblast / Photodynamic therapy

Introduction

The patients with cleft palate usually undergo
surgical palatal closure to repair the communication of the
nasal and oral cavity and improve the ability of speech and
feeding'. However, the primary repair of cleft palate normally
leaves the palatal scar which impairs growth and development
of mid-face and dento-maxillary complexz. Therefore, it may
require secondary surgical and orthodontic treatment to
expand the upper arch’.

Photodynamic therapy (PDT) concept is the
combination of photochemical and photophysical processes
together leading to biological effects. It is also used for the
treatment variety of skin conditions such as scar reduction. Its
activity is dependent on a photosensitizer and a specific light
source. 5-Aminolevulinic acid (5-ALA) and its methyl ester;
methyl aminolaevulinic acid (MAL) are commonly used to

treat hypertrophic scars and keloids®. It was reported that
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patients with hypertrophic scars received MAL PDT, and the
scarred area gained softness, more flexibility, less erythema,
greater smoothness, a reduction in volume, and no recurring
scar, after one year of follow-up. After therapy, histological
findings indicate a considerable increase in elastin fibers .
5-ALA PDT has been utilized in the treatment of laryngeal
papillomas, precancerous, and cancerous lesions in the
mucosal tissue; it also promotes excellent healing in the vocal
folds of patients with laryngeal carcinoma ™.

Recently, a study has demonstrated PDT affects the
viability of human vocal fold fibroblasts (VFFs) in a dose-
dependent response. PDT at sublethal doses modifies VFF
expression in anti-fibrotic activities by reducing cell
migration, decreasing collagen contraction, and altering
differentiation.

fibroblast-myofibroblast These findings
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imply that PDT may be effective in treating vocal fold scars
by using 5-ALA as a photosensitizerg.

Since cleft palate patients usually present palatal
scar after surgical closure, which leads to maxillary
constriction, a reduction in palatal scar is also meaningful. 5-
ALA PDT is useful in the treatment of surgical scars in
previous studies. Many studies have suggested that PDT
alters wound healing and scar formation by modifying
fibroblastic activities and altering matrix componentsm.
However, very little literature studied PDT’s effect on oral
mucosal tissue including palatal scar tissues; therefore, it
would be interesting to determine whether PDT may
influence scar formation on human palatal fibroblasts. The
purpose of this study was to investigate the effect of S-ALA
PDT on the migratory behavior of human palatal fibroblasts.
The results of our research project will help us understand the
effect of PDT in human palatal fibroblast cells in terms of
anti-fibrotic conditions. In addition, the findings will be
beneficial for the functional roles of PDT in anti-fibrotic
activities in oral mucosal tissues and could be clinically
applicable to prevent palatal scarring due to surgical palatal

closure in cleft palate patients.

Materials and methods

Singlet oxygen measurement

First, prepared 5-ALA solution concentrations of
0.1, 0.5, 1, 2, 3, and 5 mM from 5-ALA powder (Sigma
Chemical Co., MO, USA) dissolved with distilled water.
Next, each concentration of 5-ALA solution was mixed with
a fluorescent probe, which is 9, 10-dimethylanthracene
(DMA; Sigma Chemical Co., MO, USA), DMA soluble with
Dimethyl sulfoxide (DMSO; AMRESCO®, VWR international,
Pennsylvania, USA). The final concentration of DMA is 10
UM and the concentration of DMSO is less than 1%. The
positive control was 10 UM Erythrosine solution (Sigma
Chemical Co., MO, USA) with a fluorescent probe. The
negative control was distilled water and a fluorescent probe
without 5-ALA. The solution was added to a 96-black well
plate and was activated with a customized 635 nm LED
illuminator for the 96-well plate (a collaboration between

Faculty of Dentistry and Faculty of Engineering, Khon Kaen

University, Thailand), continuous mode, average power 50
mW/cm’, 10 J/em’. Afterwards, measured singlet oxygen
level by fluorescence intensity with a spectrophotometer
(Varioskan™ LUX multimode microplate reader,
ThermoFisher, USA) with excitation wavelength 375 nm and
emission wavelength 436 nm. Every step of this experiment
was conducted in dark conditions and the results were
recorded and calculated.

Cell culture

Palatal fibroblast cells were provided from the
leftover palatal tissue of the patient who underwent a
connective tissue graft to repair gingival recession. Primary
palatal fibroblasts were cultured with Dulbecco’s modified
Eagle’s medium (DMEM; GibcoTM, Thermo Fisher
Scientific, USA) with 10% v/v fetal bovine serum (FBS;
GibcoTM, Thermo Fisher Scientific, New York, USA) and
1% v/v Antibiotic-antimycotic (GibcoTM, Thermo Fisher
Scientific, New York, USA) and incubated under 5% CO,,
90% N, and 5% O, at 37°C to allow the outgrowth of
fibroblasts. Fibroblasts were used between the fourth and
eighth passages.

Cell viability assay

Palatal fibroblast cells were prepared in DMEM
with 10% FBS and mixed with Trypan blue (Sigma Chemical
Co., MO, USA) then counted with Hemocytometer. Then
seeded 10" cells per well in a black 96-well plate and
incubated the cells for 24 hours. Medium were changed to
0.01, 0.05, 0.1, 0.2, 0.3, and 0.5 mM of 5-ALA in 1% FBS
DMEM. Positive control was 10% FBS DMEM without 5-
ALA medium. The negative control was 1% FBS DMEM
with 1% v/v Triton-X (Sigma Chemical Co., Missouri, USA).
After being incubated for 6 hours, the cells in 96-black well
plates were activated with the above-mentioned diode laser,
and incubated for 24 hours. Cell viability was determined
using the PrestoBlue™ Cell Viability Reagent (Gibco'",
Thermo Fisher Scientific, New York, USA). Results recorded
using fluorescence intensity value from a spectrophotometer
with excitation wavelength 560 nm and emission wavelength
590 nm. The value obtained from the above-mentioned
spectrophotometer was calculated as the percentage of viable
cells. If cell viability is reduced to 70%, that condition has a

cytotoxic potential.




Scratch wound healing assay

The fourth passage of palatal fibroblast cells (0.5 ml
of 10° cells/ml) were seeded into 24-black well plates and
incubated for 18 hours. Then the media were changed to the
different concentrations of non-cytotoxicity dose of 5-ALA
PDT mixed with complete media and incubated for 6 hours.
After that, the cells were activated with a 635 nm red laser
(Lasotronix, Piaseczno, Poland), average power of 50 mW/cmz,
10 J/em’. Then created a linear wound immediately using a
sterile 100 pl tip, wash the cells with D-PBS twice, and
incubated for 24 hours.

The photos at 50X magnification were taken at
baseline, and 24 hours. At each time point, 5 photos were in
random areas in each well. The migration areas were analyzed
by Image J densitometry software (NIH, Bethesda, Maryland,
USA). Wound closure rates were defined as the rates of cell
migration which were calculated in pixels and converted into a
percent closure of the original cell-free scratch area.

