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Abstract
Background: This double-blind randomised controlled clinical trial evaluated the effect of adhesive
strategy on the performance of resin composite restorations in non-carious cervical lesions (NCCLs)
preconditioned using bioactive glass air-abrasion.

Methods: One hundred teeth with NCCLs were assigned randomly into four experimental groups (n=25);
A: air-abrasion + etch & rinse adhesive (AA+ER), B: air-abrasion + self-etch adhesive (AA+SE), C: etch &
rinse adhesive (ER) and D: self-etch adhesive (SE). NCCLs were restored clinically using conventional
resin composite placed incrementally. The lesions and restorations were evaluated at baseline, 3-months
and 6-months according to the World Dental Federation (FDI) criteria. The level of statistical signi�cance
was established at p=0.05.

Results: An increased retention rate was observed at 6-month recall within the AA+ER group. The
retention rate of NCCLs restoration was affected signi�cantly by the height of the NCCLs. NCCLs width
and the height affected signi�cantly the marginal adaptation of the restorations. 

Conclusion: Etch-and-rinse adhesive revealed a statistical improved retention rate when compared to self-
etch adhesive in NCCLs pre-conditioned with bioactive glass air-abrasion at 6-months recall. NCCLs’
physical characteristics affected signi�cantly the resin composite restoration performance.

This clinical trial was registered in clinicaltrial.gov clinical registry under protocol # NCT04578717.

Background
The restoration of non-carious cervical lesions (NCCLs) exhibits a clinical challenge attributed to the lack
of a macro-mechanical cavity retention, the location of the cervical margins close to the gingivae, the
cervical �exure that occurs in the tooth during function and the existence of hyper-mineralised dentine
surfaces [1]. Static / cyclic stress and erosion / abrasion alter signi�cantly the dentine structure and
morphology which in turn, reduces the survival rate of resin composite restorations [2, 3]. Previous
investigations have revealed that the retention rate and marginal discoloration of resin composite
restorations in NCCLs are not signi�cantly in�uenced by resin type or viscosity [4–6]. Resin composite
restorations placed with etch-and-rinse (ER), self-etch (SE) or universal adhesive systems produced
similar retention and post-operative sensitivity (POS), implying that the adhesive strategy does not
in�uence their clinical behaviour in NCCLs [2, 7, 8]. Dentine surface roughening may enhance the
retention rate of resin composite restorations in NCCLs since this disrupts the hypermineralised dentine
and improves hybrid layer formation [9]. However, it has been demonstrated that dentine roughening with
a diamond bur for 5 sec in a rotary air-turbine handpiece with water cooling did not signi�cantly affect
the clinical behaviour of resin composite restorations placed in NCCLs [10].

Treating dental hard tissues with air-abrasion technology produces rounded cavo-surface and internal
line angles, a halo of abraded enamel and a microscopic surface roughness [11]. These features are
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optimal for the adhesion of contemporary dental materials. Bio-active glass 45S5 (BAG) has been
introduced as an abrasive powder in air-abrasion to bene�t from its unique characteristics including
remineralisation and its ability to remove selectively restorations/damaged tooth structure [12]. Pre-
conditioning enamel white spot lesions using BAG air-abrasion removed an ultra-thin surface layer,
increased the surface area and enhanced its remineralisation potential [13]. BAG air-abrasion had a
signi�cant longer term desensitising effect when used for professional dental stain removal [14]. A bio-
active smear layer was detected using confocal laser microscopy (CLM) and atomic force miscopy (AFM)
when dentine was treated with BAG air-abrasion [15]. This therapeutic approach permits the incorporation
of BAG particles within SE adhesives protecting the bond interface and enhancing remineralisation [16].

