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Abstract 

Background:  The aim of this study was to compare the clinical performance of Nano-hydroxyapatite-modified 
conventional glass ionomer cement (NHA-GIC) and Nano-hydroxyapatite-modified resin-modified glass ionomer 
cement (NHA-RMGIC) with conventional glass ionomer (CGIC) and resin-modified glass ionomer (RMGIC) in the treat-
ment of caries class V cavities. Sixty patients with at least two cervical caries lesions participated in this study. A total of 
120 class V cavities were prepared and then restored using different restorative materials. Restorations were clinically 
evaluated according to modified United States Public Health Service criteria at baseline and after 3, 6 and 9 months.

Results:  There was no statistically significant difference in the clinical performance of the different restorative materi-
als at any of the follow-up periods. However, throughout the study period there was a statistically significant change 
in the color match, surface texture and marginal integrity in NHA-GIC. A statistically significant change in the surface 
texture and marginal integrity was found in GIC. On the other hand, there was only a statistically significant change in 
surface texture in NHA-RMGIC.

Conclusions:  All tested restorative materials, control (CGIC and RMGIC) as well as experimental (NHA-GIC and NHA-
RMGIC), exhibited comparable clinical performance after 9 months follow-up.
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Background
Cavities affecting the cervical regions of teeth are a com-
mon clinical finding. They might require restoration if 
associated with caries, to improve appearance, alleviate 

sensitivity or prevent enlargement of the lesion (Stew-
ardson et  al. 2012). Class V restorations represent a 
challenging situation in each step in the restorative pro-
cedure, including proper isolation, adhesion, contouring, 
finishing and polishing. Moreover, the cervical margin 
is mostly located in cementum or dentin which makes it 
more susceptible to microleakage, causing cavosurface 
stains, post-operative sensitivity, and recurrent caries 
(Perez 2010).
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A variety of tooth-colored restorative materials and 
adhesive agents are now suggested for the restoration 
of class V cavities. Either resin composite (RC) or glass 
ionomer cements (GICs) are recommended to restore 
these lesions. However, several drawbacks have been 
reported when resin composite is used to restore this 
type of cervical lesion, such as polymerization shrink-
age, incomplete marginal sealing and resin-tooth inter-
face degradation over time (Folwaczny et  al. 2001; 
Boing et al. 2018).

Conventional glass ionomer and resin-modified glass 
ionomer have been advocated for restorations of class 
V restorations, especially in patients with high car-
ies risk. A number of clinical trials have assessed the 
performance of GICs for restoring cervical lesions 
and these trials have demonstrated acceptable clini-
cal results (Mahn et al. 2015; Priyadarshini et al. 2017). 
This might be related to the unique properties of GICs, 
such as chemical bonding to enamel and dentin, good 
sealing to cavity walls, caries-inhibition effect, reminer-
alization potential due to the gradual release of fluoride 
ions for a long period, a coefficient of thermal expan-
sion and elastic modules similar to those of the tooth 
structure, as well as minimal effect on the pulp tissue 
and easy handling properties (Singh et al. 2011).

Despite its various advantages, unfortunately GIC 
suffers from various shortcomings, such as poor physi-
cal properties, brittleness, low fracture toughness, infe-
rior mechanical properties, high initial solubility, poor 
wear resistance, inadequate surface properties, mois-
ture sensitivity and poor aesthetics when compared to 
resin composites (Khoroushi and Keshani 2013).

Recently, nanotechnology has rapidly expanded into 
all branches of dentistry as it offers significant alter-
native ways to solve scientific and medical questions 
and problems. Previous studies have suggested incor-
poration of nano-sized particles or nanoclusters, such 
as silver cermet, zinc, titanium dioxide, gold and zir-
conia as an attempt to improve the poor mechanical 
and physical properties of GIC and RMGIC (Khurshid 
et al. 2015; Najeeb et al. 2016). Although these modified 
reinforced materials exhibited high strength proper-
ties and reduced abrasion, they showed poor aesthetics, 
potential hazards, such as cytotoxicity that limits their 
use (Najeeb et  al. 2016). Therefore, Nano-hydroxyapa-
tite particles (NHA), with their chemistry being similar 
to that of mineralized bone and dental tissues, are con-
sidered an excellent candidate as filler material for both 
GICs and RMGICs (Kantharia et al. 2014).

Thus, it seems to be of value to study the effect of 
adding NHA on the clinical performance of CGI and 
RMGI restorations in class V cavities. This study was 
conducted to accept or reject the null hypotheses that: 

There is no difference in the clinical performance of 
NHA-GI and NHA-RMGI in comparison to CGI and 
RMGI in class V cavities.

Methods
Trial design and setting
This double-blinded randomized, controlled, multi-
center, split-mouth clinical trial with 1:1 allocation ratio 
was conducted at the dental clinic (DC) of the National 
Research Centre (NRC), Cairo, Egypt, and the restora-
tive dental clinic at the Faculty of Oral and Dental Medi-
cine, Girl’s branch, Al-Azhar University, Cairo, Egypt. 
The experimental design followed the CONSORT 2010 
guidelines (Consolidated Standards of Reporting Trial) 
(Table 1).

Trial registration and ethical approval
The trial was registered in the Pan African Clinical Trial 
Registry (PACTR) (www.​pactr.​org) under the identifica-
tion number (PACTR201908519911054). The ethical 
approval was obtained from the Ethical Research Com-
mittee—National Research Centre (NRC), Cairo, Egypt 
(Ref number: 16039) and from the Faculty of Dental 
Medicine, Girls branch, Al-Azhar University, Cairo, 
Egypt (approval code:OPDEN-108-1-i) after looking for 
rights, safety and dignity of the clinical trial. This study 
was conducted in accordance with the 1964 Declaration 
of Helsinki and its subsequent amendments.

