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1. Introduction

Dentinal hypersensitivity® is along known pain and isequently encounterediseasen
clinical practice. Some reports indicate it occurs in 15% to 20% of all dental patients. A
specific definition of dentinal hypersensitivity is given below, after whiehmechanism

of hypersensitivity is described in terms of hydrodynamic theory.

Definition of dentinal hypersensitivity:

A temporary pain (lasting no longer than 10 seconds) induced by thermal (generally, cold below 20
degrees Celsius), dry, tactile, ostic, or chemical stimulation of exposed dentin and not

attributable to any other dental pathology or defect.

Mechanism of dentinal hypersensitivity:
Stimulation applied to the dentin induces fluid flow in the dentinal tubules, stimulating free nerve
endngs and causing pain.

Various methods and materials, described later, have been used to suppress hypersensitivity,
all sharing the general approach of sealing the open dentinal tubules.

In the meanwhilewe have developed and introducedKUYAMA BOND FORCE, one
component Selétching Lightcured dental adhesivmsed on SR technologh?

TOKUYAMA BOND FORCEIs characterized by an SR monomer component that

penetrates into the tooth substrate, mpdint interactions with apatite calcium, and
threedimersional crosdinking reactions. It forms a thin, even, hard coating on the tooth
surface for superior bonding strength to the tooth substance. Given these characteristics, we
considered applying SR¢hnology to develop a supergegalant for tooth sufacin

November 2009, we introduced ti®@KUYAMA SHIELD FORCE,protectivesealant for
treatment of hypersensitivdentin in Japan. The development concept is described below.

Development concept
Quick pain relief and long-term coating/sealing
A thin, evendurablecoating and resin tags block external stimulation.
Ease of handling

Handled just like a bonding material (no rinsimy rubbing)

In 2010, TOKUYAMA SHIELD FORCEhas been improveghainly in terms oftreatment
time andre-launched a3OKUYAMA SHIELD FORCEPLUS.



2. Cause of clinical hypersensitivity

i) Cases caused by periodontal treatment

Hypersensitivity often occurs after excessive scaling and root planing (SC/RP), particularly
SCRP performed to remove subgingival calculus or to smoothen root surfaces. It also
occurs after various types of periodontal surgery that expose dentin on root surfaces
previously protected by periodontal tissue and leave the dentinal tubules open.

if) Cases caused by home care

Inappropriate brushing (owdarushing or inappropriate brushing methods) or inappropriate
selection of toothbrushes (hard toothbrushes or electric toothbrushes) can lead to problems
such as gingival recession and wedtp@aped defest

iii) Cases caused by occlusion

Occlusal trauma, excessive bruxism, and clenching can cause problems:-dhagdgd

defects known as abfractions and caused by occlusion are also problematic. (It is generally
believed that excessive lateral forces on@haause alternating tension and compression

in the cervical region, ultimately damaging the chemical bonds between enamel prisms and
generating numerous minute cracks that ultimately form weatigped defects.)

iv) Cases caused by restorative procedures

Hypersensitivity often occurs after cavity preparations for a vital tooth or abutment tooth
preparations. For example, preparing a molar typically exposes one to two million dentinal
tubules, eventually inducing hypersensitivity. If the hypersensitivetgigts after the final
restoration is in place, micieakage at the marginal areas of the restoration is the likely
cause.

v) Cases caused by orthodontic treatment

If force is applied to the tooth outward toward the lips (or the cheeks) as part of an
orthodontic procedure, gingival recession may occur in association with absorption of the
alveolar bone.

vi) Cases caused by whitening

When 35% hydrogen peroxide solution is applied to a vital tooth (as part of a clinical
bleaching procedure), hypersensitgwvill sometimes occur during treatment or within
several hours after treatment. Some data shows that a third of patients who undergo such
whitening treatment experience hypersensitivity to some degree. When hydrogen peroxide
solution is applied to thenamel surface, free radicals form and diffuse in the enamel
through the surface of the dentin, causing hypersensitivity.



