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ABSTRACT
Background and Aim: Incorporation of Montmorillonite (MMT) nanoclay in restorative 

materials improves their mechanical properties in addition to biocompatibility, yet little is known 
about effects of MMT nanoclay-modified glass ionomer on dental pulp. This study aimed to 
evaluate pulp response of MMT nanoclay-modified glass ionomer as viable biocompatible material 
compared to resin-modified and conventional in dog model. 

Material and methods: MMT nanoclay was characterized using X-ray Diffraction (XRD) and 
Fourier Transform Infra-Red Spectroscopy (FTIR). Class V cavities were prepared in 90 dogs’ teeth 
and divided into 3 groups (n=30): G1: conventional, G2: MMT nanoclay-modified, and G3: resin-
modified glass ionomer. Then the jaws were dissected and demineralized at three-time intervals of 
7, 30 and 60 days to evaluate the pulp response of the extracted teeth of each group microscopically 
and statistically using Kruskal Wallis and Friedman tests. 

Results: MMT nanoclay-modified glass ionomer (G2) group at 7 days was associated with 
reduced signs of inflammation with lesser interstitial edema, marked thickening of collagen fibers, 
mild inflammatory cell infiltrate and less destruction of the odontoblastic layer compared to the 
other two groups. Further healing was observed with nanoclay group after 30 days with significantly 
reduced inflammation and promoted regeneration of the odontoblastic layer and pulp tissue to reach 
a normal histological pulp architecture by 60 days. 

Conclusion: MMT nanoclay-modified glass ionomer is a promising biocompatible material 
that shows favourable pulp response over both conventional and resin-modified.

KEYWORDS: Montmorillonite, Nanoclay-modified glass ionomer, Resin-modified glass 
ionomer, Conventional Glass Ionomer, Pulp response. 
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INTRODUCTION 

Glass ionomer cement (GIC) has gained great 
popularity in dentistry over the past fifty years 
with a wide range of applications (1). It can be used 
as base, fissure sealant, temporary restoration, 
especially in patients with high caries activity, and 
final treatment material (2). Several characteristics 
make GIC the material of choice in abovementioned 
clinical indications as its ability to bond adhesively 
to tooth structures, particularly to enamel and 
dentin, fluoride-releasing then recharging capacity 
over prolonged period and good biocompatibility (3). 

GIC biocompatibility is due to some properties 
such as fluoride release, compatibility of coefficient 
of thermal expansion with tooth tissues, possibility 
of its use in deep cavities without the need for 
intermediary base material (4, 5). Despite these 
advantages, GIC has many drawbacks regarding 
mechanical properties especially insufficient 
durability and hardness (6). 

To enhance mechanical properties of conven-
tional GIC, Resin-modified glass ionomer cement 
(RMGIC) was introduced. It contains hydrophilic 
monomers and polymers like HEMA and cam-
phorquinone as an initiator system in addition to ba-
sic glass powder as well as water and polyacid; the 
same essential components of conventional GIC(7). 
On one hand, RMGIC has greater strength, esthetics 
bond and command setting/set compared to conven-
tional GIC (8). On the other hand, RMGIC biocom-
patibility is markedly compromised compared with 
conventional GIC due to release of HEMA mono-
mer in the first 24 hours. This released monomer 
can diffuse through dentinal tubules and is cytotoxic 
to the pulp cells (2). 

Montmorillonite (MMT) is a crystalline structure 
formed of layers of clay minerals where each 
single layer has a central alumina octahedral sheet 
sandwiched between two silica tetrahedral sheets (9, 

10). Integration of MMT in polymer matrix improves 
specifications of resulting compound compared to 
non-modified one. Recent studies that investigated 

the possibility of clays incorporation in restorative 
dentistry materials showed improved physical, 
mechanical and adhesive properties (11, 12). 

Nanoparticles are widely used as strengtheners 
in dental restorations because they have a noticeable 
effect on their performance when used in small 
amounts compared to micro fillers (13). Glass ionomer 
restorations are modified with MMT nanoparticles 
by the dispersion of low weight percentages of these 
clay nanoplates (nanoclay) into polymer matrix. 
Because of their small size, nanoparticles can 
penetrate tooth micro-pores, improving the bond 
layer (14). 