Sample size calculation
The sample size estimation was calculated using a priori 
by G* power 3.1.2 software based on previous studies 
(Burgess et  al. 2004). The minimum size of each group 
was calculated, using the following conditions: α (allowa-
ble type I error) 0.05 (5%), β (allowable type II error) 0.20 
(20%), and power of the study (1–β) = 80%. Thus, in order 
to detect a difference of 20%, a minimum sample size 
of 25 teeth per group was needed. Considering 5 drop-
outs, the final restorations were placed in thirty teeth per 

Table 1  Study design

Study type Interventional (Clinical Trial)

Estimated enrollment 60 participants

Allocation: Randomized

Intervention model Parallel Assignment

Blindness Double (Participant, Outcomes Assessor)

Primary purpose Treatment of class V cavities

Study start date June 2017

Completion date May 2019

http://www.pactr.org
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group which was obtained from 60 participants. Each 
participant received two restorations of class V lesions, 
totaling 120 dental restorations.

Eligibility criteria
Eligibility criteria for patients: Thirty participants with 
ages ranging from 25 to 45 years were selected to fulfill 
the following inclusion and exclusion criteria (Fagundes 
et  al. 2014). The inclusion criteria for patients were: (a) 
ability to read and sign the informed consent form, (b) 
willingness to participate, (c) have no medical or behav-
ioral problems preventing patients from attending recall 
treatments, and (d) moderate and high caries risk index. 
The exclusion criteria were: (a) rampant uncontrolled 
caries, (b) parafunctional habit, or bruxism (c) preg-
nant or breastfeeding, (d) heavy smoking, (e) evidence of 
xerostomia, and (f ) presence of abnormal oral soft tissue.

Eligibility criteria for teeth: The inclusion criteria for 
teeth were: (a) presence of contra-lateral matched pair 
of cavitied buccal cervical carious lesion, (b) small to 
medium size cavities that extended into dentin, while 
maintaining natural tooth contour, (c) absence of tooth 
mobility, tenderness, extensive carious lesions, severe 
pain or pre-operative sensitivity, and (d) easily acces-
sible gingival margins. The exclusion criteria were: (a) 
periapical pathology, internal or external resorption, (b) 
questionable pulp vitality or root canal therapy, (c) pulp 
capped, (d) periodontal pocket and bleeding on probing, 
(e) presence of cracks.

Participant recruitment
The patients were selected from the outpatient clinic of 
National Research Centre (NRC), Cairo, Egypt, and Fac-
ulty of Dental Medicine, Girl’s branch, Al-Azhar Uni-
versity, Cairo, Egypt. Eligible patients who agreed to 
participate in this trial signed written informed consents.

Patient risk assessment using American Dental Associ-
ation® (ADA) caries risk assessment form (Ages > 6) was 
carried out for the all selected patients to be categorized 
into the medium and high risk category. Radiographical 
assessment was also performed to exclude patients with 
any sign of periapical pathosis.

Randomization, allocation and blinding
Each selected participant had two contra-lateral class V 
carious lesions and received the experimental restorative 
material (NHA-GIC or NHA-RMGIC) in one cavity and 
the corresponding control restorative material (CGIC or 
RMGIC) in the other cavity. Thus, a total of 120 restora-
tions were placed in the 120 teeth of 60 patients.

The method used to generate the random alloca-
tion sequence of the participants and arch side was 
a computer-generated list of random numbers using 

Microsoft® Excel program. Each participant occupied 
a sequence no (ID) from “1 to 60” and was randomly 
assigned to one of the two control restorative materi-
als (either CGIC or RMGIC). Each participant was then 
given another randomized letter either "R” or “L," to 
determine which side was to be treated with the control 
material and eventually the other side was treated with 
the corresponding experimental material.

Generation of random allocation sequence was done 
by a person who was not involved in the clinical trial. 
Neither the participants nor the outcome assessor knew 
which tested restorative material was used, while the 
primary investigator was not blinded, thus resulting in a 
double-blind study.

Procedure

a.	 Preparation and characterization of Nano-
hydroxyapatite particles (NHA)

NHA were synthesized using the wet chemical precipi-
tation method at the National Research Centre, Egypt. 
Synthesized NHA was then characterized by transmis-
sion electron microscopy (TEM), Fourier transform 
infrared spectroscopy (FTIR), X-ray diffraction (XRD), 
and elemental-dispersive X-ray (EDX) to study the pow-
der purity, surface area and the particle size which affect 
their bioactivity, mechanical and biological properties.

Fourier transform infrared spectra were recorded for 
synthesized NHA by KBr disk technique using FTIR 
Spectrometer (Nexus 670 FTIR, USA). The NHA was 
analyzed in the range of 400–4000  cm−1 and at 4  cm−1 
resolution to examine the chemical functional groups.

XRD analysis was done by using (Bruker D8 advance 
diffractometer, Germany) to determine different crystal-
line phases. The NHA was evaluated using CU Kα1 radia-
tion with a wavelength of 1.54Ao.

EDX was used to detect mineral element composition 
(Ca/P) of the synthesized NHA, by estimation of calcium 
(Ca) and phosphate (P) weight content (%).