3. Treatment of hypersensitivity

A. Noninvasive treatment

i) Toothpaste for hypersensitivity (e.g., Sensodyne, GlaxoSmithKline)

Principle: Potassium nitrate contained in the toothpaste generates potassium ions, which
form ionic barriers around the pulp nerve. The barrier blocks neural transmission in the
pulp and quiets pain or discomfort associated with hypersensitivity.

i) Fluoride -containing gel (e.g., Diadent Dental Gel 5%, Showa Yakuhin Kako Co.,
Ltd.)

iii) Protein precipitating agent (e.g., Gluma Desensitizer, Heraeus Kulzer)
Principle: Glutaraldehyde in the desensitizer coagulates and stops the motion of dentin
fluid, therebysuppressing hypersensitivity.

iv) Iron oxalate, potassium oxalate, aluminum (e.g., Super Seal, Phoenix Dental, Inc.;
MS Coat and MS Coat ONE, Sun Medical Co., Ltd.)
Principle: Crystals (e.g., calcium oxalate) seal dentinal tubules.

V) Resins (e.g., DKU YAMA SHIELD FORCE PLUS , Tokuyama Dental Corp.;
Hybrid Coat, Sun Medical Co., Ltd.; Clinpro XT Varnish, 3M ESPE; Seal & Protect,
Dentsply Caulk)

Principle: Resins or resimodified glass ionomer cements seal dentinal tubules.

B. Invasive treatment
vi) Glass ionomer cement; vii) resin filling; viii) periodontal surgery; ix) pulp removal
and root canal filling (RCF); x) tooth extraction

As indicated above, treatment strategies fall into two general approaches: a) sealing the
orifices of dentinal tubules; Wlocking the transmission of stimulation to pulp nerves. The
treatment of last resort is pulp removal and tooth extraction. This report provides as an
attachment a list of desensitizing materials commercially available in Japan.



4. Indications, composition, handling, and mechanism ohypersensitive

dentin treatment of TOKUYAMA SHIELD FORCE PLUS

4.1 Indications

TOKUYAMA SHILED FORCE PLUS is indicated for:

- Treatment of hypersensitive dentin,

- Reduction of abrasion and erosion of exposed cervical dentin

- Alleviation and/or prevention of tooth sensitivity after tooth preparation for direct and
indirect restorations.

4.2 Composition

Table 1 shows the composition BOKUYAMA SHIELD FORCEPLUS.The product
contains a phosmitic acidmonomer, necessary fdecalcifying the tooth substance and
forming the matrix of the SR monomer; various monomers used to build the coating; an
alcoholic solvent; water; and camphorquinone as the photopolymerization catalyst.

Table 1: Composition of OKUYAMA SHIELD FORCE PLUS

Basic components Function

Phosploric acidmonomer Decalcification of tooth substance, SR monomer matrix, coatin
material

Bis-GMA Coating material

3G (TEGDMA) Coating material

HEMA Monomers that penetrate into the tooth substance, coating ma

Alcohol Solvent

Water Decalcification of tooth substance

Camphorquinone Photopolymerization catalyst

4.3 Handling
Figure 1 shows hoWOKUYAMA SHIELD FORCEPLUSIs used. It does not require
rubbing during application or rinsing after application, unlikeducts from other
manufacturers, and can be handled in the same way as bonding materials.

[l Treatment of dentinal hypersensitivity / Coating of exposed cervical dentin

1

Dispense Apply TOKUYAMA SHIELD FORCE  Apply weak air (5sec) Light cure for 10+sec
PLUS, then leave for 10+sec — Strong air (5+sec)



[l Sealing of prepared tooth to alleviate / prevent tooth sensitivity (Direct Restorations)

1 O W 05540
L T S

Dizpense Apply TOKUYAMA SHIELD FORCE  Apply weak air (Ssec) Light cure for 10+sec
PLUS, then leave for 10+sec — Strong air {5+sec)

al :dheﬂ\re treatment Iﬁl Composite resin filling l

¥ [f using a total etch adhesive system, etchant must be applied "AFTER" TOKUYAMA SHIELD FORCE