Despite these reported benefits of MMT 
nanoclay incorporation in GIC on its properties, 
little is known about their adverse effects on dental 
pulp. Therefore, the current study was conducted 
to evaluate the pulp response to GIC modified with 
MMT compared to conventional GIC and RMGIC.

MATERIAL & METHODS

Sample size calculation

Since this study was going to examine 3 different 
restorative materials at 3 different time intervals, a 
sample size of 72 (minimum of 24 for each group) 
according to repeated measures ANOVA design was 
found sufficient to detect effect size of 0.40, power 
of 95% and at significant level of 5% (p<0.05). For 
higher significance level (p<0.01), final sample size 
of 90 (30 samples for each group) was selected. The 
sample size was calculated using G*Power software 
version 3.1.9.4.

Animals

A total of 6 adult mongrel dogs weighing an 
average of 10 kg were selected for the current 
study. Dogs were examined thoroughly and kept 
under observation for 10 days before being used 
as experimental animal models to exclude any 
systemic disease or dental disorder. T in a thermo-
neutral comfort zone (Supplementary File 1). 
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Animals were included in the study if their teeth 
were 1) healthy and sound with no carious lesions 
and 2) yielded a positive response to pulp vitality 
testing (vital). The teeth on the other hand were 
excluded if 1) pulp exposure happened during cavity 
preparation, 2) contamination of the operative field 
occurred 3) animal died prematurely, preventing 
collection of histological data or 4) poor histological 
quality of collected samples. 

Experimental procedures were carried out under 
the protocol approved by the Research Ethics Com-
mittee at the Faculty of Dentistry where all interna-
tional, national, and institutional guidelines for animal 
use and care were followed. We present the current 
article following the ARRIVE Guidelines Checklist 
for studies on animals (Supplementary File 2).

Classification of teeth

Thirty teeth in each group, including canine, 
fourth premolar, first and second molars were used, 
summing up 90 teeth. These teeth were randomly 
assigned into three equal groups according to the 
type of restorative material used (n=30) with the aid 
of a random number table. All selected teeth present 
in dogs’ mouths were permanent as their age ranged 
from 12 to 18 months to assure that. The experiment 

was carried out on canines, fourth premolars, and 
the three molars as they are relatively larger in 
size and number, so many specimens could be 
obtained. Each group was further subdivided into 
three subgroups (10 teeth each) according to the 
post-operative evaluation periods: Subgroup 1 (T1, 
7 days), Subgroup 2 (T2, 30 days), and Subgroup 3 
(T3, 60 days).

Characterization of MMT Nanoclay

X-ray Diffraction (XRD): Samples were analyzed 
using panlytical X-pert pro with cu anode for XRD 
working at 40 mA / 45 kV. Prior to analysis, these 
samples were grounded in agate mortar, a flat 
surface sample was then attached to the sample 
holder inside the XRD apparatus, and the date was 
interpreted using software of the XRD machine. 
Long scan was used, between 2θ angles of 7o–75o 
at a step size of 0.03o and time per step(s): 100, scan 
speed (2θ /S): 0.076o, No. of steps 2266.

Fourier Transform Infra-Red Spectroscopy 
(FTIR): Infrared spectra was obtained in the mid-
range using JASCO-6100 FTIR spectroscopy, the 1 
to 3mg from the samples were ground with 99-97mg 
of potassium bromide (KBr) in an agate mortar, 

TABLE (1). Materials’ composition, specification and manufactures.

