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ABSTRACT 

This study investigated into the effects of nanohydroxyapatite (NHA) gel and Clinpro (CP) on the 
remineralization of enamel and cementum at their cavosurface areas of CAD-CAM ceramic restorations. Thirty 
extracted mandibular third molars were sectioned at 1-mm above and below the cemento-enamel junction (CEJ). By a 
bonding process with a resin cement (25-micron cement film thickness), their crown-CEJ-root portions were replaced 
with an ytria-stabilized zirconia polycrystalline. A 4x4 mm2 area surrounding the ceramic disk was demineralized and 
further treated with either NHA or CP, while one group was left untreated in deionized water. Enamel’s and cementum’s 
microhardness values were determined before demineralization, after demineralization, and after remineralization. The 
result indicated some significant increases of the microhardness of the demineralized enamel and cementum upon an 
application of either NHA or CP (p <0.05). Those with NHA indicated a higher remineralization capability than those 
with CP (p<0.05). NHA and CP were capable of some remineralizations on enamel and cementum around the finishing 
line of CAD-CAM ceramic. NHA was extremely potential in the remineralization processes and was recommended for 
an early therapeutic fixed reconstruction. 

 
บทคดัย่อ 

การศึกษาน้ีไดท้ดสอบผลของนาโนไฮดรอกซีอะพาไทต์เจลและคลินโปร ในการคืนแร่ธาตุสู่เคลือบฟันและ
เคลือบรากฟันบริเวณพ้ืนผิวของขอบวสัดุชนิดเซรามิกประเภทแคด/แคม ฟันกรามซ่ีท่ีสามในขากรรไกรล่างซ่ึงถูกถอน
จ านวน 30 ซ่ี ไดถู้กตดั ณ ต าแหน่ง 1 มม. เหนือต่อและใตต้่อรอยต่อเคลือบฟันกบัเคลือบรากฟัน แลว้ส่วนดงักล่าวถูก
แทนท่ีดว้ยช้ินเซอร์โคเนีย โดยยดึกบัฟันดว้ยเรซินซีเมนต ์(หนา 25 ไมครอน) เตรียมระนาบขนาด 4x4 มม2 รอบช้ินเซรา
มิกซ่ึงท าให้เกิดรอยผุเทียม แลว้ทาดว้ยนาโนไฮดรอกซีอะพาไทต์หรือคลินโปร ในขณะท่ีอีกกลุ่มหน่ึงถูกแช่ในน ้ าซ่ึง
ปราศจากไอออนโดยไม่ไดรั้บสารใด ทดสอบความแขง็ผิวระดบัจุลภาคของเคลือบฟันและเคลือบรากฟันก่อนและหลงั
ท าใหเ้กิดรอยผเุทียม และวดัหลงัการทาสาร  
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ผลการศึกษาพบวา่ นาโนไฮดรอกซีอะพาไทตแ์ละคลินโปรสามารถคืนแร่ธาตแุก่เคลือบฟันและเคลือบรากฟัน
ท่ีมีรอยผเุทียมอยา่งมีนยัส าคญัทางสถิติ ท่ีระดบันยัส าคญั 0.05 โดยนาโนไฮดรอกซีอะพาไทตส์ามารถคืนแร่ธาตุสูงกว่าค
ลินโปรอยา่งมีนยัส าคญัทางสถิติ ท่ีระดบันยัส าคญั 0.05  

จึงสรุปไดว้่านาโนไฮดรอกซีอะพาไทต์และคลินโปรสามารถส่งเสริมการคืนแร่ธาตุบริเวณผิวเคลือบฟันและ
เคลือบรากฟัน บริเวณพ้ืนผิวของขอบวสัดุชนิดเซรามิกประเภทแคด/แคม นาโนไฮดรอกซีอะพาไทตมี์ความสามารถสูง
มากในกระบวนการคืนแร่ธาตุและไดถู้กแนะน าส าหรับการรักษาเบ้ืองตน้ในการบูรณะชนิดติดแน่น 
 
Keywords:   Nanohydroxyapatite, Remineralization, CAD-CAM 
ค าส าคญั:    นาโนไฮดรอกซีอะพาไทต ์การคืนแร่ธาตุ แคด-แคม 
 