Moreover, Transmission electron microscopy (Philips 
XL, 30; Japan) was used to evaluate the morphology and 
the particle size of synthesized NHA. The samples were 
prepared first by dispersing few particles of HA nano-
particles in distilled water, and then a carbon-coated 
copper grids 200 mesh (TED Pella, inc; USA) was dipped 
inside it. Particle size measurement was conducted using 
Clemex image analysis software.

b.	 Preparation and characterization of Nano-HA-modi-
fied glass ionomer cements
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Modified cements (NHA-GIC and NHA-RMGIC) were 
prepared by addition of NHA to the powder compo-
nent of CGIC and RMGIC. Five percent by weight (5% 
w/w) of CGIC or RMGIC powder were replaced by NHA 
and then mixed using a ball mill machine (LFJS, Hunan, 
China) with 200  rpm for 30 min to produce a homoge-
nous powder (Barandehfard et  al. 2016; Poorzandpoush 
et al. 2017). The brand name, manufacturer and composi-
tion of the restorative materials are presented in Table 2.

Characterization of NHA-GIC and NHA-RMGIC was 
done using TEM (Philips XL, 30; Japan) to observe the 
distribution of NHA into CGIC and RMGIC powder.

c.	 Clinical procedure: Cavity preparation, material 
application, intervention and outcome

All participants’ demographic data together with tooth 
numbers, types and arch distribution were recorded 
(Table  4). Each patient first underwent scaling and pol-
ishing procedures to clean the tooth surfaces.

The 120 cavities were prepared on 88 maxillary anterior 
teeth and 32 mandibular teeth. Appropriate local dental 
anesthesia (Mepecaine-L) 1  mg had been injected pre-
operatively unless declined by the patient. Treated teeth 
were isolated with rubber dam (OptraDam® Plus) (Ivo-
clar Vivadent, size S & M AG; USA) and saliva ejector. 

A conservative class V cavity was prepared on the buccal 
surface of each tooth with a #330 carbide bur (FG, Dent-
sply Midwest®) fixed to a high-speed handpiece with 
water coolant system. Cavity preparation was limited to 
the removal of caries, and the exact cavity form and size 
were obtained after caries removal. Each bur was dis-
carded after 5 preparations (Nassar et al. 2014).

After cavity preparation, the dentin was conditioned for 
10  s with Ketac™ Conditioner, washed and gently dried 
with a cotton pellet. Control and experimental restorative 
materials were mixed according to manufacturer instruc-
tions and then packed into the prepared cavities on the 
contra-lateral side of each tooth.

NHA-GIC and CGIC restorations’ finishing and polish-
ing procedures were carried out immediately after initial 
setting of the restorative materials as recommended in 
the manufacturer’s instructions for "single-visit treat-
ment." On the other hand, NHA-RMGIC and RMGIC 
restorations were light-cured for 20  s prior to finishing 
and polishing. For all 120 restorations, excess material 
was removed with super-fine diamond burs under copi-
ous water coolant and restorations were polished with 
a SoF-Lex* abrasive disk. The restorations were finally 
coated with a thin layer of "EQUIA® Coat," and then 
light-cured for 20 s. Patients were instructed to maintain 

Table 2  Name, specifications, composition, manufacturer and batch numbers of the restorative materials

*HEMA hydroxyethyl-methacrylate, **TEGDMA triethylene-glycol dimethacrylate, ***TMHMDC trimethyl-hexamethylenedicarbonate, ****MMA methyl-methacrylate

Material Specification Composition Manufacturer Batch numbers

Fuji II, GC Gold
Label 2
(GIC)

Conventional
Glass Ionomer
Cement
(CGIC)

Powder (10 g)
Acid soluble "calciumfluoroalumino-silicate 
glass"
Liquid 7 g (5.6 ml)
Polyacrylic acid (40%), Tartaric acid (5–15%), 
Maleic acid, Itaconic acid and distilled water

GC
Corporation, Tokyo, Japan

Powder
Liquid:

1603011
1603021

NHA-CGIC Experimental GIC GGIC incorporated with 5% Nano-HAp in the 
powder component

Fuji IILC,
improved, GC
(RMGIC)

Resin-Modified Glass Iono-
mer Cement (RMGIC)

Powder (15 g)
same composition of chemically cured GIC 
powder "100% of "calciumfluoroalumino-
silicate glass"
Liquid 8 g (6.8 ml)
polyacrylic acid (20–22%),2 HEMA* (35–
40%),2,2,4 TEGDMA**, (4–6%), TMHMDC*** 
(5–7%), Camphorquinone (10%) and distilled 
water

GC
Corporation, Tokyo, Japan

Powder
Liquid:

1601051
1601061

NHA-RMGIC Experimental RMGIC RMGIC incorporated with 5% Nano-HAp in 
the powder component

Ketac™

conditioner
Dentin conditioner
(pretreatment)

Liquid (l0ml)
Polyacrylic acid (10%)

3M ESPE, Deutschland, German 668400

EQUIA® Coat Light-cure self-adhesive coat Liquid (6 ml)
50% MMA****, 0.09% camphorquinone

GC
Corporation, Tokyo, Japan

104251

Hydroxyapatite 
nanoparticles 
(NHA)

Additive reinforcing powder Ca5(OH)(PO4)3 National Research Centre (NRC) –
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optimum oral hygiene measures and the importance of 
periodic follow-up and recall were highlighted.

The primary outcome measure was evaluation of the 
clinical performance of the tested restorative materials 
using modified (USPHS) criteria (Kharma et  al. 2018) 
(Table 3). All criteria were evaluated at regular visits; at 
baseline (immediately) and after 3, 6 and 9  months. All 
the restorations were evaluated for the outcome by a sin-
gle experienced, calibrated independent examiner who 
was blinded to the objectives of this study and tooth allo-
cation. The restorations were evaluated visually by using 
mirror and probe under good operating light.

All data about patient’s enrollment, intervention, fol-
low-up and data analysis are shown in CONSORT flow 
diagram 2010, Fig. 1.

