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Abstract

The 18-month randomized, controlled, split mouth, clinical trial have been completed. Visits include: screening, restoration
placement, 6 month follow-up and 18-month follow-up. Cervical lesions were restored with giomer based BEAUTIFIL II LS
(SHOFU, Kyoto, Japan) (BL) or nano technology based Filtek™ Supreme (3M, St. Paul, MN) (FS). Restorations were placed
following the manufacturer’s guidelines. Clinical assessments were done by blinded examiners excluding the examiner that
placed the restorations. Restorations were evaluated according to clinical criteria by Hickel, et al. including esthetic properties
(surface luster, surface staining, marginal staining, color match, anatomical form), functional properties (fracture of material
and retention, marginal adaptation, patient’s view) and biologic properties (recurrence of caries, tooth integrity, adjacent
mucosa). The Wilcoxon signed-rank test was used to compare the Hickel criteria between groups. Hickel scores were analyzed
using the Wilcoxon signed-rank test. The Wilcoxon signed-rank test compared differences between the two groups (BL - FS)
within the same subject and then ranked the differences. Only positive and negative ranks were used in the analysis. The
established null hypothesis: BL and FS will perform equally in Hickel Scoring (HO: BL = FS) was not rejected as no Hickel criteria
comparisons showed statistical significances. Clinical performance comparison of non-carious cervical lesion restorations
between giomer and nano technology based restorative systems showed no statistical differences according to Hickel criteria
with similar clinical evaluations for both restorative materials.
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Introduction

Loss of tooth structure at the cemento-enamel junction
(CEJ), also referred as non-carious cervical lesions (NCCL),

18-Month Clinical Comparison of Giomer Based and Nano Technology Based Materials in Non-

Carious Cervical Lesion Class V Restorations

are commonly observed clinical conditions in dental practice
[1]. These lesions are of a non-bacterial origin with higher
prevalence among the ageing population where teeth are
increasingly being retained for a lifetime [2]. The main
etiology is mechanical abrasion resulting from abfraction
of hard tissue at the CE] [1,2]. A proposed etiology for loss
of restorations in the cervical area is occlusion generated
stresses that are concentrated at the cervical region and
resultin debonding, leakage, retention failure, and, ultimately,
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restorative failure [3]. The main clinical outcome is a loss of
tooth structure, leading to weakened dentitions and presence
of structural defects collecting plaque, and providing sites for
harboring of bacteria. Depending on the severity of structural
loss, tooth hypersensitivity may also occur and pulp vitality is
affected by the plaque bacterial source [4]. Another important
clinical factor is esthetics. Cervical lesions with defects at CE]
pose compromised esthetics, therefore, restoring the normal
structural anatomy is an important motivation in Class V
restorations. Methacrylate-based composites are considered
the gold-standard for direct restorative procedures due
to superior esthetic as well as mechanical properties as
compared to glass-ionomer cements or hybrid-ionomers
[5]- With the new understanding on etiology of NCCL and
Class V restorations, clinical approaches that combine
chemical adhesion and restorative materials of appropriate
mechanical properties- specifically fracture toughness and
elasticities- show promise of long-term success [3].

Clinically, cavity preparation for typical non-carious
cervical lesions hinders creating retention shape due to
the limited amount of healthy tooth structure between the
surface of cervical lesion to pulp [6,7]. Therefore, often the
cavity preparation is limited to removing sclerotic dentin for
optimal surface condition for bonding agents with minimal
overall tooth structure removal [6,7]. Unlike other G.V. Black
based cavity preparations, Class V resin composite based
restorations almost solely rely on enamel/dentin bonding
strength for the retention of the restorative material. Selection
of optimal materials to generate the best clinical outcomes-
including restoration of esthetics, prevention of further tooth
structure loss from abfractions and erosion, and insulating
and protecting pulp- is one of the critical decisions for the
clinicians. In this study, we compared two resin composite
direct restoration materials that offer various advantages
with respective bonding systems for the treatment of NCCL
clinical conditions.

One system used in this study is a nano-hybrid restorative
material, Beautifil II LS (BL) and Beautibond by Shofu
(Shofu, Kyoto, Japan). BL is formulated with polymer matrix
composition of Low shrinkage Urethane diacrylate (UDMA),
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Bis-MPEPP (Bisphenol A polyethoxy Methacrylate) Bis-
GMA (Bis-phenol A diglycidylmethacrylate) and TEGDMA
(Triethylenglycol dimethacrylate) [8]. The main feature of
this restorative material is the bioactive surface pre-reacted
glass-ionomer (S-PRG) filler, with a combination of polymer
matrix and filler reported to yield low volumetric shrinkage
(0.85%) (normal range 2-5%) and shrinkage stress (10.9
MPa) [9]. Giomer is a collective term for dental materials
which incorporate S-PRG filler. S-PRG filler is capable of
releasing 6 types of ions (Na+, Sr2+, Al3+, F-, BO33- and
Si032-), these multiple ions potentially provide bioactive
effects (strengthening of tooth structure, anti-plaque effect,
dentin remineralization, acid-buffering capacity, inhibition
of enzymatic activity of periodontal pathogenic bacteria,
etc.) [10]. The bonding system Beautibond, which is acetone/
water solvent based, consists of phosphonic acid (which is
more stable than phosphoric acid) monomer and carboxylic
acid monomer that are optimal for enamel and dental
bonding, respectively [10].

