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Evaluation of Two Patterns of Mechanics for Pulling
Uprighting Force on an Impacted Mandibular Second
Molar using Retromolar Miniscrew Anchorage: A Finite
Element Analysis

Kittichaithanakoon P* Rungsiyakul C** Chalermwong H*** Patanaporn V*

Abstract

The objectives of this study were: to evaluate optimal force magnitude required to initiate the uprighting of a mesioangularly-impacted
mandibular second molar (tooth 37) using two patterns of pulling uprighting mechanics with retromolar miniscrew anchorage, without exceeding
the periodontal ligament capillary-vessel blood pressure (0.0047 MPa), and to describe the initial displacement pattern of tooth 37 when optimal
force magnitude is applied. A 3-D (three-dimensional) model was reconstructed based on anatomic data from a CBCT scan, which was imported
into ABAQUS finite element sofiware, to simulate the two patterns of pulling uprighting mechanics. The pulling force direction was laid from a
metal button on tooth 37 to a retromolar miniscrew. Various force magnitudes of 50 — 150 g were applied. Pattern 1 used one-button mechanics,
which had one direction of force with the metal button located on the occlusal surface of tooth 37. Pattern 2 used two-button mechanics, which had
two directions of force with the two metal buttons located on the middle of the buccal and lingual surfaces of tooth 37. Finite element analysis was
performed to evaluate the optimal force magnitude for each pattern of mechanics. Moreover, the optimal force magnitude was used to simulate the
initial displacement pattern of tooth 37. The result indicated that the optimal force magnitude was 87 g in Pattern 1 and 73.5 g in Pattern 2. The
initial tooth displacement of tooth 37 when 87 g and 73.5 g force were applied with Patterns 1 and 2 mechanics, respectively, were extrusion crown
movement to occlusal plane, distal crown tipping and slight buccal crown tipping. Tooth 37 in Pattern 2 was crown movement to occlusal more
than in Pattern 1.

Keywords: Impacted mandibular second molar/ Uprighting mechanics/ Retromolar miniscrew

Received: Dec 13, 2020
Revised: June 01, 2021
Accepted: June 17, 2021

Introduction

Failure of eruption of second mandibular permanent
molars is a rare occurrence,” with a reported prevalence in
the general population ranging from 0.2% to 2.3%;°
however, it has been increasing in prevalence over the years.2
Eruption disturbances can be manifest as impaction, primary
retention, or secondary retention.” An impaction is a result of
a physical barrier in the path of eruption, usually because of
abnormal orientation of the tooth axis.™® A mesially-inclined
impaction of mandibular second molar, with an initial
angulation between 31° and 60° is the most common
orientation.”*’

The eruption of the second mandibular molars is

one of the essential factors for coordination of facial growth,

for occlusal support and for development of a normal
dentition;" hence, the timing of its eruption has considerable
clinical impact. Impaction of mandibular second molars can
result in a short lower facial height.6 Other consequences can
be malocclusion, follicular cyst, pericoronitis, loss of adjacent
teeth as a result of dental caries, root resorption, and
periodontal conditions.’ Accordingly, early diagnosis is
imperative, as are treatment at the optimal time and reduction
of complications,l’5 Treatment modality can be surgical or
orthodontic repositioning/uprighting, depending on the age of
the patient, root development, the initial position of the
impacted molars and treatment objectives.g’10 Orthodontically-

assisted uprighting is a better option than a surgical approach,

* Department of Orthodontics and Pediatric Dentistry, Faculty of Dentistry, Chiang Mai University, Amphur Muang, Chiang Mai.

** Department of Mechanical Engineering, Faculty of Engineering, Chiang Mai University, Amphur Muang, Chiang Mai.

*** Dental Department, Lamphun hospital, Amphur Muang, Lamphun.
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especially when the roots of impacted molar is fully formed,
when the initial angulation is extremely horizontal, or when
the roots are widely diverging, because the surgical approach
presents a risk to pulp Vitality.l‘10

Orthodontically-assisted  uprighting can be
performed with conventional appliances, such as cantilever
uprighting springs,g’“’13 NiTi wire springs,14 and T-loop
springs.15 However, uprighting an impacted mandibular
molar with conventional orthodontic appliances is
challenging in order to control the movement of impacted
molars and to avoid side effects, especially reciprocal
movement of anchorage units.'® The advent of skeletal
anchorage orthodontics solves the aforementioned problems
and simplifies orthodontic biomechanics and appliances,
because the anchorage it provides is absolute.'™"® The use of
a pulling force for uprighting mandibular second molars,
using a retromolar miniscrew to obtain distal crown tipping
mechanics, has been recommended in previous clinical
studies.”** However, the ultimate answer to the question of
an optimal force system for the mechanics of uprighting
impacted mandibular second molars has yet to be determined.
Moreover, it has been proposed on the basis of several clinical
experiments and biomechanical studies that external pressure
comparable to the capillary blood pressure of 0.0047
megapascal (MPa) can be a stimulus to initiate orthodontic
tooth movement and root resorption.zs_27

Finite element (FE) analysis involves dividing a
complex structure into a system of calculable nodes. Stress
distributions and displacement can be assessed for each node,
and the response to different loading conditions can be
predicted. Accordingly, FE analysis would help to determine
the optimal loading magnitude and direction and to clarify the
initial tooth displacement pattern of the impacted mandibular
second molar when each pattern of pulling force applied.

The aims of this study were (1) to evaluate the
optimal force magnitude required to initiate the uprighting of
a mesioangularly-impacted mandibular second molar using
two patterns of pulling-force mechanics with retromolar

miniscrew anchorage without exceeding the periodontal

ligament capillary-vessel blood pressure (0.0047 MPa),” and

Khon Kaen Dent) = Volume 24 » Number 3 @ September-December 2021

(2) to describe the initial displacement pattern of an impacted
mandibular second molar when the optimal force magnitude

for each pattern is applied.

Materials and methods

A three-dimensional (3-D) model of a segment of a
left mandible, an impacted left mandibular second molar
(tooth 37), a left mandibular first molar (tooth 36), and a left
mandibular second premolar (tooth 35) were reconstructed
based on a cone-beam computed tomography scan (CBCT
[ORTHOPHOS XG 3D/Ceph, Dentsply Sirona, New York,
NY, USA]: 84 kV and 10 mA; slice pitch 0.16 mm; field of
view 5 x 5.5 cm; and voxel size 0.16 mm) of a 12-year-old
boy who sought orthodontic treatment at the Department of
Orthodontics and Pediatric Dentistry, Faculty of Dentistry,
Chiang Mai University. The study was approved by the
Human Experimentation Committee of the Faculty of
Dentistry, Chiang Mai University, Thailand (No. 27/2018).
The CBCT images criteria were as follows: (1) a partially
mesioangularly-impacted mandibular second molar with
complete root formation (apical root closure complete); (2)
enough bone distal to the target tooth for distal movement; (3)
healthy periodontium and normal alveolar bone level; (4) no
impeding third molar for uprighting mechanics. Exclusion
criteria were: (1) root resorption; (2) abnormal crown or root
morphology. The initial angulation (defined as angle between
the long axis of the impacted tooth and the first molar) of

tooth 37 was 55 and is shown in Figure 1.

Initial angulation of tooth 37 is 55

Figure 1
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Digital Imaging and Communications in Medicine
(DICOM) files from the CBCT scan were converted to a 3-D
model as a stereolithography (STL) file, using the manual
image segmentation technique using Mimics Research
software version 17.0 (Materialise, Leuven, Belgium). The
constructed PDL was generated around the root surface of
each tooth with a 0.2-mm, uniform thickness,zs"31 using the
offset and Boolean subtraction in 3-Matic Research software
version 9.0 (Materialise). The metal button (attachment) and
retromolar miniscrew head was sketched in SolidWorks
software (Dassault Systemes, Waltham, MA, USA). The
metal button was placed on the occlusal surface of tooth 37 in
one-button (Pattern 1), and on the buccal and lingual surfaces
of tooth 37 in two-button (Pattern 2) mechanics. The
miniscrew head of both patterns was placed at the same

location in the retromolar area.

CBCT images

12-year-old Thai male
(DICOM)

4, Materialise
4 Mimics l

STL file
35, 36, 37, part of mandible

Materialise
3-matic

The final 3-D model consisted of part of the left
mandible, tooth 37, tooth 36, tooth 35, constructed PDL,
metal button, and miniscrew head. The model was assembled
and orientated using 3-Matic software. The coordinate system
of the model was defined, so that the X-axis represented the
antero-posterior (mesio-distal) direction, the Y-axis
represented the vertical (apico-occlusal) direction, and the Z-
axis represented the transverse (linguo-buccal) direction, with
the positive direction to the distal, occlusal, and buccal
direction, respectively. The final 3-D model was imported to
ABAQUS software (Dassault Systémes) for FE analysis. The

process of 3-D model construction is shown in Figure 2.

55

mE

Uniform thickness 0.2 mm

3 Miniscrew Head (STL file)

2
SOLIDWORKS

4  Metal button (STL file)

P
25
SOLIDWORKS

1.

Materialise
3-matic 3

- Model assembly
1+2+3+4
- Model orientation

) 4

3D model

5

SOLIDWORKS

Solid model

Figure 2  The process of FE model construction used in this study

Solid model

IABAQUS

Finite element model
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All parts were considered as isotropic and
homogenous with linear elastic material, except for the PDL.
The PDL was assigned as isotropic and homogenous with
non-linear elastic material, using the Ogden constitutive
model,” which provides strain energy calculation for the
PDL. The third order coefficients of stain energy potential of
the Ogden model are shown in Table 1. The material
properties expressed as Young’s modulus and Poisson’s ratio
of the mandible (cortical bone), teeth, stainless steel (metal
button and miniscrew head) were obtained from previous FE

studies and are listed in Table 2.*7°

The boundary conditions were defined at peripheral
nodes on the outer surface of the cortical bone of the mandible
which is shown in Figure 3. The contact conditions between
tooth and tooth surface were defined as frictional conditions
and the friction coefficient was 0.42, as in a previous
experimental study.37 The contact conditions between the
other parts were defined as a tie-contact constraint. A tie-
contact constraint was defined as the contact between each
part of the model being perfectly bonded, but the surface on

each part being separate.38

Table1  Coefficients of the third order Ogden constitutive model of the
PDL
1 -24.4237106 1.99994222 4.87164332
2 15.8966494 3.99994113 0.00000000
3 8.56953079 -2.00005453 0.00000000
Table 2 Material properties of tooth, cortical bone, and stainless steel
‘ Material Young’s modulus (MPa) Poisson’s ratio
Tooth 19600 0.30
Cortical bone 13700 0.26
Stainless steel 200000 0.30

The loading was performed to simulate pulling-
uprighting mechanics. The force direction was laid from the
button on tooth 37 to the retromolar miniscrew head. Pattern
1 had one direction of force and Pattern 2 had two directions
of force, which are shown in Figure 3. Various force
magnitudes of 50, 60, 70, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 100, and 150 g were applied to Pattern 1, and 50, 60,
70, 71, 72, 73, 73.5, 74, 75, 80, 90, 100, and 150 g were
applied to Pattern 2.

Buccal view

Vertical +

b x

Mesio-Distal +

Lingual view

Buccal view

Occlusal view

X A
Mesio-Distal +

z

+Bucco-Lingual

Occlusal view

A. Patternl: One-button

B. Pattern 2: Two-button

Figure 3

The coordinate system of the model: X-axis represents the antero-posterior (mesio-distal) direction, the Y-axis represents the vertical (apico-occlusal)

direction, and the Z-axis represents the transverse (bucco-lingual) direction. The boundary conditions are shown as orange-blue symbols (s ); (A)

The force direction in Pattern 1 is shown as a red arrow; (B) The force directions in Pattern 2 are shown as yellow and green arrows.

Each part of the model was divided into quadratic
tetrahedron elements (type C3D10). The total number of
nodes and elements of Pattern 1 was 531,921 and 353,879,
respectively. The total number of nodes and elements of
Pattern 2 was 539,290 and 358,566, respectively. The number
of nodes and elements of each part, and the approximate
element size of each are shown in Table 3. The convergence

tests were performed to verify the reliability of the results

obtained from the difference of mesh density. The defined
percentage of error between successive models was not more
than 5%.”

FE analysis was performed on: (1) the hydrostatic
pressure (MPa) on the PDL of tooth 37 after pulling force was
applied; and (2) the initial tooth displacement of each pattern

of mechanics on tooth 37.
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Table 3

Approximate element size and number of nodes and elements of each part of the FE model

Approximate element size (mm)

Metal button (occlusal) 0.6
PDL 37 0.3
Tooth 37 0.9
PDL 36 0.6
Tooth 36 0.9
PDL 35 0.6
Tooth 35 0.6
Miniscrew 1.5
Mandible 0.5
Metal button (occlusal); (Pattern 1) 0.6
Metal button (lingual); (Pattern 2) 0.6
Metal button (buccal); (Pattern 2) 0.6

Results

1. Optimal force magnitude and hydrostatic
pressure pattern on the PDL of tooth 37

It has been proposed in various biomechanical
studies that external pressure comparable to the PDL
capillary-vessel blood pressure of 0.0047 MPa, as Schwarz’s
optimal force concept,25 can stimulate the initial orthodontic
tooth movement.”*”” In this study, the hydrostatic pressure ,

which is equal too_ H = ((6_1+ 0.2 + ¢_3)/3) - where gy is

Elements
12,200 8,001
48,486 24,473
38,757 26,603
12,906 6,381
33,905 22,899
6,833 3,364
24,824 16,678
12,615 7,058
341,395 238,422
12,200 8,001
9,644 6,275
9,925 6,413

hydrostatic pressure, and 0y, 0, and o3 are the principle
stresses (compressive and tensile stress) on each axis, was
calculated. The various force magnitudes, as aforementioned,
were applied to each pattern of mechanics. The bar graph
represents the amount of maximum compressive-hydrostatic
pressure in the PDL of tooth 37 after the various force was
applied to pattern 1 and 2, which are shown in Figure 4A and

4B, respectively.

A, Pattern 1 (one-button mechanics)

10

4321 4.3

3781
a 3252
2701
2 I
o
s0g 60g 70g 80g

Compressive-hydrodatic pressure (107 MPa)

354 4420 4483 4337 4591 4699 4747 4795

4 4 glg 82g 83g

8.102

3.401
485

B4g B5g g7g 88z 39g 90g 1l00g 150g

FORCE APPLICATION (gram)

B. Pattern 2 (two-button mechanics)

12z

10

4465 4532 4593 4657

3827
" 319
l I I
0
s0g  60g  T0g g T2g

T3g

ive-hydrodatic pressure (10” MPa)
ES

9.569

5.745
4.689

6.379
4771 4788 5.103 I I

73.5g Tag 75g B0g S0g 100g 150g

FORCE APPLICATION (gram)

Figure 4

The amount of maximum compressive-hydrostatic pressure in the PDL of tooth 37 after the various force was applied to Pattern 1 (A) and 2 (B).

Y-axis represents the compressive-hydrostatic pressure (1073 MPa). X-axis represents the force application (gram)
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1.1. Pattern 1 (one-button mechanics). Application Moreover, a tension area (blue area) appeared in the
of the 87g force led to compressive-hydrostatic pressure in ~ mesial region of the middle third of mesial root and in the
the PDL of tooth 37 equal to 0.0047 MPa and appeared inthe  distal region of the apical third of mesial and distal root.
mesial region of the distal root, close to the distal root apex, The 87g was the optimal force magnitude for
as a small red region (node n0.39283) on the color-coded map  pulling-uprighting mechanics in Pattern 1 and is equivalent to

which is shown in Figure 5. 0.0047 MPa of PDL capillary-vessel blood pressure.

Pattern 1: One-button mechanics

Y Buccal 1“ Y Occlusal Mesial

L : .
M
()

Tooth 37
87¢g

S, Pressure
(Avg: 100%)

B

X
Li
D

3157003 v Lingual z Bottom Distal
-1.743e-03
-2.329e-03

-2.914e-03 . UX

-3.500e-03 A

-3.541e-03 k

Max: +4.699e-03
Node: p_37 PDL.39283
3 B

M D
(d)

®

+2.357e-03
+1.771e-03

‘ Bottom view

Tooth 37
87¢

S, Pressure

(Avg: 100%)
+4.700e-03
+4.114e-03
+3.529e-03
+2.943e-03
+2.357e-03
+1.771e-03
+1.186e-03
+6.000e-04
+1.42%e-05
-5.714e-04
-1.157e-03
-1.743e-03
-2.329%e-03
-2.914e-03
-3.500e-03
-3.541e-03

Max: +4.699e-03

Node: p_37 PDL.39283

2)

(1) Hydrostatic pressure on PDL of tooth 37 when 87 g of pulling force was applied using one-button mechanics. (2) Magnified bottom view of PDL
of tooth 37. The small red area shows the area in which hydrostatic pressure was equal to 0.0047 (0.004699) MPa (black elliptical outline). (a) buccal

view, (b) lingual view, (c) occlusal view, (d) bottom view, (¢) mesial view, (f) distal view; M: mesial, D: distal, B: Buccal, Li: lingual

Figure 5
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1.2 Pattern 2 (two-button mechanics). Application Moreover, a tension area (blue and black area)
of the 73.5g force on each button led to compressive- appeared in the mesial region of the mesial root and in the
hydrostatic pressure in the PDL of tooth 37 equal to 0.0047  mesial region of the distal root, close to the root furcation.
MPa and appeared in the distal region close to the cemento- The 73.5 g was the optimal force magnitude for
enamel junction (CEJ) of the distal root, as a small red region  pulling-uprighting mechanics in Pattern 2 and is equivalent to

(node n0.44455) on the color-coded map which is shown in ~ 0.0047 MPa of PDL capillary-vessel blood pressure.

Figure 6.