Group Material Specification Composition Manufacturer 

G1
Conventional 
Glass Ionomer

Medifil® A radiopaque conventional 
glass ionomer restorative 
material with chemical 
adhesive ability to enamel 
and dentin. Shade A3

Powder: fluoroaluminosilicate glass 
containing Si, Al, Sr, and Na. 
Liquid: polyacrylic acid, copolymers 
of carboxylic acid and tartaric acid

Promedica (dental 
material), Germany
www.promedica.de

G2
MMT nanoclay-
modified Glass 

Ionomer

Dellite® 

43B
An off-white nanoclay of 7-9 
um derived from a naturally 
occurring montmorillonite
with organic modifier 
Specific weight 1.6 g/cm3 and 
bulk density of 0.40 g/cm3

Pure nano montmorillonite (nanoclay) 
consists of a layer made of an inner oc-
tahedral sheet of alumina or magnesia 
sandwiched between two tetrahedral 
sheets of silica modified with a quater-
nary ammonium salt (dimethyl benzyl-
hydrogenated tallow ammonium)

Laviosa (advanced 
mineral solution), 
Italy
www.laviosa.com

G3
Resin-modified 
Glass Ionomer

GC Fuji II 
LC

CAPSULE

Light-cured resin reinforced 
glass ionomer restorative 
premeasured capsules

The capsule contains (0.33g Powder / 
0.085ml Liquid)

GC America . 
Tokyo, Japan 
www.gcamerica.com
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forming a 3mm diameter KBr pellet, transmittance 
data was collected in the range of 4000–400 cm−1 
with 4 cm−1 resolution. 

Preparation of MMT nanoclay-modified glass 
ionomer

GIC specifications, composition, and manufac-
turers used in the current study are listed (Table 1). 
MMT was dispersed in Medifil liquid by the ex-
foliation-adsorption method. Dellite® 43B (0.375 
grams=2.0 wt.%) was weighed on a balance and 
mixed on hot plate using magnetic stirrer at 100 rpm 
for 24 hours at 75˚C.

Procedures 

All operations were done under general 
anesthesia including premedication with mixture 
of atropine sulfate (0.05 mg\kg body weight) and 
diazepam (1.0 mg\kg body weight) intravenously to 
reduce salivation and resist any sudden arrhythmia. 
Anesthesia was induced immediately through 
intravenous cannula by injection of ketamine (10 
mg\kg body weight) and xylazine (1.0 mg\kg body 
weight). Teeth were isolated using rubber dams and 
a standardized class V cavities of 1.5mm depth were 
prepared to be close to the pulp but without exposure 
and 2mm width on facial surfaces of teeth using 
round and fissure carbide burs (Komet, 454 South 
Anderson Road, Suite 14 Rock Hill, SC 29730, 
USA). Depth and width of cavities were checked 
by periodontal probe to assure uniform cavity. For 
G1 and G2 groups, a scope of powder was mixed 

with one drop of liquid according to manufacturers’ 
instructions on glass slab with spatula and applied 
by suitable condenser and the excess was removed 
with a carver. In G3 group, capsules were activated 
by depressing the bottom button and then triturated 
in mixing device for 10 seconds. The previously 
prepared GIC were then applied according to 
grouping system (Figure 1).

Histopathologic evaluation: Dogs were 
euthanized according to time intervals by intravenous 
injection of euthanasia solution (20% pentobarbitone 
sodium, 0.7ml\kg). Then jaws including teeth were 
dissected and fixed in 10% formalin for 10 days. 
These jaws were then demineralized in 50% formic 
acid+20% sodium citrate for 4 months; checking 
of demineralization was done using blunt needle. 
After jaws demineralization, bone was removed 
from around teeth by scalpel and roots tips were 
cut to facilitate intrusion of demineralizing solution 
into teeth. These teeth specimens were again 
placed in demineralizing solution for another 2 
weeks. Following demineralization, teeth were 
dehydrated in ethanol, embedded in paraffin blocks, 
and sectioned longitudinally by microtome (5μm 
thickness). Sections were then stained using H&E 
staining for histopathologic evaluation. 

Blind assessment of stained sections was 
performed by two expert pathologists independently 
using an images analysis computer system at 
magnification of X200 and all captured images were 
transferred to computer system by Leica Queen 

Fig. (1). Cavity Preparation on labial surface of dog`s canine (A) class V cavity preparation, (B) prepared cavity, (C) application of 
glass ionomer restoration, and (D) restored Class V Cavity.
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Software for image analysis. The average scores for 
pulp response to investigated materials along post-
operative evaluation periods were recorded based 
on a scale from 0-to 3 based on scoring system 
suggested by Adrian et al. (15) (Table 2). 