Evaluating the clinical effectiveness of adhesive strategy in NCCLs pre-conditioned using BAG air-
abrasion has not been reported in the dental literature. Therefore, the objective of this double-blind,
randomised controlled clinical trial was to assess the effect of ER and SE adhesive systems on the
performance of resin composite restorations in NCCLs pre-conditioned with BAG air-abrasion. The null
hypothesis investigated in this study was that ER and SE adhesives presented similar clinical
performance in the NCCLs pre-conditioned with BAG air-abrasion over the course of 6 months.

Methods

Study Design
This double-blind, randomised clinical trial was carried out in accordance with CONSORT guidelines [17].
This study was reviewed by the Health Research Ethics Board at Faculty of Dental Medicine (N3479-
2018), and performed in the clinics of Restorative Dentistry department, from October 2018 to February
2020.

Protocol registration
This trial is registered at clinicaltrial.gov (NCT04578717). Written consent was obtained from all
participants.

Sample size calculation
The sample size was calculated using G-Power 3.1 software. Twenty �ve teeth were recruited per group to
detect a signi�cance level at 5% with an 80% power. Means and standard deviations of the failure rate
were set at (5.8 ± 4.9) in ER groups and (4.4 ± 4.6) in SE groups in accordance with a previous study [3].

Inclusion and exclusion criteria
The inclusion criteria for patients recruited to this study were that they needed to be in good general and
oral health, be at least 19 years old, and be available for follow-up visits. The exclusion criteria were a
chronic therapeutic drug history, rampant uncontrolled caries, periodontal disease, pregnancy or lactation,
orthodontic appliance use, evidence of xerostomia, evidence of TMD, and known sensitivity to resin
acrylates. With respect to the NCCLs, the inclusion criteria were they needed to present at least 1 mm
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deep, involving enamel and dentine of vital teeth. Enamel margins should be present at the coronal
aspect of the lesion. NCCL exclusion criteria were teeth with periapical pathology, non-vital or previous
root canal therapy, symptoms of pulp pathology, previous pulp capping [7, 10].

Randomisation and sample allocation
One hundred teeth with NCCLs meeting the inclusion criteria were assigned randomly into four
experimental groups (n = 25); A: BAG air-abrasion + ER, B: BAG air-abrasion + SE, C: ER and D: SE. The
randomisation was conducted on an intra-oral basis. This procedure was ful�lled by three sequential
steps, allocation teeth with NCCLs, allocation of BAG air-abrasion preconditioning and �nally allocation
of the adhesive system to be used.

Intervention
The parameters of NCCLs were characterised prior to the clinical intervention using open-software
platform, ImageJ (ImageJ, MD, USA). These parameters included the width/depth/height of the cavity
and the lesion geometry (> 45°, 45°-90°, 90°-135°, and < 135°). Dentine hypermineralisation was measured
according to a clinical dentine sclerosis scale [18]. Additionally, the presence of attrition facets and
spontaneous sensitivity were recorded. Gingival retraction cord number 00 (SURE-Cord, Sure-endo Sure
Dent Co., Korea) was inserted into the gingival sulcus and the teeth were isolated with a rubber dam. No
preparation or bevelling of margins were conducted to the NCCLs in all experimental groups.

In the BAG air-abrasion groups, a clinical air-abrasion unit (KaVo Dental, Biberach, Germany) was used to
pre-condition the NCCLs with bio-active glass 45S5 (ProSylc-CR, Velopex, Harlesden, UK) powder for 10
sec. The operating parameters were; powder particle size, 20 µm; nozzle-lesion distance, 5 mm; nozzle
angle, 90◦; the internal nozzle diameter, 900 µm and air pressure, 20 psi. The powder reservoir was re�lled
to a pre-determined line consistently to standardise the emitted powder �ow rate [13].