Pattern 2: Two-button mechanics

Y Buccal r“ Y Occlusal

Max: +4,689-03
| \
X

z

Tooth 37
73.5g

S, Pressure
(Avg: 100%)
+4.700e-03
+4.114e-03
+3.529e-03
+2.943e-03
Hi7ieos
+1. e-|
+1.186e-03 a C c
+6.000e-04 ( ) ( ) ( )
+1.42%-05
-5.714e-04 Y

175503 4 Lingual £ Bottom Distal
-2.329e-03 Har: 44 6390.03 7 < I
-2.914e-03 X 0-1 [ LXx
-3.500e-03
-4.223e-03
Max: +3.190e-03
Node: p_37 PDL.44455

(d)

= Distal view
Tooth 37

73.5¢g

S, Pressure
(Avg: 100%)
+4.700e-03
+4.114e-03
+3.52%e-03
+2.943e-03

Y 4
0.004689 MP:

-1.743e-03
-2.329e-03
-2.914e-03
-3.500e-03
-6.208e-03
Max: +4.689%e-03

Node: p_37 PDL.44455

2)

Figure 6 (1) Hydrostatic pressure on PDL of tooth 37 when 73.5 g of pulling force was applied using two-button mechanics. (2) Magnified distal view of PDL
of tooth 37. The small red area shows the area in which hydrostatic pressure was equal to 0.0047 (0.004689) MPa (black circular outline). (a) buccal

view, (b) lingual view, (c) occlusal view, (d) bottom view, (¢) mesial view, (f) distal view; M: mesial, D: distal, B: Buccal, Li: lingual.
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2. Initial tooth displacement pattern of tooth 37

This FE analysis revealed that the 87 g and 73.5g of
pulling force were the optimal force magnitude for Patterns 1
and 2, respectively. Therefore, the 87g and 73.5g of force
were chosen for simulation of the initial tooth displacement
pattern in this study. The initial tooth displacement of tooth
37 was visualized using superimposed images of tooth
positions before and after force application, with color-coded
arrows, which is shown in Figure 7. In Pattern 1, the initial
tooth position is shown in light blue, and the final tooth
position in opaque blue. In Pattern 2, the initial tooth position
is shown in light gold, and the final tooth position in opaque
dark purple. As a result of static finite element, the amount of
initial tooth movement was small. Hence, the magnified-
deformed-value function, as 400 times, was used to visualize
the slight difference between tooth positions before and after
force application. The color-coded arrows represent the

amount of tooth movement which was arranged from largest

Khon Kaen Dent) = Volume 24 » Number 3 @ September-December 2021

to smallest as red to blue arrows. The amount of movement in
each axis of the crown and root are shown quantitatively in
Table 4.

In Pattern 1, the initial displacement pattern of tooth
37, after the 87 g of pulling force was applied, was crown
movement to occlusal plane, distal crown tipping and slight
buccal crown tipping.

In Pattern 2, the initial displacement pattern of tooth
37, after the 73.5 g of pulling force was applied in each force
direction, was crown movement to occlusal plane, distal crown
tipping and slight buccal crown tipping. The initial
displacement pattern in Pattern 1 and 2 are shown in Figure 7.

The amount of initial tooth movement results
showed that tooth 37, when Pattern 1 was used, was extruded
less than when Pattern 2 was used. The mesial and distal root
apices of tooth 37 were the areas that moved the least in

Patterns 1 and Pattern 2, respectively.

1. Patternl: One-button mechanics

87 g y  Occlusal X Distal
z at
U, Resultant
+3.681e-03 z x
+3.3760-03
+3.074e-0: .
+2.771e-03 B Li
+2.467e-03
+2.164e-03 M
+1.860e-03
+1.557e-03
+1,253e-03
+9.458e-04
+6.463e-04
+3.428-04
+3.928e-05
Initial position (B) (C)

. Final position

Distal crown tipping

Distal crown tipping
Slight buccal crown movement

Slight buccal crown tipping
Extrusion

2. Pattern 2 : Two-button mechanics

Y
vy  Occlusal
z B
U, Resultant A

+4.881e-03 Z X
4513003

- +4.146-0 .
+3.778e-03 B Li

- 1304003
13.043e-
+2.676e-03 M D
+2.308e-03
+1.940e-03
+1.573e-03 -
+1.205e-03
+6.378e-04
+4.702e-04
an - B

Initial position (B) (©)
. - 8 St Distal crown movement Slight buccal crown tippin

. Final position Distal crown tipping . g - : pping
Slight buccal crown movement Extrusion

Figure 7

Superimposed images of tooth 37, the 400 times magnified-deformed-value function, before and after application of pulling force, with color-coded

arrows representing the direction of initial displacement which visualize the slight difference between tooth positions. Summaries of initial tooth

displacement are described in the gray boxes below each diagram.; (1) The initial displacement pattern of tooth 37 when 87g force in Pattern 1

mechanics was applied. Light blue represents the initial position and opaque dark blue represents the final position. (2) The initial displacement

pattern of tooth 37 when 73.5 g force in Pattern 2 mechanics was applied. Light gold represents the initial position and opaque dark purple represents

the final position. (A) Buccal view, (B) Occlusal view, (C) Distal view. M: mesial, D: distal, B: buccal, Li: lingual
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Table 4

Numerical data on initial displacement of tooth 37 after the optimal pulling force in each pattern of mechanics (87g force for one-button and 73.5g

force for two-button mechanics) was applied: MBC, mesio-buccal cusp; DBC, disto-buccal cusp; MLC, mesio-lingual cusp; DLC, disto-lingual cusp;

MRA, mesial root apex; DRA, distal root apex; RF, root furcation. AX, tooth displacement in bucco (-) — lingual (+) direction; AY, tooth

displacement in occluso (+) — gingival (-) direction; AZ, tooth displacement in mesio (-) — distal (+) direction

Displacement (in mm)

Direction

Mechanics Tooth Part Location Node No.
AX (10°)

MBC 17702 1.47103

DBC 17870 2.77679
Pattern 1 Crown

MLC 19224 1.24239
(one-button)

DLC 15032 2.66415
(87g)

MRA 33320 -0.73827

Root

DRA 20354 0.33774

MBC 387 0.947402

DBC 223 2.83346
Pattern 2 Crown

MLC 18154 0.594556
(Two-button)

DLC 128 2.5311
(73.5g)

MRA 7769 -2.23692

Root
DRA 12578 -0.639168
Discussion

1. Optimal force magnitude and hydrostatic
pressure pattern of the PDL of tooth 37

This FE analysis demonstrated that the forces of 87
gand 73.5 g (for each force direction) were the optimal force
magnitudes that could be applied to the initial uprighting of
the impacted tooth 37 using pulling force mechanics (one-
dimensional force) with a retromolar miniscrew without
exceeding 0.0047 MPa, the hydrostatic pressure of the PDL
capillary vessel blood pressure, in Patterns 1 and 2,
respectively. Besides, Pattern 1 used 87g force in one
direction and produced the maximum compressive stress at
the mesial region of the distal root close to the root apex,
whereas Pattern 2 used 73.5 g force in two directions and
produced the maximum compressive stress at the cervical
third of the distal surface of the distal root.

It has been recommended for decades that the
orthodontic optimal force system depends on the remodeling
response, which is directly related to the PDL response and
the amount of root surface area.”’ Thus, investigation of
optimal stress distribution (force/ (unit area)) within the PDL
is relevant. The hydrostatic pressure is the part of the stress
and can be determined by averaging the three axes of the
principle stresses (compression and tension).*' The values of
positive and negative hydrostatic pressure can be compared
to the compression and tension sides of the PDL,
respec‘[ively.42 The hydrostatic pressure is a suitable marker

for PDL stress distribution, the data for which is provided by

Az (107)

AY (107 (Descending order)

3.21407 0.14155 Occluso-disto-buccal
2.3547 0.39303 Disto-occluso-buccal
3.1236 0.11610 Occluso-disto-buccal

2.11439 0.40915 Disto-occluso-buccal

-0.874945 -0.02630 Apico-mesio-lingual
-1.69736 -0.25374 Apico-disto-lingual

6.29095 0.797094 Occluso-bucco-distal

5.01405 0.974912 Occluso-disto-buccal

6.50435 0.79712 Occluso-bucco-distal

5.05727 1.01150 Occluso-disto-buccal

0.834423 -0.63175 Mesio-occluso-lingual
-0.392941 -0.80670 Linguo-mesio-occlusal

the FE analysis. Schwarz™ has stated that the most favorable
treatment is that which works with forces not greater than the
pressure in the blood capillaries. In the literature, the PDL
capillary-vessel blood pressure has been reported to be 0.0047
MPa.”’

In the literature, the range of forces, used for pulling
uprighting mechanics with retromolar miniscrews, has been
reported. For one-button mechanics, Giancotti et al.>** used
elastic threads to exert 150g of force and NiTi closed coil
springs to exert 50g of force. Kim et al.” used elastic threads
to exert 100g of force or 900 gmm of moment as
recommended by Romeo and Burstone.” For two-button
mechanics, Deshmukh et al.” maintained force level at 150¢g
on each side (buccal and lingual side).

The pressure distribution area in Pattern 1 was
smaller than that in Pattern 2. The high compressive pressure
region in Pattern 1 was clustered in a small area. As the
pressure (stress: O) is equal to the force divided by unit area
(0= force/ (unit area)), when the stress threshold is steady at
0.0047 MPa and the unit area is small, the force level reached
the threshold of 0.0047 MPa more easily than in a large area
because force is directly proportional to unit area (Force O
unit area).

The hydrostatic pressure in the PDL has been
recommended as a marker for predicting the potential

25-27.44

locations of root resorption. A finite element study by

Hohmann et al.”® found that regions of compressive




10

hydrostatic pressure exceeding 0.0047 MPa were prone to
root resorption. The result of hydrostatic pressure pattern on
PDL of'tooth 37 illustrated that, in Pattern 1, the mesial region
on the distal root close to the apex and the cervical third area
of'the distal region of the distal root were highly prone of root
resorption if a force greater than 87g was applied. In Pattern
2, the cervical third area of the distal region of the distal root
was highly prone to root resorption, especially when a force
greater than 73.5 g was applied in each force direction.

2. Initial displacement pattern of tooth 37

This study demonstrated that the initial tooth
displacement of each pattern was different. In both patterns, the
crown of the impacted tooth was tipped distally, with slight
buccal movement. However, the impacted tooth in Pattern 2
was displaced to occlusal plane more than in Pattern 1.

As the center of resistance is important for the
understanding of the force system of orthodontic tooth
movement. The approximate center of resistance of tooth 37
for each plane was defined from previous studies.**"” The
force direction in Patterns 1 and 2 did not pass through the
center of resistance of the impacted tooth; hence, the moment

undoubtedly was produced.

Khon Kaen Dent) = Volume 24 » Number 3 @ September-December 2021

2.1 Antero-posterior direction (X-axis: mesio-
distal direction). This study found that, in the antero-posterior
(A-P) direction, the initial displacement pattern of tooth 37 was
distal crown tipping and that the amounts of distal crown
tipping in Patterns 1 and 2 were almost equal. This situation can
possibly be explained by the physical equation for a moment,
(M =F x d, where M is the moment, F is the force, and d is the
perpendicular distance from the center of resistance to the line
of force). In Pattern 1, the button was placed on the occlusal
surface, and the distance from the point of application to the
center of resistance was increased. Consequently, a tip-back
moment was generated, which was greater than either moment
in Pattern 2. The approximate moment of force in Pattern 1 was
910.02 gmm, whereas, in Pattern 2, the approximate moment
of force on the buccal side and on the lingual side were 540.23
gmm and 466.73 gmm, respectively, and the resultant moment
was 1,006.96 gmm, as shown in Figure 8. The amount of tip-
back moment for one molar (in the A-P direction) of this
analysis was in the range of 800-1,200 gmm, as recommended

by Romeo and Burstone,13 in a clinical study.

b x

Buccal view

M,=Fxd
= 87x10.46=910.02 gmm

A. Pattern 1: One-button

z WB.] Buccal view

M,=Fxd,
= 73.5x7.35=540.23 gmm

B.2 Lingual view

M, =Fxd;
= 73.5x6.35=466.73 gmm_

M, =M, +M,
=540.23+466.73
=1,006.96 gmm

B. Pattern 2: Two-button

Figure 8 Moment of force (M,) calculated from the physical equation for moment (M = F x d). The blue and yellow dots represent the approximate position of the
center of resistance in Patterns 1 and 2, respectively; (A) M; in Pattern 1 (red curved arrow), generated by 87 g of pulling force (red straight arrow) was

910.02 gmm. (B) M, in Pattern 2 (green curved arrow), generated by 73.5 g of pulling force (green straight arrow); B.1: M, calculated on the buccal side

was 540.23 gmm, B.2. M,

FLi

calculated on the lingual side was 466.73 gmm. The rectangular box between B.1 and B.2 shows that the calculation of the

resultant moment (M) in Pattern 2 was 1,006.96 gmm. B: buccal, Li: lingual, F: force, d: perpendicular distance from the center of resistance to the line of

force. M,: moment of force in buccal direction, M, ;: moment of force in lingual direction.
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2.2 Vertical direction (Y-axis: occluso-apical
direction). This FE analysis demonstrated that the crown of
tooth 37 in Pattern 2 was displaced to occlusal plane more
than in Pattern 1. In Pattern 2, the buttons were placed on the

middle of the buccal and lingual surfaces, and were located

more apically than in Pattern 1; hence, when the pulling force
vector was separated into its components in the vertical (Y-
axis) direction, which is shown in Figure 9, the vertical force

in Pattern 2 was greater than that in Pattern 1.

Fy:Fsin41°
=87 x 0.66
=571g

i x

Buccal view

A. Pattern 1: One-button

“ B.1 Buccal view

.

F, =Fsin54.7°

Y
=735x0.82
=60g

A
1
1
1
1

B.2 Lingual view

F,, = Fsin58.4°
1y
~73.5%0.85
~62.6¢

A
1
1
1
1
1

Fy = FBy+FL1y
= 60+62.6
=1226¢

x

B. Pattern 2: Two-button

Figure 9

Separation of pulling force vectors into their components in the vertical direction (Y-axis). The approximate angle and value of the vertical force are

shown. (A) The buccal view of tooth 37 in Pattern 1 shows that the vertical force (Fy) was 57.1 g. (B.1) The vertical force (FBy) in the buccal direction

on tooth 37 in Pattern 2 was 60 g. (B.2) The vertical force (F

Liy

) in the lingual direction on tooth 37 in Pattern 2 was 62.6 g. The rectangular box

between B.1 and B.2 shows that the calculation of the resultant vertical force was 122.6 g. F ¥ vertical force, F, By' vertical force on the buccal side,

F,,,: vertical force on the lingual side.
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2.3 Horizontal direction (Z-axis: bucco-lingual
direction). This FE analysis demonstrated that the crown of
tooth 37 was tipped slightly buccally when the pulling force in
both patterns of mechanics were applied. The initial orientation
of tooth 37 in this study was not tipped buccally or lingually;
and the line of force in Pattern 1, as shown in Figure 10, passed

close to the center of the crown of the impacted tooth. Hence,

Pattern 1: One-button

z Occlusal view

Figure 10 The line of pulling force in Pattern 1 (red straight arrow) passed
near the center of tooth 37 (blue dot); hence the moment of force
was small (red curved arrow).

Pattern 2: Two-button

Occlusal view

}l[}Li = FL\ = dL\

=73.5x5.1 =378.85 gmm

) M =18.7gmm

Jd =5.1mm
/
\
\
\
\
\
\

\ d =4.9 mm
'\ B

=73.5x4.9 = -360.15 gmm

MR: [\'IFB-*-M'.H: (-360.15)+378.85 = 18.7 gmm clockwise rotation

Figure 11 The moment of force generated from the buccal (blue straight
arrow) and lingual (red straight arrow) pulling force direction in
Pattern 2 mechanics. The amount of the moment of force in the
buccal direction (M) was 360.15 gmm with counterclockwise
rotation (blue curved arrow). The amount of the moment of force
in the lingual direction (M, ;) was 378.85 gmm with clockwise
rotation (red curved arrow). The calculation of the resultant
moment (M) is shown in the rectangular box below the diagram.
The resultant moment was 18.7 gmm with clockwise rotation
(black curved arrow) and produced a slight disto-buccal rotation
of the crown. F: force direction on the buccal side, F;: force
direction on the lingual side, d: perpendicular distance from the
center of resistance to the line of force.
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the buccolingual moment was small because the distance
perpendicular from the center of resistance to the line of force
was limited. In Pattern 2, as shown in Figure 11, the clockwise
moment was slightly greater than the counterclockwise
moment; thus, the approximate resultant moment in the
horizontal plane was

18.7 gmm as clockwise rotation

(distobuccal rotation of the crown).

3. Clinical application

In the clinical situation, various factors, such as
treatment goal, periodontal status, root developmental stage,
and the initial orientation of the impacted tooth, should be
addressed to determine the optimal force system for

*1%% The initial

uprighting the impacted mandibular molar.
orientation and the amount of the clinical crown of the
impacted tooth exposed in the oral cavity affects the
placement of the attachment (metal button) and also affects
the force direction and the pattern of the initial displacement,
which is related to the PDL stress distribution.

This study used two identical models to simulate
two different force directions for pulling upright mechanics.
It is noteworthy that the results of the stress distribution
pattern in the PDL and the optimal force magnitude were
different because of the different force directions.

According to the results in the A-P direction, distal
crown tipping occurred in both patterns of mechanics; such
distal crown-tipping is a beneficial effect for uprighting. In
the vertical direction, Pattern 2 produced greater crown
movement of tooth 37 to occlusal plane more than did Pattern
1; hence, when an impacted tooth is infra-occluded tooth,
Pattern 2 is advantageous.

In cases when the inter-occlusal clearance of an
impacted tooth is limited, a button on the occlusal surface, as
in Pattern 1, could interfere with normal occlusion; thus,
lingual and buccal buttons, as in Pattern 2 is preferable.
However, in the case of partial eruption of an impacted tooth,
a button on the occlusal surface, as in Pattern 1 could be more

appropriate than lingual and buccal buttons, as in Patten 2.
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The benefit of uprighting the impacted molar with
direct miniscrew anchorage and simple force mechanics,
which required minimal and simply-designed appliances with
a predictable force system, increased patient comfort and
eliminated unwanted movement of the anchorage unit.
However, the one-directional-uprighting force system has
some limitations. A one-directional-uprighting force system
cannot control the target tooth in three dimensions; therefore,
in cases of lingually- or buccally- rotated molars, a single
moment of force alone may be inadequate to upright and align
the impacted molar into the ultimate position. The movement
of the second molar when using one-directional force
mechanics should be closely monitored and sequential
application of different orthodontic force systems may be
needed.19,21,24,43

In cases where the initial orientation of the impacted
mandibular molar and the required force direction are similar
to those in this study, the 87g and 73.5 g of force can be
applied in Patterns 1 and 2, respectively to upright the
mandibular second molar. Additionally, if buttons can be
located on either the occlusal surface (Pattern 1) or the buccal
and lingual surfaces (Pattern2) of the impacted tooth, Pattern
2 is favorable when crown movement to the occlusal plane of
the impacted molar is needed.