PLUS procedure.

| Sealing of prepared tooth to alleviate / prevent tooth sensitivity
(Indirect Restorations)

2

Apply TOKUYAMA SHIELD FORCE Apply weak air (5sec)

Dispense
PLUS, then leave for 10+sec — Strong air (5+sec)

Wipe unpolymerized layer with alcohol

Light cure for 10+sec
& & &

d[ Impression ] ﬁ[ Temporary filling / cementing application ] ﬂ[ Permanent Restoration ]

* % BEFORE taking impression, it Is essential to wipe dentin surface with alcohel, removing
unpolymerized layer of TOKUYAMA SHIELD FORCE PLUS that could prevent an accurate impression.

##% % Do NOT use temporary resin-based material, it may adhere to the cured TOKUYAMA SHIELD
FORCE PLUS. The use of water-based cement would be recommended for temporary cementing, and
temporary stopping would be recommended for temporary filling.

Figure 1:Procedure foTOKUYAMA SHIELD FORCEPLUS

Procedure for productsfrom other manufacturers

i Gluma Desensitizer
Apply the smallest possible amuiu(15 secondsy Allow to stand (30 to 60 seconds)

Air dry -> Rinse with water.

¢ Super Seal
Apply and rub (at least 30 seconds)Air dry (30 seconds).



£ MS Coat

Mix Liquid A and Liquid B-> Apply and rub (30 to 120 seconds)Air dry (10 secods)->
Rinse with water.

a MS Coat ONE

Apply and rub (30 secondsy Air dry (10 seconds)> Rinse with water.

¥ Clinpro XT Varnish

Dispense paste> Mix (10 to 15 secondsp Apply -> Light-cure (20 secondsy

Removeunpolymerized layer

| Hybrid Coat

Apply to tooth surface (for 10 to 20 seconds with special spehgéeak air blow (5 to

10 secondsy> Light-cure (5 to 10 seconds).

§ Hybrid Coat Il

Apply to tooth surface (for 10 to 20 seconds with special spoirgdleak air blow (5 to

10 secondsy> Light-cure (3 to 10 seconds).

4.4 M echanismof hypersensitive dentin treatment
The mechanism diypersensitive dentin treatmenttOKUYAMA SHIELD FORCE
PLUSIs believed to be based on the doubleck effect, illustrated in Figure 2 below.

Mechanism ohypersensitive dentin treatmenttOKUYAMA SHIELD FORCEPLUS
i WhenTOKUYAMA SHIELD FORCEPLUSIs applied to the affected area, the adhesive
monomer (3BSR monomer) and calcium in the tooth substareet; and the reaction product
accumulatein the dentnal tubules and on the coated surface.
¢ When the solvent component and water are removed with a stream of air, a thin film
forms on the surface affected by hypersensitivity. At this stage, the dentinal tubules are
sealed, and theeatmenteffect (painrelief) appears.
£ Exposure to light cures the reaction product in the dentinal tubules and the thin film
on the coated surface, forming a strong coating.
o As described above, hypersensitivity is suppressed when the dentinal tubules are
sealed by the ddble-block effect: that is, blocking by the reaction product of the
adhesive monomer and the calcium of the tooth substance and blocking by the formation
of a durable coating on the dentin surface by curing.



The reaction product of adhesi
monomer ad calcium seals th
dentinal tubules.

TOKUYAMA  SHIELD
i FORCE PLUS is applied

o
>

Hypersensitivity model Pain relief emerges at this stage

i Polish bovine tooth dentin.
¢ Clean with toothpaste and Robinson brush (3 minutes).
£ Ultrasonic cleaning (1 hour).