For the ER groups, enamel and dentine were etched using 37% orthophosphoric acid (N-Etch, Ivoclar
Vivadent, Schaan, Liechtenstein) for 30 sec and 15 sec respectively. NCCLs were rinsed thoroughly for 20
sec to remove the acid. Excess water was removed using a cotton pellet to leave a moist dentine surface.
One coat of adhesive (Adper™ Single Bond 2, 3M, USA) was gently agitated on the entire enamel and
dentine surface for 20 sec using a sterile microbrush, air-dried for 10 sec and light-cured for 20 sec using
LED curing light (Woodpecker, output > 800 mW/cm2). The light intensity of curing unit was calibrated
daily using curing radiometer (Demetron 100, SDS-Kerr; Orange, CA, USA). In SE groups, the adhesive
(Adper™ Easy Bond, 3M Oral Care, Neuss, Germany) was applied to enamel and dentine for 20 sec, gently
air-dried for 10 sec and light cured for 20 sec.

NCCLs were restored using Filtek™ Z250 XT (3M ESPE, USA) resin composite, placed in 2 mm increments
and light-cured for 20 s per increment. Final contour was achieved with a �ne diamond rotary instrument
(Heico, Steinach, Switzerland) followed by �nishing and polishing using Optrapol polishing kit (Ivoclar
Vivadent, Schaan, Liechtenstein).

Clinical evaluation
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Clinical evaluation was performed by two independent, trained examiners. The examiners and patients
were blinded to the group assignment. Each restoration was evaluated by the same examiners at baseline
(one week after restoration placement), 3 months and 6 months. The restoration evaluation was
conducted according to World Federation criteria (FDI) [19].

Statistical analysis
Data was analysed using IBM SPSS 23. Descriptive statistics were used to report the frequency
distribution of the evaluated criteria. Differences in the ratings of the experimental groups at baseline and
after 3 and 6 months were evaluated using the Friedman Chi-square test at p = 0.05.

Results
Two trained dentists evaluated 162 teeth initially (Fig. 1). Fifteen participants with 100 NCCLs meeting
the inclusion criteria were enrolled in this study. Baseline details relative to the participants and the
NCCLs characteristics are presented in Table 1. Two participants with four NCCLs did not attend the 6-
month follow-up as they had relocated. The number of evaluated restorations for each group according
to FDI criteria is shown in Table 2.



Page 6/16

Table 1
Distribution of NCCLs according to the studied patients and the

characteristics of lesions
Characteristics of research subjects No. of lesions/subjects %

Gender distribution    

Male 8 53.3

Female 7 46.7

Age distribution, y    

18–29 1 6.7

30–39 2 13.3

40–49 1 6.7

< 49 11 73.3

Characteristics of lesions    

Shape, ° of angle    

<45 2 2.0

45–90 44 44.0

90–135 28 28.0

>135 26 26.0

Cervico-incisal height (mm)    

¬ <1.5 4 4.0

1.5–2.5 42 42.0

2.5–4.0 29 29.0

>4.0 25 25.0

Width (mm)    

<4.0 45 45.0

4.0–5.9 48 48.0

6.0–7.9 7 7.0

>8.0 0 0.0

Depth (mm)    

Flat (1.0–1.5) 29 29.0
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Characteristics of research subjects No. of lesions/subjects %

Medium (1.5–2.5) 47 47.0

Deep (> 2.5) 24 24.0

Degree of sclerotic dentin    

1 14 14.0

2 53 53.0

3 30 30.0

4 3 3.0

Attrition facets    

Yes 67 67.0

No 33 33.0
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Table 2
Number of restorations in each experimental group classi�ed according to the FDI Criteria