Collagen Contraction Assay

Collagen gel was prepared with Rat tail collagen
type I (Corning, New York, USA) and adjusted the pH with
NaOH. Palatal fibroblast cells were detached from the culture
plate, then suspended cells into 0.01, 0.05, 0.1, and 0.2 mM
concentrations of 5-ALA within complete culture media
(DMEM with 10% FBS and 1% Antibiotic-antimycotic).
Next, prepared 0.66 volumes of 8x10° cell/ml well-mixed cell
suspension to a sterile tube and added 0.33 volumes of 3
mg/ml collagen solution to the cell suspension. The mixture
was seeded into 24-black well plates to produce a well-
solidified gel with natural pH by adding 1M NaOH and
mixing the solution quickly and gently. At room temperature,
the suspension in 24-black well plates were activated with the
above-mentioned red laser. When the gel was solidify gently
added 500 pL each well. Use 200 UL pipette tip to detach the
gel from the well edge. All groups were incubated for 24
hours in a 37°C incubator with 5% CO, in light-proof box.
The photograph of collagen gel (1X magnification) were

taken at the top of the well and the rate of contraction was
determined by the mean of gel diameter using Image J
densitometry software (n=9/group). All experiments were
performed in a triplicate fashion and dim environment.

Statistical analysis

Descriptive statistics were used for analyzing the
mean and standard deviation of the amount of singlet oxygen,
cell viability, cell migration areas, and collagen gel diameter
from PDT with 5-ALA at different concentrations. The
statistical analysis was two-tailed and differences were
determined by significance at p<0.05. All data were analyzed
using SPSS 20 software (IBM, Armonk, New York, USA).

The linear association between 5-ALA concentrations
and average fluorescence value was determined using the
Spearman correlation coefficient. The data was calculated by
analysis of variance to identify the difference between groups.
One-way Analysis of Variance (ANOVA) and multiple
comparisons was used to analyze the cells’ migration area and

gel diameter.

Results

Singlet oxygen measurement

Singlet oxygen values were evaluated by fluorescence
intensity from the relative fluorescence unit value. The
negative control compared to the increasing concentration of
5-ALA from 0.01, 0.05, 0.1, 0.2, 0.3, and 0.5 mM, resulted
in a pronounced increase in the average value relative
fluorescence unit from 25.92+0.42 to 56.92+1.72, 60.04+0.75,
63.88+2.40, 70.16+2.98, 78.30+2.00, and 100.66+14.04,
respectively (Figure 1). Spearman correlation coefficient
demonstrated a near-perfect linear relationship of 5-ALA
concentrations and average fluorescence value which has a
correlation coefficient of 0.98. Which implies that the higher
the concentration of 5-ALA is the more fluorescence intensity

(Figure 2).




140 |

120

100 *

)
g
=
)
£
it
3
2
:
£
k
o

0.01 mA 0.05 mMh

1
1
*
&0
40
20 RS
0 i

0.1 mh

Erythrosine

0.2 mh 0.3 mhM 0.5 mM

0.01 mhd

S-anunolevulmic acid

Figure 1

Relative oxygen amount presented by an average and SD relative fluorescence unit and concentration of 5-ALA PDT when compared

to the negative control (DW) using 635 nm red LED in continuous mode, 50 mW/em® and 10 J/em’ at the distance between laser top to
bottom of well =20 mm *One-way ANOVA and multiple comparison statisticall significant difference (p<0.05)
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Figure 2 Spearman correlation coefficient demonstrated a near perfect linear relationship of 5-ALA concentrations and average fluorescence value

Cell Viability Assay

The percentage of cell viability compared between cell
cultures with complete medium and different concentrations of
5-ALA PDT at 24 hours was estimated using viable cells. The
percentage of cell viability, decreased steadily as the
concentration increased, except for 0.05 mM 5-ALA, when
the percentage of cell viability increased slightly to
89.32411.36 percent. Cell viability was less than 70% at

concentrations of 0.3 and 0.5 mM, 56.94+5.05 percent and
52.46+6.62 percent, respectively (Table 1).

Scratch wound healing assay

Wound closure rates were determined by the area of
palatal fibroblast cell migration after being treated with PDT
using 0.01, 0.05, 0.1, and 0.2 mM 5-ALA for 24 hours. By
increasing the concentration to 0.01, 0.05, 0.1, and 0.2 mM, the

area of cell migration decreased from 85.37 % to 83.56%,




77.91%, 48.85%, and 21.22 %, respectively. Statistical analysis
revealed a significant difference between 5-ALA concentration
of 0.1 mM significantly different from the control group, 0.01,
and 0.05 mM. Similar to 0.2 mM 5-ALA, which differed
significantly from the control group, as well as 0.01, 0.05, and
0.1 mM (Figure 3).

Collagen contraction Assay

After 24 hours of incubation, the collagen
contraction assay used gel diameter to evaluate the ability of

palatal fibroblast migration under different concentrations of

Table 1

The percentage of palatal fibroblast cell viability in various
concentrations of S-ALA PDT

5-ALA PDT concentration Percentage of cell viability
(mM)
0.01 88.33+5.01
0.05 89.32+11.36
0.1 84.16+6.59
0.2 72.84+6.43
0.3 56.94+5.05
0.5 52.46+6.62

) ] Table2 The collagen gel diameter after treated with various
SL-PDT. The collagen gel diameter was increased from concentrations of 5-ALA PDT over 24 hours of incubation.
7.01+1.58 mm in, the control group, to 7.18+1.60, 7.25+1.36,
. 5-ALA PDT concentration Collagen gel diameter(mm)
8.78+1.63 and 12.924+1.79 mm at the 5-ALA PDT concentration (mM)
of 0.01, 0.05, 0.1 mM and 0.2 mM, respectively (Figure 4). 0 7.01£1.58
Consequently, the collagen gel contraction rate was reduced 0.1 7.18+1.60
0.05 7.25£1.36
from 55.05% to 54.00%, 53.53%, 43.71%, and 17.15%, 0.1 8.78+1.63
respectively (Table 2). The 5-ALA PDT concentrations of 0.1 0.2 12.92£1.79
mM and 0.2 mM had a significant difference from the control
group (Figure 5).
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Figure 5
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Discussion

The purpose of this study was to investigate the effect
of 5-ALA PDT on the migratory behavior of human palatal
fibroblast cells. In this study, the non-toxicity conditions of
palatal fibroblast cells were 0.01, 0.05, 0.1, and 0.2 mM 5-ALA
PDT, activated by 635 nm red laser, 50 mW/cmz, 10 J/em®, Cell
migration was conducted and analyzed by scratch wound
healing and collagen contraction assay. Palatal fibroblast cell
migration is affected by 5-ALA PDT in a dose-dependent
manner. The concentrations of 5-ALA 0.1 and 0.2 mM were
the concentrations that were able to inhibit the migration of
human palate fibroblast cells. However, in this study 0.2 mM
5-ALA PDT caused abnormal morphology of cells. In
conclusion, the migration of palatal fibroblast cells is affected
by 5-ALA PDT and the optimal condition for suppressing
palatal fibroblast migration without causing cell damage was
0.1 mM 5-ALA PDT with 635-nm red LED at 50 mW/cmz,
10/cm’.