Statistical analysis
Qualitative data were presented as frequencies and per-
centages. Wilcoxon signed-rank test was used to compare 
each group and its contra-lateral side. Friedman’s test was 
used to study the changes with time within each group. 
Chi-square test or Fisher’s Exact test (when applicable) 
were used to compare the groups. The significance level 
was set at P ≤ 0.05. Statistical analysis was performed 
with IBM® SPSS® Statistics for Windows, Version 23.0. 
Armonk, NY: IBM Corp.

Results

a.	 Results of Synthesized NHA characterization
1.	 Fourier transform infrared spectroscopy (FTIR) anal-

ysis

Figure  2 represents the FTIR spectrum of the pre-
pared NHA by the wet chemical precipitation method. 
The figure shows all the characteristic bands for 
hydroxyapatite; the asymmetric stretching (v3) and 
bending (v4) modes of PO4

−3 ion were detected at 
around 1067.9, 610.1 and 536.7 cm−1, respectively. The 
symmetrical stretching modes (v1) and (v2) of PO4−3 
ion were also found at around 970.4 and 430.4  cm−1, 
respectively. The liberation and stretching mode of the 
OH– were detected at around 3471 and 1657  cm−1, 
respectively. The stretching vibrations, ascribed 
to CO3

2−, were also present at around 1400.1 and 
816 cm−1. The bands at 3471.3 and 1657.5 cm−1 corre-
spond to adsorbed H2O.

2.	 X-ray diffraction (XRD) analysis

Figure 3 represents the XRD analysis of the prepared 
NHA. The characteristic peaks of NHA were clearly 
detected. Also, it was observed that most of the peaks 
fit well with hexagonal hydroxyapatite phase. The phase 
analysis of crystalline NHA shown was carried out with 

Table 3  Primary outcome, measuring devices and measuring units for in vivo study using modified (USBHS) criteria

Primary outcome Measuring devices Measuring units

Retention Visual inspection with mirror at 
18 inches

Complete retention
Mobilization of the restoration
Loss of the restoration

Alpha (A)
Bravo (B)
Charlie (C)

Color match Visual inspection with mirror at 
18 inches

Perfectly matched color shade
Unperfected color match. Unacceptable color match

Alpha (A)
Bravo (B)
Charlie (C)

Marginal integrity Visual inspection with explorer 
and mirror, if needed

Absence of discrepancy at probing
Presence of discrepancy at probing without dentin exposure
Probe penetrates in the discrepancy at probing with dentin expo-
sure

Alpha (A)
Bravo (B)
Charlie (C)

Marginal discoloration Visual inspection with mirror at 
18 inches

Absence of marginal discoloration
Presence of marginal discoloration limited and not extended
Evident marginal discoloration penetrated toward the pulp chamber

Alpha (A)
Bravo (B)
Charlie (C)

Surface texture Visual inspection with explorer 
and mirror, if needed

Surface is not rough
Surface is slightly rough
Surface is highly rough

Alpha (A)
Bravo (B)
Charlie (C)

Surface staining Visual inspection with explorer 
and mirror, if needed

Surface is not staining
Surface is slightly staining
Surface is highly staining

Alpha (A)
Bravo (B)
Charlie (C)

Postoperative sensitivity Ask the patient. "Questionnaire" Absence of hypersensitivity
Mild hypersensitivity
Presence of strong and intolerable hypersensitivity

Alpha (A)
Bravo (B)
Charlie (C)

Secondary caries Visual inspection with explorer 
and mirror, if needed

No evidence of caries
Evidence of caries along the margin of the restoration

Alpha (A)
Charlie (C)
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the help of Joint Committee on Powder Diffraction 
Standards (JCPDS) data card no. 09-0432. The grain 
size D of NHA was calculated.

3.	 Energy-dispersive X-ray (EDX)

Figure  4 represents the elemental analysis of NHA, 
which indicates the elemental compositions of the 
material. The EDX spectra clearly showed that the pre-
pared NHA constitutes mainly calcium and phosphate 
groups, while the weight percentages of calcium (Ca), 

Fig. 1  Flow diagram of the study (Consolidated Standards of Reporting Trial) [CONSORT] 2010
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phosphorous (P) and oxygen (O) element were found to 
be 31.26%, 21.92% and 46.82%, respectively.

4.	 Transmission electron microscope (TEM) observa-
tion

Figure  5 represents a transmission electron micro-
scope (TEM) photomicrograph of the prepared NHA. 
The morphology of NHA appears in nanostructure 
form and uniform rod shape. The crystalline size of the 
prepared NHA was estimated from TEM micrographs 
by image analysis, which has an estimated crystalline 

Fig. 2  FTIR spectrum of the prepared NHA

Fig. 3  XRD analysis of the prepared NHA
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size about (20–80) nm in length and (10–25) nm in 
width.

b.	 Results of characterization of Nano-HA-modified 
glass ionomer cements

Figures  6a, b and 7a, b represent TEM photomicro-
graphs of the prepared NHA-GIC and NHA-RMGIC 
powder, respectively. The rod-shaped NHA particles 
were easily detected distributed inside the CGIC and 
RMGIC powder.

c.	 Results of the in vivo study

Table  4 shows the frequencies, percentages (%) and 
results of the Chi-square test for comparisons of demo-
graphic data of the two main groups (CGIC, NHA-GIC) 
and (RMGIC, NHA-RMGIC). The table demonstrated 
that there was no statistically significant difference 
between the two groups as regards age distribution, 
gender distributions, marital status, arch and tooth 
types at P value 0.705, 0.713, 0.169, 0.243 and 0.480, 
respectively.