Introduction 

Esthetic dentistry is considerably increasing, which is leading the ceramic to be a material of preferred choices 
in restorative dentistry domain. The technological advancements in the computer-aided designed (CAD) and computer 
aided manufacturing (CAM) in dentistry has been commenced by clinicians and researchers for developing new 
ceramic materials, which can render high quality and reliable restorations along with good prognosis. Several types of 
ceramic materials have been developed to meet the both the patients’ and dentists’ demands for highly esthetics and 
natural appealing restorations. Several ceramic-based materials have been recently introduced for the CAD-CAM 
technology including resin nano ceramic, hybrid ceramic, lithium disilicate glass ceramic, ytria-stabilized tetragonal 
zirconia polycrystalline (Y-TZP), monolithic zirconia, and zirconia-reinforce lithium silicate ceramic (Denry and Kelly, 
2014). These newly developed ceramic restorative materials are the fruit of the revolution in the technological 
approaches. These approaches offer the appropriate ceramic material properties to clinicians for different treatment 
procedures, for providing the ease of restoration fabrication via CAD-CAM technology. However, the ceramic 
restorative material’s accuracy is still compromised in comparison to metal ceramic restoration (Felton et al., 1991; 
Han et al., 2017). Improper marginal adaptation of dental restoration induces micro-bacteria deposition on the plaque, 
which initiates periodontal disease and decay leading to the failure of restoration (Felton et al., 1991; Han et al., 2017). 
Underprivileged marginal fit of CAD-CAM restoration often causes decay around the finishing line of restoration, 
which is generally placed on the enamel, close to the cement-enamel junction (CEJ). However, the finishing line is 
occasionally placed on the cementum, close to the CEJ in the advanced reconstruction of the periodontal involvement 
dentition using fixed prosthesis. Long-term clinical success of ceramic restoration was influenced by restorative 
margin’s accuracy to be adapted to the finishing line, which is placed on either cementum or enamel. 

Dental caries is a dietary carbohydrate-modified bacterial infectious disease, and is one of the most common 
bacterial infection in humans. It is a threat to oral and systemic health, and creates a heavy financial burden worldwide 
(Hu et al., 2011). The basic mechanism of dental caries is demineralizing through the attack by acids generated by 
bacteria in dental plaque biofilms (Featherstone, 2004). Approximately, 200 million teeth having restorations placed 
annually with increasingly used ceramic for reconstruction (Cheng et al., 2015). The ceramic restorations are bonded 
to the teeth using resin adhesive, which tend to accumulate biofilms more than other restorative procedures (Cheng 
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et al., 2013). Dental plaque adjacent to the restoration margins may facilitate the development of secondary caries and 
compromise the restoration longevity. Indeed, secondary caries around the restorative margins has been considered to 
be a primary reason for failure of the fixed prosthodontics, thus, limiting the longevity of restorations(Mjor, 2005; Ten 
Cate, 2012). It was reported that 18–22% of the fixed prostheses’ abutments was affected by dental caries, leading to 
the endodontic treatment and new prostheses replacement (Walton et al., 1986; Goodacre et al., 2003; Raigrodski, 
2004). Dental caries underneath a restorative margin either on enamel or on cementum portion is hardly detectable by 
radiograph. Delayed detection of dental caries underneath a restorative margin leads to irreversible pulp involvement 
(Gordan et al., 2009). Caries around the margin of fixed prosthesis are relatively associated with the leakage through 
the margin of restoration, which progresses with the luting cement’s dissolution (Mjor, 2005; Zoellner et al., 2002). It 
is related with the incidence of root caries in the elderly people, and teeth with sclerotic dentin  (González-Cabezas, 
2010; Ioannidis et al., 2010; Klarić et al., 2013; Petersson, 2013; Schüpbach et al., 1992). 