In the occlusal view, the line of force in Pattern 1
mechanics depends on the locations of both the button and the
retromolar miniscrew. In contrast, the button placement in
Pattern 2 is firmly located on the middle of the buccal and
lingual surfaces of the impacted teeth; thus, the location of the
retromolar miniscrew is more significant to the line of force
in Pattern 2 than the location of button. If the line of force
does not pass through the center of resistance, rotation of the
impacted tooth is certainly produced.

4. Materials and method

The accuracy of an FE analysis depends on
numerous factors. The difficulties of imitation of biological
structures lie in their complex anatomy, the non-elastic,
anisotropic and heterogeneity of their behavior, their
boundary condition, shape, size and number of elements, and

38,49-52

dynamic contact analysis.™ In this study, the actual

anatomic structures, based on a single human CBCT scan,
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were implied. In addition, the PDL plays significant roles in
initiating the cascade of biological response after orthodontic
force is applie:d;25’53’54 hence, the PDL in this study was
assigned as non-linear elastic, by using an Ogden constitutive
model,” which provided precision and reliability of the initial
tooth displacement and stress-strain distribution result.”

However, FE modeling always includes various
simplifications and assumptions, which decrease the accuracy
of the model. The simplifications used in this study, included
modelling the PDL and bone as homogeneous, isotropic, and
uniform in thickness. In addition, the tooth-to-tooth contact
condition was assigned as a linear-frictional contact. In
nature, tooth-to-tooth contact, involving sliding and friction
phenomena during mastication, is highly non-linear.™
Accordingly, the results and findings may differ from actual
clinical results because of these above-mentioned limitations
and the biologic considerations.

Another limitation of this study was performance of
FE analysis that in a static condition, which provided only the
data of first phase orthodontic tooth movement; thus, to
simulate the later phases of tooth movement, further dynamic

FE studies are recommended.

Conclusions

This 3-D FE study clarifies, visualizes, and explains
the biomechanical situation when two patterns of pulling
uprighting mechanics are applied. The results may be utilized
by clinicians to determine suitable orthodontic appliances and
mechanics for individual patients.

This FE study demonstrates that the maximum
force magnitude that can be applied to initiate the pulling-
force system to correct the mesially-impacted mandibular
second molar with retromolar miniscrew anchorage without
exceeded the PDL’s capillary blood pressure of 0.0047 MPa,
was 87 g and 73.5 g (for each force direction) for one- and
two-button patterns, respectively. The initial displacement
pattern for both mechanics were distal crown tipping and
slight buccal crown tipping. In addition, the two-button
pattern resulted in greater crown movement to the occlusal

plane of the impacted tooth than did the one-button pattern.
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The Effect of Elastomeric Impression Materials
and Gingival Sulcus Widths on the Dimensional
Accuracy of Stone Die

Manopphun S* Arwatchanakarn S**

Abstract

The aim of this study was to compare the dimensional accuracy of replicating stone dies poured from four elastomeric impression
materials taken on three clinically simulated sulcular widths (0.1,0.2 and 0.4 mm). Four elastomeric impression materials [Vinylpolyethersiloxane
(Identium®), Hydrophilic polyvinylsiloxane (Hydrorise), Hydrophobic polyvinylsiloxane (Variotime®) and Soft polyether (ImpregumTM Penta
Soft)] were used to make 12 impressions of metal die of each sulcular widths by double-mix, single impression technique. Thus, a total of 144
impressions were made. The impressions were disinfected and left for 30 minutes. Then, Type IV dental stone (Vel-MixTM) were mixed and carefully
vibrated into impressions. When dies stone completely set, the dies were removed and areas beyond finish line were trimmed. The diameter of
gypsum dies at finish line were subjected to measurement in B-L as well M-D direction using measuring microscope with linear resolution 0.001
mm, 30X magnification. The mean diameter of dies stone were subtracted from metal die diameter. Subsequently, percent distortion of dies stone
were calculated to represent an accuracy. The data was statistically analyzed by Two-way ANOVA and Tukey’s HSD test. The results showed that
there was statistically significant interaction between sulcular widths and impression materials on accuracy of die stone (F=6.486, P<.01).
Vinylpolyethersiloxane has been revealed the significantly lower distortion of die stone at 0.2 and 0.1 sulcus width. When considering the distortion
among three sulcular widths, the wider sulcular width (0.4 mm) provides more accurate die stone than narrower sulcus. It could be concluded that
Vinylpolyethersiloxane gave the most accurate die stone of all materials tested. This material may be alternative to the polyvinylsiloxane and

polyether in impression making for definitive cast and dies.

Keywords: Dimensional accuracy/ Elastomeric impression materials/ Gingival sulcus widths/ Distortion/ Die stone

Introduction

Impression making is the critical step in the
fabrication of indirect restorations. After final impression were
done, the impressions were poured with gypsum product to
form the definitive cast and die. The master cast and die must
be accurately reproduced impression detail, dimensionally
stable under conditions of use and storage, minimal response to
temperature changing. It should also have a smooth and hard
surface to withstand abrasion during laboratory proccs:dure.1 So,
the accuracy of master cast and die is a function of the
completeness and accuracy of the impression.2 Accuracy and
completeness of impression are dependent on marginal
thickness of restoration and physical properties of materials.”

Polyvinylsiloxane (PVS) and polyether (PE) are
commonly used for final impression in restorative dentistry.
Polyvinylsiloxanes have a great detail reproduction together

with dimensional stability because of no by-product

Received: Oct 20, 2020
Revised: May 28, 2021
Accepted: June 16, 2021

formation. It can be poured within 1-2 weeks after making
impression with multiple times." However, the disadvantages
of PVS are hydrophobic nature arising from chemical
structure which contains hydrophobic aliphatic hydrocarbon
group around the siloxane bond and moderately high contact
angle. These make a greater tendency to entrap air bubbles
within die stone. Moreover, its polymerization reaction was
inhibited by sulfur compound in latex gloves and the oxygen
layer on the composite surface.” The new formula of PVS has
been added nonionic surfactant to improve wettability, reduce
contact angles and also pour die stone or cast without
incorporating voids. There is scientific evidence revealed that
the newer hydrophilic material performs no better than the
original formulations in wettability for pouring die.’ In
addition, the clinical usage of this material still need dry field

preparation that means the material remains hydrophobic.

* Dental Department, Nakhon Phanom Hospital, Amphur Muang, Nakhon Phanom.
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Polyethers are hydrophilic with good wettability,
allowing them to be used in moist environment.” It is excellent
surface detail reproduction and dimensionally stable. It allows
multiple pours of accurate casts for 1 to 2 weeks after
impressions are made without tearing of the impression. This
material becomes rigid when set and may be more difficult to
remove from mouth than polyvinyl siloxanes. The new
generation of polyether named “soft polyether” has been
improved taste, elasticity with advancing mixing system to
achieve homogenous void-free material.® Nonetheless, it is
likely to absorb water due to its hydrophilic nature. For this
reason, it should not be submerged in water for a long period of
time and strict disinfection protocol should be considered to
prevent swelling of material which leads to distortion.
Recently, the hybrid material between polyvinylsiloxane and
polyether so-called “vinylpolyethersiloxane” has been
developed that possess optimized elastomeric properties with
high resilience, high tear resistance and balanced elasticity.”
Previous s‘fudy10 found that vinylpolyethersiloxane produced
dies stone as accurate as polyvinylsiloxane and polyether in
Bucco-Lingual and Mesio-Distal dimension. Whereas,
polyvinylsiloxane were shown significantly shorter die stone
than master die. Some controversy study' revealed that there
was significant difference in mean dimensional change of die
stone among vinylpolyethersiloxane, polyvinylsiloxane and
polyether at immediately poured time.

The aim of this present study was to test and
compare the dimensional accuracy of dies stone poured from
four elastomeric impression materials in three clinically
simulated sulcular widths after sprayed with disinfecting
solution. The null hypothesis was that there would be no
significant difference in an accuracy of dies stone among four

elastomeric impression materials at three sulcular widths.

Materials and method

1. Testing model construction

The testing model was designed by software PLM
NX version 11.0 and fabricated by milling machine (Mikron
model VCE 750, Machining Center, Germany) using
Computed Numerical Controlled technique. Model used in
this study was adapted from prior research'~ by designing

finish line and undercut area to simulate clinical tooth

preparation. The schematic diagram of testing model was
illustrated in figure 1. The component of testing model are
1.1) a sulcus former which is 8 mm cylindrical steel rod with
2 mm long slope divergence to 8.4 mm diameter end 1.2)
three metal dies were prepared to accurately fit the base tool.
The metal dies were machined to simulate abutment teeth
with 1 mm subgingival chamfer finish line and undercut area.
The different diameter of metal dies at finish line (7.6,8.0 and
8.2mm) generated varying sulcular widths 0.4,0.2 and 0.1 mm
(Figure 2 A-D). Four reference points on each metal die were
delineated by rotating of point through 90 degree about the
origin in clockwise direction. 2) cylindrical base tool 26 mm
height, diameter 16 mm width with 8 mm central hole were
drilled. The other side of base tool were reduced to diameter
14 mm width 3.5 mm length, then followed by diameter 11
mm width 2 mm length and final 2 mm length with 12 mm in
diameter 3) supporting ring 12 mm height with diameter 14
mm was placed on shoulder of base tool 4) artificial gingiva
was prepared by mixing 7 grams of reversible hydrocolloid
powder with 10 milliliters of distilled water over the hotplate
stirrer at 65 C then filled in the space between supporting ring
and sulcus former, the excess material was pressed flush with
thin cover glass. After cooling down of artificial gingiva,
replaced the sulcus former rod by metal die (Figure 3 A-D) 5)
impression material tested with light and heavy body 6)

impression stand.

@ | m ®)

(A) Axial section through steel device for production of artificial

19.6 N

Figure 1
gingiva tissue (reversible hydrocolloid) and (B) axial section
through impression of metal die in tray.

1.1 = sulcus former rod with 2 mm long slope end divergence to
upper surface,0.4 mm wider than main part
1.2 = metal die simulated prepared tooth with chamfer finish line
located 1 mm within sulcus,

= undercut part of base tool,

= supporting steel ring,

artificial gingiva,

= elastomeric impression materials,

< NV N N VI )
Il

= impression stand
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Figure 2 (A) Sulcus former rod with 8.4 mm end diameter (B) three different
diameter of machined metal dies with I mm subgingival chamfer
finish line and undercut area (C) sulcus width of testing model (D)

schematic diagram of sulcus widths ( axial view )

Figure3  (A) Artificial gingiva (hydrocolloid solution) was filled in the

space between sulcus former rod and supporting ring (B) excess
material was pressed flush with thin cover glass (C) generated
space after sulcus former rod was pushed out (D) metal die

replaced the sulcus former rod to form simulated gingival sulcus

Table 1 Elastomeric impression materials used in this study

Type Brandname
Vinylpolyethersiloxane (VPES) Identium® Heavy
Identium” Light
Hydrophilic polyvinylsiloxane Hydrorise Heavy body
Hydrorise Light body
Hydrophobic polyvinylsiloxane
Variotime” Light flow

Soft polyether

Impregumv"M Penta'" Garant L duosoft

Variotime” Dynamix heavy tray

ImpregumTM Penta”" H Duosoft

Khon Kaen Dent) & Volume 24 » Number 3 @ September-December 2021

2. Impression taking

Impressions were made using four elastomeric
impression materials (Table 1). For each material, 12 impressions
were made for each of sulcular width using double-mix, single-
impression technique resulting a total number of 144 specimens.
The light consistencies were mixed through mixing tip fitted
to cartridge materials and dispensing gun. The light body was
injected through plastic delivery tip into sulcus and covered
metal die within 60 sec from mixing. While the heavy
consistencies were mixed by automatic mixing unit
(Pentamix " lite, 3M ESPE) and inserted into perforated
impression tray. The remnant of light body was placed over
the heavy body, then seating the impression tray until contact
the upper rim of supporting ring. Impression was loaded with
2 Kg (19.6 N) of metal plummet. The materials were allowed
to set at room temperature of 23+2°C for 10 min (Figure 4 A-
D). After setting, the impressions were separated from metal
die then rinsed with running tap water to simulate the rinsing
of blood and saliva. Afterward, the impressions were gently
air-dried and sprayed with 2.5% glutaraldehyde disinfectant
(Cavicide™, Kerr Dental, Switzerland). The disinfected
impressions were stored at room temperature for minimum 30
min before thoroughly rinsing and air streaming. The freshly
mixed artificial gingiva was prepared and took the place of
previously used artificial gingiva before the new impression

was done.

Manufacturer Batch No.
Kettenbach GmbH, Germany 80721-06
80011
Zhermack S.p.a., Italy 0809151
080901
Kulzer Gmbh, Hanau Germany KA10271
KA10110
3M ESPE AG, Seefeld, Germany 254391
254655
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Figure 4  (A) Injection of light body material through plastic delivery tip
into sulcus and over metal die (B) heavy consistencies were mixed
by automatic mixing unit and loaded into perforated impression
tray (C) remnant of light body in syringe was placed over heavy
body (D) seating impression tray over metal die with 2 Kgs of

metal plummet

©

()

Figure 5  (A) Disinfected impression ready for pouring die stone die (B)

boxing impression with plastic straw (C) trimming die stone at

area under finish line (D) Top view of die stone

3. Pouring the dies stone

The impressions were boxed with 1-inch length
plastic straw and sealed with sticky wax to form die stick.
Each impression was cast with type IV dental die stone (Vel-
Mix ™, Kerr Dental, Thailand). The gypsum slurry was mixed
with the powder: water ratio of 100 g: 22 ml. The die stone
was mixed under Vacuum mixer (Whip mix Vac-U mixer,
Louisville, KY) for 20 sec and carefully vibrated into
impressions by power vibrator (Denstar*500, Daegu, Korea)
then the dies stone were left to fully set for 1 hour. When dies
stone completely set, the resulting dies stone were separated
from impressions with caution then trimmed area beyond
finish line to make it clearly located the boundary of finish

line (Figure 5 A-D).

4. Evaluation of an accuracy of dies stone

The accuracy of dies stone were indirectly assessed by
comparing to the diameter of metal die at finish line level (Figure
6 A-B). The diameter of each die stone was measured three times
in Bucco-Lingual and Mesio-Distal dimension using measuring
microscope (Nikon®measurescope 20, Japan). The mean
diameter was considered to be the reading for that specimen
then the distortion (%) of each die stone was calculated from

the equation

Distortion (%) of each stone die =

(mean metal die diameter - mean stone die diameter)x100

mean metal die diameter

Figure 6  (A) Four reference points of metal die with marking were used to

compare mean diameter of die stone at level of finish line (B)
mean diameter of die stone was measures at the same reference

points as metal die.

The experimental error was determined by measuring
the diameter of same stone die 10 times and calculating the
coefficient of variation [CVs = (SD/Mean) x 100]. The CVs
indicates the reliability for measurement. The percent
distortion of stone dies in relation to metal die among four
impression materials at three sulcular widths were analyzed
by Two-way ANOVA at significant level of 95%. Where
significant difference were found, Tukey’s HSD test was used

for comparison of individual means.

Results

The result of Two-way ANOVA indicated that there
were significant differences among the impression materials,
sulcular widths, and their interactions (P<0.05). The mean
percent distortion of stone dies and standard deviation obtained
from four impression materials among three sulcular widths

were shown in figure 7. For sulcular widths 0.4 mm,
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vinylpolyethersiloxane showed the least percentage of
distortion in relation to metal die whereas hydrophilic
polyvinylsiloxane showed the greatest distortion. However, the
significant difference had not been detected among materials.
At 0.2 mm sulcular width, vinylpolyethersiloxane exhibited
significantly least distortion among material tested. Whereas
the other materials showed significantly greater value. Within
0.1 mm sulcular width, vinylpolyethersiloxane had been also

revealed the least percent distortion of stone die. Hydrophilic

polyvinylsiloxane showed the greatest percent distortion but
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there was no significant difference with hydrophobic
polyvinylsiloxane and soft polyether. Post hoc test for
multiple comparison found that there were statistically
significant differences of stone die distortion among materials
tested and various sulcular widths.

When considering effect of sulcular width, the
percent distortion of wider sulcus was considerably lower
than narrower sulcus. The coefficient of variance was 0.02%

indicating the reliability of measurement.

0.4
0.34
0.3

0.2 0.1

sulcular width(mm)

M Identium Hydrorise

Variotime

B Impregum Penta Soft

Figure 7 Mean difference in percent distortion of stone die among four impression materials in three sulcular widths. Vertical bars indicates SDs. Groups
with same superscripted letter indicate no significant differences between impression materials at P<0.05
Discussion

The testing model used in this paper was modified
from earlier study'” which designed non-undercut abutment
and prepared 0.05,0.1 as well 0.2 mm sulci. These features
are not fully mimic natural gingival sulcus. Thus, this study
fabricates metal die with finish line and undercut area to
simulate clinical tooth preparation. Furthermore, this research
choose sulcus width 0.4.0.2 and 0.1 mm for investigation
because 0.4 mm sulci is a space available immediately after
retraction cord removal. The 0.2 mm sulci is developed after
40s, this sulcus width is considered to be the critical sulcular

width to provide sufficient material thickness preventing

tearing or distortion."” Whereas 0.1 mm sulci would be found
at transitional line angle and interproximal area due to
improper gingival displacement technique or delayed taking
impression.'”

The null hypothesis that elastomeric impression
material types tested in different sulcular widths would not
influence the accuracy of stone die, is rejected. The percent
distortion of stone die ranged from 0.13%-0.48%. The
distortion was considerably lower when sulcular width is
wider. Although, all elastomers underwent dimensional

change due to polymerization shrinkage, loss of volatile by-
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product or lack of elastic re(:overy.11 The percent distortion of
stone die made from vinylpolyethersiloxane had not been shown
significant difference among sulcular widths. The reason why
this material behaved distinctively could be related to their
chemical formula which are crosslinked by organohydrogen
polysiloxane via platinum catalyst. The crosslinking reaction
appears to be no volatile byproduct released. " Moreover, the
filler system that manufacturer incorporated into their
structure which are nano silica agglomerates and silianized
microquartz enable the balanced stability as well as elastic
quality of this material.” This was in agreement with Chen et
al.” in which an increased proportion of filler component may
increase the accuracy of material. At the same time,
significant difference among material types had not been
detected at 0.4 mm sulcular width. Whereas sulcus 0.2 and
0.1 mm were significantly different. This result was
supported by a study of Laufer et al.'® who found that the
distortion of impression materials in sulcular width greater
than 0.2 mm could not be detected the difference.