TABLE (2). Pulp Response Scoring System.

Score Criterion

0 Normal pulp tissue: normal histological architecture 
with continuous uninterrupted palisading arrangement 
of odontoblastic layer, absence of vasodilation and no 
interstitial edema, normal density of collagen fibers 
within the pulp and no observable other signs of 
inflammation.

1 Mild reaction: slight disruption of odontoblastic layer 
with mild interrupted palisading arrangement, slight 
interstitial edema, mild vasodilatation, occasional mild 
inflammatory cell infiltrate and less collagenization of 
pulpal tissue.

2 Moderate reaction: Moderate distraction of the 
odontoblastic layer with interrupted palisading 
arrangement at variable areas, moderate vasodilation, 
moderate interstitial edema diffuse inflammatory cell 
infiltrate and marked loss of collagen fibers of pulpal 
tissue.

3 Severe reaction:  diffuse generalized distraction of pulp 
elements and degeneration of the odontoblastic layer 
with severely interrupted palisading arrangement, severe 
vascular dilation, multiple enlarged edematous spaces 
of various shapes and severe diffuse inflammatory cell 
infiltrate.

Statistical analysis: 

Data were presented as frequency (n) and 
percentage. Statistical analysis was performed using 
SPSS (Statistical Package for Social Sciences) 26.0 
software (IBM, Chicago). Kruskal Wallis test was 
used to compare between pulp response of different 
tested materials and the Friedman test was used to 
compare between different time intervals.

RESULTS

Baseline data: Ninety (90/90) sound vital teeth 
from 6 adult mongrel dogs were included in the 
current study (30 samples for each experimental 
group). All teeth and histological data were included 
in the analysis as none of the previously assigned 
exclusion criteria were met and no adverse events 
had occurred during the trial period.

G1 group: Moderate inflammatory reaction with 
vasodilation and interstitial edema in the pulp tissue 
with diffuse inflammatory cell infiltrate at 7 days 
postoperatively. The moderate distraction of the 
odontoblastic layer with the interrupted palisaded 
arrangement was also detected in variable areas, 
(Figure 2 A). Seven (70%) out of 10 G1T1 samples 
were given a score of 1, one (10%) case was given 
a score of 0, and 2 (20%) cases were given a score 
of 2. At 30 days, the odontoblastic layer showed 
signs of healing and regeneration with the less 
interrupted palisaded arrangement in certain areas. 
Moreover, there was decreased vasodilatation as 
well as interstitial edema, but diffuse inflammatory 
cell infiltrate can still be detected, (Figure 2 B). The 
G1T2 samples scored 1 in 8 (80%) cases and the 
remaining 2 (20%) cases scored 2. By examination 
of the samples of the G1T3 group after 60 days, 
almost complete healing had occurred in the form 
of mild interrupted palisaded arrangement of 
the odontoblastic layer at fewer areas and slight 
interstitial edema, less vasodilatation, marked 
numerous collagen fibers and mild inflammatory 
cell infiltrate, (Figure 2 C). Slides of the G1T3 group 
scored 0 in 8 (80%) cases and 1 in 2 (20%) cases. 

G2 group: At 7 days postoperatively, reduced 
signs of inflammation with lesser interstitial 
edema, marked thickening of collagen fibers and 
milder inflammatory cell infiltrate compared to 
group G1T1 were recorded. However, there was 
moderate destruction of the odontoblastic layer with 
interrupted palisaded arrangement at variable areas 
together with moderate vascular dilatation, (Figure 
2 D). G2T1 slides scored 1 in 6 cases, 2 in 2 cases, 
and 0 in 2 cases. Further healing was observed after 
30 days with significantly reduced inflammatory 
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reaction together with promoted regeneration of the 
odontoblastic layer where only slight disruption of 
normal palisaded arrangement at few areas were 
detected in addition to much lesser interstitial 
edema, milder vascular dilatation, marked numerous 
collagen fibers and occasional inflammatory cell 
infiltrate, (Figure 2 E). Seven G2T2 samples scored 
1 and 2 samples scored 0 and 1 sample scored 2. 
After 60 days, the G2T3 group exhibited normal 
histological pulp architecture consisting of normal 
connective tissue with uninterrupted palisaded 
odontoblastic layer, absence of vasodilation, and 
no interstitial edema with increased density of 
collagen fibers within pulp, (Figure 2 F). No signs 