The prevention of secondary caries occurrence around the restorative margin was signified by the concept of 
remineralization and demineralization of tooth surface (Hoceini et al., 2016). Remineralizing agents proceed in various 
forms, such as restorative materials, fissure sealants, chewing gums, mouth rinses and dentifrices (Li et al., 2014; 
Malekafzali et al., 2015; Weir et al., 2012). One of the most effective remineralizing agents in caries prevention is 
fluoride. Nevertheless, some concerns have been expressed about fluorosis and excess fluoride intake (Li et al., 2014; 
Malekafzali et al., 2015). In the recent years, fluoride’s alterative materials have been introduced, including CPP-ACP 
and nano-hydroxyapatite (NHA), because of their anticariogenic properties (Kalra et al., 2014; Vyavhare et al., 2015). 
NHA that contains calcium and phosphate crystal has similar characteristics to human’s hard tissue, has received huge 
attention in the medical and dentistry domain because of nanotechnology. This nanotechnology has been reported to 
provide novel prevention strategies and treatment of dental caries, specifically in the control and management of dental 
plaque biofilm and remineralization of initial dental caries (Hannig and Hannig, 2010). Nanoparticles are generally 
considered a size reduced from microns to nanometers, which can dramatically change the resultant properties, such as 
hardness, active surface area, chemical reactivity and biological activity (Allaker and Ren, 2008). Nanoparticles were 
applied in restorative dentistry in the form of remineralizing agents (Hannig and Hannig, 2012). Several 
remineralization materials are available that are based on nanotechnological approaches have been reported for the 
remineralization process of early carious lesions (Naik et al., 2017; Oliveby et al., 1990). NHA is also considered one 
of the most biocompatible and bioactive materials used in medicine and dentistry in recent years(Hannig and Hannig, 
2010; Lv et al., 2007). NHA at a concentration of 10% is capable of remineralization process on enamel surface (Huang 
et al., 2009; Pepla et al., 2014; Vyavhare et al., 2015). Some studies have reported more or comparable remineralizing 
effects for NHA toothpaste to other toothpaste containing amino-fluoride and fluoride (Tschoppe et al., 2011). It was 
reported that NHA of particle size 10–20 nm in diameters, and 60–80 nm in length can promote penetration of crystal 
into the interprismatic space through ion transportation and presumably affiliated to the interprismatic protein, resulting 
in remineralization on the superficial layer of artificial carious lesions, and possibly reverse the progression of initial 
caries lesions (Baumann et al., 2015; Huang et al., 2010; Kunin et al., 2015; Lubarsky et al., 2014; Moradian-Oldak, 
2012; Ruan and Moradian-Oldak, 2015; Wang et al., 2017). However, there are no reported cases till date regarding 
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the present study’s use of any NHA in gel preparation on the early therapeutic aspect in restorative dentistry. This study 
was aimed to investigate the effects of NHA gel and CP on remineralization potential of enamel and cementum at the 
cavosurface area of CAD-CAM ceramic restoration. 
 
Material and Methods 

The in vitro study was conducted with the ethically approved on exemption from the Ethics Committee in 
Human Research (Reference No: HE 592239) at Khon Kaen University. Thirty extracted human mandibular third 
molars were selected for this study. The samples were sectioned with precision machine (Isomet 4000®, Buehler, IL, 
USA) at 1 mm above and below the cemento-enamel junction (CEJ), dividing it into crown (C), crown-CEJ-root (CCR), 
and root (R) portions (Figure 1A, (1)). The CCR portion was removed and replaced with ceramic disk with the same 
dimension and shape. The CCR portion was used as a prototype for fabrication of a ceramic disk (2 mm in thickness) 
(Figure 1A, (2)). The partial-sintered Y-TZP blank (in Coris® TZI, Dentsply Sirona, York, PA, USA) was prepared in 
a disk shape with similar contour as CCR portion, but was 20% wider in size to compensate for sintering shrinkage of 
zirconia. The ceramic disk was further sintered in the furnace (inFire® HTC speed, Densply Sirona, Charlotte, NC, 
USA), according to the manufacturer’s instructions at 1510°C for 2 hours, to derive precise ceramic thickness of 1.6 
mm with exactly similar contour with the CCR portion. The ceramic disk was bonded in between the C and R portion 
of each tooth using resin cement (Super-Bond C&B, Sun Medical, Shiga, Japan) with controlled cement film thickness 
that needed to be 25 microns, using digital veneer caliper (Mitutoyo, Boulevard Aurora, IL, USA) (Figure 1A, (3)). 
The cement was auto-polymerized and it took the cement 10 minutes to reach full polymerization state. The sample 
was invested in the acrylic block (Unifast Trad, GC corp., Tokyo, Japan) and left exposed at the surface for further 
experimentation (Figure 1A, (4)). A flat surface of 4x4 mm2 was created on the sample’s exposed surface, using Ecomet 
3® Machine (Buehler, IL, USA) (Figure 1A, (5)). The samples were washed, and stored in deionized water at 37oC for 
24 hours. 