_ _ o Curing forms a durable coating d
Light irradiation the dentin surface

o
>

Single application
Figure 2:Mechanism bhypersensitive dentin treatmentBOKUYAMA SHIELD FORCEPLUS

On the interface of the dentin of an extracted human tooth treated @Kiv YAMA

SHIELD FORCEPLUS, we observed an even |l ayer of aprtg
3) . Resin tags of approximately 50 em appeal
that TOKUYAMA SHIELD FORCEPLUShas penetrated into the dentinal tubules and

firmly cured (Figure 4)These observations clearly demonstrate T@KUYAMA

SHIELD FORCEPLUSfirmly seals and occludes open dentinal tubules.

Test method
i An extracted human tooth was polished with #600 waterproof abrasive paper to

prepare the dentin surface.

¢ With aRobinson brush attached to a dental turbine and toothpaste, the dentin surface

was cleaned and polished for 3 minutes, then, subjected to ultrasonic cleaning for 1 hour

(Hypersensitivity model})

£ The sample treated wilfOKUYAMA SHIELD FORCEPLUSwascut perpendicular to the
treated surface with a diamond cutter, and the cut plane of the sampteinarspolished.



a The above sample was dried and sputtated with platinum. The adhesion interface
was then observed with SEM.
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Figure 3:SEM observation of interface of dentin treated WIBKUYAMA SHIELD FORCEPLUS

Test method:

The sample was prepared in a manner similar to Stepove and soaked in a 6N hydrochloric
acid solution for 30 seconds and in a 1% sodium hypochlorite sofigtid® minutes to dissolve
the dentin and collagen. The adhesion interface was then observed by SEM.
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Figure 4: Observation of resin tags in dentirateel withTOKUYAMA SHIELD FORCEPLUS
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5. Features of OKUYAMA SHIELD FORCE PLUS

5.1 Dentinal tubule occlusion

We evaluated dentinal tubule occlusion and the durability of various desensitizing materials,
includingTOKUYAMA SHIELD FORCEPLUS. We did this by preparing hypersensitivity
models, treating each sample with one of the desensitizing matacebrding to the



procedure specified in the corresponding manual, and observing dentinal tubule occlusion
via SEM before and after subjecting the samples to a thermal shock test of 10,000 cycles.
Figure 5 shows the results. As the figure clearly indss@i @ KUYAMA SHIELD FORCE

PLUS resulted in highly successful dentinal tubule occlusion, a result that was also
observed in repeated testing. Further, no dentinal tubules were observed after the thermal
shock test, demonstrating excellent occlusion. Thesdtseare based on two mechanisms:
the reaction product of the component adhesive monomefEnonomer) and calcium

in the tooth substance firmly seals the dentinal tubules and the coat@cesand curing

forms adurablecoating on the dentin surface.

z T Ry ¥
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Hypersensitivity model

Initial 1 Initial 2 Initial 3

After 1 After 2 After 3
Figure 5: Dentinal tubule occlusion BYDKUYAMA SHIELD FORCEPLUS

Studies conducted by Professor Yoshiyama et al. of Okayama UniJehsite
demonstrated OKUYAMA SHIELD FORCESs superior dentinal tubule occlusion. Figure 6

10



shows the SEM image used in the corresponding presentation. The code name for
TOKUYAMA SHIELD FORCEIin the corresponding presentation is-a3asic
composition remains unchged so the same result can be expected with TOKUYAMA
SHIELD FORCE PLUS as well.

x 3000 154¥

Hypersensitivity model Initial 1 Initial 2

Figure 6: Results of dentinal tubule occlusion test at Okayama University

Next, Figures 7 to 11 show the evaloatresults for products from other manufacturers.

¢ L; 0 5 : : i L) ; L : L & 0 ‘(.-\ » C

After 1 After 2 After 3

Figure 7: Gluma Desensitizer

With Gluma Desensitizerhe initial occlusion shows variations, probably indicating the influeridbe

coating methods. All samples show open dentinal tubules after the durability test.
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After 1 After 2 After 3
Figure 8: Super Seal
With Super Seal,lthough slightly exposed dentinal tubules aleserved, the initial occlusion is

satisfactory. However, all samples showed open dentinal tubules after the durability test.