of inflammation except for the presence of a few 
subodontoblastic inflammatory cells were noticed 
in the few slides. These G2T3 samples scored 0 in 8 
out of the case while only 2 cases scored 0.

G3 group: G3T1 group showed diffuse 
generalized destruction of pulp elements and 
degeneration of the odontoblastic layer along the 
dental-pulp wall with severely interrupted palisaded 
arrangement in addition to severe dilation of the 
blood vessels and edematous spaces of various 
shapes at multiple areas of the pulp tissue was 
detected in addition to severe diffuse inflammatory 
cell infiltrate, (Figure 2 G). All these histological 
changes happed after only 7 days where the 

Fig. (2). Photomicrographs of the pulp reaction to different glass ionomer restorative materials showing disruption of odontoblastic 
layer (black arrow), vascular dilatation (yellow arrow) and interstitial edema (blue arrow). (A,B,C) Conventional G1 group, 
(D,E,F) Nanoclay-modified G2 group and (G,H,I) Resin-modified G3 group at different time intervals (T1, 7 days; T2, 30 
days and T3, 60 days).
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slides scored 3 in 6 (60%) out of 10 samples, 2 in 
3 (30%) samples, and 1 in only 1 (10%) sample. 
Samples of G3T2 group at 30 days postoperatively 
revealed only mild regeneration of the severely 
interrupted odontoblastic layer and moderate 
inflammatory reaction in form of vasodilation and 
diffuse interstitial edema that extended largely at 
the sub odontoblastic area in addition to moderate 
inflammatory cell infiltrate, (Figure 2 H). So, scores 
2 were given to 7 (70%) cases and 3 (30%) to the other 
3 cases. Further healing of pulp tissue was observed 
at 60 days postoperatively in the G3T3 group in the 
form of more regenerated areas of the odontoblastic 
layer with the improved palisaded arrangement, 
lesser vasodilation, moderate interstitial edema, and 
reduced inflammatory cell infiltrate compared to 
G3T2 group, (Figure 2 I). Seven (70%) G3T3 slides 
scored 2 while the other 3 (30%) scored 3.

Statistical analysis

G1T1 showed lower scores for pulp response 
than G2T1 and G3T1 after 7 days intervals (T1) but 
no significant difference between the tested groups 
was reported (P=0.171). After 30 days intervals 
(T2), the G1T2 and G2T2 groups showed lower 

scores than G3T2 but there was also no significant 
difference between the tested groups (P=0.210). 
Although the G1T3 and G2T3 showed lower 
scores compared to G3T3, there was no significant 
difference between (G1T3, and G2T3) groups but 
there was a significant difference between the first 
two groups (G1T3, G2T3) and the third group 
G3T3 (P≤0.001) (Figure 3, Table 3). G1T3 group 
recorded lower scores than G1T1 and G1T2. There 
was no significant difference between (G1T1, and 
G1T2) groups but there was a significant difference 
between the first two groups (G1T1, G1T2) and 
the third group (G1T3) (P ≤0.001). When the pulp 
response score of the G2 groups was compared 
at different time intervals, the results showed 
that G2T2 recorded lower scores than G2T1. The 
score of the G2T3 group were lower scores than 
the scores of both G2T1 and G2T2. There was no 
significant difference between the G2T1 and G2T2 
groups, whereas there was a significant difference 
between the first two groups (G2T1, G2T2) and the 
third group (G2T3) (P ≤0.008). Scores of G2T2 and 
G3T3 groups were lower than G3T1 where there 
was no significant difference between different 
groups (P=0.508) (Figure 4, Table 4).