This study 5-ALA as a photosensitizer, in different
concentrations to study cell viability and migration. 5-ALA is
a second-generation photosensitizer, which could be applied
topically or systematically7. Previous studies showed that 5-
ALA and MAL were the most common photosensitizers in
PDT for keloids and hypertrophic scars in both laboratory
studies and clinical studies. The results also showed that the
5-ALA PDT reaction reduced the proliferation and migration
of normal dermal fibroblasts grown in a gel matrix' "

Singlet oxygen measurement presented the

relationship between 5-ALA concentration and the
fluorescence intensity. Reactive oxygen species (ROS) from
the photodynamic reaction is short-lived, making it quite
difficult to measure. Measuring ROS with the fluorescent
probe is one of the effective procedures”. This study used the
relatively simple fluorescence probe, DMA, which was bound
especially to singlet oxygen. DMA has high sensitivity and
specificity for singlet oxygen species'”'”. Measured values
were in arbitrary units of the relative fluorescent unit which

represented the amount of singlet oxygen that had been

produced from photodynamic reaction.

From this study, the cell viability assay result
showed that the percentage of cell viability decreased
gradually as the concentration increased. This can be inferred
that the increasing singlet oxygen from a higher 5-ALA
concentration resulted in more cytotoxicity to palatal
fibroblast cells. Except for 0.05 mM 5-ALA PDT, the
percentage of cell viability slightly increased to 89.32%,
which was similar to the study of Jang et al. (2013) which
found that low-level PDT causes a slight increase in fibroblast
proliferation and activation with no statistically significant
difference'®.

Non-cytotoxic potential concentrations of 5-ALA
PDT were utilized for the cell migratory ability by scratch
wound healing assay. The migration of palatal fibroblasts was
dose-dependently influenced, activated by 5-ALA PDT, 635
nm red laser, 50 mW/cmz, 10 J/em’. The concentrations of 5-
ALA that were not cytotoxic and inhibited palatal fibroblast
cell movement were 0.1 and 0.2 mM, respectively, with
migration decreasing from 85.37 % to 56.02 % and 21.22 %.
The fibroblast-induce collagen gel contraction assay was
established by Bell et al. (1979) to study the interaction of
fibroblast in the extracellular matrix, of collagen. The
collagen volume decreases due to the fibroblast motility
throughout the collagen matrix and arranges the collagen
fiber which produces the contractile force "7 The result of this
study demonstrated the collagen gel diameter decreased in the
same direction as the concentration of 5-ALA PDT. This can
imply that the higher concentration of 5-ALA PDT produces
the amount of ROS that inhibits fibroblast motility.

Our findings matched those of Zhang et al. (2018),
who found that 0.2 mM 5-ALA PDT greatly reduced vocal cord
fibroblast migrationg. The findings were comparable to those of
Yang et al (2007), who found that 5-ALA PDT inhibited the
migration of head and neck cancer cells'. On the other hand,
low levels of 5-ALA PDT promoted fibroblast proliferation and
motility in human dermal fibroblasts due to increased
intracellular ROS". Nonetheless, the most efficient inhibitor of

migratory activity was 0.2 mM 5-ALA PDT, which did not




produce considerable cell death but revealed an aberrant shape
of palatal fibroblast cells under the microscope (Figure 6). As a
result of our research, we suggested that 0.1 mM 5-ALA PDT,
activated by 635 nm red laser, 50 mW/cmz, 10 J/cmz, was the
suitable condition for inhibiting palatal fibroblast migration
without causing cell morphology aberration and alteration.
Fibroblasts serve a crucial function in the healing and
scarring of wounds"”. According to a previous study, buccal,
periodontal, and epidermal fibroblasts have diverse movement
characteristics in the wound-healing processszo. This
experiment isolated palatal fibroblast from the leftover palatal
tissue of a patient who underwent a connective tissue graft to
repair gingival recession from a healthy patient. The former
study showed that palatal fibroblasts from children with cleft
palate a little bit differed from normal palatal fibroblasts in
the expression of TGF-f3 isoforms”. Cleft palate fibroblasts
synthesized higher amounts of sulfated glycosaminoglycans

and collagen than normal fibroblasts but produced less

cellular hyaluronic acidzz, which might contributed to
hardening and less flexibility of the tissue. Cell migration is
one of the mechanisms that play a role in wound healing and
scar formation. Therefore, other parts of the scar formation
mechanism should be investigated to establish the anti-

fibrotic activity of 5-ALA PDT.

Conclusion

The migration of palatal fibroblast cells is affected
by 5-ALA PDT and the suggested condition for suppressing
palatal fibroblast migration without causing cell damage was
0.1 mM 5-ALA PDT with 635-nm red LED at 50 mW/cmz,
10J/ecm’. Our results provide not only new information for
understanding the effect of 5-ALA PDT on human palatal

fibroblast in terms of cell migration but also useful for future

clinical application of palatal scar treatment.

Figure 6
morphology of palatal fibroblast cells.

The concentration of 0.2 mM 5-ALA PDT during the scratch wound healing assay at 50X magnification demonstrated no migration and abnormal
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Figure 1  The pictures show dentures that were worn from 2003-2018 (A) occlusal surface of upper and lower dentures, (B) tissue surface of upper and lower

dentures.
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Figure 2 The pictures show alveolar ridges and dentures in 2018 before the new dentures have been fabricated. (A) edentulous ridge of maxillary and
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=
=n.
()

mandibular arch, (B) ridge relationship on front view, (C) Complete dentures that have been used during 2003-2018.
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Figure3  The pictures show the treatment in the first visit. Relining of upper and lower dentures using polyether with closed mouth technique and bit
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registration with Aluwax. (A) final impression of upper and lower denture, (B) final impression of the upper arch using a closed mouth technique,

(C) final impression of the lower arch and bite registration with Aluwax.
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Figure 4  Illustration of laboratory process. (A) articulator mounting of existing denture and model, (B) upper occlusion rim and lower existing denture

relationship, occlusion rim fabrication based on the index from old dentures. (C) upper occlusion rim and lower arch relationship, (D) denture teeth

arrangement of upper and lower arch on left and right-side views.
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Figure 5  Existing dentures from previous treatment during 2018-2023. (A) dentures constructed in 2018 with monoplane occlusion, (B) existing dentures after usage

for 5 years (2018-2023), malocclusion, cross-bite and the lower denture favors the left-hand side occlusal wear were noted, (C) the picture shows the

third dentures which was constructed in 2023 with lingualized bilateral balanced occlusion.
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Figure 7