Table  5 presents data for retention, color match, sur-
face texture, surface staining, marginal discoloration, 
marginal integrity, secondary caries, and post-operative 
sensitivity at all evaluation periods. The total number of 
restorations assessed at each time period is given in per-
cent, and the numbers in parenthesis indicate the total 
number of restorations classified as Alpha (A) + the total 
number of restorations classified as Bravo (B) in that 
evaluation period.

At baseline as well as after 3 months, all restorations in 
the four groups showed Alpha score for all evaluation cri-
teria except for color match, surface texture, and postop-
erative sensitivity.

After 6 as well as 9 months, two patients had dropped 
out (6.7%) in each group. There was no statistically sig-
nificant difference between the four groups for any of the 
evaluated criteria at each follow-up period.

Fig. 4  EDX spectra of the prepared NHA

Fig. 5  TEM photomicrograph of the prepared NHA
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Analysis of the changes with time within each group, 
revealed that there was no statistically significant change 
in most of the tested criteria through the study period. 
The exceptions were as follows. In the NHA-GIC group, 
there was a statistically significant change in color match, 
surface texture, and marginal integrity through the study 
period. In the CGIC group there was a statistically sig-
nificant change in surface texture and marginal integrity 
through the study period. In the RMGIC group there 
was a statistically significant change in color match and 
surface texture through the study period. Finally, in the 
NHA-RMGIC group there was only a statistically signifi-
cant change in surface texture through the study period.

The overall cumulative survival rate was 100% and a 
survival plot cannot be drawn since all tested restorative 
materials either, "control or experimental," showed Alpha 
and Bravo scores which were considered as successful.

Discussion
This randomized clinical trial investigated the clini-
cal performance of the modified, experimental cements 
(NHA-GIC and NHA-RMGIC) and compared the per-
formance to their respective control cements (CGIC and 
RMGIC) in class V cavities at baseline (immediately) and 
after 3, 6 and 9  months using modified USPHS criteria 
(retention, color match, surface texture, surface staining, 

Fig. 6  a, b TEM photomicrographs of the prepared NHA-GIC powder

Fig. 7  a, b TEM photomicrographs of the prepared NHA-RMGIC powder
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marginal adaptation, marginal discoloration, recurrent 
caries and post-operative sensitivity).

At the 9  month recall, all restorations, irrespective of 
material, showed excellent retention [93.3% (Alpha) 
rating], which confirms the results of previous studies 
(Loguercio et  al. 2003; Franco et  al. 2006; Jyothi et  al. 
2011; Fagundes et  al. 2014). The high retention rate 
reported for both Fuji GC Gold Label 2 (CGIC) and Fuji 
II LC (RMGIC) might be related to their relatively good 
mechanical properties and better adhesion mechanism to 
dental tissue. The auto-adhesive capacity of GICs through 
the formation of ionic bonds between the carboxyl 
groups of polyalkenoic acid and hydroxyapatite in the 
tooth structure might have been responsible for higher 
retention rate of these materials (Shikumar et  al. 2016). 
Moreover, the micro-mechanical interlocking of the pol-
ymer in RMGIC added another adhesion mechanism, 
which might participate in improving its retention rate 
(Jyothi et  al. 2011). Another factor associated with the 
favorable retention performance of CGIC and RMGIC, 
was the fact that these materials have elastic modules 
close to that of tooth structure (Shikumar et  al. 2016). 
This increases the strain capacity of the restorations and 
prevents their deformation under occlusal load, thus 
preserving the adhesion of the materials at the margins 
of the cavities (Abdalla et  al. 1997). The fact that there 
was no significant difference between the experimental 
groups (NHA-GIC and NHA-RMGIC) and the control 

groups (CGIC and RMGIC) regarding the retention rates 
might be due to the similarity in general mechanical and 
physical properties between the control and the experi-
mental cements.

The results of clinical performance regarding the 
color matching showed that there was no statistically 
significant difference between the four tested restora-
tive materials during the study period. Nevertheless, 
there were statistically significant changes in the color 
matching criterion through the 9 months study period 
in the NHA-GIC and RMGIC groups. There was an 
increase in prevalence of Bravo scores and a decrease 
in prevalence of Alpha scores from 3 to 6 in NHA-GIC 
and RMGIC groups, as well as from 6 to 9  months in 
NHA-GIC. These results were in accordance with sev-
eral previous clinical trials (Folwaczny et  al. 2001; 
Sidhu 2010; Lee et  al. 2010; Priyadarshini et  al. 2017). 
The poor color match for both CGIC and RMGIC, con-
trol as well as experimental groups, could be related to 
the "chalking phenomenon" of glass ionomers which 
damages its appearance under dry conditions making 
the surface appear weak and opaque (Perdigão et  al. 
2012). Moreover, the presence of porosity and micro-
cracks within the glass ionomer microstructure, might 
be another factor that affects the color stability of the 
tested cements. This allowed for the accumulation of 
oral fluid and stain adsorption and discoloration of 
the restoration (Priyadarshini et  al. 2017). In addi-
tion, lack of color stability in GICs could be attributed 
to the polyacid content in the material, which could 
be explained by degradation of the metal polyacrylate 
salts. When GICs were exposed to acid attack (depend-
ing upon pH of the patient oral environment), H+ ions 
diffuse into the glass ionomer component and replace 
the metal cations in the matrix. These cations later dif-
fuse outwards and get released to the cement surface. 
Thus, the material might become rough with voids, and 
undissolved glass particles result in greater water and 
food colorant absorption (Cardoso et  al. 2010). More-
over, RMGIC "Fuji II LC, improved" undergoes color 
change during polymerization of the resin components 
as the acid–base reaction is retarded. This delayed 
acid–base reaction in addition to water sorption by the 
resin components within RMGIC might result in post-
polymerization color change (Adusumilli et  al. 2016). 
Furthermore, the hydrophilic monomers, incomplete 
polymerization, residual HEMA molecules after light-
curing, physical adsorption and desiccation might also 
affect the color stability of RMGIC and increase its 
potential body discoloration and surface staining (Car-
doso et al. 2010; Hussainy et al. 2018).