Nano technology based direct restoration materials have
shown success in clinical applications [11]. In this study, the
giomer system is compared to the true nano technology based
system, 3M/ESPE Filtek Supreme Universal Restortative
(FS) with Scotchbond™ Universal Adhesive by 3M (3M, St.
Paul, MN). FS is a bis-GMA, UDMA, TEGDMA and bis-EMA-6
(Bisphenol A polyethethylene glycol diether dimethacrylate)
resin with PEGDMA (poly (ethylene glycol) dimethacrylate)
substituted for a portion of the TEGDMA for reducing
shrinkage rate [12]. The key feature of this nano technology is
non-agglomerated/non-aggregated silica filler (20 nm), non-
agglomerated/non-aggregated zirconia filler (4 to 11 nm),
and aggregated zirconia/silica cluster filler [12]. This nano
technology based material is reported to display superior
shade, wear resistance, polishing ability, and good minimal
shrinkage at 2%v/v [12]. The bonding system with this
restoration material is 3M™ Scotchbond™ Universal Adhesive
containing Vitrebond™ methacrylate-modified polyalkenoic
acid copolymer in ethanol based hydrophilic solvent [13].
The key ingredients of both restorative materials are listed
and compared in Table 1.

Shofu BLIILS

3M FS Supreme Universal [12]

Bisphenol A glycidyl dimethacrylate, TEGDMA,
inorganic glassfiller, aluminuoxide, silica, pre-reacted
glass ionomer filler, DL-camphorquinone

bis-GMA, UDMA, TEGDMA, and bis-EMA(6) non-agglomerated /non-
aggregated 20nm silica filler, non-agglomerated /non-aggregated
zirconia filler, and aggregated zirconia/silica cluster filler

BeautiBond [10]

3M Scotch Universal Bond [13]

Acetone, Bis-GMA, TEGDMA, Phosphonic acid
monomer Carboxylic acid monomer Water. HEMA free

MDP Phosphate Monomer, Dimethacrylate resins, HEMA, Vitrebond™

Copolymer, Filler, Ethanol, Water, Initiators, Silane

Table 1: Material Composition and Comparisons.
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1. Clinically

2. Clinically good (after

3. Clinically sufficient/
Satisfactory (minor
shortcomings, no

4. Clinically

5. Clinically poor

excelle:; d/ very pollf,l;ng ](J)l(')(:il;ably e L e o unsizsia;ﬁzzz)(but (I:é)::scse:le;lt
g ye adjustable w/o damage to P y
the tooth)
4.1 Rough surface, cannot
2.1 Snghﬂy dull, 3.1 Dull surface but acceptable , be rr_msked by.sal.lva_
1. Luster not noticeable from . e . film, simple polishing is 5.Very rough,
. . if covered with film of saliva. .
Surface Luster comparable to speaking distance. not sufficient. Further unacceptable plaque
enamel intervention necessary. retentive surface.

2.2 Some isolated pores.

3.2 Multiple pores on more
than one third of surface

4.2 Voids.

Surface Staining

1. No surface
staining

2. Minor surface
staining, easily
removable by polishing

3. Moderate surface staining
that may also present on
other teeth, not esthetically
unacceptable

4. Unacceptable
surface staining on the
restoration and major

intervention necessary for
improvement

5. Severe surface staining
and/or subsurface
staining, generalized or
localized, not accessible
for intervention

Marginal Staining

Esthetic Properties

1. No marginal
staining

2. Minor marginal
staining, easily
removable by polishing

3. Moderate marginal staining,
not esthetically unacceptable

4. Pronounced marginal
staining; major
intervention necessary for
improvement

5. Deep marginal
staining, not accessible
for intervention

Color Match and
Translucency

1. Good color
match, no
difference in
shade and/or
translucency

2. Minor deviations
in shade and/or
translucency

3. Distinct deviation but
acceptable. Does not affect

4. Localized clinically
deviation that can be

esthetics: corrected by repair:
3.1 more opaque 3.2 more 4.1 too opaque 4.2 too
translucent translucent

3.3 darker 3.4 brighter

4.3 too dark 4.4 too bright

5. Unacceptable.
Replacement necessary

Esthetic anatomical
form

1. Form is ideal

2. Form is only slightly
deviated from the
normal

3. Form deviates from the
normal but is esthetically
acceptable

4. Form is affected and
unacceptable esthetically.
Intervention/correction is

necessary

5. Form is unsatisfactory
and/or lost. Repair not
feasible/reasonable.
Replacement needed
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Fracture of material
and retention

1. No fractures /
cracks

2. Small hairline crack

3. Two or more or larger
hairline cracks and/or
material chip fracture not
affecting the marginal integrity
or proximal contact