Denture Bank
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The digitization of well-adapted dentures. Dentures scanning and bite digital recording using intraoral scanner. Please scan QR code for the video
demonstration. (A) scanning process of upper denture with intra-oral scanner, (B) picture of upper denture obtained from oral scan, (C) scanning
process of jaw relation record of upper and lower denture in mouth, (D) picture of upper and lower denture during jaw relation record obtained from

oral scan.
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3D computer files of dentures installed on a computer. (A) occlusal view of upper denture, (B) frontal view of upper and lower denture, (C) occlusal

plane of lower denture, (D) occlusal view of lower denture.




dihesed 2 diherneine oy 70 T1d50ms
o ) a o A -4 A =
YR85 INNeNTITUNUINeuN et w.a. 2557
§ ' v 3
U 8) giheawisaldauldauazniasrvaniaiiv
szaz naanldauld 530 We we. 2562 wuNIMUUA
2 = 2 WY a 9 2y o v
eadnlluinidldasudunaiReidisiaagaeiiany
A'l = A'l v v A 3 a 1
WrLaoMIantiodnneNanuTanNuudsrInn WS
Fuozasan viaaon gl 93 e w.e. 2566 Wueud)
2 - . 2
MIANVeIIVARgIaz IMIVFUvo Il ReNINTY
§ @ oz o ] 1,
U 9) uaunndsanaunuiluiousa luilddie
MeamataaaluierszuuaIna Tasmsadraiumen
#1111 (Duplicated denture) a2813FUBzATanla 11§29
A gy A A 9y o a @ aa .
sogiuNauiioodloTaa iyl 1nga lau (Elite HD
Zhermack S.P.A., Ttaly) weutiuiinnisnaaudieiag
Fa 1Y (Occlufast Rock , Zhermack S.P.A., Italy) RTEGRREY
Y
guveslumiidiuans vintuihimsaunuiluiioude
1n309aun U %3110 (Aoralscan 3, SHINING 3D, CHINA)
(319 10) nazas Iadeyaliiesd fiiamsasraluiion
A < H
U7 11) Tageonuuumsauiuiiuuuy Idganasadg

y o 7o 2
(Bilateral balanced occlusion) 91AUUNUAUNNYNITU Wu

Y 1 9
ienavelasiugidledsmsiun easelunanld
dounsalidignou (g0 12) msnaaluiionya

a = A o = = LA
939 (317 13) TastaondaqnaaluNeusz VY Ivotion &
Jagiu A3 uazgulwneud¥uyy (Ivotion denture, Tooth
Shades: A3, Base Shades: Preference, Pink-V, Ivoclar,

Y T
Licchtenstein) Fuidanasiinumui 38 aawas sy
= SO @ = <3| A o @ o Y
ewvzlidmaiunazguiuiiouiluiiofedn ild
= < 9 = ] U @ a
Hanuuiswas limstaegsznnaluiuguiuiion

1 9
Wand aunsarh Iddendumatianuuaudy naswnms
Annumssnet 41aeu (3UN 14) diheawiseldauld

a o < = 1 4
Und Jehmainudeyaituiioudihedensosaunulu
! @ S an o d‘
#0110 n¥euuinmsauduliidlulidaiva Ui 15)
v Y = < = 2
TJagiugielguaimudsussduazussvamerninilu
= [ = v 9 a = ' = ¥
ewnahnisesiudrenmdisulinnaifiuiienialn
aX o 1 Yy =2 9 dy ' 16 a
Und Fuindewaliims@nduuamennnnd’ minma
v ' @ J a
Tymidenanluomaaiuaunndamnsaisondeyadn
) a A d yy v = 1
vinsuasteyaiuioniiny1d uadaluieuyal

Tdsun

P .
amlusenhndihendawnldsnudesindensossuiuiioniahngie we. 2557 (A) dumlenuinss lnsuu (B) Fumlenuuuazaislu

yeathndunh (€ anwduiusuienuusudumionatnlugesthndumth (o) Mudionlugesthadmih

Figure 8

Patient oral conditions after implants retained complete denture was constructed in 2014 (A) upper edentulous ridge, (B) frontal view of edentulous

ridge in the mouth, (C) frontal view of upper denture and lower ridges in the mouth, (D) frontal view of upper and lower dentures in the mouth.
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Figure 9 Upper and lower dentures after 9 years of usage (2014-2023). Occlusal wear noted, leading to unstable occlusion. (A) occlusal view of the upper
denture, (B) occlusal view of the lower denture, (C) frontal view of the upper denture and lower ridges in mouth, (D) frontal view of the occlusion

of the upper and lower dentures.
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Figure 10  Impression of the tissue side on the upper and lower duplicated dentures, jaw relation record ,3D scan files to be sent to laboratory. (A)
impression of the tissue side on the upper duplicated denture, (B) impression of the tissue side on the lower duplicated denture, (C) jaw relation

record with silicone in the mouth, (D) 3D scan file of the jaw relation record.
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Figure 11 3D files were sent to the laboratory and a new denture design was established. (A) file scan of the edentulous ridge in frontal view, (B) file scan of

the trial denture, (C) denture design with computer program in the laboratory (Ivotion, Ivoclar, Liechtenstein).
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Figure 12 Trial denture obtained from printing denture. (A) facial profile after wearing the trial denture, (B) trial denture, (C) trial denture in the mouth.
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New dentures from the milling process (Ivotion, Ivoclar, Liechtenstein). (A) new dentures from the milling process, (B) tissue surface of the new

denture from the milling process, (C) occlusal plane of the lower new denture.
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Guidelines for Creating the Complete
Denture Data Bank: Two Case Studies

Sae-Lee D' Limpattamapanee S >

Case Report

Abstract

The data collected via digital dentistry systems on patients wearing complete dentures without any problems for a certain period
can be utilized for creating subsequent sets of dentures, if needed in the future. Dentures are scanned, and bite registration details are digitally
recorded and stored as a digital file in the “denture data bank”. The time required for constructing a new set of dentures could be reduced,
especially in the elderly population, which is growing rapidly as we move towards an aging society. Elderly individuals facing, health issues
may have limitations in attending multiple dental appointments or may be unable to cooperate with treatment due to conditions such as
Alzheimer or dementia. The denture data bank could minimize the number of appointments required and will be beneficial for the patient in the

Sfuture.
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A Comparison of the Subjective Masticatory

Assessment Accompanied by Food Pictorial Illustration

and Test-Chewing in Complete Denture Patients
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Research Article