TABLE (3). Frequency, and Percentage (%) for pulp response score of different tested materials.

G1 G2 G3 p-value
n % n % n %

T1 0 1 10% 2 20% 0 0% 0.171 NS
1 7 70% 6 60% 1 10%
2 2 20% 2 20% 3 30%
3 0 0% 0 0% 6 60%

Rank a a A
T2 0 0 0% 2 20% 0 0% 0.210 NS

1 8 80% 7 70% 0 0%
2 2 20% 1 10% 7 70%
3 0 0% 0 0% 3 30%

Rank a a A
T3 0 8 80% 8 80% 0 0% ≤0.001*

1 2 20% 2 20% 3 30%
2 0 0% 0 0% 7 70%
3 0 0% 0 0% 0 0%

Rank a a B
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Fig. (3). Stacked Bar chart showing pulp response score of different tested materials.

Fig. (4). Stacked Bar chart showing pulp response score of different time intervals.

TABLE (4). Frequency and Percentage (%) for pulp response score of different time intervals.

T1 T2 T3 p-value
n % n % n %

G1 0 1 10% 0 0% 8 80% ≤0.001*
1 7 70% 8 80% 2 20%
2 2 20% 2 20% 0 0%
3 0 0% 0 0% 0 0%

Rank b b a
G2 0 2 20% 2 20% 8 80% 0.008*

1 6 60% 7 70% 2 20%
2 2 20% 1 10% 0 0%
3 0 0% 0 0% 0 0%

Rank b b a
G3 0 0 0% 0 0% 0 0% 0.508 NS

1 1 10% 0 0% 3 30%
2 3 30% 7 70% 7 70%
3 6 60% 3 30% 0 0%

Rank a a a
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DISCUSSION

Continuous development of technology provides 
a wide range of new materials for dental use, with 
improved mechanical and esthetic properties and 
biological compatibility. Despite these advances, 
the need still exists for biomaterials demonstrating 
high biocompatibility, antimicrobial effects, and 
ideal mechanical properties. The initial GICs 
formulation underwent several modifications to 
enhance handling and physical properties (16). A 
remarkable enhancement occurred with RMGIC 
introduction. 

Clay therapy is based on ability of clays and clay 
minerals to adsorb harmful and toxic substances. 
Beneficial effects of these materials were proven 
in the treatment of gastrointestinal disorders 
such as gastritis due to weakening of mucus-gel 
barrier. Short-term treatment with clay minerals 
increases the thickness of adherent mucus. This is 
ascribed to interactions of mineral particles with 
mucus components which modify gastrointestinal 
glycoproteins and enhance their polymerization (17).

Nano-sized MMT has been successfully used as 
a drug carrier, solubility enhancer with cyclodextrin, 
catalyst in organic synthesis, tissue engineering ma-
terial in the manufacture of scaffolds for biomedi-
cal purposes, antibacterial effect in dental infections 
and food packaging materials (18) and to improve 
mechanical stability of hydrogels used for wound 
dressings (19). Because it is non-cytotoxic, MMT has 
also been reported to be effective for a variety of 
cell lines, such as human dermal fibroblast (20).

It is suggested that the mechanical properties 
of GICs after the dispersion of 2 wt% of nanoclays 
makes these materials suitable for use in load bearing 
applications. The reinforcement of 2 wt% nanoclay 
generally resulted in improved mechanical behavior 
without compromising the acid-base neutralization 
reaction with a minimal effect on weight of GIC 
but provides the reinforcement at nanoscale (9). This 
also agreed with the study performed by Dowling 

et al. (13) where the increased interlayer d-spacings 
for organo modified MMT showed positive 
reinforcing effect on the GI as expanded layers of 
this clay had provided an increased opportunity for 
the polyacrylic acid chains of the GI restorative to 
diffuse into the MMT galleries.