4. Material chip fractures
which damage marginal
quality or approximal
contacts

4.2 Bulk fractures with
partial loss (less than half
of the restoration)

5. (Partial or complete)
loss of restoration or
multiple fractures

Marginal adaptation

1. Harmonious
outline, no gaps,
no white or
discolored lines

2.1 Marginal gap (<150
pum), white lines

3.1 Gap <250pum not
removable

.1 Gap >250um or
dentine/base exposed

5.1 Restoration
(complete or partial) is
loose but in situ

2.2 Small

3.2. Several small marginal
fractures

4.2. Severe ditching or
marginal fractures

5.2 Generalized major
gaps or irregularities.

marginal fracture
removable by polishing

3.3 Major

4.3 Larger irregularities or
steps (repair necessary)

2.3 Slight ditching, slight
step/flashes, minor
irregularities

irregularities, ditching or
flash,steps

%]
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=

St
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-
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= Ra_dlographlc

= examination (when
applicable)

1. No pathology,
Harmonious
transition between
restoration and
tooth

2.1 Acceptable material
excess present.

3.1 Marginal gap < 250 pm.

4.1 Marginal gap >250 pm.

5.1 Secondary

2.2 Positive /negative
step present at margin
<150 um

3. 2 Negative steps visible <
250 pum. No adverse effects
noticed.

4.2 Material excess
accessible but not
removable.

caries, large gaps, large
overhangs

3.3 Poor radiopacity of filling
material.

4.3 Negative steps
>250um and reparable

5.2 Apical pathology

5.3 Fracture/loss of
restoration or tooth.

Subject’s View

1. Entirely satisfied
with esthetics and
function.

2. Satisfied.

3. Minor criticism but no
adverse clinical affects.

4. Desire for improvement.

2.1 Esthetics

3.1 Esthetic shortcomings.

4.1. Esthetics

2.2 Function, e.g., minor
roughness

3.2 Some lack of chewing
comfort.

4.2 Function, e.g., tongue
irritation. Reshaping
of anatomic form or

refurbishing is possible

3.3 Unpleasant treatment
procedure

5. Completely
dissatisfied and/or
adverse effects, including
pain
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3.1 Moderate hypersensitivity.

4.1 Intense
hypersensitivity.

3.2 Delayed/mild sensitivity;

4.2 Delayed with minor

5. Intense, acute pulpitis
or non vital tooth.

Postoperative 1.No 2. Minor hypersensitivity | no subjective complaints, no L .
e . e o . subjective symptoms. Endodontic treatment
(hypersensitivity and | hypersensitivity, for a limited period of treatment needed is necessary and
tooth vitali normal vitality. time, normal vitalit ini .
ty ty. y 4.3 Nf).cl.mlcal detecte.able restoration has to be
sensitivity. Intervention replaced
necessary but not
replacement
4.1 Caries with
2. Small and localized 3. Larger areas of cavitation and suspected 5. Deep

undermining caries

calculus, sharp edges etc.

material

_§ 2.1. Demineralization 3.1.Demineralization 4.2 Erosion in dentine caries or exposed
% | Recurrence of caries 4.3 Abrasion/abfraction dentin that is not
o . 1. No secondary or ) . . . . . i
g' (CAR), erosion, . . 2.2. Erosion or 3.2. Erosion or in dentine. Localized and accessible for repair of
e . primary caries . , )
-y abfraction accessible can be repaired. restoration.
Tg 3.3. Abrasion/Abfraction,no
& 2.3. Abfraction dentin exposure. Only
- preventive measures
9 necessary
4.1 Major marginal
1. Complete 21 Small 3.1 Marginal enamel defect enamel defec.ts; gap >250 5. Cusp or
. . <250um um or dentine or base
( Tootlh 1ntel§r1:y 0 exposed
enamel cracks, too
' . . Marginal enamel ) 4.2 Large cracks >250 um,
fractures) integrity fracture (<150um). 3.2 Crack <250um; probe penetrates. tooth fracture
2.2 Hairline crack in 3.3 Enamel chippin 4.3. Large enamel
enamel (<150 pm). ) bping chipping or wall fracture
2. Healthy after minor 3. Alteration of mucosa
1. Healthy mucosa . . . . 5. Suspected severe
. . removal of Mechanical but no suspicion of causal 4. Suspected mild allergic, R .
Adjacent mucosa adjacent to . : N . . ) . : allergic, lichenoid or
. irritations (plaque, relationship with restorative | lichenoid or toxic reaction. . .
restoration toxic reaction.

Table 2: Scoring Criteria for Direct Assessment from Modified Hickel Criteria [17].
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Comparison of these two restorative materials systems
in a clinical trial setting provides valuable information for
clinicians when selecting optimal materials for best clinical
outcomes. BL system offers unique advantages from its filler,
giomer for remineralization and antipathogenic effects. It
also offers very low shrinkage rate with a reported value
below 1 %v/v [9]. Potential clinical advantages from these
would be stronger bonding strength from less contraction of
the restorative material and better marginal seal integrity,
which is further benefited by prevention of recurrent caries
from fluoride release. Nano sized filler based FS system
provides advantages to Class V restorations in terms of
esthetics from superior translucency and shade matching,
material strength, wear resistance and polish retention [14].
Hass V reported superior bonding strength from the Scotch
bonding system is expected to provide strong bonding of
restoration system to the dentin and enamel surface [15].