Abstract

The correlation between subjective and objective masticatory assessment could be influenced by the recall ability of food items being
asked. This study aimed to compare subjective masticatory assessments with food pictorial illustration and after chewing each food item (test-
chewing), and to investigate the relationships between both subjective assessment methods and the objective masticatory assessment. The subjective
masticatory assessment was conducted in 21 complete denture wearers using a questionnaire consisting of questions related to the chewing ability
of 5 food items, first with food pictorial illustration and then after actually chewing the food. The objective masticatory assessment was performed
using color-changeable chewing gum and scored on a 5-scale color shade. Paired t tests were used to determine difference between the subjective
masticatory scores and Pearson correlations were used to test any existing correlations. The results showed that the agreement between subjective
masticatory scores with pictorial illustration and with test-chewing was high (ICC=0.84). Both scores were not significantly different (20.1+3.9 vs
21.0+4.2 respectively). Neither scores were correlated with the objective masticatory score. It was concluded that subjective masticatory score
using a questionnaire with pictorial illustration could reflect patients' actual perception on their chewing ability (likely to be obtained with test-
chewing). Since test-chewing is not always practical in field research, using food questionnaire in conjunction with food pictorial illustration is
recommended for the subjective assessment of masticatory function.

Key words: Mastication/ Masticatory performance/ Subjective masticatory assessment
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Introduction

Tooth loss in the elderly leads to problems in
chewing, aesthetics, speech, and psychological well-being,
ultimately affecting their quality of life. Tooth loss is usually
treated with fixed or removable prostheses. These dental
prostheses substitute lost or extracted teeth and play a vital
role in restoring jaw functions such as chewing, speech
production, and facial aesthetics. Despite advanced dental
substitution technology, complete dentures are still widely-
prescribed for edentulous patients in various parts of the

12 . .
world. "~ Because of its tissue borne nature, a complete

denture is less effective in breaking up food, compared to
natural dentition.™*

Various methods are used to assess masticatory
function in patients with compromised dentition, broadly
classified into subjective and objective assessments.’
Objective assessment involved tests that can quantify the size
distribution of chewed food par’ciclesﬁ’7 or the mixture of food
colors during chewing. “1° The mixing ability test appears to
be suitable for patients with complete dentures."’ On the other

hand, subjective assessments used questionnaires to evaluate
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chewing difficulty and/or chewing satisfaction.' " Different
studies have established their own lists of food items for the
subjective assessment. Food questionnaires generally included
a list of foods ranging from softest to hardest, with variations
based on the geographical location of the population being
studied. For example, Hirai et al.' utilized a questionnaire
with a total of 35 food items, categorized into 5 groups, each
containing 7 items, based on the texture and stickiness of the
foods being Category I: pudding, bananas, boiled cabbage,
boiled carrot, boiled taro, sliced raw tuna, boiled onions;
Category II: strawberries, ham, boiled chicken, boiled fish
paste patty, konnyaku, boiled kombu, raw cucumber;
Category III: fried chicken, fried rice crackers, roast chicken,
apples, pickled eggplants, boiled beef, raw cabbage; Category
IV: roast pork, pickled scallion, pickled radish, rice cakes,
peanuts, sliced raw cuttlefish, pork cutlet; Category V: raw
carrots, takuwan, jellyfish, vinegared octopus, raw trepang,
raw abalone, dried cuttlefish. Suwanarpa et al."” categorized
20 food items from Sato et al. into 5 grades according to
increased chewing difficulty: Grade I: whole apple, chewing
gum, dried shell ligament, dried cuttlefish; Grade II: fresh ear
shell, hard pickled radish, hard cracker, hard biscuit; Grade
III: pickled radish, peanuts, beef steak, rice-cake cubes; Grade
IV: burdock, potato chips, boiled fish-paste (kamaboko),
artificially-grown soybean; Grade V: boiled carrot, boiled
potato, boiled eggplant, bean curd. In Thailand, Sakultae et
al.” have also developed a food intake questionnaire,
containing 20 local food items within 5 food categories
according to their difficulty to chew and demonstrated that
the score was correlated well with their overall chewing
satisfaction in complete denture wearers.

Previous studies have shown mixed results in the
relationship between subjective and objective assessments of
masticatory  function, with

some reporting  good

1

.16 . . 7,17-20
whereas some reporting no correlation.

correlation'""
Such conflicting findings have limited the use of subjective
assessment in research. The disagreement could be attributed
to differences in individual's perception and recall ability

when chewing difficulty was evaluated using questionnaires.

It was speculated that allowing participants to chew
actual food (test-chewing) before answering the questionnaire
would provide the most accurate evaluation of subjective
masticatory assessment. However, the method seemed
impractical in large-scale or community research. We
therefore aimed to compare the result of subjective
assessment with food pictorial illustration and that after
actually chewing the food. Furthermore, the relationships
between both subjective assessment methods and the
objective assessment were investigated. The findings could
contribute to the selection of methods for assessing subjective

masticatory function.

Materials and Methods

This research was approved by the Center for
Human Research Ethics at Khon Kaen University
(HE642114). Twenty-one individuals, aged 61-90 years,
comprising 16 males and 5 females, gave consent to
participate in the study. The sample size was calculated based
on a pilot study and deemed sufficient for the correlation
analyses. Inclusion criteria were participants who have worn
a complete denture for at least 6 months, having no allergic
history to the test foods, no masticatory pain, mental disorders
or cognitive impairments, oral diseases affecting chewing,
and swallowing problems.

Determination of subjective masticatory function
and test-chewing

A food questionnaire was developed for Thai
elderly participants in the present study, based on the food
categories with increasing hardness used in Hirai et al." Five
commonly consumed food items were selected including
banana, fresh cucumber, apple, peanut, and raw mango. A 5-
point Likert scale (1 for most problematic to 5 for no problem)
was used to assess the perceived chewing ability of individual
food items. The sum of scores obtained from all food items
was defined as the 'subjective masticatory score'. In the first
questioning session, a photo plate of the food items listed in
the questionnaire was provided before answering the

questionnaire (Figure 1). Subsequently, participants were




engaged in general conversation to create a distraction. Ten

minutes after the first session, a session was conducted in
which all participants were provided with actual food items
listed in the questionnaire in a random order and asked to

chew each of them ten times (test-chewing), spitting out before

re-answering the question. To test the reliability of the
questionnaire with pictorial illustration, a separate group of 7
similar participants re-answered the same questionnaire, one
week apart. The Cronbach's alpha coefficient was found to be

0.83.
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Figure 1 A photo plate used as food pictorial illustration in conjunction with the questionnaire during the subjective masticatory assessment

Determination of objective masticatory function

After completing the subjective masticatory
assessment, the objective assessment was carried out in all
participants using a color-changable chewing gum
(Masticatory Performance Evaluating Gum XYLITOL, Lotte
Co, Ltd, Tokyo, Japan). Participants were provided with a
piece of color-changeable gum, measuring 70 x 20 x 1 mm,
and were instructed to chew the gum habitually before
spitting it out onto a piece of white paper. Two chewing gum
trials were conducted, one for 60 cycles and another for 100
cycles, both of which have been recommended for the test.”"”
The color of the chewed gum was evaluated using a color
chart shown on the chewing gum's package, with scores
ranging from 1 to 5 (according to the color shade from green
to magenta; score 1 denoting the lowest performance and
score 5 denoting the highest performance). The scores from
both chewing gum tests were averaged and used as the

'objective masticatory score'.