In contrast to these results Hussainy et  al. (2018) 
observed close color matching and high color stability 

Table 4  Frequencies, percentages (%) and results of the Chi-
square test for comparison of demographic data of the two main 
groups

*Significant at P ≤ 0.05

CGIC
NHA-GIC
(n = 30) patients

RMGIC
NHA-RMGI
(n = 30) patients

P value

Age 0.705

25–35 y 12 (40%) 10 (33.3%)

35–45 y 18 (60%) 20 (66.7%)

Gender 0.713

Male 14 (46.7) 12 (40%)

Female 16 (53.3) 18 (60%)

Marital status 0.169

Single 10 (33.3%) 2 (6.7%)

Married 20 (66.7%) 28 (93.3%)

Arch 0.243

Upper 40 (66.7%) 48 (80%)

Lower 20 (33.3%) 12 (20%)

Tooth type 0.480

Central incisor 16 (26.7%) 16 (26.7%)

Lateral incisor 16 (26.7%) 24 (40%)

Canine 28 (46.7%) 20 (33.3%)
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of RMGIC "Fuji II LC, improved" to the tooth structure 
with Alpha scores of 100% and 95%) after 6 months and 
one year, respectively. The differences in the results might 
be explained by the carious cervical lesions which were 
selected for this study rather than the non-carious cervi-
cal lesions which were selected for the other studies (Pri-
yadarshini et  al. 2017; Hussainy et  al. 2018). Therefore, 

the cavities might be deeper in the present study with 
subsequent increase in the volume of the restorations. 
This might result in higher rate of water sorption and 
more pronounced color change (de Oliveira et al. 2012). 
Moreover, it was suggested that the color stability of 
RMGIC was shade dependent (Yap et al. 2006).

Table 5  Descriptive statistics and results of Fisher’s Exact test for comparison between the four groups

* Significant at P ≤ 0.05, NC†: Not Computed because the variable is constant. %(A + B) = Percentages of the total number of restorations assessed at each time period 
(percentages of Alpha score + Bravo score)

Category Material Baseline 3 months 6 months 9 months

% (A + B) % (A + B) % (A + B) % (A + B) P value Effect size (W)

Retention CGIC
NHA- GIC
RMGIC
NHA-RMGIC

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)

93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)

0.392
0.392
0.392
0.392

0.067
0.067
0.067
0.067

P = NC†

Effect size = NC†
P = NC†

Effect size = NC†
P = 1.000
Effect size = 0.0000

P = 1.000
Effect size = 0.0000

Color match CGIC
NHA- GIC
RMGIC
NHA-RMGIC

100%(80 + 20)
100%(86.7 + 13.3)
100%(80 + 20)
100%(73.3 + 26.7)

100%(80 + 20)
100%(80 + 20)
100%(80 + 20)
100%(73.3 + 26.7)

93.3% (73.3 + 20)
93.3%(66.7 + 26.7)
93.3%(66.7 + 26.7)
93.3%(66.7 + 26.7)

93.3%(66.7 + 26.7)
93.3%(60 + 33.3)
93.3%(66.7 + 26.7)
93.3%(60 + 33.3)

0.061
0.010*
0.029*
0.061

0.164
0.252
0.200
0.164

P = 0.969
Effect size = 0.118

P = 1.000
Effect size = 0.070

P = 1.000
Effect size = 0.048

P = 1.000
Effect size = 0.052

Surface 
texture

CGIC
NHA- GIC
RMGIC
NHA-RMGIC

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

100%(100 + 0)
100%(93.3 + 6.7)
100%(100 + 0)
100%(100 + 0)

93.3%(80 + 13.3)
93.3%(73.3 + 20)
93.3%(73.3 + 20)
93.3%(66.7 + 26.7)

93.3%(66.7 + 26.7)
93.3%(66.7 + 26.7)
93.3%(60 + 33.3)
93.3%(53.3 + 40)

0.007*
0.005*
0.002*
0.001*

0.267
0.285
0.327
0.390

P = NC†

Effect size = NC†
P = 1.000
Effect size = 0.225

P = 0.997
Effect size = 0.084

P = 0.992
Effect size = 0.085

Surface stain-
ing

CGIC
NHA- GIC
RMGIC
NHA-RMGIC

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

93.3%(86.7 + 6.7)
93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(86.7 + 6.7)

93.3%(86.7 + 6.7)
93.3%(80 + 13.3)
93.3%(93.3 + 0)
93.3%(86.7 + 6.7)

0.112
0.066
0.392
0.112

0.133
0.160
0.067
0.133

P = NC†

Effect size = NC†
P = NC†

Effect size = NC†
P = 0.997
Effect size = 0.084

P = 0.992
Effect size = 0.085

Marginal 
discoloration

CGIC
NHA- GIC
RMGIC
NHA-RMGIC

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

93.3%(86.7 + 6.7)
93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)

93.3%(86.7 + 6.7)
93.3%(80 + 13.3)
93.3%(93.3 + 0)
93.3%(86.7 + 6.7)

0.112
0.066
0.392
0.194

0.133
0.160
0.067
0.105

P = NC†

Effect size = NC†
P = NC†

Effect size = NC†
P = 1.000
Effect size = 0.160

P = 0.989
Effect size = 0.134

Marginal 
integrity 
(adaptation)