During removal impression from the mouth, the
materials are subjected to both compressive and removal
force. The removal force is likely to be greater than
compressive force in the presence of undercut area, sharp line
angle and interproximal spaces.17 Thus, tensile elastic
recovery could be more clinical relevant in explanation the
accuracy of impression material. Considering that tensile
properties affected to dimensional accuracy of elastomeric
impression material, study of Re et al." found that impression
material with a tensile strength at break/ yield strength ratio
(TSb/YS ratio) sufficiently close to 1 should probably be
preferred. This ratio implied the material’s ability to withstand
maximum tensile stress without permanent deformation.
Especially, concerning the light body employed in thin proximal
and crevicular area. The TSb/YS ratio of Vinylpolyethersiloxane
was 0.669 whereas Soft polyether (Impregum Penta Duosoft)
and hydrophilic polyvinylsiloxane (Hydrorise) were 0.644 and
0.587 respectively. This was comparable to present study that
Identium showed less distortion of stone dies following by
Variotime, Impregum Penta Soft and Hydrorise in both sulcular

width 0.2 and 0.1 mm. Moreover, previous studies” on

mechanical properties of elastomeric impression materials
revealed that the stone model made from vinylpolyethersiloxane
provided more accuracy than soft polyether and polyvinylsiloxane.
This is plausible that it had been combined unique features of
parent materials; hydrophilicity of polyether along with high elastic
recovery and tear resistance of polyvinylsiloxane.

When comparing the distortion of stone die among
sulcular widths, the distortion at narrower sulcular width was
considerably larger than the wider sulcular width. The possible
explanation was that coupling effect of both permanent
deformation during separation the impression from undercut and
narrow space around abutment and dimensional change during
setting. & Interestingly, the percent distortion of stone die at
sulcular width 0.2 mm was larger than 0.1 mm. This was in
agreement with previous findings which stated that physical
properties of impression material could not be predicted
accurately in narrow sulcus.” Another s‘[udy23 reported that
an increased material thickness caused a greater distortion.
The distortion of increased material thickness occurred by
thermal change from room temperature to oral temperature
while making impression, then reduced to room temperature
while pouring stone die leading to thermal contraction of
material. The synergy between thermal contraction and
polymerization shrinkage would have resulted in greater
distortion of stone die at 0.2 mm sulcular width. This study
evaluated dimensional accuracy of die stone in terms of
percent distortion which were in range between 0.13-0.48%
for all sulcular widths. To our knowledge, there was no
standard for percent distortion of die stone whereas ADA
specification n0.25”* recommends a setting expansion of type
IV dental stone up to 0.1% at 2 hours after mix. Comparing the
results of this study with ADA cannot be made due to differing
specimen preparation and determination method. However, the
replicating dies stone which poured from all four elastomeric
impression materials did not reveal value beyond arbitrary
estimation of 0.4% deformation limit. Thus, the material
tested in this study could be clinically acceptable for giving
accurate die stone. In case of precisely fit of indirect restoration
needed, the Vinlypolyethersiloxane may be considered to be an
alternative to the polyvinylsiloxane and polyether in making

final impression.
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Conclusion

Both sulcular widths and material types have an

effect on dimensional accuracy of stone dies. The percent

distortion of stone die was greater when sulcular width was

narrower. Vinylpolyethersiloxane revealed the more accurate

stone die than other materials when sulcular width was 0.2

mm or narrower. At sulcular width 0.4 mm, all materials did

not show the significant difference in stone die distortion.
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Periodontitis Progression and Prognostic Factors
in Questionable Teeth During Supportive Periodontal
Therapy

Siriphan R* Tavedhikul K*,** Lertpimonchai A*,**

Abstract

This retrospective study aimed to determine the incidence rate of periodontitis progression in questionable teeth of chronic periodontitis
patients, and to identify the relevant prognostic factors during supportive periodontal therapy. Continued chronic periodontitis patients in supportive
periodontal therapy program in the post-graduate clinic, Department of Periodontology, Faculty of Dentistry, Chulalongkorn University, within
year 2013-2014 were collected. Patients who had at least one questionable tooth during the maintenance phase were included. Treatment records
were comprehensively reviewed and collected. Based on the tooth-level analysis, the Kaplan- Meier curves of having additional loss of clinical
attachment level = 3 mm was estimated. Prognostic factors including age, gender, smoking habits, diabetes mellitus, parafunctional habits,
posterior tooth support, oral hygiene level, full-mouth bleeding score, tooth type, residual periodontal pocket depth, clinical attachment level,
Of all the 358 treated
questionable teeth from 123 patients, 178 (49.7%) teeth demonstrated disease progression during supportive periodontal therapy. The incidence

furcation involvement, bone level, and tooth mobility were assessed by the Cox proportional hazards regression model.
rate of disease progression among questionable teeth was 14.5 teeth per 100 teeth-years. The median progression-fiee survival time was 4. 93
years. The prognostic factors that significantly increased the risk of progression were 1 )2 30% full-mouth bleeding score and 2)2 7 mm residual
periodontal pocket depth with adjusted hazards ratio of 2.45 (95%CI: 1.60, 3.75) and 1.87 (95%CI: 1.14, 3.07), respectively. In conclusion, almost

half of treated questionable teeth had periodontal progression. Strictly monitoring and maintenance recall should be emphasized in periodontitis

patients with deep residual periodontal pocket depth and persisting gingival inflammation.

Keywords: Chronic periodontitis/ Questionable prognosis/ Disease progression/ Supportive periodontal therapy/ Periodontal maintenance

Introduction

Periodontitis is a chronic inflammatory disease
leading to periodontal destruction, loss of alveolar bone
support, tooth mobility and eventually loss of tooth.'
Generally, the disease activity can be maintained in a stable
condition after a comprehensive treatment.” However, the
course of periodontal disease is episodic in nature, which can
shift between a remission period and active burst of
periodontal destruction.’  Therefore, at some point, some
teeth or some sites may randomly undergo a period of
periodontitis burst depending on their own risk, and local
disease progression occurs.

Although tooth loss is the true endpoint of
periodontitis, disease progression is usually considered as the

clinically significant stage which precedes the loss of tooth .
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Revised: May 26, 2021
Accepted: May 27, 2021

According to the proceeding of the 1996 World Workshop in
Periodontic, the clinical signs of periodontal breakdown
include gingival swelling, consistent bleeding or pus on
probing, and increased of periodontal pocket depth (PPD).”
Several factors including age, gender, education, smoking,
diabetes mellitus, baseline disease severity, occlusion, and
interval of supportive periodontal therapy (SPT) have been
identified as the patient-level prognostic factors for disease
progression.ﬁ-“ In addition, residual PPD, clinical attachment
loss, furcation involvement and mobility, have been also
indicated as the significant tooth-level prognostic factors.' ™"
The objectives of periodontal treatment are to

preserve, improve, and maintain the natural tooth and

periodontium in order to achieve health, comfort, esthetics,

* Department of Periodontology, Faculty of Dentistry, Chulalongkorn University, Pathumwan, Bangkok.

** Center of Excellence in Periodontal Disease and Dental Implant, Chulalongkorn University, Pathumwan, Bangkok.
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and function.' Ttisa challenge to achieve this ultimate goal,
particularly in teeth with advanced periodontitis. Teeth
experiencing extensive loss of periodontal support, furcation
involvement, or tooth mobility are usually assigned as
questionable prognosis teeth.””" It was shown that the fate
of teeth with questionable prognosis was the least predictable
in term of treatment outcome and tended to get either improve
or worsen during SPT. Moreover, comparing with other
prognosis, questionable teeth pose a higher chance to be loss
during SPT."

Providing that periodontitis progression is the
intermediate stage prior to tooth loss, early detection and
identification of influencing factors in the high-risk teeth
would be a tremendously beneficial strategies in the disease
surveillance protocol. It could reduce further periodontal
destruction as well as prevent tooth loss. Evidence of
periodontitis progression often studied in non- specific
prognosis teeth. However, questionable teeth have the unique
uncertainty characteristics. The prognostic study concerning
these specific teeth are thus limited. Therefore, this
retrospective study aimed to estimate the incidence rate of
disease progression and to identify the prognostic factors

related to the periodontitis progression in questionable teeth

of patients diagnosed with chronic periodontitis during SPT.

Materials and methods

This retrospective cohort study was performed
based on the periodontal treatment records of post- graduate
clinic, Department of Periodontology, Faculty of Dentistry,
Chulalongkorn University. The records of consecutive
patients in the SPT program during year 2013-2014 were
reviewed and collected. The inclusion criteria were ( 1)
patients who were diagnosed as chronic periodontitis (2) had
at least 1 tooth with questionable prognosis at the initial visit,
and that tooth had to survive after the active treatment, (3)
completed comprehensive periodontal treatment and received
SPT at least 1 visit. Research protocol was approved by the
Human Research Ethics Committee of the Faculty of Dentistry,
Chulalongkorn University (HREC-DCU 2018-110).

Assessment of questionable teeth.

To standardize the given prognosis, all teeth were
re-evaluated and re-classified using the modified McGuire
and Nunn’ s criteria by consensus of 3 experienced
periodontists. " A tooth having any 2 out of the 4 following
conditions, including (1) PPD >6 mm, (2) 2 50% bone loss,
(3) 2™ or 3" degree mobility, (4) grade II or III furcation

involvement was categorized as questionable tooth.

Periodontal treatment and supportive periodontal
therapy.

All patients received comprehensive periodontal
treatment which included oral hygiene instruction, scaling and
root planing under local anesthesia, and occlusal adjustment as
needed. The periodontal status was then evaluated at 4-6
weeks. Subjects who had indications for periodontal surgery
were furthered planned for a periodontal surgery, i.e., open flap
debridement, resective surgery, or regeneration as a part of
corrective treatment as appropriated. After the completion of
active treatment, the patients were scheduled for SPT. The
treatment planning and SPT interval of each patient were
individually judged and managed by their responsible

periodontists.

Data collection.

In this study, the initial examination was used to identify
the eligible teeth. The re-evaluation visit was referred as the baseline
for non-surgically treated teeth. While the baseline for teeth with
periodontal corrective treatment was the first SPT visit after surgery
with proper healing period. The following parameters were
systematically retrieved from the original treatment records.

- Demographic data (age, gender, diabetes mellitus,
smoking habits)

- History of parafunctional habits (bruxism and
clenching)

- Full-mouth plaque score (FMPS) was measured
at four surfaces per tooth and was calculated as percentage of
the surfaces with the presence of plaque.20 Oral hygiene status
was classified into good (<20%), fair (20-40% ), and poor
(>40%).
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- Full-mouth bleeding score (FMBS) was measured
at six sites per tooth and was calculated as the percentage of
the sites that bleed upon probing. FMBS was classified into
<30% and > 30%."

- Posterior tooth support was classified as adequate
or inadequate. Patients were classified as having adequate
support when they had at least 4 occluded pairs in posterior
area.”’

- Tooth type (anterior teeth/ premolars/ molars)

- Severity of bone loss was collected from periapical
x-ray at initial examination and defined as mild (bone loss < 25%
of root length), moderate (bone loss 25-50% of root length), or
severe (bone loss > 50% of root length), based on the most severe
site on the tooth.

- PPD and clinical attachment level (CAL) were
measured at six sites per tooth. The maximum value would be
used as the surrogate of that tooth.

- Furcation involvement”

- Tooth mobility23

Definition of periodontal disease progression.
A tooth was defined as having periodontitis progression
if it had at least one site that demonstrated additional loss of CAL =

3 mm compared with the baseline.

Statistical analysis.

Demographic data and clinical variables were
presented using descriptive statistics. Continuous data were
reported in mean and standard deviation (SD), and categorical
data were presented in frequency and percentage. Survival
analysis and the Cox regression was performed based on tooth-

level. The Kaplan-Meier survival curve and median survival

time were estimated with multiple records and single event
pattern. To identify the risk, the Cox proportional hazard model
was constructed with the set of prognostic factors which was
drawn from the intensive literature review. The simple Cox
analysis was used to compare the effect of each predictor, i.e.,
age, gender, smoking habits, diabetes mellitus, parafunctional
habits, posterior tooth support, oral hygiene level, FMBS, tooth
type, residual PPD, CAL, furcation involvement, bone level,
and tooth mobility. If possible, parameters that potentially
changed over time would be considered as the time varying co-
variables. Then, the multivariate Cox proportional hazards
regression model was constructed to estimate the adjusted
hazard ratios (HRﬂdiusled) and 95% confidence intervals (95%CI)
with the disjunctive confounding criterion.” All analyses were
performed using STATA version 14.2 software. A p-value of

less than 0.05 was considered statistically significant.

Results

Of 475 continued patients in SPT program during
year 2013- 2014, 392 patients were diagnosed as chronic
periodontitis.  Patients who did not receive complete
periodontal treatment or absence from SPT visit were
excluded from this study. Only 133 patients had at least one
tooth with questionable prognosis at initial examination and
had sufficient treatment records required. Ten more patients
were further excluded due to their questionable teeth been
extracted during active periodontal treatment. Therefore, a

total of 123 patients with 358 questionable teeth were

included for the analysis (Figure 1).
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475 patients in supportive periodontal therapy (SPT) program during year 2013 and 2014

in post-graduate clinic, Department of Periodontology, Chulalongkorn University

v

83 Gingivitis / Aggressive periodontitis

h

392 patients with chronic periodontitis

Y

34 incomplete hygienic treatment

h 4

358 patients with completed hygienic treatment

5 without SPT

h 4

v

353 patients had at least 1 visit of SPT

> 124 without questionable tooth

h 4

229 patients had at least 1 tooth with questionable prognosis

Y

96 incomplete periodontal treatment records

h 4

133 patients had complete periodontal information

10 patients lost all questionable teeth

during hygienic treatment

h 4

123 patients who had chronic periodontitis with at least one questionable tooth

and maintenance recall at least one time were included in this study

Figure 1 Flow of recruitment
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Periodontal records from 671 visits of SPT were
retrieved. The average follow-up time was 5.3+£3.2 years. The
mean age of included patients was 49.5+11.0 years with 52.8%
of female. Most of the patients were non diabetes, non-smoker,
absence of parafunctional habits, and adequate posterior tooth
support (Table 1). After the active periodontal treatment prior
to SPT program, 61.8% of patients had fair to good oral
hygiene, and 85.4% exhibited < 30% sites with bleeding on
probing (BOP). Regarding tooth-level characteristics (Table 2),
the number of anterior teeth, premolars and molars were 130,
57,and 171, respectively. Approximately 30% of the teeth had
grade II or grade III furcation involvement and 20% had 2" or
3" degree of tooth mobility.

Kaplan-Meier survival analysis

Of all the 358 teeth, 178 teeth (49.7%) from 80
patients (65%) had additional loss of CAL = 3 mm compared
with baseline. From the Kaplan-Meier analysis, the incidence
rate of periodontal progression among questionable prognosis
teeth was 14. 5 teeth per 100 teeth- years. The median
progression-free survival time was 4.93 years. The progression-
free probability was gradually decrease with time which were
85% (95%CI: 82%, 89%) at 1 year, 74% (95%CIL: 69%, 78%) at 2
years, 48% (95%CI: 42%, 54%) at 5 years, and 25% (95% CI:
16%, 34%) at 10 years.

Cox proportional hazard model

From the univariate simple Cox regression, only two
prognostic factors which were having = 30% FMBS and deep
residual PPD, significantly increased the risk of periodontal
progression (Table 3). Patients with > 30% FMBS had the
incidence rate of 28.2 teeth per 100 teeth-years, meanwhile, it
was only 13.0 teeth per 100 teeth-years among patients who
had FMBS < 30% (Figure 2a). In addition, the questionable
teeth with residual PPD = 7 mm had substantial decrease of
median progression-free survival time to 2.62 years, comparing
with the teeth with shallow and moderate PPD which had

median time of 4.92-5.47 years (Figure 2b).

Table 1 Baseline characteristics at subject-level

Characteristics (n = 123) n o
(%)
Age (years) Mean+SD 49.5+11.0
Median 50 (43, 59)
(25"75"percentile)
Gender Male 58 47.2
Female 65 52.8
Diabetes mellitus Absence 114 92.7
Diabetes 9 7.3
Smoking Non-smoker 98 79.7
Former smoker 10 8.1
Current smoker 15 12.2
Parafunctional Absence 97 78.9
habits Bruxism / 26 21.1
Clenching
Posterior tooth <4 pairs 22 17.9
support > 4 pairs 101 82.1
Oral hygiene Good (< 20%) 11 8.9
(FMPS) Fair (20-40%) 65 52.9
Poor (> 40%) 47 382
FMBS <30% 105 85.4
>30% 18 14.6

Abbreviation: FMPS, Full-mouth plaque score; FMBS, Full-mouth bleeding score

Table 2 Characteristics of questionable teeth

o Percentage
Characteristics (n = 358) n

(%)

Tooth type Anterior 130 36.3
Premolar 57 15.9

Molar 171 47.8

Residual PPD <3 mm 94 26.3
4-6 mm 200 55.8

>7 mm 64 17.9

CAL <3 mm 7 2.0
4-6 mm 103 28.8

>7 mm 248 69.2

Severity of bone Mild 16 4.5
loss’ Moderate 142 39.7
Severe 200 55.8

Furcation Grade 0-I 243 67.9
involvement Grade IT 74 20.7
Grade IIT 41 11.4

Mobility Degree 0-1 286 79.9
Degree 2-3 72 20.1

Abbreviation: PPD, Periodontal pocket depth; CAL, Clinical attachment level
* Bone loss: Modified McGuire & Nunn criteria”’

** Furcation involvement: Hamp classification”

*** Mobility: Miller classification”
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Table 3 Crude hazard ratios for periodontitis progression during supportive periodontal therapy

Prognostic factors

Age (continuous)

Gender Female
Male
Smoking Non-smoker

Former smoker
Current smoker
Absence
Diabetes

Diabetes mellitus
Parafunctional habits Absence
Bruxism/clenching
Good (< 20%)
Fair (20-40%)
Poor (> 40%)
<30%

>30%

> 4 pairs

Oral hygiene (FMPS)

FMBS

Posterior tooth support
< 4 pairs
Tooth type Anterior
Premolar
Molar
Severity of bone loss’ Mild
Moderate
Severe
Residual PPD (mm) 1-3
4-6
>17
CAL (mm) 1-3
4-6
>7
Grade 0-1
Grade 11
Grade I11
Degree 0-1
Degree 2-3

*

E
Furcation involvement

Mobility

HR,, 4 95% CI p-valueJr

1.00 0.99, 1.02 0.45

1 0.43
1.13 0.84,1.52

1 0.32
0.74 0.39, 1.40
1.25 0.83,1.87

1 0.42
1.29 0.71,2.32

1 0.10
0.73 0.49,1.07

1 0.22
1.38 0.78,2.45
1.60 0.90, 2.82

1 <0.001
2.31 1.57,3.38

1 0.50
1.15 0.77,1.70

1 0.46
1.22 0.78,1.91
1.21 0.87, 1.69

1 0.57
0.83 0.36,1.90
0.97 0.42,2.21

1 <0.001
0.82 0.59, 1.15
1.86 1.20,2.87

1 0.11
1.81 0.56,5.82
2.55 0.81, 8.06

1 0.56
1.04 0.71, 1.54
1.26 0.83,1.92

1 0.69
1.09 0.72,1.63

Abbreviation: FMPS, Full-mouth plaque score; FMBS, Full-mouth bleeding score; PPD, Periodontal pocket depth; CAL, Clinical attachment level

¥ Simple Cox regression
* Bone loss: Modified McGuire & Nunn criteria”’
** Furcation involvement: Hamp classification”

*** Mobility: Miller classification”

After adjusted the confounding effect of age,
gender, smoking, diabetes mellitus, oral hygiene level,
posterior tooth support, parafunctional habits, tooth type,
severity of bone loss, furcation involvement and tooth
mobility using multivariate Cox proportional hazards
regression, the results showed that having > 30% FMBS
(HR =2.45,95%CI: 1.60,3.75) and = 7 mm residual

adjusted

PPD (HR, e = 1-87,95% CI: 1.14, 3.07) remained to be the
factors that significantly increased the risk of periodontal

progression (Table 4).