Data Analysis

The subjective masticatory scores with food
pictorial illustration and with test-chewing were compared
using paired t tests whereas the scores of each food items were
compared using Wilcoxon signed rank tests, due to different
data distributions. The agreement between subjective scores
with food pictorial illustrations and with test-chewing was
also determined using intraclass correlation coefficients
(ICC). Finally, the correlations between subjective and
objective masticatory scores were tested using Pearson

correlation.

Results

The participants consisted of 21 elderly complete
denture wearers, with the majority being male (76.2%), aged
between 60-69 years (47.6%), followed by those aged 70-79
years (42.9%), 80-89 years (14.3%) and 90 years (4.7%). The
duration of current denture usage was predominantly within

1-5 years (52.4%).




Mean subjective masticatory scores obtained from
the questionnaire with pictorial illustration and that with test-
chewing were 20.1£3.9 and 21.0+4.2 respectively without
significant difference (p=0.17; Table 1). No significant
difference was also found when the scores from each food

item were compared. The scores of both assessment methods

were in high agreement (ICC=0.84). The mean objective
masticatory score of the participants as assessed by the 5-
color shade scale was 4.0+0.6. The objective masticatory
score was not correlated with the subjective masticatory
scores, either with food pictorial lustration or with test-

chewing (Figure 2).

Table1 Means and medians subjective masticatory scores of each individual food item obtained using a food questionnaire with food pictorial
illustration and using the questionnaire with test-chewing (n=21)
‘With pictorial illustration With test-chewing
Mean+SD Median (IQR) Mean+SD Median (IQR)

Banana 5.0£0.0 5(0) 5.0£0.0™ 5(0)
Fresh cucumber 4.3+0.9 5(1) 43+0.9"° 4(1)
Apple 3.841.1 4(2) 4.1£1.1™ 5(2)
Peanut 3.7£1.6 40 3.8:1.5™ 502)
Raw mango 33415 3(3) 3.8413" 4(2)
Total score 20.123.9 21.0+4.2"

SD = Standard deviation, IQR = Interquartile range
NS = Not significantly different at p=0.05

Figure 2 Scattered plots showing the insignificant relationship between the subjective masticatory score with food pictorial illustration (A), with test-

chewing (B), and the objective masticatory score
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Discussion

The present study has demonstrated that allowing
participants to chew the food item listed in the questionnaire
before answering did not differ in scores compared with
answering the questionnaire in conjunction with pictorial
illustration. Scores from both subjective assessments did not
show any correlation with the objective masticatory score,
consistent with findings from some previous studies.”"”*

The insignificant difference of the subjective
masticatory score obtained from both subjective methods
indicated that participants had no recalling problems using the
questionnaire with pictorial illustration. A high agreement
was shown between the scores from subjective assessments
with food pictorial illustration and with test-chewing. This
could also be due to the fact that all food items were familiar
to all participants. On the other hand, the 10-minute break
between the first and second questioning sessions was
relatively short, allowing participants to remember their
answers. However, all participants were distracted during that
period and not encouraged to duplicate the answers. It should

be noted that most previous studies”' >

did not use pictorial
illustration in the subjective assessment. It would therefore be
interesting to investigate in the future if there is any difference
between answering the questionnaire with and without food
pictorial illustration.

The correlation between both subjective
assessments (either with pictorial illustration or with test-
chewing) and objective masticatory assessment could not be
demonstrated in the present study, consistent with findings
from Boretti et al. " and Gunne et al."® but in contrast to those
of Hirai et al."" and Suwanarpa et al.” 1t was, however, noted
that the average subjective and objective masticatory scores
of our participants were similar. Various factors could explain
the insignificant correlation in the present study. While most
food items were chosen from Hirai's study, our questionnaire
only had one item in each food category. Thirty-five food
items were used in Hirai's study whereas 20 food items were
used in Suwanarpa's study, both demonstrating a significant

correlation between subjective and objective assessment.

This suggested that having more food items in each category
might enhance the validity of the subjective masticatory
score. Other factors could also influence the correlation. Hirai
et al. and Suwanarpa et al. used a 3-level scoring system
whereas a 5-level scoring system was employed in the present
study, Boretti et al. and Gunne et al., suggesting that a simpler
scoring method might be easier for the elderly to understand,
resulting in a better correlation. Accordingly, using more food
items with 3 simple scores might improve the correlation
between both assessments. In addition, the type of food used
in the objective assessment could influence the correlation
between subjective and objective masticatory scores.
Speksnijder et al. have shown that a silicone-based test food
cannot effectively discriminate the masticatory performance
in patients with compromised dentition, as opposed to wax
which was easier to chew.'’ A hard test food like peanut and
gummy jelly used in Hirai's and Suwanarpa's studies might be
able to distinguish between extremely good and poor chewers
but could not well discriminate those in between. The better
discrimination using the chewing gum could make it more
difficult to find the correlation. Overall, more than one factors
could explain the inconsistent correlation between subjective
and objective masticatory assessments. Using a different
approach, Limpuangthip et al.” conducted a subjective
assessment using OIDP (Oral Impact on Daily Performance)
and demonstrated that the sensitivity and specificity of OIDP
(item - oral impact on eating) in predicting masticatory
performance was 74.2% and 92.2% respectively. The
approach seemed to be advantageous since no food items
were used in the OIDP questionnaire. It would be interesting
to test the correlation between the OIDP score and objective
masticatory assessment.

The present study was limited by the use of only
five food items in the test-chewing session. It would be
interesting to investigate the effect of test-chewing with a
broader range of food items. Although there are currently no
conclusive recommendations regarding the number of food
items used in the food questionnaire, it is speculated that even
with more food items, the agreement between questionnaires

with pictorial illustration and test-chewing would still be




high, since food pictures help reduce the recall problem of the
participants. Despite the aforementioned limitation, the
present study has demonstrated that using a food
questionnaire together with food pictorial illustration in
masticatory research or clinical practice can reflect the actual
subjective masticatory function. Presumably, this type of
questionnaire improves the accuracy of the assessment by
reducing interindividual variations in recalling each food
item. In order to further verify the validity of the 5-food item
questionnaire used in the present study, it is necessary to test
its ability in differentiating patients with different levels of
compromised dentition. In addition, including more food
items in the test-chewing session could further provide
information on the accuracy of pictorial illustration of each

specific food and will be useful in the future development of

the questionnaire.