Criteria* Baseline (after 1 week) After 3 months After 6 months

TE SE TE + 
AA

SE + 
AA

TE SE TE + 
AA

SE + 
AA

TE SE TE + 
AA

SE + 
AA

1. Marginal staining

VG 25 25 25 25 17 15 20 16 15 13 18 13

GO - - - - 1 1 - - - 2 - -

SS - - - - - - - - 1 - 1 -

UN - - - - - - - - - - - -

PO - - - - - - - - - - - -

2. Fractures and retention

VG 25 25 25 25 18 16 20 16 15 13 19 12

GO - - - - - - - - - 2 - 1

SS - - - - - - - - 1 - - -

UN - - - - - - - - - - - -

PO - - - - 7 9 5 9 2 1 1 3

3. Marginal adaptation

VG 22 23 24 23 13 12 17 11 8 9 14 8

GO 3 2 1 2 5 4 3 5 7 6 4 5

SS - - - - - - - - 1 - 1 -

UN - - - - - - - - - - - -

PO - - - - - - - - - - - -

4. Post-operative sensitivity

VG 22 22 24 24 15 15 17 13 12 13 15 10

GO 2 3 1 1 2 1 3 3 3 2 4 3

SS 1 - - - 1 - - - 1 - - -

UN - - - - - - - - - - - -

PO - - - - - - - - - - - -

5. Secondary caries
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Criteria* Baseline (after 1 week) After 3 months After 6 months

TE SE TE + 
AA

SE + 
AA

TE SE TE + 
AA

SE + 
AA

TE SE TE + 
AA

SE + 
AA

VG 25 25 25 25 18 16 20 16 16 15 19 13

GO - - - - - - - - - - - -

SS - - - - - - - - - - - -

UN - - - - - - - - - - - -

PO - - - - - - - - - - - -

Abbreviations: TE: total-etching adhesive group, SE: self-etching adhesive group, AA: Air-abrasion

* VG: clinically very good; GO: clinically good; SS: clinically su�cient/satisfactory; UN: clinically
unsatisfactory; PO: poor

NCCL restorations retention rates at 3-month recall were 72% for ER, 64% for SE, 80% for AA + ER, and
64% for AA + SE with no statistical differences between the four experimental groups (p > 0.05). An
improved retention rate was observed at 6-month recall within the ER + AA group (67%), with no statistical
differences when compared to ER (64%) and SE (60%) groups (p > 0.05). However, the retention rate in ER 
+ AA was signi�cantly better than that of SE + AA (52%) groups at 6-month recall (p < 0.05). The retention
rate of NCCL restorations were affected signi�cantly (p = 0.04) by the height of NCCLs. Seventy three per
cent of lost restorations at 6-month recall were placed in lesions that surpassed 2.5 mm in height.

Minor discrepancies in marginal adaptation were detected within 17 and 24 restorations at 3-month and
6-month recalls respectively. No statistical differences in the marginal adaptation were recorded between
the four experimental groups at 3-month and 6-month recalls (p > 0.05). NCCLs width and the height
affected signi�cantly the marginal adaptation of the restorations (p = 0.038 & p = 0.035 respectively) at 6-
month recall. The percentages of adaptation defects were 40.9% in the NCCLs with 0.4–5.9 mm in width
and 58.3% in NCCLs with 1.5–2.5 mm in height. The presence of occlusal attrition facets in the teeth
increased signi�cantly (p = 0.043) the percentage of the adaptation defects (75%) at 6-month recall.
Seventy one percent of the adaptation defects was observed in NCCLs with dentine hypermineralisation
at 6-month recall (p = 0.007).

Ten restorations at 3-month recall and 13 restorations at 6-month recall showed mild post-operative
sensitivity. The four experimental groups revealed similar post-operative sensitivity at 3- and 6- month
recall (p > 0.05). Dentine hypermineralisation reduced signi�cantly the post-operative sensitivity at 6-
month recall (p = 0.002). Twenty three percent of NCCLs restorations with no dentine sclerosis reported
postoperative sensitivity at 6-month recall.

Minor discrepancies were observed in two restorations at 3-month recall and in four restorations at 6-
month recall. No statistical differences in marginal discoloration were detected between the four
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experimental groups at the 3- and 6- month recall (p > 0.05). No secondary caries was detected in any
restoration placed in the present study.

Discussion
There is a wide variation in the operative management of NCCLs with a lack of randomised clinical trials
that provide clinicians with a standard clinical protocol [3, 8]. To the best of the authors' knowledge, this
is the �rst clinical trial to evaluate the effect of adhesive strategy on NCCLs pre-conditioned with BAG air-
abrasion. The �ndings of the present clinical trial showed that the retention was not signi�cantly
enhanced following air-abrasion, in agreement with previous in-vitro investigations [20–23].