CGIC
NHA- GIC
RMGIC
NHA-RMGIC

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

93.3%(80 + 13.3)
93.3%(86.7 + 6.7)
93.3%(93.3 + 0)
93.3%(86.7 + 6.7)

93.3%(66.7 + 26.7)
93.3%(73.3 + 20)
93.3%(86.7 + 6.7)
93.3%(80 + 13.3)

0.007*
0.024*
0.194
0.061

0.267
0.210
0.105
0.164

P = NC†

Effect size = NC†
P = NC†

Effect size = NC†
P = 0.989
Effect size = 0.134

P = 0.890
Effect size = 0.142

Recurrent 
caries

CGIC
NHA- GIC
RMGIC
NHA-RMGIC

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)

93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)

0.392
0.392
0.392
0.392

0.067
0.067
0.067
0.067

P = NC†

Effect size = NC†
P = NC†

Effect size = NC†
P = 1.000
Effect size = 0.0000

P = 1.000
Effectsize = 0.0000

Post-opera-
tive sensitivity

CGIC
NHA- GIC
RMGIC
NHA-RMGIC

100%(93.3 + 6.7)
100%(100 + 0)
100%(80 + 20)
100%(93.3 + 6.7)

100%(100 + 0)
100%(100 + 0)
100%(100 + 0)
100%(100 + 0)

93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)

93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)
93.3%(93.3 + 0)

0.392
0.392
0.312
0.392

0.067
0.079
0.079
0.067

P = 0.306
Effect size = 0.261

P = NC†

Effect size = NC†
P = 1.000
Effect size = 0.0000

P = 1.000
Effectsize = 0.0000
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Regarding the surface texture of the restorative mate-
rials, the results showed that there was no statistically 
significant difference among the four tested restorative 
materials during the 9  months study period. However, 
there was an increase in the prevalence of Bravo scores 
and a decrease in prevalence of Alpha scores from; base-
line to 3 in NHA-GIC group and from 3 to 6 as well as 
6–9  months for all tested restorative materials. These 
results were in consistence with those of other studies 
(Folwaczny et  al. 2001; Jyothi et  al. 2011; Sooraparaju 
et al. 2014; Hussainy et al. 2018).

The decrease in the quality of the surface texture of 
CGIC and RMGIC, control or experimental, might be 
related to the influence of microstructure and mean filler 
particles size of the restorative materials on its physical 
properties and abrasion resistance. In the current study, 
the rough surface texture for the tested RMGIC (Fuji II 
LC, improved) might be contributed to the larger and 
irregular filler particles size which were approximately 
about (4–5  µm) (Abdalla et  al. 1997; Loguercio et  al. 
2003; Sidhu 2010; Jyothi et al. 2011; Fagundes et al. 2014; 
Shikumar et al. 2016; Priyadarshini et al. 2017).

Moreover, this value was much higher than the wave-
length of the light (350–750 nm), so these particles scat-
ter light and produce opaque materials (Jyothi et al. 2011; 
Konde et al. 2012). In addition, conventional GIC (Fuji II 
Gold Label 2) was found to present larger mean particle 
sizes, more sensitivity to water sorption and longer set-
ting time than RMGIC, which might be responsible for 
the high surface roughness obtained by GIC (Pacifici 
et al. 2013).

Another factor might explain the pitted or rough sur-
face of glass ionomers restorations; in the present study 
glass ionomer cements were used in "powder and liq-
uid" form rather than "encapsulated" form, which was 
mandatory to allow for incorporation of NHA in a cor-
rect way. Manual mixing might incorporate air bubbles 
and decrease polymer conversion due to inhibition of 
the setting reaction by oxygen in the bubbles, which 
introduces voids and porosity leaving behind a rough, 
plaque retentive surface and staining (Priyadarshini 
et al. 2017).

In addition, surface roughness of glass ionomers restor-
ative materials may be related to the final surface resin 
coating (varnish). This resin coat may represent an area 
of weakness at the resin coat-GIC interface, especially 
under-functioning force. This might result in bond failure 
between the GIC and the overlying coating, which cre-
ates a high roughness area and a gap on the restoration 
surface (Yap et al. 2006).

According to the present study, there was a statisti-
cally significant, positive relation between surface texture 
and color match. This observation is in accordance with 

another previous study (Nassar et  al. 2014). This could 
be related to the rough surfaces of restorations which 
positively favor the accumulation of dental plaque and 
staining from dietary habits, resulting in a change in sur-
face properties of the restorations, such as surface gloss 
and color stability. Moreover, it has been found that an 
increase in surface roughness results in an increase in 
the degree of random reflection of light with subsequent 
decrease in color properties (Pacifici et  al. 2013; Nas-
sar et al. 2014). Regarding the surface staining criterion, 
results showed that there was no statistically significant 
change through the study period for any of the restorative 
materials. Moreover, there was no significant difference 
between the four materials during the 9  months study 
period. This observation was similar to that of Jyothi 
et al. (2011), which might be related to the relatively short 
follow-up duration as surface staining is usually recorded 
after long period.

The results showed that there were statistically signifi-
cant changes in marginal integrity criterion through the 
study period in the CGIC and NHA-GIC groups. Thus, 
there was an increase in the prevalence of the Bravo score 
and a decrease in the prevalence of the Alpha score from 
3 to 6 as well as from 6 to 9 months for these groups. At 
the same time, there was no significant change in mar-
ginal integrity through the study period in the RMGIC 
and NHA-RMGIC groups. This result was in agreement 
with other previous studies (Franco et al. 2006; Fagundes 
et al. 2014; Adusumilli et al. 2016; Shikumar et al. 2016; 
Hussainy et al. 2018).