Table 4 Adjusted hazard ratios for periodontitis progression during
supportive periodontal therapy

Prognostic factors HR 4, ca 95% cn’

FMBS > 30% 2.45 (1.60, 3.75)

Residual PPD > 7 mm’ 1.87(1.14, 3.07)

Abbreviation: FMBS, Full-mouth bleeding score; PPD, Periodontal pocket depth
* Hazard ratio was adjusted by confounders including age, gender,
smoking, diabetes mellitus, oral hygiene level,

posterior tooth support, parafunctional habits, tooth type, severity of bone
loss, furcation involvement and tooth mobility

** Residual probing depth after active treatment
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Discussion

This retrospective cohort study investigated the actual
prognosis in term of periodontal stability on the teeth with
questionable prognosis. The results showed that approximately
50% of questionable teeth had disease progression during the
SPT. The estimated median progression-free survival time was
approximately 5 years. Having 2 30% of FMBS and residual
PPD = 7 mm were statistically significant prognostic factors
for periodontal progression.

To classify periodontitis progression, various criteria
have been proposed.zs'28 From the reliability and the universal
use, the further loss of CAL during the treatment and recall
visits was adopted as our definition of periodontitis
progression.25’26’28 According to the 5" European workshop on
periodontology, the threshold of = 3 mm difference between 2
observation periods was recommended.” This cut-off point
was proposed because the traditional periodontal probe has 1
mm interval marking; the margin of error at least 2 mm should
be allowed.” With this definition of disease progression, 80
out of 123 subjects (65%) exhibited periodontal progression.
Our results had noticeably higher proportion comparing with
other previous studies. Matuliene et al found that 43% of the
patients experienced disease progression during 11 years of
SPT."” Lindhe and Nyman reported only 25% of patients that
had loss of CAL > 2 mm in 14 years of follow-up.27 In this
study, only the chronic periodontitis patients with the presence
of questionable tooth were enrolled. Thus, it could be implied
that our eligible subjects had advanced disease severity at
baseline, which allowed the periodontal progression at a higher
chance to be developed.

With the current concepts of periodontal treatment
and various types of advance surgery, the periodontal
inflammation can be resolved, and the favorable periodontal

condition can be established.”**"*

However, in questionable
teeth, the treatment outcome may not be as good as expected,
and the acquired stability may not be sustainable."®
Inadequate periodontal supporting apparatus, furcation
involvement, residual PPD and tooth mobility are the
obstacles to the eradication the inflammation; and limit the

meticulous plaque control. 20332 Therefore, the prognosis of

questionable teeth is rather unpredictable, and they are at

11,33,34 N
Hirschfeld and Wasserman

greater risk of losing at SPT.
conducted the prognostic study of tooth loss in 600 patients
who underwent periodontal treatment and were followed up
for 4- 22 years, and found that approximately 30% of
questionable teeth were lost."” Similarly, Graetz et al studied
the retention of questionable prognosis teeth defined as
having 50-70% bone loss and found that approximately 20%
of the teeth with advanced periodontitis were lost. s
However, in this present study we were rather interested in
investigating the periodontal progression, the stage which
precedes tooth loss. Our result demonstrated that about 50%
of questionable teeth showed disease progression during SPT.
In addition, the probability of progression was increased from
15% in the first year to 26% and 52% in the second and the
fifth year of follow-up, respectively. From the result, it could
be confirmed that, even among periodontitis patients with
regular SPT, questionable teeth were yet at greater risk of
losing. Our findings emphasize the significance of the
communication with patients about tooth retention and
probability of tooth loss, despite a regular treatment received.

Identifying the significant prognostic factors for
periodontal progression is required in planning for SPT. This
study found that a tooth with residual PPD 2 7 mm had 1.87
times a greater risk of further periodontal destruction. It was
consistent with previous studies that found the risk effect of

the residual PPD.

10123 14 thoroughly cleanse the teeth with

residual PPD both from personal oral care and professional
decontamination, it is found to be difficult and limited.”
Moreover, anaerobic pathogenic bacteria were found to be
predominantly colonized in favorable environment of deep
periodontal pocket,” which could be one of the causes of
additional periodontal destruction.

We also found that having >30% FMBS
significantly increased the risk of disease progression.
Similarly, Oliveira Costa et al reported the higher odds ratio in
patients with high level of bleeding score.”™ Joss et al showed
that almost 70% of all the progressed sites were found in a

group of patients with 2>30% FMBS.” Gingival bleeding can

reflect gingival inflammation, and the persistent gingival
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inflammation could be the risk of periodontal breaking down.”
In addition, BOP was mentioned as a predictor for a site-
specific disease progression. Repeated presence of BOP was a
modest parameter representing that the disease may be in active
stage. While continuous absence of BOP was a reliable
indicator for sites with periodontal stability.41

7,10,11,13,42
other

In contrast to the previous studies,
prognostic factors, including smoking, diabetes mellitus,
parafunctional habits, oral hygiene level, furcation involvement
and tooth mobility were not found to be significantly associated
with periodontal progression. Limited number of subjects in
some categories might be the explanation of the disparity to
the previous significant studies. The survival analysis based
on tooth-level factors was used to compromise the sample
size issue; however, the results of non- significant factors
should carefully interpret, and the definite conclusion could
not be drawn. Further studies focusing on the effect of
smoking and diabetes mellitus on periodontitis progression
among questionable teeth should be performed.

The SPT is a crucial phase of the periodontal
treatment. Axelsson and Lindhe’ demonstrated that among
patients who had rigid SPT, only 1% of all the sites had the
periodontal progression during 6 years of maintenance. In
each recall visit, questionable teeth should closely be paid
attention on. Early detection of disease progression and
promptly providing the appropriate treatments could
minimize the risk of tooth loss. Residual PPD and FMBS
should be used to assess the risk of disease progression as well
as tooth loss. Therefore, measuring these parameters at every
maintenance visit is recommended. In addition, scheduling
the interval of SPT should be also taking those factors into
account.

The strength of this study was that the causal
relationship of prognostic factors on periodontitis progression
was confirmed with the cohort design. The average follow-
up time of 5 years was sufficient for the onset of disease
progression. Moreover, an advanced statistical analysis, the
Cox proportional hazards regression model with the time-
varying co-variables pattern, was used to estimate the causal

relationship. The variance within- and between-teeth were

taken into account.

There were some limitations to this study. First of
all, the validity and reliability of periodontal parameter
measurement could not be calibrated due to the retrospective
cohort design. The re-evaluation and re- classification of
initial prognosis were thus performed to reduce this
measurement bias.  Secondly, there was a variation of
treatment planning and interval of SPT depending on the
individual judgement of periodontists. Thirdly, the disease
activity of periodontitis is a random burst or asynchronous
multiple burst pat‘[ems.43 Questionable teeth may hence
suffer many episodes of disease progression. Our analysis
focused only on the first episode of progression. Finally, the
study populations were chronic periodontitis patients who
received a complete periodontal treatment with proper SPT
from the post-graduate clinic, Department of Periodontology,
Faculty of Dentistry, Chulalongkorn University. Therefore,
generalization to other population or other setting should be

done with caution.

Conclusion

With the comprehensive periodontal treatment, the
questionable teeth in periodontitis patients still pose a risk of
disease progression.  Almost 50% of observed teeth
experienced additional periodontal destruction at some point
during the SPT. The incidence rate of disease progression
among questionable teeth was 14.5 teeth per 100 teeth-years.
Residual PPD 2 7 mm or having = 30% FMBS were the
useful prognostic indicators which significantly related to
periodontal destruction and progression. Strictly SPT is

strongly recommended to periodontitis patients with

questionable teeth.
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Oral Health Condition of Older Adults with Different

Nutritional Status in Chamni District, Buriram Province

Sittichoktrakul P* Kiattavorncharoen S*¥* Arayasantiparb R*** Okuma N****

Abstract

This study aimed to evaluate the association between oral health status and nutritional status among older adults in Chamni District,
Buriram province of Thailand. The participants, aged over 60 years old and met the eligible criteria were enrolled in this study. The information
collection included medical, dental and personal history, measurement of body proportions, examination of oral health status, and evaluation of
xerostomia by questionnaire and nutritional assessment by mini-nutritional assessment (MNA). Among a total number of 278 participants (67.6%
female), 83 subjects (29.9%) were classified as the risk of undernutrition (UN) group and no subject were classified as UN group. All of dental
factors and existing of mucosal lesions were failed to demonstrate this association. Regarding to the oral condition, xerostomia (Adj.OR=2.41,
95%CI=1.22-4.78, p=0.01) was significantly associated with the increasing risk of UN, regardless of age, working status, income, betel nut chewing
habit, systemic diseases and medications, non-carious tooth defect, and oral lesion. The other factors associated with risk of UN included non-

working status, low income, thyroid disorder, and not use of antihypertensive agent. This study found that xerostomia significantly increased the

risk of UN, while the other oral factors failed to demonstrate this association.

Keywords: Aged adults/ Oral health/ Nutritional status/ Nutrition assessment

Introduction

Older adults are often at risk of inappropriate food
intake and altered nutritional status. Many factors such as low
socioeconomic status, educational status as well as smoking
habit showed the association with underweight.' Moreover,
increasing age is the factor affecting various physical
changes, including chewing and swallowing ability.2 Oral
health problem is the factor that relates to nutrition one way or
another. Having a bad oral condition including periodontitis,
dental caries, and tooth loss can cause difficulty in chewing,
which affects the food choices of the older adults, leading to
deficiency of proteins, vitamins, and minerals.” Tooth
mobility, periodontal disease, number of remaining teeth, and
pain in the mouth associated with difficulty in chewing.“’5
Additionally, oral pain or discomfort which occur from
various causes, such as irritation from slaked lime which
usually consumed with betel nut (BN),’ also affect the

nutritional status.”* Consequently, older adults who have
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malnutrition related to insufficient nutrients intake may
develop anemia, scurvy or osteoporosis.g’ 10

World Health Organization (WHO) suggested that
the number of teeth at least 20 and 4 pairs of the occluded
tooth will help maintain the adequate chewing ability." "' The
study conducted in northern part of Thailand demonstrated
that older adults who had less than 20 teeth related to lower
body mass index (BMI) score,1 however BMI score is still
questionable for evaluate nutrition in older adults because of
physical change of those.'"> While the other study reported the
conflicting result, which the relationship between the number
of teeth and malnutrition evaluated by using mini-nutritional
assessment (MNA) was not revealed.” In Thailand, there was
only one study of oral health status that used MNA for the
assessment of nutritional status, revealed that the number of
teeth and functional tooth units (FTU) in the undernutrition
(UN) group were significantly lower than in either normal or

the risk of UN group, when evaluated by MNA."
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In addition to dental conditions, saliva plays a
significant role in maintaining good oral health, as well as
helping oral lubrication and swallowing.ls’ ' The association
between reduced stimulated salivary flow and UN in older
subjects were reported when examined with MNA." This
agrees with the previous studies demonstrated that
hyposalivation was associated with loss of appetite17 and lack
of satisfaction when eating.18 Older adults who experienced
dry mouth reported the difficulty in eating dry food and were
more likely to consume sweetened beverages with less cereal
diet consumption.19

Nowadays, nutritional problems are gaining
attention in the public health. In Thailand, study about the
relationship between oral health and nutrition are still lacking.
Hence, the objective of this study was to determine the
association between oral health conditions and nutritional
status in the older adults in Chamni district, Buriram

province, Northeastern Thailand.

Materials and methods

Participants: Research proposal was reviewed and
approved by the ethical committee of the Faculty of
Dentistry/Faculty of Pharmacy, Mahidol University, Institutional
Review Board (No.MU-DT/PY-IRB 2019/053.1508; August 15,
2019) and Buriram province Human Research Ethics
Committee.

The stratified sampling was used to obtain the
sample of older adults from 6 sub-districts of Chamni district,
Buriram province of Thailand. The number of subjects in
each sub-district was proportional to the population size in
that sub-district. So, the total voluntary older participants
aged over 60 years were enrolled in this cross-sectional study
and were excluded if their cognitive ability scores, evaluated
by using the Thai version of mini-cognitive assessment were
lower than 2 points.20 Participants were also excluded from
this study if they had paranoid, confusion, mood disorder,
symptoms of schizophrenia, uncontrollable systemic disease,
underwent surgery in the past 3 months, or other conditions
that affected eating and nutritional assessment. According to

the criteria, 278 of those were included in the study. All

participants were interviewed about their general
information, medical, dental and personal history which
included alcoholic beverages consumption, cigarette
smoking, and betel nut chewing habit, measured body
proportions, and evaluated both nutritional status and oral
health status.

Nutrition assessment: MNA” was used to
determine the nutritional status of the participants in this
study. MNA comprised of interview questions, BMI, and
anthropometric measurement, included weight and height,
arm and calf circumferences and rated the scores as MNA
guideline suggestion. MNA scores interpretation, the
nutritional status could be categorized into three groups: 1.)
UN, if scores under 17 points 2.) Risk of UN, if scores 17-
23.5 points 3.) Normal nutrition, if scores 24-30 points.

Oral health status: Oral examination was carried
out by the principal investigator (PS.). Participants laid on
mobile dental unit with headlamp. The oral conditions were
examined by using instruments which consisted of mouth
mirror, dental explorer and cotton pliers. All presenting teeth
were counted and examined. Data collection included
numbers of teeth present and decayed tooth were recorded
according to WHO criteria.” International Caries Detection
and Assessment System (ICDAS) was used to classified
decayed tooth. Number of tooth decays were counted when
reached ICDAS 2 according to American Dental Association
Caries Classification.” Tooth contact was counted from the
tooth that touched each other, unless there was no existing
crown. Also, number of occluded tooth pairs, non-carious
tooth defect which included cervical and occlusal surface
defect of the tooth, denture-wearing status, and oral mucosal
lesion were collected. Tooth mobility was classified by Milles
classification; class 1 refers to tooth mobility less than 1 mm,
class 2 refers to tooth mobility more than 1 mm, and class 3
refers to tooth mobility more than 1 mm with vertical
mobility.

Xerostomia was assessed by using Fox’s dry mouth
questionnaire.zg"25 The questionnaire consisted of the
following questions: 1) Does the amount of saliva in your

mouth seem to be too little, too much, or you not notice it? 2)
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Do you have any difficulty swallowing? 3) Does your mouth
feel dry when eating a meal? 4) Do you sip liquids to aid in
swallowing dry food?
Statistical analysis: Statistical analyses were
performed with the SPSS version 23.0 software program. The
association and comparison of categorical data between
groups of nutritional status were analyzed using Chi-square
test or Fisher exact test, depending on the expected value. The
variables which p-value <0.20 were selected for further
analysis with univariate and multiple logistic regression
analysis with forward LR to identify factors that correlated to

the nutritional status of the participants. A p-value less than

0.05 was statistically significant.

Result

Descriptive analyses. The study population
consisted of 278 older adults living in Chamni district,
Buriram province. Almost one-third of subjects (29.9%) were
classified as at risk of UN, whereas 70.1% was classified as
normal nutrition and none of them were classified as UN. The
highest MNA score was 30 points, the lowest was 17 points
and the mean MNA score was 24.9442.68 points. The
demographic data of subjects are shown in Table 1. There
were 188 female subjects, which was twice the number of
male subjects (67.6% vs 32.4%). Most of them (83.5%) were
in the age range of 60-69 years. Mean age of the subjects was
65.53+4.77 years. Subjects in risk of UN group had higher
mean age comparing to normal nutrition group, 66.89 £5.01
years and 64.94 +4.55 years, respectively. Two hundred and
forty-six subjects (88.5%) were educated at a primary school
level, 192 (69.1%) were still working and farmer was the
major occupation of the subjects. Also, 186 (66.9%) of
subjects had low income (less than 3,000 baht per month).

The majority of them were non-smoker (82%), non-drinker

(73.4%) and non-BN chewer (67.6%). For medical status,

115 subjects (41.4%) had systemic disease and the most
prevalence disease was hypertension (27.0%), followed by
diabetes (7.9%) and dyslipidemia (6.5%), in descending
order. Antihypertensive (31.7%), antidiabetic (6.8%) and
lipid-lowering agents (3.6%) were the 3 most common drugs
used, which were consistent with the high prevalence of those
diseases (Table 2).

Oral health conditions of subjects are shown in
Table 3. Most of subjects (64.4%) had numbers of teeth over
20. Majority of subjects had tooth mobility at least class 1
Milles classification mobility (83.3%), dental caries (81.8%),
and non-carious tooth defect (75%). Among the subjects who
lost their tooth, 91% did not wear the denture. The percentage
of subjects who had posterior tooth pair less than 4 were
nearly to those who had greater than or equal to 4 pairs (45.3
vs. 54.7%). Beside dental conditions, soft tissue examination
revealed that 38 participants (13.7%) had oral lesion and 28
of those (73.7%) were BN chewer (data not shown). Red
lesions were mostly found at buccal mucosa where they
always kept BN attached to that site. Evaluation of
xerostomia by Fox’s dry mouth questionnaire, revealed that
211 participants (75.9%) answered ‘no’ to all questions while
the rest of them (24.1%) answered ‘yes’ at least 1 question.