The purpose of this clinical trial was to evaluate the
effectiveness of a new composite resin system in restoring
NCCL Class V lesions. In an 18 month split mouth clinical
trial, restorations were measured to the survival rate
guideline established by the American Dental Association
(ADA) Council on Dental Materials at 6 month and 18 month
check points [16]. Comprehensive clinical performances
were compared following the 5 point scale Modified
Hickel Evaluation Criteria (Table 2) [17]. We expected
both restoration systems to perform equally under Hickel

Open Access Journal of Dental Sciences

gradings. Based on our established hypothesis the study’s
null hypothesis was: HO: Hickel Gradings of BL=Hickel
Gradings of FS.

Materials and Methods

This clinical study was conducted at Tufts University
School of Dental Medicine (TUSDM) Research Clinic (Boston,
MA) under the Subject Informed Consent Form (ICF) and the
Clinical Research Protocol approved by Tufts Medical Center
and Tufts University Institutional Review Board #12486. This
18-month randomized, controlled, split mouth, clinical trial
was conducted in 4 visits: screening, restoration placement
(0-month), 6-month follow-up and 18-month follow-up
where, at the request of the consented subject, screening and
restoration visits were sometimes combined into one visit.

A sample size of 50 was calculated to have 80% power
assuming modified Hickel scores for control composite of
50% of restorations have a score of 1, 40% of restorations
have a score of 2, 10% of restorations have a score of 3,
and 0% of restorations have a score of 4 or 5 at 18-months;
modified Hickel scores for resin composite of 77.8% of
restorations have a score of 1, 22.2% of restorations have a
score of 2, and 0% of restorations have a score of 3,4 or 5 at
18-months; a type I error of 5%; and a dropout rate of 20%.

Inclusion Criteria

Exclusion Criteria

Subjects

Must be 18 years or older
Must have given written consent to participate in the trial
Must be in good general health
Must be available for the required post-operative follow-up
visits

care to postpone routine dental procedures and radiographs

Condition affecting salivary flow (e.g., salivary gland disorder,

Any other condition which in the view of the investigator may

Does not meet all inclusion criteria
Rampant uncontrolled caries

Systemic or local disorders that contraindicate the dental

procedures included in this study

Evidence of xerostomia
Evidence of severe bruxing or clenching or in need of TM]
related therapy

Women who are pregnant (self-reported). It is standard of

until after pregnancy
Women who are breast feeding
Known allergy to resin composites or local anesthetics
Abnormal oral soft tissue findings (e.g., open sores, lesions)
Are unwilling or unable to have dental radiographs or
photographs taken of their dentition or soft tissues

Sjogren’s Syndrome)

affect the ability of a subject to complete the study

Kang YH, et al. 18-Month Clinical Comparison of Giomer Based and Nano Technology Based Materials
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Restorations

Must have a minimum of 2 cervical lesions in need of
restoration. Subjects with more than 2 cervical lesions may
be enrolled but the additional teeth will not be included in

the study. In the event that a subject has multiple lesions

requiring restorations that meet the study criteria, a

randomization scheme will be used to choose the 2 teeth for
the study.

Cervical lesions must provide for a minimum of 1mm
thickness of restorative material while maintaining natural
tooth contour
Cervical lesions - at least 50% of lesion must be in dentin
Cervical lesions - coronal margin must be in enamel

Teeth with periapical pathology or exhibiting symptoms of
pulpal pathology
Teeth that are non-vital or have had root canal therapy
Teeth that have been pulp capped
Teeth with near exposures on pre-operative radiographs
Hypersensitive teeth
Teeth with a periodontal pocket of more than 4mm with
bleeding on probing
Teeth that are used as abutments for removable partial
dentures

Table 3: Inclusion/Exclusion Criteria.

The clinical requirements for subject inclusion in this
study were as follows (Table 3): Must have a minimum of 2
cervical lesions in need of restoration. Cervical lesions must
provide a minimum of 1mm thickness of restorative material
while maintaining natural tooth contour. At least 50% of the
lesion must be in dentin. Coronal margin must be in enamel.

The key exclusion criteria in this study were as follows:
Teeth with periapical pathology or exhibiting symptoms of
pulpal pathology were not qualified. Teeth that were non-
vital or had root canal therapy, near pulp exposure from
radiographs, hypersensitive teeth, advanced periodontal
disease and abutments to removable prosthesis were
excluded. A complete list of inclusion and exclusion criteria
established for this study is presented in Table 3.