Pulp response was monitored at three-time in-
tervals. One short interval of seven days to moni-
tor the initial inflammatory pulp response to the 
materials of study. Two longer ones of 30 days and 
60 days were also selected to show the progressive 
or limited extension of the severe grade of pulp  
response (21). The true state of pulp health or pathol-
ogy cannot be determined by clinical signs, symp-
toms, or radiologic appearance. Numerous studies 
including histological analysis have demonstrated 
chronically inflamed pulp, while the patients re-
ported no symptoms. Therefore, the true “gold stan-
dard” of pulp status is histological analysis.

The operative trauma explained the initial slight 
inflammatory response and tissue organization after 
7 days. Decreased inflammatory reactions at 30, and 
60 days were due to self-repair processes, thickening 
of the dentin layer, and vascular remodeling 
contributing to spontaneous pulp healing. This was 
in accordance with Six, Costa and colleagues who 
explained the self-repair of pulp due to reparative 
dentin formation is seen 30 days postoperatively 
that was separated from dentin by calcospherites 
structures as a self-repair layer (22, 23). 

GIC bonding ability to tooth by permanent 
adsorption to hydrophilic surfaces of hard oral 
tissues, thus offering possibility of sealing margins 
developed at the tissue interfaces besides the large 
molecular weight of poly acrylic acid could account 
for mild inflammatory response of the pulp that 
was also diminished along different observational 
periods. Moreover, GICs can prevent diffusion of 
potentially toxic materials through the dentin to 
pulp which provides an excellent bacterial seal (24, 25). 
However, the findings of study were in contrast with 
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the study of Hashem and colleagues which reported 
that earlier clinical studies on GIC placed in non-
exposed deep cavities in human teeth showed no 
symptoms during the observation periods; however, 
when extracted, an increased inflammatory cell 
infiltrate in the odontoblast layer was found with 
more odontoblast aspiration and changes in the 
odontoblast layer which mostly resolved towards 
the end of the experiments (26).

RMGIC showed slightly more persistent pulp 
inflammation than conventional and MMT nanoclay 
groups observed at the three different time intervals.  
This inflammatory response may be caused by 
diffusion of 2-hydroxyethyl methacrylate (HEMA) 
through dentinal tubules and reaching pulp tissue. 
Components released from resin-based materials 
may cause cytopathic effects (27). HEMA is the main 
resin monomer in RMGIC, and its toxic potential 
has been well documented (28). Presence of HEMA 
in a culture medium causes apoptosis and genotoxic 
effects because of its role in inducing DNA strand 
breaks. This is in agreement with the studies of 
Ribeiro, Agrawal and colleagues which found that 
RMGIC has been considered less biocompatible 
due to the release of unreacted monomers (29, 30). In 
addition, HEMA inhibits the release of inflammatory 
cytokines by immunological cells, compromising 
the host defense response. 

MMT nanoclay- modified glass ionomer showed 
a better inflammatory response than conventional 
and RMGIC since MMT is smectite-type clay 
composed of an expandable type of aluminosilicate 
clay mineral with a layered structure and relatively 
high cation exchange capacity. By replacing the 
natural inorganic exchange cations with an organic 
compound, the MMT surface is converted from 
primarily hydrophilic to hydrophobic, enabling it to 
interact strongly with organic compounds dissolved 
in water (31). This is in agreement with findings of two 
studies which found that the polymer of nanoclay 
composites involves the interaction of the matrix of 

polyacrylic acid-based polymer with the nanoplates 
of clay and is formed by dispersion of low weight 
percentages of nanoclay into polymers improving 
physical, biological and chemical characteristics and 
specifications of resulting composite as compared 
to conventionally known materials (32, 33).

CONCLUSION

MMT nanoclay-modified glass ionomer 
produced a favorable pulp response and seemed to 
be a promising biocompatible material comparable 
to conventional GIC. Therefore, further studies are 
recommended to evaluate the effects of incorporation 
of nano-sized MMT particles on microhardness, 
fluoride-releasing properties, and biocompatibility 
of GIC and to assess its clinical application as a pulp 
capping material in the human. 
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