Association between demographic variables,
medical and personal history, oral health status and
nutritional status. Increasing age, non-working status, low
income and chewing BN were associated with risk of UN (p-
value = 0.03, <0.01, 0.02, <0.01 respectively) (Table 1). For
health issues, participants who had thyroid disorder and lung
disease, not use of antihypertensive and use of antidepressant/
anxiolytic agents were also significantly associated with
increased risk of UN (p-value = 0.03, 0.03, 0.04, 0.02,
respectively) (Table 2). Among the Oral health conditions,
the only variable that associated with the risk of UN was

xerostomia (p-value = 0.01) (Table 3).
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Table 1 Association between demographic variables and nutritional status

Total (1 =278)  EETTEPCETEEEETE U RS
Demographic data Risk of undernutrition (n =83) = Normal nutrition (n =195)
% n % n %

Gender 0.28
Male 90 324 23 27.7 67 34.4
Female 188 67.6 60 72.3 128 65.6

Age 0.01*
60- 69 232 83.5 62 74.7 170 87.2
>70-79 46 16.5% 21 25.3% 25 12.8%

Educational level 0.70°
Under primary school 14 5.0 6 7.2 8 4.1
Primary school 246 88.5 72 86.7 174 89.2
Middle school and above 18 6.5 5 6.0 13 6.6

Working status <0.01%*
Still working 192 69.1 46 55.4 146 74.9
Non-working 86 30.9 37 44.6 49 25.1

Income <0.01*
Lower than 3,000 baht 186 66.9 65 78.3 121 62.1
Over 3,000 baht 92 33.1 18 21.7 74 37.9

Smoking status 0.94
Non-smoker 228 82.0 68 81.9 160 82.1
Ex-smoker 15 54 5 6.0 10 5.1
Current smoker 35 12.6 10 12.0 25 12.8

Consumption of alcoholic beverages 0.69
Not consumption 204 73.4 58 69.9 146 74.9
Ex-consumption 21 7.6 7 8.4 14 7.2
Current consumption 53 19.1 18 21.7 35 17.9

Betel nut chewing status <0.01*
Non-chewer 188 67.6 45 54.2 143 73.3
Current chewer 90 324 38 45.8 52 26.7

p-value from Chi-Square test, F = p-value from Fisher’s Exact Test, * Significant at the 0.05 level

Table 2 Association between medical status variables and nutritional status

Total (n =278)

Medical status Risk of undernutrition (n =83) ' Normal nutrition (n =195)
% n %
Medical status
Hypertension 75 27.0 17 20.5 58 29.7 0.11
Diabetes mellitus 22 7.9 4 4.8 18 9.2 0.21
Dyslipidemia 18 6.5 5 6.0 13 6.7 0.84
Thyroid disorder 7 2.5 5 6.0 2 1.0 0.03*"
Heart disease 5 1.8 2 2.4 3 1.5 0.64
Lung disease 5 1.8 4 4.8 1 0.5 0.03*"
Kidney disease 2 0.7 1 1.2 1 0.5 0.51"
Others 15 5.4 7 8.4 8 4.1 0.16"
Pharmacy
Antihypertensive drugs 88 31.7 19 229 69 354 0.04*
Lipid lowering drugs 10 3.6 3 3.6 7 3.6 1.00
Oral diabetes med 19 6.8 4 4.8 15 7.7 0.45
Antiplatelet 7 2.5 3 3.6 4 2.1 0.43°
Anticoagulant 3 1.1 2 24 1 0.5 021"
Antihistamine 1 0.4 1 1.2 0 0 0.307
Antidepressant and anxiolytic 9 32 6 7.2 3 1.5 0.02*

p-value from Chi-Square test, F = p-value from Fisher’s Exact Test, * Significant at the 0.05 level




42

Khon Kaen Dent) ® Volume 24  Number 3 @ September-December 2021

Table 3 Association between oral health variables and nutritional status

Oral health conditions Total (n =278)

Risk of undernutrition (n =83)

n

Normal nutrition (n =195)

Number of teeth

0 14 5.0

1-19 85 30.6

=20 179 64.4
Have tooth mobility 220 83.3
Have dental caries 216 81.8
Have non-carious tooth defect 198 75.0
Denture-wearing status

Wearing denture 14 5.0

Not wearing denture 253 91.0
Posterior occlusal tooth pair

<4 tooth pairs 126 453

> 4 tooth pairs 152 54.7
Oral lesion

Normal 240 86.3

Have oral lesion 38 13.7
Xerostomia

Yes at least 1 question 67 24.1

No to all questions 211 75.9

31
48
69
61
55

77

38
45

68

28
55

% n %

0.28
48 10 5.1
373 54 277
57.8 131 67.2
87.3 151 81.6 025
77.2 155 83.8 021
69.6 143 773 0.19

057"
24 12 6.2
92.7 176 90.3

0.92
458 88 45.1
54.2 107 54.9

0.16
81.9 172 88.2
18.1 23 11.8

0.01*"
33.7 39 20.0
663 156 80.0

p-value from Chi-Square test, F = p-value from Fisher’s Exact Test, * Significant at the 0.05 level

Univariate and Multiple logistic regression
analysis. Table 4 showed the result of model using univariate
and forward LR multiple logistic regression analysis which
analyzed 12 independent variables that p-value <0.2, with
nutritional status as dependent variable. The univariate analysis
showed that age, working status, income, BN chewing habit,
thyroid disorder, lung disease, antihypertensive and antidepressant/
anxiolytic drugs, and xerostomia were associated with
nutritional status. Age over 70 years, non-working status,
income less than 3,000 baht per month showed an increased
risk of UN (OR = 2.30, 2.40, 2.21, 2.3, respectively). For
medical issues, coexisting with thyroid disorder and lung
not use of

disease, use of antihypertensive drug,

antidepressant and anxiolytic agents were associated with risk

of UN (OR = 6.19, 9.82, 1.85, 4.99, respectively). Regarding
to oral health status, xerostomia showed a higher risk of UN
(OR =2.036).

The multiple regression analysis using nutritional
status as a dependent variable is shown in the right column.
When controlling for confounding variables in the model,
non-working status, low income, thyroid disorder, not use of
antihypertensive drug remained statistically significant as a
risk factor for UN (OR =2.09, 2.41, 9.56, 2.51, respectively).
Xerostomia was also associated with increased risk of UN
after adjusting for age, working status, income, BN chewing
habit, systemic diseases and medications, non-carious tooth
defect, and oral lesion (OR = 2.41, 95% CI = 1.22-4.78,p =
0.01).
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Table 4 Univariate and Multiple logistic regression analysis of factors associated with nutritional status

95% CI

Crude OR

Age (=70) 2.30 1.20
Working status (non-working) 2.40 1.34
Income (< 3,000 baht / month) 2.21 1.22
Betel nut chewing habit 2.32 1.36
Hypertension 0.61 0.33
Thyroid disorder 6.19 1.18
Lung disease 9.82 1.08
Antihypertensive drug (no) 1.85 1.02
Antidepressant / anxiolytic drugs (yes) 4.99 1.22
Non-carious tooth defect 0.67 0.37
Xerostomia 2.04 1.15
Oral lesion 1.65 0.81

95%CI
p-value p-value

Upper Lower Upper

441 0.01* - - -

4.11 <0.01* 2.09 1.06 4.14 0.03*

4.01 0.01* 2.41 1.19 4.91 0.02*

3.97 <0.01* © = o o

1.13 0.11 - - - -
32.56 0.03* 9.56 1.12 64.50 0.02*
89.26 0.04* - - - -

3.33 0.04* 2.51 1.21 5.19 0.01*
20.45 0.03* - - - -

1.21 0.19 = = = =

3.62 0.02* 2.41 1.22 4.78 0.01*

3.35 0.17 ® = = o

Adj. OR was adjusted for age, working status, income, betel nut chewing habit, hypertension, thyroid disorder, lung disease, antihypertensive drug, antidepressant

and anxiolytic drug, non-carious tooth defect, xerostomia, and oral lesion.
* Significant at the 0.05 level

Discussion

From the literature, there were several studies that
aimed to evaluate the relationship between the oral condition
and nutritional status by using different evaluation tools and
conducted in different countries, that demonstrated the
dissimilar results. In Thailand, there was only one study of
oral health status that used MNA for the assessment of
nutritional status."* Regarding to the oral and dental
conditions, in this study, we collected data both from
questionnaires and oral examinations, in order to evaluate the
dry mouth condition, carious and non-carious dental
problems, number of remaining teeth and occlusal status,
periodontal problem, as well as denture wearing status and
mucosal lesion. Due to reliability, ease of use, and suitable for
community surveys, MNA was used to assess the nutritional
status of the subjects.

The subjects in this current study were older adults
living in community dwelling. For nutritional status, this
study exhibited the percentage of risk of UN group as 29.9%,
which slightly higher than data of those among older adults in
Chamni district, where 20.7% were reported to be at risk of

UN (the data from Chamni hospital 2018). However, the latter

group was assessed the nutritional status by BMI
measurement. Based on this information, it may be said that
the use of MNA as the nutritional screening tool can detect
older adults at risk of UN while their BMI remains normal®’.
Regarding the demographic status and health behavioral
characteristics, we found no difference in gender, educational
level, smoking status, consumption of alcoholic beverages
between risk of UN group and normal nutrition group.
Xerostomia, the subjective symptom of oral

24,26-2

dryness,” * was the only oral health factor that associated
with nutritional status in this study. This condition was
reported as the oral problem that affected quality of life™ and
28-30

related to UN.”" " The result of this study was similar to the
previous study in Thailand, Samnieng30 found that participants
with hyposalivation had significantly lower mean MNA score
compared to those who had normal salivation. Although, high
accuracy of sialometry in the assessment of salivary gland
function, it may be not suitable for community-based
screening. Several questionnaires were developed to evaluate

the salivation status. In our present study, Fox’s questionnaire

was used. The persons who answered yes at least one question
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to Fox’s questionnaire would be classified as having
xerostomia problem. These questions have been reported to
be associated with hyposalivation.24

On the contrary, Quandt et al."” revealed that dry
mouth in older subjects did not result in poorer dietary
quality, compared to those without dry mouth. However, they
reported that severe dry mouth was associated with lower
intake of whole grain and higher intake of total fruit and also
strongly associated with self-reported modification and
avoidance of foods. Similarly, Sheiham et al’' found that the
older adults with dry mouth, whether with or without tooth
reported the difficulty in eating dry foods such as bread, toast
and fried potato more than those without dry mouth, however
there was no significant difference between the two groups.

Many studies revealed that less number of teeth,
non-denture wearing, limited occluded tooth pairs related to
nutritional disturbance.” > Moreover, regarding to WHO,
individuals who have remaining teeth at least 20 and 4 pairs
of the occluded tooth have the ability to chew effectively.l’ 10
The results of this present study showed that all of those
dental factors failed to demonstrate the association with the
risk of UN. However, it was agreeable to previous study,
Mesas et al.”” also found no significant association between
the number of teeth or occlusal status and the MNA score.
Similar to Soini et al.” reported none of the dental factors
associated with the MNA score. A recent systematic review
of longitudinal study35 stated that, until present day, there is
no strong evidence regarding the effect of tooth loss on diet
and nutrition because of inconsistent results amongst the few
longitudinal studies. Tada and Miura® concluded in another
systematic review that “discrepant findings suggest that
masticatory ability explains only part of the variance in food
and nutrient intake of the older adults”. It was found that
differences in nutrition outcomes could be explained by the
number of FTU together with the other determinants, such as
the perception of xerostomia and Geriatric Oral Health
Assessment Index (GOHAI).37

Loose teeth with pain were associated with chewing
disability* and severe tooth mobility related to UN> due to

restricting food choice and the trend to choose softer food that

may contain lower nutritional value.” ** Previous study that
examined the association between periodontal status and
MNA score, stated that only advanced periodontal disease
was associated with UN.” In order to apply the suitable
method for community-based screening, this study evaluated
the periodontal problem only on tooth mobility, not all
periodontal parameters. This could not reflect on the actual
periodontal status of the participants. Consequently, the
association between periodontal status and UN might not be
revealed.

For age factor, the univariate analysis revealed that
age over 70 increased the risk of UN. But when the
confounding variables were controlled, the relationship
between this variable and nutritional status was not revealed.
This result might show that age alone is not an important
indicator of the nutritional deficiencies in the older adults.
The other factors that exhibited the increased risk of UN were
non-working status, low monthly income, thyroid disorder,
not use of antihypertensive agents. These results were beyond
the scope of this study, and required further investigation to
explain the association shown here.

Due to the fact that the results from cross-sectional
study could not determine whether the factors are cause or
effect, this study could only exhibit the association between
various factors and nutritional status evaluated by MNA
score. The subjects in this study were older adults who living
in the northeastern region, whose lifestyles, dietary
characteristic, family condition, and socioeconomic status
might be different from the other part of country. Therefore,
the results might not be able to reflect such association in all
areas of Thailand.

In conclusion, almost one third of the older adults
in this study were at risk of UN. The factors that significantly
associated with this condition were increasing age, low
income, non-working status, certain systemic disorders, and
certain classes of medication. Considering the oral health
factor, xerostomia was a factor that increased risk of UN.
Hence, the evaluation of xerostomia, as a part of geriatric
assessment, would benefit to reduce the risk of malnutrition

in the elderly individuals.
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Table 1 Total area of air bubbles (mmz) in alginate samples in alginate practicing group and artificial alginate practicing group
Alginate group Artificial alginate group p-value

Before practice Mean + SD 26.3+£25.0 29.2+19.1

Median (Min-Max) 17.5 (5.6-125.1) 22.1(7.3-68.8) 0.57
After Practice Mean + SD 16.8+7.2 20.5+9.4

Median (Min-Max) 14.6 (8.9-41.1) 18.3(9.3-39.1) 0.25
Difference between before Mean + SD 9.5+4.6 8.6+4.1
and after practice Median (Min-Max) 5.3 (-10.0-83.9) 5.5(-24.2-50.4) 0.96
Percentage of change Mean + SD 11.4+57.1 3.5471.1

Median (Min-Max) 27.6 (-149.7-67.1) 28.8 (-204.4-73.3) 0.83
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Table 2  Average numbers of air bubbles according to bubble diameter on surface of alginate samples

Average number of air bubbles

<0.20 mm’ 0.2-0.5 mm’ 0.5-1.0 mm’ 1.0-2.0 mm’ >2.0 mm’
Alginate group Before practice 48.4+25.4 83.0+27.2 19.8+15.8 4.0+4.1 0.9+2.2
After practice 49.2432.1 77.3£27.2 13.748.6 2.9+£2.0 0.3+£0.4
Artificial Before practice 42.8443.6 82.1£32.5 23.0£19.4 5.345.3 0.9+1
alginate group After practice 51.4+38.8 83.7+24.1 20.6+18.5 3.943.1 0.4£0.8
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Before practice

4.1+0.6
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2.9+0.3 1.0+0.2* 0.1£0.1*

y o o X da o a v a
m:mﬁ 4 %}ﬁﬂﬁ&’“llﬂﬁl1u]u1/\lﬂﬂﬂ1ﬂ1ﬁil“!uﬂ@ﬂiJ“Uu1ﬂ“UﬂQwuﬁW]mﬂQ]ﬁﬂWNWﬂ1ﬂﬁﬁﬁ]Luﬁ

Table 4

<0.2 mm

Alginate group Before practice 31.0%
After practice 34.3%

Artificial alginate group | Before practice 27.8%
After practice 32.1%
Hand mixing by dental assistant 73.5%*
Commercial automixing 97.9%*

* FudayannmsAnuIeq Arwatchanakan S (2014)°

Percentage of air bubbles according to bubbles diameter of surface of alginate samples

Percentage of air bubbles

0.2-0.5 mm 0.5-1.0 mm 1.0-2.0 mm >2.0 mm
53.2% 12.7% 2.6% 0.6%
53.9% 9.5% 2.0% 0.2%
53.3% 14.9% 3.5% 0.6%
52.3% 12.9% 2.4% 0.3%
22.9%* 3.0%* 0.7%* 0%*
2.1%* 0%* 0.001%* 0%*
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A Comparison of Bubbles in Mixed Alginate
Impression Materials between Alginate and
Artificial Alginate Practicing Groups

Aerarunchot S* Anussornrajakit A*¥* Ponsri S¥** Lorsuwansiri P**** Pitiphat W*****

Abstract

A novel, inexpensive, material has been developed from diatomaceous earth and glutinous rice starch as an alternative to dental
alginate to aid students in practice of alginate hand mixing. This study aimed to compare the performance of students who practiced with
alginate to those practiced with artificial alginate in regards to air bubble formation on surface of alginate samples. Study participants included
40 first year dental students at the Faculty of Dentistry, Khon Kaen University who never practiced alginate mixing previously. All participants
received information about alginate mixing via video instruction media. They were then randomly assigned into 2 groups with 20 participants
each: alginate practicing group and artificial alginate practicing group. Surface air bubble formation in alginate samples was measured before
and after practice for each participant. Differences between two groups were compared using Mann-Whitney U test, Shapiro-Wilk testing show
non-normal distribution of data then non-parametric statistic was required to compare median instead. Mean of difference in group 1 is 5.3
mm’ and interquartile range is -2.0 to 15.9 mmz, Median of difference in group 2 is 5.5 mm’ and interquartile range is -3.9 to 19.5 mm’. Mann-
Whitney U test show that median of difference in before and after practice of bubbles area on surface of alginate sample between group 1 and
group 2 were no significant differences (p=0.96). The findings suggest that there is no difference in alginate mixing performance between

students who practiced with alginate and those who practiced with artificial alginate.