Two clinicians (YHK and MLS) placed 98 Class V
restorations in 49 subjects. All subjects received two Class V
restorations, one randomly selected NCCL restored with BL
and the other with FS with both restorations using total-etch
method. Compositions of materials used are listed in Table
1. The subjects’ ages ranged from 27 to 80 years (mean age,
56 years). All subjects were provided with a written ICF and
provided consent via signature in order to participate in
the study. For this study, NCCL were prepared in the most
conservative form to preserve as much of healthy dentin and
enamel structure as possible. Diamond burs (Brasseler USA,
Savannah, GA) were first used then finished with non-fluoride
pumice to finish the cavity preparations. Isolite (Zyris, Santa
Barbara, CA) or Mr Thirsty (Zirc, Buffalo, MN) with cotton
rolls were used for isolation. Total-etch method was used
for bonding procedure, then assigned composite materials
were placed to restore the prepared lesions. Completed
restorations were finished and polished with Shofu Super
Snap Rainbow Technique Kit. (SHOFU, Kyoto, Japan). Clinical
images were taken before, after, and at follow-up visits using
EyeSpecial C-1I (SHOFU, Kyoto, Japan).

Kang YH, et al. 18-Month Clinical Comparison of Giomer Based and Nano Technology Based Materials

Clinical assessments using modified Hickel Criteria were
done by blinded examiners (BEM, DLT, MLS, GK and YHK)
other than the examiner that placed the restorations [17].
All examiners were calibrated and trained prior to the start
of the study. Efforts were made to have the same examiner
examine the same subject at each visit. Restorations were
evaluated according to modified clinical criteria by Hickel,
et al. including esthetic properties (surface luster, surface
staining, marginal staining, color match and anatomical
form), functional properties (fracture of material and
retention, marginal adaptation, subject’s view) and biologic
properties (recurrence of caries, tooth integrity, adjacent
mucosa) [17]. Evaluation grading criteria are listed in Table
2.

Descriptive statistics were calculated. Differences in
modified Hickel Criteria between products were assessed
with the Wilcoxon signed-rank test. P-values less than
0.05 were considered statistically significant. All statistical
analyses were performed in Stata 13.1 (StataCorp LP, College
Station, TX).

Results

Five clinicians (BEM, DLT, MLS, KG and YHK) evaluated
restorations. This split-mouth study started with 49 Subjects
each with two restorations placed under the established
TUSDM standard of care making total of 98 restorations
at baseline visit. At 6-month recall examinations, 90
(91.8%) restorations were evaluated. At 18-month recall
examinations, 74 (75.5%) restorations were evaluated. At
6-month follow-up, 44 of 45 BL system restorations were
intact producing its retention success rate of 97.8%. All 45
FS system restorations presented intact with success rate of
100%. At 18-month follow-up, 39 of 43 (90.7%) restorations
of BL were intact and acceptable and 41 of 43 (95.3%)
restorations of FS were intact and acceptable.
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Clinical evaluations under Hickel Criteria (Table 2)
showed similar performances by both material systems
compared under the scale of 1 being Clinically excellent/very
good to 5 being Clinically poor (replacement necessary).
The complete list of Hickel Scores at each recall time period
are presented in Table 4. When comparing the number of
cases that scored Clinically Excellent/Very Good rating, both
restoration systems performed fairly evenly as well. Figure
1 presents the head-to-head comparisons of occurrence
rate (% of number of cases scored 1) of cases with Clinically

Open Access Journal of Dental Sciences

Excellent/Very Good rating. 100% score 1 occurrence rate
was reported in Post-Op Sensitivity, Recurrence of Caries,
Erosion and Abfraction and Tooth Integrity categories.
Both restorative systems performed evenly in all remaining
categories head to head. Notably, Marginal Staining and
Marginal Adaptation had occurrences rate at or below 80%,
implying that marginal seal under cyclic flexural deformation
of tooth deteriorates the bonding between the restoration
material and tooth structure.

Hickel Cat Visit . Hickel Scoring
ickel Category isits aterials 1 2 3 4 NS
0 BL 49
mo FS 49
BL 40 4 1 4
face L
Surface Luster 6 mo FS 37 7 1 2
BL 37 12
18 mo FS 34 3 12
0 mo BL 49
FS 49
. BL 42 3 4
Surface Staining 6 mo TS 39 6 2
BL 32 4 1 12
" 18 mo FS 31 5 1 12
;:j 0 mo BL 49
53 FS 48 1
2 BL 40 5 4
IS . .
E Margin Staining 6 mo 7S 1 4 4
Q BL 25 11 1 12
=
a 18 mo FS 23 11 3 12
0 BL 46 3
mo FS 44 5
BL 36 8 1 4
Color Match and Translucency 6 mo TS 31 13 1 7
BL 31 6 12
18 mo FS 28 8 1 12
0 mo BL 48 1
ES 49
. . BL 45 4
Esthetic Anatomical Form 6 mo FS 17 > 1 4
BL 38 7*
18mo FS 39 1 7%
0 mo BL 49
FS 49
. . BL 45 4
Fracture of Material and Retention 6 mo FS 45 4
BL 37 1 7*
18 mo FS 40 7%
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0 mo BL 49
FS 49
BL 2 4
Marginal Adaptation 6 mo FS 32 ; > 2
18 mo BL 29 6 2 12
" FS 31 5 1 12
(5]
= 0 mo BL 49
g FS 49
E Rad HicE 6 BL 49
. . o mo
Tg adiographic Examination FS 49
S BL 1 10#
B 18 mo
g FS 2 10#
= 0 mo BL 49
FS 49
BL 45 4
Patient’s View 6 mo FS 44 1 4
BL 47 7*
18 mo FS 42 7%
BL 49
0 mo
FS 49
Postoperative Sensitivity and 6 BL 45 4
Tooth Vitality mo ES 45 4
BL 42 7*
18 mo FS 42 7%
0 mo BL 49
FS 49
" Recurrence of Caries, Erosion, 6 BL 45
-f_.:’ Abfraction mo FS 45
‘éi 18 mo BL 38 11
S FS 38 117
Tg 0 mo BL 49
'gb FS 49
S Tooth Integrity (Enamel Cracks, 6 BL 45 4
A Tooth Fractures) mo ES 45 4
BL 38 117
18 mo FS 38 117
0 mo BL 49
FS 49
BL 40 3 2 4
Adjacent Mucosa 6 mo TS 42 3 4
BL 38 3 8*
18
me FS 40 1 g*
*A: Partial categories scored due to missing restorations when they presented for the 18 months follow-up visit.
#: Subject 1024 Pregnant, no radiographs taken
Table 4: Complete list of Hickel Scoring results.
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(a) (b)
(c) (d)
(e) ()