Conclusion

The present study has shown that the questionnaire
with pictorial illustration can reflect actual subjective
assessment of masticatory function. In addition, test-chewing
did not appear to improve the correlation between subjective

and objective masticatory assessment as hypothesized.
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Figure 1 Full-guided guide for dental implants
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Figure 3 Pilot-drill guided guide for dental implants
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Figure 4 Dynamic surgical guide for dental implants
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fan: aauilanin Yimarj P, Pimkhaokham A. Comparison the accuracy of implant position between static and dynamic computer-assisted implant surgery

with two-implant support fixed partial prosthesis [Dissertation]. Bangkok: Chulalongkorn university; 2019.
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The parameters used to evaluate the discrepancy of the implant position.
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Table 1 Result summary of the studies on the accuracy of implant placement with free hand technique over the past 5 years

Type of study Number of

implants

Platform deviation

mean (SD) in mm

Apex deviation mean
(SD) in mm

Angle deviation mean
(SD) in degree

Younes et al. RCT 26 1.27 (0.11) 1.97 (0.14) 6.99 (0.87)
(2018)

Smitkarn et al. RCT 30 1.5(0.7) 2.1(1.0) 6.9 (4.4
(2019)

Varga et al. RCT 55 1.82 (0.94) 2.43 (0.98) 7.03 (3.44)
(2020)

Schnutenhaus et Prospective 52 1.62 (0.87) 2.68 (1.52) 8.7 (4.8)
al. (2021) clinical study

Lou et al. RCT 30 1.05 (0.17) 1.36 (0.13) 6.61 (1.09)
(2021)

Kivovics et al. In vitro study 48 1.93 (0.79) 2.28 (0.74) 5.85(2.60)
(2022)
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Table 2

Number of

implants

Type of study

Result summary of the studies on the accuracy of implant placement with static surgical guide over the past 5 years

Platform

deviation mean

Apex deviation
mean (SD) in

(SD) in mm mm

Angle

Type of surgical

deviation mean
(SD) in mm

guide

Bover-Ramosetal. (2018) | Systematic review 2244 Partial static CAIS 1.44 (0.18) 1.91 (0.23) 4.30(0.73)
Fully static CAIS 1.00 (0.08) 1.23 (0.10) 3.13 (0.23)
Tahmaseb et al.(2018) | Systematic review 2,238 Static CAIS 1.2 (1.04-1.44) 1.4 (1.28-1.58) 3.5(3.0-3.96)
Smitkarn et al. (2019) RCT 30 Fully static CAIS 1.0 (0.6) 1.3 (0.6) 3.1(2.3)
Kiatkroekkrai and Prospective study 12 (8 mm) * | Static CAIS 1.14 (0.6) 1.39 (0.63) 3.18 (1.84)
Pimkhaokham (2019) 12(10 mm) * 1.27(0.6) 1.9 0.51) 5.24 (1.25)
Varga et al. (2020) RCT 49 Pilot guide 1.57 (0.91) 1.86 (1.09) 5.71 (3.68)
51 Partial guide 1.37 (0.79) 1.59 (0.86) 4.30 (3.33)
52 Fully guide 1.40 (0.54) 1.59 (0.59) 3.04 (1.51)
Lou et al. (2021) RCT 36 Partial static CAIS 0.69 (0.10) 0.80 (0.08) 3.16 (0.70)
33 Fully static CAIS 0.39(0.12) 0.28 (0.09) 2.05(0.45)
Kim et al. (2022) Clinical study 24 Static CAIS 0.97 (0.37) 1.13 (0.36) 3.42 (2.12)

* Length of implant
CAIS = Computer-assisted implant surgery
RCT= Randomized controlled trial
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Table 3

Number of

Type of study

Result summary of the studies on the accuracy of implant placement with dynamic surgical guide over the past 5 years

Platform deviation Apex deviation Angle deviation

implants

mean (SD) in mm mean (SD) in mm mean (SD) in mm

Jorba-Garcia et al. RCT 36 1.29 (0.46) 1.33 (0.5) 1.6 (1.3)
(2018)

Yimarj and Pimkhaokham RCT 15 1.24 (0.62) 1.58 (0.77) 3.78 (2.38)
(2019)

Wau et al. Retrospective study 38 1.36 (0.65) 1.48 (0.65) 3.71 (1.32)
(2020)

Kivovics et al. In vitro study 48 1.27 (0.40) 1.34 (0.41) 4.09 (2.79)
(2022)

RCT= Randomized controlled trial
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Type and Accuracy of Dental Implant
Surgical Guide

Adam L' Yossoontorn K’ Choengprapakorn D’ Limmonthol S

Review Article

Abstract

At present, there are various techniques for implant placement, including the free hand technique and the placement by using static
surgical guide and dynamic surgical guide. Each technique has different steps and methods that lead to different results and accuracies. This
article aims to provide information about the types of surgical guides and the accuracy of dental implant placement using various techniques.
This article compiles and compares the studies which related to the accuracy of implant placement using different techniques to provide the
guidelines for choosing the appropriate surgical guide in implant placement.
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Figure 1  Cephalometric landmarks
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Table2  Demographic data: gender, average age and average gonial angle in different skeletal patterns

Huud 1 UV 2 UL 3
¥ Haa e Haa ¥ Haa
WA S 91 (100) 7(7.69) 24(2637) | 12(13.19) 18 (19.78) 11(12.09) 19 (20.88)
(ouaz) %19 30 (32.97)
N3 61 (67.03)

ogmae (1) 24.00+7.18 25.00+8.00 | 22.75:532 | 22.92+6.36 | 25.67+8.59 | 23.55+7.70 | 24.58+7.10

Ay Tnidioa 123.9127.55 122.47+11.04 | 123.3626.45 | 120.02£7.25 | 127.88+6.87 | 120.51+6.44 | 125.81+7.31

e (9r) 123.16+7.51 124.7327.94 123.86+7.36 0.72
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Table3  The distances from the mandibular foramen to the landmarks in different skeletal patterns

NIKNA Ui 1 HUUAi 2 wuui 3
Mean + SD Mean = SD Mean = SD Mean = SD
M-A (Jaawwas) 21.19+3.02 21.76+2.91 21.08+2.86 20.71+3.29 0.39
M-S (aamasg) 21.34+3.63 20.7043.66 20.79+2.70 22.56+4.18 0.08
M-O (ladiuns) 4.7443.42 4.2543.90 4.3043.52 5.68+2.64 0.19
M-P (ilaamas) 15.84+2.83 15.5842.39 14.1943.53 16.56+4.32 0.05
M-Go (adiuns) 28.26+4.64 28.16+3.01 28.3446.12 27.2246.16 0.63
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Table4  The distances from the mandibular foramen to the landmarks according to gender