Keywords: Alginate/ Artificial alginate/ Diatomaceous earth/ Bubble/ Mixing Skill
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Comparison of Leakage and Quality of Root Canal
Filled with Single Cone Technique with Either Bioceramic
Sealer or AH Plus Sealer after Post Space Preparation in
the Difference Length of Gutta Percha Remaining

Sinkhanarak B* Wanachantararak P** Sastraruji T** Chuveera P*** Louwakul P****

Abstract

The aims of this study were to compare the bacterial leakage and to evaluate the obturation quality of root canals filled with single-
cone technique using bio ceramic sealer and AH plus sealer after post space preparation with different remaining root canal fillings. Eighty-
eight single-rooted mandibular premolars were equally prepared using rotary nickel—titanium files and divided into experimental groups
(n=80) positive control group (n=4) and negative control group (n=4). In the experimental groups, all root canals were divided into 2 groups
and obturated with single cone technique using either Bio Root RCS (n=40) or AH Plus sealer (n=40) and stored at 37°C for 7 days. The
samples in each experimental group were divided into 4 subgroups (n=10) then prepared post space to the remaining apical root canal filling
of 1, 2, 3 and 4 mm respectively. Bacterial leakage model using Enterococcus faecalis was employed for 60 days. Then, the apical obturation
quality, at 1.5 mm apical root segments, was also evaluated by using a stereomicroscope. The results revealed that, with the remaining apical
root canal fillings of 3 and 4 mm, Bio Root RCS group exhibited significantly premature bacterial leakage than AH Plus group (P<0.05),
whereas the remaining apical root canal fillings of 1 and 2 mm were no significantly difference between 2 sealers. When compared the quality
of the apical root filling at different levels, there was no significant difference in void volume between 2 sealers. At the remaining root canal
filling material of 3 and4 mm after post space preparation, Bio root RCS exhibited faster bacterial leakage than AH plus, though the quality of

the obturation was not different.

Keywords: Bacterial leakage/ Post space/ Remaining root canal filling/ Bioceramic sealer
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aynIANTIoegiieen s
v11a 50 TuATOU (Cobra)
vhanaifion

Glidewell, Newport Beach, USA
Renfert, Hilzingen, Germany

13 4
AdYMaAS
A g 0 ,
U INeIauEea v, e,
Uszmelne
A oy a 7 i
ndeiia siin Inswes Kuraray Noritake dental

Clearfil Ceramic Primer Inc.,Tokyo, Japan

Zirconium dioxide,
5%wt yttrium oxide (Y,0,)

3-Methacryloxypropil trimethoxy silane,10-
Methacryloyloxydecyl dihydrogen phosphate (10-MDP),
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gaulseneu Lot No. ‘

BZ0020906

2169666

Distilled water, Sodium sulfide, Magnesium =
pyrophosphate, Mucin, Disodium phosphate, Calcium
chloride, Potassium chloride

1G0041

Ethanol

s
wmuesen 2.0
Panavia F 2.0

Kuraray Noritake dental Inc.,
Toyko, Japan

Paste A: Dimethacrylate (DMA), 10-
Methacryloyloxydecyl dihydrogen phosphate (10-MDP),

320083

silanized silica, photoinitiator, dibenzoylperoxide
Paste B: Dimethacrylate (DMA), N,N-diethanolp-

toluidine, accelerator, functionalized sodium fluoride,

silanated barium glass

ylulosuoudduousil
Superbond C&B

Sun Medical Co, Shiga, Japan

Powder: Polymethyl Methacrylate (PMMA)
Liquid: Methyl Methacrylate (MMA), 4-

SG111

Methacryloxyethyl trimellitate anhydride (4-META)
Initiator: Tri-n-butyl borane (TBB)

saunen Indavia lvaud 1@
Famn® 350 tonH9
Filtek " Z350XT flowable resin

composite

3M ESPE, St Paul, Minnesota,
USA

‘v‘hﬂﬁfrjmmzuﬂqé’mmaamﬂu 50qW (n=12)
sl nguii 1 (Con) nguAIUANBATUsFUABY TnAATTA
Tvaun1dTasasa ﬂ’cjiJ‘ﬁ 2 (SB) nseazdanuisdu
aouIndaviia lnaud1&Tasase nguil 3 (Pan) 1Whnst
i"JﬂJfT‘UGlGJSf}WWNWFJEJ’g 1N 2.0 (Panavia F2.0, Kuraray Noritake
dental Tnc.,Tokyo, Japan) Haz8anUUNUIFUAN INTA
wiia T 1 ﬂ’cjnﬁ 4 (PPan) Whns1e Mdrsiin Insies
(Ceramic primer, Kuraray Noritake dental Inc.,Tokyo, Japan)
Faufumudes e 2.0 nazdasuunusFuneuInda
wiialwaud 18 nquit 5 (Sup) 1hnse Sauiuldeinled
‘uauﬁ % uauﬁ 1 (Superbond C&B, Sun Medical Co, Shiga,
Japan) tazdanuunassunen Indaviia lvaun'ld Tag
miwf%anﬁ:uﬁaﬁ”;aﬂmﬂmswl%umﬂﬂgﬁmmum 50
Tunseu finnusuussenia 2 013 Slunar 20 Suri §ae
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Hilzingen, Germany)

Tunquit 1 uag 2 simsnauuufind Tansid
F99719A7I0AN VAdurIuguina1e 3 Tadwas ga 2
fadwas vuFuNaTey aseaeu RunANiaINa1n

o a < Y [} g’/ =3 a a
Usznunuainlasaenliuiy nuuRAsFUAN ING

Methacrylate resin monomers Bis- GMA, TEGDMA and
Bis-EMA; dimethacrylate polymer; silica (75 nm) and

NA34996

zirconia (5-10 nm) nanofiller; approximately 65% wt
filler load

yialvaudla (Flowable resin composite, Filtek™ Z350
XT, 3M ESPE, St Paul, Minnesota, USA) 1H1duTane
Fana1nTagase RouaIdIons e apIBAINIRLANTTY
(Dental curing light: EliparTM, 3M Deutschland GmbH,
Neuss, Germany) finmdunas 600 iaataddon131g
uAnasluna 40 i duuuiuiesn aieuaad
antlunal 40 Jui
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vidndraauuzih minulfinteana nadauuseasi 10
fadu nazdsadmuddiniu Taelunguii 3 uaz 4 a1
eta 40 31 daulungudi 5 seldudedudini 8.5 uni
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i;amsﬂﬁﬁsﬁnmammudmnim (Scanning electron
microscope; SEM)

Anurdnuuzveaituiidiondeaganssml
1ANATOUNUVTOINT 1A (Low vacuum (LV)-Scanning
Electron Microscope: JSM 5910 LV, Massachusetts, USA)
T3 oudunaaouiiu@y 4 u ushaoiouuiu 3
11# Tag T ldvhmseseuialas $1uau 1 1 susih
NTI00AITINIY 1 FUIUMT AT suRage 0 N
wedi 1y 1 3y wazrumsthnsesmiuszouiage
0 INTess1MIu 15U vandafudiuunslany
domnmaifueu vimiuii ldiddevanudunazii
msndeuneaieriunisiia i HAZA0IANY ULV
fuin #rundesganssmisidnasounuudniniig
9810 5,000 LA 10,000 1111 A2BBATUTIOYNIA 15
Alaliad

FMFUMIAVANANUHIUDUTFUFINUA 11
msasvaeulaoseusunATeUIINANIY 3 Tadwns o1
3 Haawas v 1 Naawas Winganuudussuael Inda
YUIAN31e 3 adwas 017 3 Tadwas vyl 1 Jaawas
FURYINU Tﬂaﬁﬂﬁ’ami%u%muﬁiuﬂduﬁ 3,4U82 5 081
a2 1 51 uazsmInadIeUTIAaTuA 10 1261 1Nt
FunadouRINgIINAARINANIE RN EEN AL RIS
Fana Tasranuazeiadioniesdiasansilaiin ay
dudhdeunuiy imsindeuneuiterdiiunisii liih
i]1ﬂﬁuﬁwmﬁﬂﬂ?ummwmmam%u%muﬁﬁmmndu
f1nan drendesganismisianasounudeInindie
FrieduRmEv10 1,000 11 Lﬁaﬁﬂymazmmnmm
wmmm%u%muﬁ“lﬁﬁummgmiumwﬂam

IENMITNATVAINNNNTINTITAIROY (Shear
bond test)

ihfunageuusluthnduiigaumngd 37 eem
wademilunat 24 52 Tue Himsnagoumanunias
AR ousznINHUIYS Tattle tazuiaussuaey Inda
siialnaunldar0in3 eanadouaINa (Universal testing
machine: Instron 5566, Massachusetts, USA) #10U10T§1U

Khon Kaen Dent) = Volume 24 » Number 3 @ September-December 2021

150 29022:2013 Tawr wuasiAwd iwaeg 1.0 Gadwns
doufi (317 1B) nasuduvewnusFunonTnda wiia
Tnaunldngaoen Tufinduswingaiiueniaqeenain
My hnfuamanuedasagaouluniie wng
thamadaegas F/A Tao F Aemussithlfumiasdunon
Tndnviialnaud1dngaoen (1) A Aeiluiidada
senNustunen Indauazives latle (ms1eliaamng)
MIAATHENYUZANNAUMAIVEIMTEAAA
(Mode of failure)
ﬁw%yuwﬂaauﬁamnﬁﬂ'lllmnaaugﬂgmums
ANUANKADIMITARA AONADINANTIAMILLUAINSS 1D
noudtiuinan (Stereomicroscope with digital camera:
Olympus SZX7 & SZ2-ILST led illuminator stand & E-330,
Tokyo, Japan) AR1§99818 20 191 wazTudinTaoualq
dnuazzlunuvesanudumal oonilu 3 ngu Ao
1. mmé’mwmazwdw%u (Adhesive failure) flo M3
waninnanua aguiiziji?u'j”ﬁmi@uﬂauiwﬁﬂﬁuﬁ’;
o Taiily wiemeluilomsiaan
2. mmaymmﬂwf:m”ﬁﬂ (Cohesive failure)
2.1 anvdumadluwos Tl (Cohesive failure
in zirconia) A9 msgmﬂv‘%wmag:mﬂslumaﬁmﬂﬂ
22 ﬂamé’umaﬂun‘f@fﬁmﬁuﬂ@ﬂwam
(Cohesive failure in resin composite) Ao ML ﬂ‘ﬁwmafj
ma“lmﬁai”ﬁ@ﬁ%uﬂaﬂwﬁﬁ
3. ANNAWNAWVUNAN (Mixed failure) AD N3
mmwiwﬂ?ui”ﬁ@ﬁ%uﬂauTwﬁﬁﬁuﬁamafﬁmﬁﬂ 30
meluitomasada saufumananmeluiuses Tl
w‘%a“lun‘faﬁfﬁ@ﬁ%uﬂaﬂwﬁﬁ
Sz teyamauudausdadenildn
AdARIe A9ANITIATILHANNLYTUTIUNIUAET (One-
way ANOVA) 39N UM INAaoueseaAvedgn (Tukey’s
HSD) fiszfuanumFesuesas 95 uazdinsieianvus
ANudUMaIveIMITaaad e laaIAl3 (Chi-Square Test)
TagTilsunsudnsizineanaoaiodiod o5y 24.0
(IBM SPSS Statistics 24.0, IBM, New York, USA)
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PVC pipe

©

Shear force

Resin

Zr

= 2 < =< A < < A
Eﬂ‘n 1 (A) HAPIFUNATDY (B) LAAINITNATDUANULUILLTITAURDU (C) gﬂ’nmmmmiﬂﬂﬁ’rmﬂ’nnumuiﬂﬂ@mﬂu

Figure 1 (A) specimen (B) shear bond strength testing (C) schematic diagram of shear bond strength testing (Zr: zirconia, Resin: resin composite)
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WNa

amsanei 18 (@139 2) nuhnguii 1
Fuaglnlefueudduoudl (Sup) Innnuudusde
I30UINAY (Mean) 1AZAT SD 1917 13.3342.75 1302
thama ua lifianuandwanngui s iin nswes
aufumndes 1092.0 (PPan) (12.02+1.80) uaznguii e
WIU303 1092.0 (Pan) 1HB308191RE7 (12.57+3.43) UA N
AINuUAILAN (Con) taznguiithnseswsusFuaey
Tndaviialvaun Idiiesed1a@on (SB) adraditioddny
NNADA (p<0.05)

M7 2
Table 2

Mean shear bond strength (MPa)
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ANYULANWANINAIVBINITIAAA WUADIY
uanaNedNINedMyn1eada Tuudazngunisnaaes
(p<0.05) Tﬂmﬁﬂmmﬁummsw'jwq‘?umnﬁqﬂ”lunﬂ
nqunsnaaes TasfinguatuguuasnguiildisFuneun
Faviialnaund 14 Taoasufanmdumaisznasuiy
Mieed19@ed wuaNudumaluuunanlungu Pan fin
iWlufovay 41.67 ngu PPan Yovay 16.67 azngu Sup Tov
A% 25 MUAAL (mswﬁ 2) HazENHALANAINAI RN
(g1 2)

' < a ' '
uﬂmwamiﬁnmmﬂammJmiqgmﬁﬂuuaxgﬂuuummﬁ'mwawaanwiﬁﬂﬁﬂiutmazﬂqumi‘vmam

mean shear bond strength and mode of failure of each experimental group

Mode of failure [n=12]

Group
e [n=12] (SD) Adhesive (%) Cohesive (%) Mixed (%)
Con 0.90(0.96)" 12 (100) 0 0
SB 2.76(0.83)A 12 (100) 0 0
Pan 12.57(3.43)B 7 (58.33) 0 5(41.67)
PPan 12.02(1.80)B 10 (83.33) 0 2(16.67)
Sup 13.33(2.75)B 9(75) 0 3(25)

AonuIMEIBINguReINuLEaIn INLAnanuee s hilliodngneada

Same letter indicates no statistically significant difference.

52
Figure 2

3
Llﬂﬂﬂﬁﬂﬂmzﬂﬂué‘mﬁ’é‘l’J‘lJE)\iﬂﬁﬁﬂﬁﬂ (A) uﬁmmmé’fummizmnmu (B) lLﬁﬂ\iﬂ’J'liJayiJL‘l’iﬁ’JL!‘]JUNﬁJJ

mode of failure found in this study (A) Adhesive failure (B) Mixed failure (Zr: zirconia, Resin: resin composite)
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Figure 3 various zirconia surfaces after different surface treatment methods with SEM (A)control at 5,000x (B) control at 10,000x (C) Ceramic primer at 5,000x
(D) Ceramic primer at 10,000x (E) Sandblasting at 5,000x (F) Sandblasting at 10,000x (G) Sandblasting followed by ceramic primer at 5,000x (H)

Sandblasting followed by ceramic primer at 10,000x
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Figure 4 cross-sectioned of zirconia-composite interface using different type of resin cements at 1,000x magnification; (A) Panavia F2.0, (B) Ceramic primer

followed by Panavia F2.0, (C) Superbond C&B. (Zr: zirconia, Resin: resin composite, RC: resin cement)
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Shear Bond Strength of Zirconia to Flowable
Resin Composite with Resin Cement Containing

Different Functional Monomers

Thanomsakchai P* Chaijareenont P** Pleumsamran N** Sastraruji T***

Abstract

The objective was to study mechanical properties of zirconia after bonded with flowable resin composite using resin cement
containing different functional monomers. A sintered YTZP zirconia blank was cut into 60 blocks (7x7x1mm3) then embedded in cylindrical
tube with epoxy resin. All specimens were soaked in artificial saliva for 3 minutes then cleaned and dried. Specimens were divided into 5
groups; Groupl: directly bonded with flowable resin composite (control), Group2: sandblasted with 50 micron aluminum oxide particle at 2.0
bar pressure for 20 seconds then directly bonded with resin composite. A total of 36 resin composite rods (3mm diameter and 2mm height)
were fabricated for group 3-5; Group3: sandblasted then bonded with resin composite rod using Panavia F2.0, Group4. sandblasted then
bonded with resin composite rod using Clearfil ceramic primer and Panavia F2.0, Group5: sandblasted then bonded with resin composite rod
using Superbond C&B. All specimens were tested for shear bond strength using universal testing machine with a crosshead-speed of 1.0
mm/min. All data were statistically analyzed using One-way ANOVA and Tukey’s HSD test. Group5 had the highest mean shear bond strength,
not significantly different with Group3 and 4, but significantly higher than Groupl and 2 (p<0.05). In conclusion, different functional monomers

in resin cement had no effect on shear bond strength between zirconia and resin composite.

Keywords: Zirconia/ Functional monomer/ Resin cement/ Resin composite
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Figure 1 Intraoral examination demonstrates an ulcer with white keratotic margin extending from right buccal mucosa to mid-lower labial mucosa. From the

left side of lower labial mucosa to left buccal mucosa, the lesion becomes indurate and irregular.
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Figure 2 Histopathologic feature of biopsy tissue shows ulcerated area covered
by a fibrinopurulent membrane. The underlying connective tissue
contains a dense mixed inflammatory cell infiltrate. (Hematoxylin

and eosin staining, 40x)
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Figure 3 Histopathologic feature of biopsy tissue shows the scatter of
eosinophils (arrow heads) with mixed inflammatory cell infiltrate
throughout the connective tissue layer. (Hematoxylin and eosin

staining, 400x)
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Figure 4 Two months after biopsy, no recurrence of ulceration is observed.
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Figure 5 Six months after biopsy, no recurrence of ulceration is observed. The patient has a limited mouth opening due to scar contraction and she still has a

betel quid chewing habit.
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Traumatic Ulcerative Granuloma with Stromal
Eosinophilia: A Case Report

Tanasubsinn P*

Abstract

Traumatic ulcerative granuloma with stromal eosinophilia (TUGSE) is a rare benign self-limiting reactive lesion. Clinically it
presents as asymptomatic to painful non-healing ulcer with raised and indurated border mimicking oral squamous cell carcinoma. Biopsy is
indicated when oral malignancy cannot be excluded. The presence of eosinophil rich mixed inflammatory infiltration is the characteristic for
diagnosis of TUGSE. Biopsy procedure can promote the healing process leading to normal wound healing. This report presents a case of 67-
year-old female suffering from a large painful chronic ulcer with indurated and irregular surface at lower lip and left buccal mucosa. The
patient had history of several recurrent episodes in one and a half year. Final diagnosis was acquired by histopathological report. The ulcer
resolved spontaneously after tissue biopsy. The possible etiological factor was ruled out and removed. No recurrence was found after 6-month

Jfollow-up.
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Root Sensitivity and the Possible Treatments
with Nanomaterials

Sangkhamanee SS* Tansriratanawong K*

Abstract

Root sensitivity is a common complication that occurs after periodontal therapy. The etiology is multifactorial, which causes the exposure
of dentin. The hydrodynamic theory is the underlying mechanism that describes dentin sensitivity. However, the exact mechanism of how root
sensitivity occur is still unknown. This review comprises the prevalence, etiology and managements of root sensitivity. The effect of mechanical
debridement on the structure of root is also included. Due to the increasing attention in nanotechnology and nanomaterials, the use of nanomaterials
in the management of dentin hypersensitivity are reviewed as a part of the management improvement. Finally, the understanding of root sensitivity

and the possible applications of nanomaterials in the treatment together with some research questions that may lead to more understanding and

more satisfying managements for root sensitivity are discussed.