The current clinical trial advocates the use of ER rather than SE adhesive when the NCCLs is pre-
conditioned using BAG air-abrasion as a signi�cant increase in the retention rate of resin composite
restorations was detected in AA + ER group when compared to AA + SE group. Treating dentine with BAG
air-abrasion sealed the ori�ces of dentine tubules, reduced the dentine permeability and stabilised the
bond strength values [15, 16, 24]. BAG particles may help to remineralise carious dental tissues and
demineralised dentine collagen �bres [24]. Dentine surface treated with air-abrasion is covered by an
irregular, amorphous, thin smear layer [20, 25]. The incorporation of self-adhesive agent with this irregular
smear layer may explain the reduction of the retention rate observed in AA-SE group. The preparing
method affects the thickness and uniformity of resin-smear complex which in turn, affects the interaction
of self-etch adhesive [26].

On the other hand, the characteristics of dental surfaces pre-conditioned with air-abrasion may do not
deteriorate the performance of ER adhesive. These features include surface micro-roughness, increased
surface area and a featureless stippled surface appearance [13, 20]. Although these �ndings are expected
to improve the retention of resin composite restorations in clinical NCCLs, the �ndings of the present
clinical trial showed that the retention was not signi�cantly enhanced following air-abrasion with bio-
active glass particles in ER group. The interaction of air-abrasion with the dentine surface might not be
su�cient to alter the resin composite performance in vivo. Several biological factors may further
in�uence the performance of such restorations including numerous microorganisms, pH �uctuating,
masticatory cyclic loading and thermal cycling.

NCCL dimensional characteristics affected signi�cantly the resin composite restoration performance.
This clinical correlation needs further investigation to be used to improve assessment of prognosis and
allow modi�cations to treatment protocols to be agreed. The height of NCCLs affected signi�cantly the
retention rate of resin composite restorations. Increasing the height in a lesion with divergent walls,
reduces further the mechanical retention. In this study, increasing the width and the height of NCCLs
affected signi�cantly the marginal adaptation of the restorations. This increase leads to more vulnerable
margins that can breakdown due to strains caused by eccentric occlusal forces, or acidic erosive or
abrasive forces [27–29].
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At 6-month recall, marginal adaptation had a signi�cant relation with the occurrence of attrition facets.
The continuous exposure to compressive/shear stresses leads to the attrition of dental tissues. Stresses
accumulate in the cervical areas and consequently high levels of strain are formed, possibly affecting
restorations retention and marginal integrity [30, 31]. NCCLs restorations with no dentine
hypermineralisation reported post-operative sensitivity at 6-month recall, whilst NCCLs restorations with
hypermineralisation present had no signi�cant change in sensitivity response. Hypermineralised dentine
contains higher amounts of mineral crystal deposits that block the exposed dentine tubules, which in turn
reduces the �uid movement in response to stimuli [32].

Conclusion
The null hypothesis investigated in this study is disproved as the retention rate of resin composite
restorations in ER group was signi�cantly better than that in SE group in pre-conditioned NCCLs at 6-
month recall. Pre-conditioning the dentine with bioactive glass air-abrasion did not improve the clinical
performance of NCCLs restorations in both ER and SE adhesive groups at 6-month recall. NCCLs physical
characteristics affected signi�cantly resin composite restoration performance. Clinicians are advocated
to be aware about the critical role of NCCLs’ physical characteristics in the success of resin composite
restorations.

Abbreviations
NCCLs: Non-carious cervical lesions; ER: etch-and-rinse; SE: self-etch; BAG: Bio-active glass 45S5; AA: air-
abrasion.
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Figure 1

CONSORT �ow diagram. TE: total-etching adhesive group, SE: self-etching adhesive group, AA: Air-
abrasion
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