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ABSTRACT

This invivo study was carried out to evaluate the effect of nanohydroxyapatite 

(n-HAp); applied with or without prior application of chlorhexidine (CHX), on 

remineralization of caries- affected and caries infected dentine types. Forty molars in 

eight patients having class I caries and no pulpal involvement were selected. In each 

selected molar, caries was removed except from the pulpal floor. Thereafter, molars 

were divided into two groups (n= 20) according to the type of carious dentine left on 

the pulpal floor; caries- affected or infected dentine. Each group was further subdivided 

into two subgroups (n=10) according to the material that was applied on carious 

dentine; n-HAp with or without 2% CHX. All cavities were finally sealed with glass 

ionomer restoration. Assessment of mineral density was performed at base line, one and 

three months using digitized radiography. The results showed increased mineral density 

in caries- affected dentine group; with no significant difference neither n-HAp was 

applied with or without CHX, nor was the application time increased more than one 

month. In caries- infected dentine group, however, mineral density was decreased. Such 

decrease was significantly evident at the third month; when n-HAp was applied without 

CHX. It was concluded that n- HAp could only promote remineralization of caries- 

affected dentine. Additionally, although application of CHX prior to n-HAp showed 

no considerable influence on remineralization, yet, it could be recommended in case of 

caries- infected dentine as an antiseptic.
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INTRODUCTION  

Dental caries still remains a major public health 
problem. Traditional treatment of carious teeth, 
involving removal of all carious tooth structure 
prior to placement of the restorative material, often 
sacrificing more structure than necessary (1). The first 
author who suggested that carious dentine could be 
rehardened in a similar manner to enamel was Head 
in 1912. Calcium hydroxide was employed as the 
possible remineralizing agent.

Nanohydroxyapatite (n- HAP) is considered one 
of the most biocompatible and bioactive materials 
and has gained wide acceptance in medicine and 
dentistry in the recent years. Nanosized particles 
have similarity to the apatite crystals of tooth enamel 
in crystal structure (2). Additionally, an increasing 
number of reports have shown that n- HAP has the 
potential to remineralize artificial carious lesions; 
when added to tooth pastes, mouth washes, etc.(3, 4).

Incomplete removal of caries- infected dentine 
during cavity preparation, results in the trapping 
of active bacteria; that may later affect the pulp. 
So, the use of antibacterial agent is useful in 
eliminating these harmful effects(5). Accordingly, 
dentine of the inner carious layer can be preserved 
and remineralized if the bacteria are removed or  
killed(6,7).

Chlorhexidine (CHX) has a broad spectrum 
of action against both Gram + ve and Gram –
ve microbes. Additionally, it was found that 
chlorhexidine seemed to be effective in promoting 
the remineralization of demineralized dentine (8).

This study was, therefore, conducted to 
evaluate the effect of n- HAp with and without 
CHX on remineralization of caries- affected and 
caries- infected dentine types. Assessment of 
remineralization was performed at base line, one 
month and three months using digitized radiography.

MATERIALS AND METHODS

 1. Case selection: 

Eight healthy female patients in the age range 
of 25- 45 years were selected for this study. Each 
patient should have one or more molars (with a 
total of forty molars) containing occlusally active 
caries with no previous operative procedures, no 
spontaneous pain, no mobility and no tenderness on 
percussion. Radiographically, no internal or external 
resorption, no periapical or furcation radiolucency 
and no widening of periodontal ligament space (9). 
All patients were asked to sign a written consent. 

2. Cavities preparation and grouping of selected 
teeth:

In all selected molars, caries was removed 
using round bur # 023 (Komet, Lemgo, Germany) 
(1 bur/ 5 cavities) under water coolant. Caries was 
removed from everywhere in the cavity except for 
that on the pulpal floor. Where, only the overlying 
soft biological material was removed then, caries 
indicator (Sable TM Seek H, Ultradent, USA) was 
utilized to identify the type of carious dentine at the 
pulpal floor: either affected or infected Teeth were 
divided into two groups (n= 20) according to the 
type of carious dentine (A) on which the materials 
under investigation would be applied; either affected 
(A1) or infected (A2). Each group was subdivided 
into two subgroups (n=10) according to the material 
that would be applied on the carious dentine (B); 
n- HAp with CHX (B1) or n- HAp without CHX 
(B2). Assessment of mineral density was performed 
at intervals (C) of: Base line (C1), one month (C2) 
and three months.