Figure 1: Occurrence rate comparisons of cases scored 1 in selected Hickel categories. Most categories resulted in similar
Score 1 occurrence rate of cases. Marginal staining lost number of cases that scored Clinically Excellent/Very Good rating
for both materials from 6 months to 18 months recall visits. Marginal Adaptation for both restoration systems showed 80%
occurrence rate of cases with Hickel Score 1. Not shown categories are: Post-Op Sensitivity, Recurrence of Caries, Erosion and

Abfraction and Tooth Integrity showed 100% of cases with Hickel Score of 1 or Clinically Excellent/Very Good rating.

Performance comparisons of two restoration material
systems were analyzed with the Wilcoxon signed-rank
test. The test was only performed on subjects having both
restorations intact with the established hypothesis: BLand FS
will perform equally in Hickel Scoring (HO: BL = FS). P-value
of 1 was reported when categories with all of the scores were
the same for both restorations. Table 5 presents the statistical
ranking results in each clinical criterion and the number of

Kang YH, et al. 18-Month Clinical Comparison of Giomer Based and Nano Technology Based Materials

cases that scored superior Hickel score or performed equally.
P-value of less than 0.05 represented statistical significance.
No categories showed statistically significant differences.
Clinical presentations of both restoration systems compared
similarly at each recall visit time point. Representative
clinical photographs taken for both BL and FS at each visit
are presented in Figures 2-7.
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Surface Luster
0 month 6 months 18 months
BL 0 2 0
FS 0 5 3
Equal 49 38 32
z value n/a, p=1 0.257 0.083
Surface Stain
0 month 6 months 18 months
BL 0 1 1
FS 0 4 2
Equal 49 40 32
p value n/a, p=1 0.18 0.564
Marginal Stain
0 month 6 months 18 months
BL 0 3 3
FS 1 2 7
Equal 48 40 25
p value 0.313 0.655 0.206
Color Match and Translucency
0 month 6 months 18 months
BL 2 5 1
FS 4 10 4
Equal 43 30 30
p value 0.414 0.197 0.176
Esthetic Anatomical Form
0 month 6 months 18 months
BL 1 0 3
FS 0 3 2
Equal 48 42 35
p value 0.317 0.083 0.63
Fracture of Material and Retention
0 month 6 months 18 months
BL 0 0 4
FS 0 0 1
Equal 49 45 35
p value n/a, p=1 n/a, p=1 0.184
Marginal Adaptation
0 month 6 months 18 months
BL 1 3 4
FS 0 5 1

Kang YH, et al. 18-Month Clinical Comparison of Giomer Based and Nano Technology Based Materials
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Equal 48 37 30
p value 0.317 0.48 0.18
Radiographic Examination (when applicable)
0 month 6 months 18 months
BL n/a n/a 1
FS n/a n/a 1
Equal n/a n/a 35
p value n/a n/a 0.985
Patient’s View
0 month 6 months 18 months
BL 0 0 0
FS 0 1 0
Equal 49 44 40
p value n/a, p=1 0.317 n/a, p=1
Postoperative (Hyper-)Sensitivity and Tooth Vitality
0 month 6 months 18 months
BL n/a 0 0
FS n/a 0 0
Equal n/a 45 40
p value n/a n/a, p=1 n/a, p=1
Recurrence of Caries, Erosion, Abfraction
0 month 6 months 18 months
BL 0 0 0
FS 0 0 0
Equal 49 45 36
p value n/a, p=1 n/a, p=1 n/a, p=1
Tooth Integrity (Enamel Cracks, Tooth Fractures)
0 month 6 months 18 months
BL 0 0 0
FS 0 0 0
Equal 49 45 36
p value n/a, p=1 n/a, p=1 n/a, p=1
Adjacent Mucosa
0 month 6 months 18 months
BL 0 3 2
FS 0 1 0
Equal 49 41 37
p value n/a, p=1 0.334 0.157

Table 5: The Wilcoxon signed-rank test results are presented in p-values. Table also presents the number of cases scored equal
or higher in head-to-head comparisons within a same subject.
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Figure 2: Baseline postoperative photograph of FS #11.
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Figure 3: Photograph of FS #11 at 6 months recall.