Initial 1 Initial 2

After 1 After 1-2 After 2
Figure 9: Seal & Protect

With Seal & Protectalthough the initial occlusion is satisfactory, the film peels off after the durability
test, and images with open dentinal tubules are obtained. (Sanipds portions with the film peeled
off and unpeeled.)

12



After 1 After 2

Figure 10: Clinpro XT Venish

With Clinpro XT Varnish, &hough the initial occlusion is satisfactory, the images show that this
material contains a considerable amount of filler larger than dentinal tubules. On the other hand, after
the durality test, the large filler is observed to have detached. Samples also show portions with the
film peeled off. The dentinal tubules under the peeled film are sealed.

5.2 Toothbrush abrasion
Next, we evaluated the toothbrush abrasion resistance of the fdomeof TOKUYAMA
SHIELD FORCEPLUS.

Test method:

i A bovine tooth was polished by #600 waterproof abrasive paper to expose the dentin.
¢ The tooth surface was treated with the desensitizing material, and half of the tooth
surface was protected bySHELITE LV High Flow.

£ The tooth was subjected to the toothbrush abrasion test with a 33% toothpaste
solution (toothpaste: White & White, Lion Corporation) at a load of 400 g and 10,000
abrasion cycles (1 cycle corresponding to 12 toothbrush strokesj.tA& abrasion test,
composite resin was layered on the entire treated surface of the sample.

o The sample was cut perpendicular to the treated surface with a diamond cutter.

¥ After embedding into a resin, the sample was mipalished and the cut sade
observed with a laser microscope (VK9700, KEYENCE, Japan).

I The extent of abrasion was gauged with respect to the top of the coating layer
protected by BTELITTE LV High Flow.

13



Toothbrush
Composite resin laye
™ i __—  Cured coatindayer

Dentin

Figure 12: Schematic diagram of toothbrush abrasion test

Amount of abrasion

Composite Resin (after 10,000 strokes of toothbrush)
i | [15¢
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Figure13: Results of toothbrush abrasion testT&tKUYAMA SHIELD FORCEPLUS

Figure 13 shows the test results. As shown in the figure, the amount of abrasion for

TOKUYAMA SHIELD FORCEPLUSwWwas 1.5 em (14 %TOKUYAMA e

SHIELD FORCEPLUS showed better toothbrush abrasion resistance than the

desensitizingcoatingmaterials from other manufacturers (Figure 14) under the same

conditions. Here, since Gluma Desensitizer and S8paf do not form films, the images

show wear on the tooth surface from toothbrush abrasion. The image of Clinpro XT

Varnish also shows the worn tooth surface, indicating the relative weakness of the cured
film (resinrmodified glass ionomer cement). On thiker hand, the cured films created by
Seal & Protect which includaesinremained; however, thedemonstrated greater abrasion

thanTOKUYAMA SHIELD FORCEPLUS

14
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Figure 14: Results of toothbrush abrasion test for products from other manufacturers.

5.3 Srength of cured resin

As shown in Section 5.2, the cured fimMOKUYAMA SHIELD FORCEPLUS has been
proved to have high resistance against toothbrush abrasion. We measured the strength of
the cured resin ofOKUYAMA SHIELD FORCEPLUS, using Hybrid Coatsthe control.
Table 2 gives the results.

As shown in the table, the strength (bending strength and Knoop hardness) of the cured
TOKUYAMA SHIELD FORCE PLUSresin is significantly greater than that of Hybrid
Coat. The high strength of the cured resinrisbably a major factoring in producing high
toothbrush abrasion resistance.

Table 2: Strength of cureddKUYAMA SHIELD FORCE PLUSresin

Flexural Srength (MPa) | Knoop hardness (Kgf/mfh

TOKUYAMA SHIELD FORCEPLUS 99.6 9.7 252 0.3

Hybrid Coat 19.0 41 15.7 1.4

6. Evaluation as coating material

The resin coating technique has grown increasingly common in recent years. The resin
coating techniqu®'? is used in indirect restorations. A coating material is applied to bond
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