3. Application of 2% CHX solution:

2% chlorhexidine gluconate solution (Consepsis, 
Ultradent, USA) was applied on the pulpal floor in 
half of samples, left for 1 minute as recommended 
by Kim et al. (8), followed by a blast of compressed 
air for 5 seconds. Caution was taken not to over dry 
the preparation.
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4. Application of n- HAp and sealing of cavities:

N- HAp (Nano Tech, Egypt) powder was mixed 
with saline as reported by Swarup et al. (10) using 
cement spatula. The mix was then transferred, by 
amalgam carrier, to half of the prepared cavities 
after CHX application, while n- HAp was applied 
without prior application of CHX in the other half, 
then condensed with amalgam condenser. Soon 
after, all cavities were sealed with glass ionomer 
(Medifil IX, Promedica, Germany).

5. Imaging of teeth:

	A posterior parallel kit was utilized for aim of 
image standardization, the image plate was inserted 
at one end of the parallel kit, while the other end 
was connected to the X- ray cone. An X- ray 
machine (Kodac 2200, France) adjusted at 70 kV 
and 0.63 mA was used for imaging. The image plate 
was scanned by Durr Vista scan and the image was 
stored. These procedures were followed at 0 (base 
line), 1 month and 3 months intervals.

6. Assessment of remineralization: 

DBSWin software was utilized for performing 
the measurements (Figure 1). In each sample a 

line was drawn along the CEJ to act as a reference, 
while another parallel line was drawn at the bottom 
of the cavity. The distance between both lines was 
standardized (for each sample) by measuring the 
length of a vertical line connecting them. The length 
of the line centralized at the bottom of the cavity was 
determined (in pixels) directly via the previously 
mentioned software. Such length was also, fixed for 
each sample throughout the assessment intervals. 

Three points on this line (at its start, middle 
and end) were determined. The intensity at each 
of these points was identified by taking the 
corresponding three readings from the DBSWin 
software and recording it to calculate the average 
intensity. These procedures were done at base line 
(C1) then repeated after one month (C2) and three 
months (C3) intervals. The mineral density mean 
value was calculated from the equation (average 
density= average intensity/ profile); (the profile 
was determined directly in the utilized software). 
The change in density, for each sample, at different 
intervals were therefore, easily calculated. Results 
were calculated, tabulated and statistically analyzed.

Fig. (1) An image showing the way of measurement using DBSWin Programme.
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RESULTS

Caries- affected dentine showed significant 
increase in mineral density compared to caries- 
infected dentine (P value< 0.001). Caries- affected 
dentine subgroups showed increased mineral 
density, with no significant difference neither n- 
HAp was applied with or without CHX, nor the 
application time was increased more than one 
month (P value= 0.114&0.229 respectively). In 
caries- infected dentine, however, mineral density 
was decreased. Such decrease was significantly 
evident at the third month of assessment; when n- 
HAp was utilized without CHX (P value= 0.005) 
in contrary to when n-HAp was used with CHX (P 

value= 0.873). Results of mineral density (mean 
values± SDs) for both carious dentine types as 
function of the remineralizing materials applied and 
different assessment intervals are listed in table (1) 
and graphically illustrated in figure (2).

Three way ANOVA revealed significant 
influence (P< 0.05) of type of carious dentine on 
remineralization (caries- affected dentine > caries 
infected dentine). The type of the remineralizing 
material applied, however, was statistically non 
significant (n- HAp with CHX > n- HAp without 
CHX). The influence of the assessment interval was 
revealed also to be statistically non-significant (P > 
0.05). (Table 2).

Table (2) Three way ANOVA of significance 
comparing variables affecting mineral density 
mean values.

Variable
Sum of 
Squares 

(SS)
DF

Mean 
Square 
(MS)

F P value

Type of carious 
dentine

2689.324 1 2689.324 66.358 <0.001*

Remineralizing 
material

537.750 1 537.750 13.269 0.067

Assessment 
interval

3.955 2 1.977 .049 0.952

* Superscript means statistically significant at P≤ 0.05.

Fig. (2) Multiple column chart of mineral density mean 
values for both carious dentine types as function of 
the remineralizing materials applied and different 
assessment intervals.

Table (1) Mineral density (mean values± SDs) for both carious dentine types as function of the remineralizing 
materials applied and different assessment intervals.

Caries- affected treated 
with n- HAp with CHX

Caries- affected treated 
with n- HAp without CHX

Caries- infected treated 
with n- HAp with CHX

Caries- infected treated 
with n- HAp without CHX

Density (base line) 69.82±3.53 65.89±6.64 62.45±6.66 58.08±2.53

Density (after 1 month) 70.71±7.30 66.14±6.62 62.10±9.69 57.56±5.90

Density (after 3 months) 75.43±3.46 71.43±6.35 60.14±9.97 51.20±1.27

P- value 0.114 0.229 0.873 0.005*

* Superscript means statistically significant at P≤ 0.05.
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DISCUSSION

Dentine demineralization (other than that caused 
by acid etching for resin- dentine bonding) could 
result from an acid attack by bacteria and / or a food 
source (8). This study adopts the remineralization of 
carious dentine rather than the surgical model of 
treatment.