Figure 6: Photograph of BL #20 at 6 months recall.

Figure 7: Photograph of BL #20 at 18 months recall.

Figure 4: Photograph of FS #11 at 18 months recall.

| Figure 5: Baseline postoperative photograph of BL #20. |

Discussion

This split-mouth study compared clinical performance
of two different restorative materials used to restore NCCL
as Class V restorations. The study subjects were screened
to insure good general health and absence of any medical
conditions that could potentially affect the performance of
the materials, such dry mouth caused by Sjogren’s Syndrome
or history of radiation treatments in the head and neck
area. A comprehensive oral examination was conducted
including gingiva inflammation level via gingival index scale
(Loe-Silness Index) [18], recession, clinical attachment
level, probing pocket depth, and calculus exam via Volpe-
Manhold method [19], to confirm the participant was in good
periodontal health and ensure severity of poor periodontal
health would not be a factor affecting restoration condition.

The subject recall rate at 6 months was 93.9% and at
18 months was 87.8%. The recall rate of 87.8% exceeded
the study’s goal of retaining 80% or higher recall rate for
statistical comparison validity. However, there were subjects
who presented with only one restoration intact. At the
6-month recall, one subject presented with lost BL only and
at 18-month recall, 4 subjects presented with lost BL only and
two subjects with only lost FS. Examiners scored categories,
that could be scored without restorations intact, even when
a subject presented with only one restoration intact for the

Kang YH, et al. 18-Month Clinical Comparison of Giomer Based and Nano Technology Based Materials Copyright© Kang YH, etal.
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recall exam. As a result, Hickel criteria that require presence
of intact restorations were not scored while non-restoration
involving categories under Biological Properties were
evaluated as partial category scoring. However, only subjects
that retained both restorations were used for statistical
comparisons.

The restoration retention (survival) rate reported in
this study at the 6-month recall was 97.8% for BL system
and 100% for FS system, and at 18-month recall, was 90.7%
for BL system and 95.3% for FS system. The ADA guidelines
established ‘provisional acceptance’ retention rate of 95%
at 6 months and ‘full acceptance’ for 90% at 18 months
after the completion of restorations [16]. Therefore in this
clinical trial, both restoration materials system met the
recommended acceptance level. The retention level reported
in this study is also comparable to the values reported by
previous studies. One clinical study reported traditional
composite/bonding system with 6 months at 89% and 12
months at 85.7%, with resin modified glass ionomer system
with 6 months at 100% and 12 month at 100% [7]. Another
Class V trial with resin composite materials reported 5-year
and 10-year survival rates of 95.5% and 83.1%, respectively
[20]. A study comparing different bonding agents with resin
composite material reported the 2 year retention rates for
Clearfil SE Bond at 93%, and 91% for Prime & Bond NT [21].
A similar bonding agent study by van Dijken et al. reported
Fuji II LC survival, at 1 year at 98% [22]. A study by Canali,
et al. reported retention rate of Filtek Supreme Class V
restorations at 98.9% at 6 months recall and also 98.9% at
12 months recall [23].

The reported results from this study is comparable
to the previously reported values, which were widely
scattered, ranging from 83% to 100%. Varying retention rate
of Class V restorations could be due to the nature of how
lesions are prepared. NCCL restorations, unlike Class I and
II restorations, cannot afford to create sufficient retention
form, resulting in less than ideal mechanical retention
and relying predominantly on the bond strength of the
restorative material to enamel and dentin surface. Integrity
of marginal seal in Class V restoration offers an important
role of preserving bonding between restorative materials
and enamel and dentin surface [7]. Marginal Staining from
Hickel evaluation reflects the microleakage of margins, and
further deterioration of marginal integrity is reflected in
Marginal Adaptation. In this study, both materials performed
similarly with no statistical significances in these two
categories. From Table 4, the Hickel score results in Marginal
Staining category at the 6-month recall, for BL, 88.9% scored
1 and 11.1% received score 2, where for FS 97.6% scored 1
and 8.9% received score 2. At 18-month recall, 67.6% of BL
received 1, 29.7% received 2 and 2.7% of cases received score
of 3. For FS at 18 months, 62.2% of cases scored 1, 29.7%
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scored 2 and 8.1% of cases scored 3. Similar observations
are reported in Marginal Adaptation evaluations. For BL, at 6
months, score distributions were 80.0% at 1, 15.6% at 2 and
4.4% at 3 and at 18 months, 78.4% at 1, 16.2% at 2 and 5.4%
at 3. Distribution is very similar with FS at 6 months, 75.6%
at1, 20% at 2 and 4.4 % at 3. At the 18-month recall FS score
distributions were, 83.8% at 1, 13.5% at 2 and 2.7% at 3.
Wilcoxon signed-rank test showed no statistical significances
in Hickel scoring under these categories. Early marginal seal
deterioration in a Class V lesion could be a combination
of biochemical origin from caries inducing bacteria and
mechanical stress in forms of flexural motion created from
occlusion and bruxism [3]. Prevention of secondary caries at
the margins and improved marginal adaptation can therefore,
improve the overall retention rate of Class V restorations.
The ion releasing capability of the S-PRG filler in BL fillers
can potentially prevent caries from continuous release of
multi ions, thus potentially preventing secondary caries
originating at the restoration margins along the gingival
line [24-26]. This is a very beneficial clinical advantage in
NCCL cases in populations with dry mouth conditions due
to intake of multiple medications, systemic conditions such
as Sjogren’s Syndrome, or from a history of head and neck
radiation therapy, causing less salivary production and flow.
One of the biggest limitations of light curing composite
resin material is polymerization shrinkage, especially at the
tooth-composite interface [27-30]. Labella R reported values
of post-polymerization volumetric shrinkage range from
1.9 to 13.5% [31]. With reported shrinkage of only 0.85%
for BL (compared to 2% for FS), the restoration system
incorporates less residual stress at the interface resulting in
more secure interfacial bonding to enamel and dentin [9,12].
Another advantage is potential bioactive bonding formation.
Key ion releasing of S-PRG fillers have been reported to form
potential bioactive bonding to dentin surface via mineral
induction [25,32,33].