The differences in the marginal adaptation of CGIC 
(Fuji GC gold label) in comparison to RMGIC (Fuji II LC, 
improved), could be explained by the sensitivity of CGIC 
to humidity in the early period, which increases the sol-
ubility of the cement. On the other hand, RMGIC sets 
by instant resin polymerization, which makes RMGICs 
more resistant to moisture contamination and hence 
results in better marginal adaptation (Bapna et al. 2002).

Another reason for the inadequate marginal adaptation 
in GIC groups could be related to the immediate finish-
ing/polishing procedure of the "one-visit treatment." This 
immediate finishing/polishing could compromise the 
marginal seal of GIC to the tooth, as the material is still 
soft during its initial setting (Fagundes et al. 2014).

Moreover, GIC cervical restorations can be abraded 
more easily by tooth brushing with dentifrices compared 
to RMGIC restorations, which exhibit higher resistance 
to toothbrush wear (Rekha et  al. 2012). Also, GICs are 
more subjected to erosion and microhardness loss over 
time in comparison to RMGICs. This could be explained 
by matrix dissolution that occurs in the periphery of the 
glass particles of CGICs and could result in dissolution of 
the siliceous hydrogel layer (Rekha et al. 2012; Meral and 
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Baseren 2019). All these factors might contribute to the 
poor marginal adaptation observed in the GICs groups.

Contradictory results to this study have been reported 
by Sidhu (2010), who found unsatisfactory marginal 
integrity results for RMGIC restorations. The author 
attributed that to the hygroscopic expansion of glass 
ionomer components, which might result in minor mar-
ginal fractures at the interface between the tooth and 
the restoration. This difference in observations could be 
explained by multiple variables contributed between dif-
ferent study designs that might affect the outcome, such 
as cavity design, size of restorations and operator vari-
ability. Additionally, other factors, such as the bonding 
capacity of the restorative material, light-curing device 
and technique, follow-up period, pH and temperature 
fluctuation in the patient’s mouth could also explain the 
difference in results between the studies.

There was no significant change in the marginal discol-
oration criterion through the study period for any of the 
tested materials. This is in agreement with findings from 
other studies (Abdalla et al. 1997; Franco et al. 2006; Lee 
et  al. 2010; Sidhu 2010; Perdigão et  al. 2012; Fagundes 
et  al. 2014; Adusumilli et  al 2016; Shikumar et  al. 2016; 
Priyadarshini et al. 2017; Hussainy et al. 2018). The cavo-
surface marginal discoloration might be considered a 
sign of microleakage, which occurs when there are mar-
ginal gaps. The absence of marginal discoloration with 
CGIC and RMGIC, control and experimental groups, 
was considered as an indication of good bonding of these 
materials to tooth structure without microleakage (Jyothi 
et al. 2011).

The results showed absence of failures due to second-
ary caries with the four tested restorative materials after 
the 9 months follow-up period. This result is in accord-
ance with other previous studies (Franco et  al. 2006; 
Jyothi et al. 2011; Fagundes et al. 2014). Secondary caries 
at the margin of the restoration are rarely detected in GIC 
restorations. This might be related to a demineraliza-
tion inhibition effect of GICs due to continuous fluoride 
release over time, which possibly produces a cariostatic 
action (Dias et al. 2018).

The present clinical trial found no significant dif-
ference in post-operative sensitivity among the tested 
groups during the study period. However, some patients 
exhibited mild hypersensitivity immediately (at base-
line) in the RMGIC, GIC and NHA-RMGIC groups. 
This finding was in agreement with Gurgan et al. (2015); 
and Hussainy et  al. (2018). Post-operative sensitivity 
might be attributed to several factors, such as operative 
trauma, marginal leakage and desiccation. The absence 
of post-operative sensitivity in the current study may be 
explained by the absence of marginal leakage together 

with the clinically acceptable properties of materials 
that minimize the hydrostatic fluid movement within 
the dentinal tubules (Hussainy et  al. 2018). However, 
the presence of immediate hypersensitivity (at baseline) 
may result from mechanical irritation during the restora-
tive procedures or following the finishing and polishing 
procedure. In this study, the initial hypersensitivity was 
decreased over time and had disappeared completely at 
the 3 months follow-up.

In the present study, the cumulative survival rate at the 
9  months follow-up for the four tested materials NHA-
GIC, NHA-RMGIC, CGIC and RMGIC was 100%. This is 
in agreement with previous short-term evaluations per-
formed with similar restorative materials (Yap et al. 2006; 
Nassar et  al. 2014) or even with long-term evaluations 
(Loguercio et  al. 2003; Franco et  al. 2006; Jyothi et  al. 
2011; Fagundes et  al. 2014). These studies found that 
glass ionomer cement and resin-modified glass ionomer 
considered the most retentive materials for the manage-
ment of cervical lesions.

This insignificance difference between the experi-
mental NHA groups and control groups in the current 
study could be attributed to two main reasons: First, the 
tested materials may not really differ, but possess similar 
mechanical and physical properties, and thus show no 
clinical difference in survival rates. Secondly, a 9 months 
follow-up period can be considered a very short period to 
evaluate the long-term clinical behavior of dental restora-
tive materials (Gӧstemeyer et al. 2016).

Finally, the null hypothesis of the present study was 
accepted, as the 9  months clinical performance of the 
modified NHA-GIC and NHA-RMGIC did not differ 
from that of CGIC and RMGIC. However, further long-
term clinical studies are required.

Conclusions
Within the limitations of the current clinical trial, it 
could be concluded that there was no benefit of incorpo-
rating 5% NHA into "Fuji GC Gold Label” and “Fuji II LC, 
improved" regarding their 9 months clinical performance 
in class V cavities.
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