The remineralizing material selected for this 
study was n- HAp with or without CHX. The 
former; (n- HAp), provides an external source 
of calcium and phosphorous. The latter; (CHX), 
however, was selected due to its well- known anti-
bacterial activity, beside its action as MMPs (matrix 
metalloproteinases) inhibitor (11), therefore, CHX 
was utilized to protect the demineralized exposed 
collagen matrix from degradation accompanying 
the caries process.

Results of the in vivo part of this study showed 
that, for caries- affected dentine: the subgroup 
treated with n- HAp with CHX showed increased 
mineral density than n- HAp without CHX. No 
significant difference, however, was found between 
both at neither one month nor three months of 
assessment. The increase in mineral density mean 
values in both sub groups; either n- HAp was applied 
with or without CHX, can relatively refer to n- HAp 
remineralizing ability. Such ability was attributed to 
the similarity of n- HAp to the chemistry and size of 
natural tooth mineral component. Additionally, the 
nanosize increases its reactivity and penetrability 
into the lesion. 

The statistically insignificant difference either 
n- HAp was used with or without CHX came in 
contrary to the results obtained by Kovtun et al. (12), 
who claimed that this combination has provided 
both remineralizing and antibacterial actions. 
The difference from this study is that they used 
HAp loaded with CHX in a single particle in the 
nanometric size. Also, the nanoparticles were 
placed in rinsing solution in contrary to the full 
concentration n- HAp powder used in this study. 
Additionally, substrates of both studies were 

different; in their study the tested material was 
applied on root lesion, in this study however, they 
were applied on coronal carious dentine.       

Regarding caries- infected dentine, mineral 
density was decreased in both subgroups of n- HAP; 
either with or without CHX. This could be probably 
due to the heavy load with microorganisms, high 
degree of dentine degradation, and loss of much 
of mineral seeds. Therefore, remineralization 
was hindered and instead, demineralization 
continued. Oppositely, Mertz- Fair hurst reported 
mostly bacteriologically inactive lesions after 
sealing occlusal dentinal lesions (13). It should be 
emphasized that; their study included shallower 
lesions exhibiting demineralized but not heavily 
infected dentine. This study, however, included 
advanced lesions in which high degree of infection 
and dentine degradation were expected.

Decrease in mineral density mean values was 
less in the subgroup treated with CHX than that with 
no CHX which can be illustrated on basis of CHX 
antibacterial and anti MMPs actions. The difference, 
however, was not statistically significant after one 
month either due to the heavy bacterial load and/ 
or variety of included microorganisms. The latter 
may be resistant to CHX especially that the CHX 
application time in this study was one minute; which 
is long enough to allow additional microorganisms to 
reach the cavity during application. This necessitates 
longer time for CHX to exert its antibacterial action 
than one month, however, the effect of CHX was 
significantly evident on the third month.

CHX was however, unable to completely 
prevent decrease in mineral density, this may be 
due to that lactobacillus species are predominant in 
deep carious lesions more than mutans streptococci. 
CHX was proven by several studies to show more 
efficacy on mutans streptococci than lactobacilli(14). 
Additionally, it is worth to mention that CHX 
anti- collagenolytic activity; that was evidenced 
in studies of Carrilho et al.(15) and Brackett et 
al.(16), was consistent with sealing of CHX into the 
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dentinal tubules with resin restoration, accordingly, 
the formed resin tags minimize CHX removal by 
the outflow of dentinal fluids, which is not the case 
in the present study. Also, they used non carious 
teeth; in contrary to the present study.

There was a significant difference in mineral 
density between caries- affected and caries- infected 
dentine recorded at all assessment intervals.  This 
would be explained on basis that; caries- affected 
dentine with partial demineralization has more 
–ve charge than caries- infected dentine, so, its 
surface can attract more calcium ions (+ve charge) 
and thereby, the nucleation ability of its surface is 
greater than caries infected dentine (17).

CONCLUSION

N- HAp could promote remineralization of car-
ies- affected dentine in contrary to caries- infected 
dentine. One month interval, however, seemed suf-
ficient for such remineralizing effect. Additionally, 
although CHX showed no considerable influence 
on remineralization. Yet, it can be recommended for 
use with infected dentine for its antiseptic role.
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