Color Match and Translucency is another important
clinical category for Class V restorations. Restored lesions are
located mostly in high visibility areas, therefore, matching
or mismatching of shade is readily noticeable. The Hickel
evaluation from this study was impartially inconsistent for
both restoration systems due to the operator and examiner’s
subjective standard influences, despite established grading
standard and pre-study examiner calibrations. For example,
at baseline, after the operator had chosen a shade and placed
the restoration, the evaluator sometimes scored the color
match as less than 1. Three scored 2 for BL and 5 scored 2 for
FS reflecting the subjective nature of shade selection ability
and evaluation standard between the operator and evaluator.
One of the significant advantages of nanocomposites like FS
is a capability of providing improved esthetics with natural
appearances [34]. Another advantage is high resistance to
micro-abrasion, which helps restorations from collecting
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staining as restoration ages in patients [35].

Hickel Criteria gradings head-to-head comparisons
showed similar performances between the two restorative
materials. The comparison results are composed by the
number of cases that outperformed one over the other or
tied, in terms of Hickel scores from a same subject, and are

Open Access Journal of Dental Sciences

summarized in Table 6. At all-time points, there were 16 tied
Hickel categories, 8 categories that had BL scored higher and
12 categories that FS scored higher. All comparisons between
restoration materials showed performance differences not
substantial enough to show statistical significance. Based on
this result, we accept the study’s null hypothesis: HO: Hickel
Gradings of BL = Hickel Gradings of FS.

0 month 6 months 18 months

Surface Luster = FS ES

Surface Stain = FS FS

Marginal Stain FS BL FS

Color Match and Translucency FS FS ES

Esthetic Anatomical Form BL FS BL

Fracture of Material and Retention = = BL

Marginal Adaptation BL FS BL
Radiographic Examination (when applicable) n/a n/a =
Patient’s View = FS =
Postoperative (Hyper-)Sensitivity and Tooth Vitality n/a = =
Recurrence of Caries, Erosion, Abfraction = = =
Tooth Integrity (Enamel Cracks, Tooth Fractures) = = =

Adjacent Mucosa = BL BL

Table 6: Below presents which material performed better in head-to-head comparison. FS denotes Filtek Supreme had more
subjects with better score. BL denotes Beautifil II LS had more subjects with better score. = means both materials tied.

Some limitations in this study are as follows. The
initial goal was established to prove both materials would
perform similarly among a low caries risk population with
no comorbidities that could contribute to deterioration of
restorations. Under the benign conditions, performance
differences of restoration materials may not show readily.
Under more strenuous caries inducing conditions, the
comparisons could reveal clear differences between the
restorations. Another limitation is the length of the study.
A longer study of 36, 48 or 60 months could reveal more
distinct characteristics of the restorative materials. Based
on the aforementioned limitations of the study, a future
clinical trial evaluating the anti-root caries effect of giomer
specific in an elderly population with a dry mouth condition
could be clinically valuable. A significant decrease in the
flow of saliva, especially during sleeping, results in lower
pH along the gingival lines which leads to root caries. This
condition is common among the elderly population due
to certain medications, some specific xerostomia causing
conditions such as Sjogren’s syndrome, and can be caused
by something as simple as dehydration and slowed overall
physiological function due to aging. Conventional resin based
composite restorations fail prematurely in these cases, and
use of resin modified glass ionomer materials has shown
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better prevention of root caries [7]. A giomer based resin
restoration could be an effective restorative material option
for the prevention and management of root caries.

Conclusion

The results of this split-mouth 18-month clinical study
showed that nanohybrid composite with S-PRG filler, Shofu
Beautifil II LS clinically performed similarly in modified
Hickel Criteria [17] when compared to nanocomposite 3M
Filtek Supreme with no statistically significant differences in
any category evaluated.

Disclosure: Shofu (Kyoto, Japan), the manufacturer of
Beautifil II LS restorative material and BeautiBond bonding
system, provided financial support for this research. None of
the authors reported any other disclosures.
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