_ Mean + SD _

M-A (Jaawas) 21.19+3.02 22.3242.89 20.64+2.95 0.01%*
M-O (Jaawwns) 4.7443.42 5.87+4.04 4.1842.96 0.32
M-S (Haawas) 21.3443.63 22.82+4.05 20.61£3.20 0.01%*
M-P (Hadwas) 15.84+2.83 16.77+ .09 15.24+3.53 0.01%*
M-Go (Jaatuns) 28.26+4.64 31.49+5.19 26.91+4.38 <0.001*

* = TlsdAnyneada p<0.05
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Table 5

The distances from the mandibular foramen to the landmarks in different skeletal patterns among males

HuUii 1 HUUA 2 HUui 3
M-A (Jaawas) 21.36+2.46 22.58+2.56 22.64+3.54 0.62
M-O (Jaawwns) 6.69+5.05 5.06+4.43 6.2342.99 0.67
M-S (Hadwas) 21.38+4.61 21.50+3.04 25.17+3.86 0.05
M-P (Hadwas) 15.71£2.98 16.34+2.71 18.3743.00 0.12
M-Go (Hadiuns) 31.88+3.83 32.47+5.85 31.83+4.57 0.94
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Table 6

on skeletal patterns
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The distances from the mandibular foramen to the landmarks in different skeletal patterns among females, along with pairwise comparisons based

A A A p-value ! Class 1/ Class 2 Class 1/ Class 3 Class 2/ Class 3
Huun 1 Huun 2 [(STHTNTIR]
(Mean difference) (Mean difference) (Mean difference)
M-A (Jagwas) 21.88+3.07 20.08+2.66 19.58+2.61 0.023* 0.14 (1.80) 0.03%* (2.30%) 1.00 (0.50)
M-O (Jagwas) 3.54+3.28 3.79+2.78 5.36+2.43 0.11 1.00 (0.25) 0.14 (1.82) 0.31(1.57)
M-S (Hadwas) 20.50+3.43 20.32+2.41 21.04+3.64 0.78 1.00 (0.18) 1.00 (0.54) 1.00 (0.72)
M-Go (Jagwns) 27.46£3.15 26.30+2.24 25.09+4.07 0.07 0.79 (1.15) 0.06 (2.37) 0.77 (1.22)

a=14ada One-way ANOVA, b= %@ Bonferroni test, ¥ = ﬁﬁﬂﬁ1ﬁmu‘1/lﬁﬁaa p<0.05
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Table 7

on skeletal patterns
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The distances from the mandibular foramen to the landmarks in different skeletal patterns among females, along with pairwise comparisons based

A A A p-value ! Class 1/ Class 2 Class 1/ Class 3 Class 2/ Class 3
o 1 HUUN 2 “Huuh 3 . . .
(Mean difference) (Mean difference) (Mean difference)
M-P 15.75+2.32 13.78+2.43 15.49+4.14 0.025%* 0.027* (1.72%) 1.00 (0) 0.13(1.72)
(aamns) (15.81£2.13) | (14.09+1.99) | (15.813.31)

a= Glﬂf)'lff 99 Kruskal Wallis test,b= Glcl,;t'f 9@ Bonferroni correction for multiple test, * = WUy

A @ o

AYNNEDA p<0.05
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Table 8  The correlation between the horizontal distance (M-A) and the gonial angle in each skeletal patterns

B Std. Error Beta
gﬂuwﬂiz@nmmi'lﬂmazdlwﬁ’nmuﬁ 1 (R*=0.06)
Anaii 134.45 11.49 11.70 <0.001*
st 1.22 3.25 0.07 0.37 0.71
M-A -0.62 047 -0.24 -1.30 0.20
gunuunsggnunssnsuaslumduuui 2 (R = 0.27)
maaii 124.53 13.45 9.26 <0.001%
el 6.63 291 0.42 2.28 0.03*
M-A -0.49 0.51 -0.18 -0.97 0.34
gunuunsggnunssInsuaslumduuui 3 (R = 0.13)
mnaii 111.90 9.04 12.38 <0.001%
st 5.12 273 0.34 1.87 0.07
M-A 0.17 0.41 0.08 0.43 0.67
* = Tfoddyneada p-value < 0.05, fusAu: szoz M-A, daualsaw: yuIndlea
MeR 9 uannUdnTUszUIAL sz MO fuyw Tnifiva Tundazgliuunszgnuings Insuaslumh
Table 9 The correlation between the vertical distance (M-O) and the gonial angle in each skeletal patterns
B Std. Error Beta
gﬂuwﬂi:gnmmi"lﬂma:”lwﬁ'nmuﬁ 1 (R*=0.06)
mnaii 126.30 6.98 18.10 <0.001%
el -0.62 345 -0.03 0.18 0.86
M-O -0.48 0.38 -0.25 -127 0.21
gunuunsggnunssInsuaslumduuui 2 (R = 0.28)
mnaii 109.38 4.95 22.08 <0.001%
et 8.42 2.64 0.53 3.19 0.004*
M-O 0.44 0.37 0.19 1.17 0.25
gﬂgm‘uﬂi:g\nmmi5‘1ﬂmaﬂumi'muuﬁ 3 (R’ = 0.30)
i 123.57 5.25 23.55 <0.001*
st 427 246 0.28 1.74 0.09
M-O -1.18 0.46 -0.42 2.58 0.02*
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Comparison of the Mandibular Foramen
Position in Panoramic Radiographs in Skeletal
Class L, II and 111

Chanritisen P Weraarchakul W' Kongsomboon S >

Research Article

Abstract

The position of the mandibular foramen can vary depending on age, gender, ethnicity, and skeletal patterns. Knowing the position
of the mandibular foramen before performing oral surgery procedures can help reduce the incidence of complications or adverse events. The
purpose of the study was to compare the position of the mandibular foramen and investigate its correlation with the gonial angle across different
skeletal patterns. This was a retrospective analytical cross-sectional study. All data (91 subjects) were collected and analyzed from lateral
cephalometric and panoramic radiographs. Statistical analysis revealed no significant difference in mandibular foramen position among
skeletal classes I, 11, and 11l in males (p>0.05). However, in females, a significant relationship was observed. Specifically, in skeletal class I,
the distance from the mandibular foramen to the anterior ramus (M-A) was greater than in class III (p<0.05), and distance from the mandibular
foramen to the posterior border of the ramus (M-P) was greater than in class Il (p<0.05). Furthermore, a negative correlation between the
distance from the mandibular foramen to the occlusal plane (M-O) and the gonial angle was found in skeletal class 1II (B = -1.31, p<0.05). In
conclusion, for females with skeletal Class I, the M-A distance is greater compared to Class Il and I11. Successful outcomes in inferior alveolar
nerve blocks require deeper needle insertion compared to Class II and II1.

Keywords: Skeletal patterns/ Mandibular foramen/ Gonial angle/ Panoramic radiograph/ Lateral cephalometric radiograph
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