Keywords: Root sensitivity/ Dentin sensitivity/ Dentin hypersensitivity/ Tooth structure/ Nanomaterials/ Nanotechnology

Introduction

The aim of periodontal therapy is to create an
environment that supports the patient in controlling plaque.
Meticulous scaling and root planing are effective treatment
modalities.' However, a complication of this treatment is
gingival recession,” which exposes the dentin on the root
surface due to the removal of infected cementum.’ The
denuded dentin exposes dentinal tubules, which are the
communication route between the oral cavity and pulp tissue,
resulting in dentin sensitivity."

Root sensitivity

1. Prevalence

The prevalence of root sensitivity reviewed by

von Troil et al. demonstrates that 9-23% of root sensitivity
occurs before periodontal treatment, and the prevalence
increases to 54-55% after the treatment was performed.’ The
severity of the root sensitivity increases during 1-3 weeks
after periodontal treatment then slowly decreases.

2. Etiology

The etiology of cervical dentine sensitivity is

multifactorial arising from exposed dentin. The cause may
come from one or combination of following factors such as

anatomical gap between cervical enamel and root cementum,

Received: May 21, 2020
Revised: May 10, 2021
Accepted: June 17, 2021

tooth brush abrasion, chemical erosion (extrinsic from acidic
food and intrinsic from gastric regurgitation) and gingival
recession.” As cementum is thin and softer than enamel, the
exposure of the root dentin from gingival recession can enable
more rapid and extensive exposure of dentin. The factors
involved in gingival recession are advancing age, chronic
periodontitis, periodontal surgery, improper tooth brushing,
orthodontic trauma, inadequate cervical restoration, dental
malalignment, and high frenum attachment’.

The mechanism of dentin sensitivity is described by
hydrodynamic theory.4 The movement of dentinal fluid
within dentinal tubules can stimulate nerve fiber, leading to
dentin sensitivity. The movement of dentinal fluid occurs
when there is exposed dentin along with stimuli, including
thermal changes, air blow, exploration, osmotic pressure and
chemicals. To apply this mechanism to root sensitivity, it is
possible that there is a gap between the enamel and cementum

at the CEJ which appears in only 10% of all teeth.”

Considering the root structure together with this
hydrodynamic theory, the cementum at the cervical 1/3 of the

root length, which is commonly affected by periodontal

* Department of Oral Medicine and Periodontology, Faculty of Dentistry, Mahidol University, Ratchathewi, Bangkok.
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treatment, presents acellular extrinsic fiber cementum with a
thickness of 50-200 p,m.8 When scaling and root planing are
performed with hand curettes and a piezoelectric ultrasonic
scaler, the thickness of cementum 1 mm below the cemento-
enamel junction decreases by 22.28+15.22 um and 13.08+7.59
p,m.g When calculating the thickness of cementum loss with
the thickness of total cementum, it appears that there should
be a thin layer of cementum left after scaling and root
planing. If root sensitivity occurs according to the
hydrodynamic theory, the minimal thickness of cementum
that can protect the movement of dentinal fluid is another
point of concern. On the contrary, there might be other
unknown mechanisms in addition to the hydrodynamic theory
under the root sensitivity after scaling and root planing.
However, the study of root sensitivity mostly emphasizes on
the prevalence. Therefore, the mechanism of root sensitivity
and its association with periodontal parameters or root
structure is needed to be elucidated.
3. Management
Management of root sensitivity should start
with a correct diagnosis. The clinical management comprises
of identification and treatment of the etiologic factors.
Elimination of these factors by providing the patient with
education, such as instruction on tooth brushing techniques
and avoidance of dietary acids can lead to the prevention and
slow progression of root sensitivity. Once the factors are
controlled with the persistent symptoms, desensitizing agents
are recommended to manage sensitivity. In general, the
actions of the agents are categorized by two mechanisms,
which are stabilizing/ desensitizing nerve and occluding the
exposed dentinal tubules."” Commercial desensitizing agents
are available as over-the-counter products and in-office
treatment. The formers have advantages in the ease of use,
convenience of self-application and easier access. However,
they might require a long action time, such as several weeks.
An in-office treatment is stronger and more powerful. It
provides instant relief, but the effects may not last'’.
Numerous desensitizing agents have been
incorporated into toothpaste for daily use. Fluoride is known

as an essential component adding to toothpaste or mouthwash

to remineralize dentin in order to prevent caries. In addition,

fluoride can form calcium phosphorous precipitates, calcium
fluoride (CaF,) and fluorapatite (FAp) within the dentinal
tubules, which then decrease the dentin permeability." The
crystals that occur are partially insoluble in saliva. However,
there are various types of fluoride for dentin sensitivity
management. As reviewed by Petersson in 2013, toothpaste
containing sodium fluoride (NaF), sodium monofluorophosphate
(MFP), or amine fluoride (AMF) with a concentration between
1,000 and 1,500 ppm can be simply used for prevention and
control of dentin hypersensitivity.“ Bioglass-containing
toothpaste (Novamin”) showed the ability to occlude tubules
of dentin discs and relatively reduce the permeability by
81.5%." It also represented effective occlusion after brushing
treatment and immersing in artificial saliva. A randomized
clinical study showed that twice-daily brushing with an
anhydrous 0.454 w/w stannous fluoride (SnF,) dentifrice for
8 weeks significantly reduces dentin hypersensitivity.]3
Various desensitizing agents are used for in-office
treatment. Resin impregnation is considered to reduce
dentinal fluid flow and can control dentin sensitivity. A study
using unfilled bonding agents showed immediate and lasting
blockage of sensitivity in both cats and humans."* A
randomized, double-blind, controlled clinical study in 2017
also confirmed the efficacy of resin-based materials in
reducing dentin hypersensitivity for up to 6 months after
treatment."” In addition, there is a clinical study that evaluated
the effectiveness of light-cured, resin-based dentin sealer to
treat root sensitivity.'” The results showed a quick and
effective reduction in root sensitivity after periodontal
surgery and its desensitizing effect lasted beyond 30 days.
Gluma Desensitizer” is another desensitizing product used
nowadays. A double-blind, controlled, split-mouth designed
clinical trial assessed the efficacy of Gluma Desensitizer” on
dentin hypersensitivity in periodontally treated patients.'' The
result indicated no significant difference between baseline
and 4 weeks after treatment and also no significant
differences between Gluma-treated group and water-treated
control. Another short-term (4-week) randomized, double-
blind, placebo-controlled, split-mouth study compared the

efficacy of fluoride varnish (Clinpro XT varnish) with Gluma
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Desensitizer".'"* Both desensitizing agents showed decreased
tooth sensitivity from baseline, in which Clinpro XT varnish
significantly lowered the sensitivity score compared to Gluma
and control. In addition to the desensitizing agents, many
studies evaluated the effectiveness of laser or light
amplification by stimulated emission of radiations in the
management of dentin hypersensitivity. There are various
proposed mechanisms of action of certain laser types in the
relief hypersensitivity. Nd-YAG laser occludes dentinal
tubules, while diode laser acts by coagulating proteins inside
the dentinal tubules and blocking dentinal fluid movement.'’

In patients with gingival recession, surgical
periodontal procedures, such as root coverage, might be
considered. However, the dentist should confirm that patients
can follow oral hygiene care to control the condition and the
underlying etiologic factors. In this group of patients, the
management consists of initial phase of non-surgical periodontal
therapy and dentin hypersensitivity treatment followed by
re-evaluation of periodontal status and dentin hypersensitivity,
then surgical periodontal surgery, including root coverage for
corrective phase. Patients should subsequently enter the
maintenance phase for supportive periodontal therapy, including
follow-up dentin hypersensitivity and motivation for oral
hygiene care.”

According to the hydrodynamic theory, blocking
the exposed dentinal tubules is an effective way to lessen
sensitivity. The size of dentinal tubules is considerable to deal
with the properties of materials used. There are three types of
dentinal tubule branches; major branches, fine branches and
microbranches.” Major branches, 0.5-1.0 pm in diameter,
locate at peripheral part of the dentin. Fine branches, 300-700
nm in diameter, are abundant in the root dentin.
Microbranches, 25-200 nm in diameter, extend from the
dentinal tubules in all parts of the dentin. The character of
root dentin surface where there is sensitivity from grinding
with bur shows higher numbers of dentinal tubules than those
without sensitivi‘[y.22 The effect of dentinal tubule occlusion
in currently used desensitizing agents is mostly short-term.

They may be easily degraded by an acidic condition in the

oral cavity or washed out by salivary flow. To find the

effective way for management dentin hypersensitivity, the
ideal properties of material should be able to penetrate deep
into the dentinal tubule, remineralize the exposed dentin and
resist to acid challenge. Nanoparticles have been widely
studied as they are candidates for management of dentin
hypersensitivity.

Nanoparticles and nanotechnology used in
dentistry

Nanotechnology is defined by International
Organization for Standardization (ISO) as “application of
scientific knowledge to manipulate and control matter
predominantly in the nanoscale to make use of size-and
structure-dependent properties and phenomena distinct from
those associated with individual atoms or molecules, or
extrapolation from larger sizes of the same material”.”

According to the definition provided by ISO,
nanoparticles are nano-objects with all external dimensions in
the nanoscale where the lengths of the longest and the shortest
axes of the nano-object do not differ signiﬁcantly.23 If the
dimensions differ significantly (typically by more than 3
times), terms such as nanofiber or nanoplate may be preferred
to the term nanoparticle. The term nanoscale is defined as the
length range approximately from 1 nm to 100 nm.

Nanoparticles can be divided into various types
depending on their morphology, size and chemical properties.
Based on their physical and chemical properties, nanoparticles
may be classified by Khan et al. as carbon-based nanoparticles,
metal nanoparticles, ceramics nanoparticles, semiconductor
nanoparticles, polymeric nanoparticles and lipid-based
nanoparticles.24

To date, nanotechnology has been incorporated in
various fields, including dentistry. The research and
innovation in nanodentistry will help the treatment in
dentistry become increasingly effective. The application in
dentistry has been reported in diagnosis, drug delivery, local
anesthesia, orthodontic treatment. Moreover, nanomaterials
have been incorporated in many types of dental materials such
as materials for restoration, impression, dental implant, tissue

engineering and dentin hypersensitivity treatment. In

addition, various types of nanoparticles have been studied for
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the management dentin hypersensitivity in order to improve
the mechanical and chemical properties of the materials.

Hydroxyapatite is a major inorganic component of
enamel, dentin and cementum. Nano- hydroxyapatite (nano-
HA) has been widely studied due to dentin occlusion and
remineralization properties. Dentifrices containing two
different sizes of nano-HA were used to brush the dentin discs
and evaluated for their effect on plugging the dentinal
tubules.” The result showed that both dentifrices containing
nano-HA provided better capacity on tubule occlusion and
surface remineralization than calcium carbonate dentifrice.
However, the plugging rate and atomic percentage of Ca and
P of 80 nm nano-HA dentifrice group showed higher than
those of 300 nm nano-HA dentifrice. Recently, a systematic
review and meta-analysis showed that nano-HA containing
desensitizing agent relieved dentin hypersensitivity from
evaporation and tactile stimuli better than nano-HA-free
treatment or placebo.26 Besides the pure nano-HA, there is an
attempt to increase the effectiveness of nano-HA with
fluoride. The nano-fluoridated hydroxyapatite successfully
penetrated into the dentinal tubules with a higher plugging
rate and deeper penetrating depth than nano-HA, which
exhibited the potential of this modified nano-HA to be used
for treatment of dentin hypersensitivity.27

Mesoporous silica nanoparticles have gained
attention in biomedical applications due to their advantage
properties, such as high internal surface area, tunable pore
sizes and colloidal stability.28 In 2014, an in vitro study of
mesoporous  silica nanoparticles showed that they
couldalmost completely occlude dentinal tubules and seal
about 105 pm deep into the tubules.” Mesoporous silica
nanoparticles were also fabricated with nano-HA which
effectively occluded dentinal tubules, resisted to acid and did
not disturb the immediate bond strength between dentin and
self-etch adhesive system.30 Moreover, mesoporous silica was
used as a carrier for nano-sized calcium carbonate particles
mixed with phosphoric acid in order to develop biomaterials
mimicking the dentin components, which precipitate deeper

into the dentinal tubules.”’ This biomaterial enabled Ca>" and

PO,”/HPO,” ions to permeate the dentinal tubules and form

biomimetic crystals at the depth of approximately 40 pm with
biocompatibility. The animal model in this study also
confirmed the efficacy of the biomaterial in growing
biomimetic crystals within dentinal tubules without irritating
pulp after 70 days of application.31

Nano-scaled bioactive glass is another interesting
nanomaterial. It demonstrated satisfactory results in total
tubule occlusion with continuous homogeneous minerals to a
depth of 20.6-24.7 pum.” Since both bioactive glass and
mesoporous silica nanoparticles show effective properties in
tubule occlusion, Jung et al. coated mesoporous silica
nanoparticles with bioactive glass nanoparticles and studied
their effect on dentinal tubule occlusion and mineralization.”
The coated nanoparticles effectively occluded tubules and
formed a membrane-like layer. When the tooth discs were
treated with these nanoparticles followed by acid challenge, the
material with smaller size and larger surface area was more
effective in acid resistance and remineralization. In addition,
bioactive glass-coated mesoporous silica nanoparticles
demonstrated higher rate of tubule occlusion and faster
remineralization than uncoated ones™.

Polymeric-based nanoparticles were loaded with
various chemicals including zinc, calcium and doxycycline to
improve the effectiveness for reducing dentin permeability
and viscoelastic properties of cervical dentin.”* The polymeric
nanoparticles in the study were composed of 2-hydroxyethyl
methacrylate backbone, ethylene glycol dimethacrylate cross-
linker and methacrylic acid functional monomer. The
polymeric nanoparticles themselves have approximately 90%
of tubule occlusion after 7 days of application, while zinc-
loaded and calcium-loaded nanoparticles increased the
percentage of tubule occlusion to be 100%, which reflects the
highest reduction of dentinal fluid flow. Moreover, the dentin
treated with zinc-loaded nanoparticles showed higher complex
modulus values at intertubular and peritubular dentin than those
treated with calcium-loaded nanoparticles. Therefore, the
results possibly assume that zinc-loaded nanoparticles were
effective in dentin remineralization and tubule occlusion.

However, doxycycline-loaded nanoparticles failed to show

this effect””.
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The available desensitizing agents action through
either stabilizing nerves or occluding the exposed dentinal
tubules. On the other hand, when considering root sensitivity in
periodontitis patients, there is the loss of cementum thickness
from mechanical instrumentation. Thus, repair and regeneration
of cementum may be another possible management of root
sensitivity. Nufiez et al. mentioned the role of cementum-related
and enamel-related proteins produced by Hertwig’s epithelial
root sheath cells in the differentiation of cementoblasts
specifically in producing acellular extrinsic fiber cementum
(AEFC).35 The studies on cementum regeneration have been
focused on these proteins, which could induce undifferentiated
mesenchymal stem cells into the cementoblast pheno‘fype.35 The
type and function of the newly-formed cementum are also
important. The regenerated cementum should resemble AEFC,
which was responsible for the attachment function and was
usually affected by periodontitis.36 Current researches on the
cementum regeneration were reviewed as a part of periodontal
tissue engirleerirlg.37 Various methods were developed including
the differentiation of cementoblast progenitors themselves, co-
culture several cell types and cell sheet application.™ There is
a study showing the possible use of nanomaterial as a scaffold
for cementogenic differentiation.” The author demonstrated
that HA bioceramics with the hybrid of nanorods and
microrods could promote cell adhesion, proliferation, alkaline
phosphatase activity and osteogenic/ cementogenic-related
marker expression in vitro.”® The study about the efficacy of
the nanomaterials to regenerate cementum on the denuded
root is challenging due to the availability of blood supply, cell
viability and containment of defect. Furthermore, the
characteristics and properties of newly-formed cementum in
vivo are required to be elucidated.

Various desensitizing agents in nanoscale have
been shown the effective relief of dentin hypersensitivity.
However, long-term follow-up clinical trials and meta-
analysis are needed to be confirmed before definitive
recommendations will be provided. In addition, the use of
nanomaterials on cementum regeneration is another possible
approach to treat root sensitivity, which requires tremendous

exploration.

Conclusion

Root sensitivity is the common complication occurs
after periodontal treatment. The mechanism is explained by
the hydrodynamic theory. However, when considering root
structure and the effect of mechanical debridement, there are
some questions still needed to be answered. The management
of root sensitivity is mainly focused on the materials that can
either stabilize the nerve or occlude the dentinal tubules.
Various studies have been investigated to get the ideal
properties of materials, which can occlude the exposed
dentinal tubules to a certain depth, resist to acidic condition
in oral cavity and remineralize the affected tooth surface.
Nanomaterials have become more interesting materials for
the management since their nano-size can penetrate into the
dentinal tubules with improved properties in acid resistance
and remineralization. However, the clinical trials with long-
term follow-up are important for the future application in

clinical practice.
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Figure 1
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Comprehensive dental care teaching with humanistic and heuristic approaches using compassionate communication. Mainstreaming education
emphasizes the development of learning behavioral, cognitive, and constructivist attributes. Instruction is designed with regard to students’ styles
and stages of learning development. Contemplative pedagogue stresses on self-awareness pertaining to 7 Cs components. While mainstreaming

education proposes the humanistic and heuristic approaches, contemplative pedagogue insinuates deep listening as the first coaching step. Finally,

these two educational theories mutually lead to empathic and comprehensive dental care.
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Comprehensive Dental Care: Definition and
Teaching Tips

Buranachad N* Supa-amonkul S** Champirat T* Manopatanakul S*

Abstract

The aim of this literatures review is to assemble the mainstream educational theories and contemplative pedagogy to explain the
concept of comprehensive dental care. Technique to develop comprehensive mind in dental students was also included. Humanistic coaching
with heuristic approach or simply “teaching with compassionate communication” is the key to this success. The first move to this path is “deep
listening”. With this easy step, teachers are all invited to become a dental educational developer or ingenuous dental educational coach or
facilitator. To patronize dental students and patients, policy makers are key persons to transform this little step into a great leap of Thai dental

education.
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