Demineralized gel for artificial carious formation was prepared in synthetic polymer gel, which comprised of 
20 grams/liter of carbopol 907 (BF Goodrich Co., Cleveland, OH, USA), and mixed with 0.2% polyacrylic acid and 
0.1% lactic acid, and adjusted pH to 4.4 by sodium hydroxide. The samples were immersed in a demineralized gel, 
stored in the humidified environment for 16 hours, and rinsed with deionized water. 

The samples were randomly divided into three groups (n=10), to be treated with either nanohydroxyapatite 
(NHA) gel or Clinpro (CP) tooth crème, while one group was left in deionized water (no treatment) and served as a 
control (NT). Each remineralized agent was applied onto the demineralized surface of enamel and cementum, covering 
the area 4x4 mm2, and was left for 4 minutes prior to immersion in freshly prepared deionized water. The remineralized 
gels were applied twice a day, with 12 hours interval, for a period of 30 days. 

The surface microhardness of the tooth was determined for microhardness by indenting with Vickers indenter 
at 100 grams load for enamel and 10 grams load for cementum for 15 seconds as the dwelling time using microhardness 
tester (Future-tech, FM-800, Tokyo, Japan). The microhardness on enamel and cementum was determined at the 
distance of 40 microns above and below the resin-enamel, respectively. The microhardness was determined before the 
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application of demineralized solution (BD), which served as the baseline data, after the application of demineralized 
solution (AD) and remineralized gel (AR). Each indentation was randomly determined at 100 µ from each other (Figure 
2). 

Sample from each group was evaluated and compared for surface alteration of area surrounding the ceramic 
disk at different stages, which included before demineralized (BD), after demineralized (AD) and after remineralized 
(AR) stages. The sample was later coated with gold in sputter coater machine (Emitech, K500X, East Grinstead, 
England), and evaluated in the scanning electron microscope (SEM, S-3000N, Hitachi, Tokyo, Japan). 
 
Results 

The results of the remineralization on both the enamel and cementum area surrounding the margin of CAD-
CAM ceramic restoration based on surface microhardness are reported in Figure 3 and Table 1. The surface 
microhardness values (mean ± standard deviation) for control group (NT) at BD, AD, and AR were 377.37 ± 22.99, 
161.95 ± 10.54, and 161.70 ± 5.92 for enamel, and 60.37 ± 3.81, 17.65 ± 0.91, and 17.04 ± 1.00 for cementum, 
respectively. The surface microhardness values (mean ± standard deviation) for nano-hydroxyapatite group (NHA) at 
BD, AD, and AR were 378.20 ± 18.76, 160.72 ± 8.38, and 200.08 ± 8.29 for enamel, and 62.58 ± 3.37, 18.38 ± 1.33, and 
27.99 ± 2.68 for cementum, respectively. The surface microhardness values (mean ± standard deviation) for Clinpro 
group (CP) BD, AD, and AR were 380.53 ± 25.14, 161.94 ± 5.66, and 193.16 ± 7.54 for enamel, and were 62.78 ± 4.75, 
19.07 ± 1.30, and 24.46 ± 2.02 for cementum, respectively. 

An analysis of variance indicated a significant difference in surface hardness for both the enamel and 
cementum area surrounding the ceramic because of different remineralizing materials and stages of material application 
(p<0.05), but no significant difference in surface hardness upon the interaction of the material and stage of the 
application was found (p>0.05), as shown in Table 2. The post hoc multiple comparison indicated significant difference 
in the capability of remineralization effect to the demineralized surface of either enamel or cementum area surrounding 
the CAD-CAM ceramic restoration for both the NHA and CP in comparisons to no treatment group (NT) (p<0.05), as 
shown in Table 3. There was significant difference in the remineralization capability between NHA and CP to the 
demineralized surface of the enamel and cementum area surrounding the ceramic restoration (p<0.05) as shown in 
Table 3. The NHA indicated higher capability in remineralization to the demineralized surface of either enamel or 
cementum area surrounding the ceramic than the CP (p<0.05), as shown in Table 3 and Figures 3A and 3B. 

The SEM photomicrographs indicated generalized smooth surface architecture of both the enamel (Figure 
4A) and cementum, when compared to those without treatment (Figure 4B). Generalized surface irregularities 
characteristics were denoted on the surface of demineralized enamel (Figure 4C). Generalized irregularities of 
cementum with opening tubules were found after the demineralized process (Figure 4D). The surface architecture of 
enamel exhibited smoother area after the NHA (Figure 4G) and CP (Figure 4I) were applied for 30 days, when 
compared to those without treatment in enamel (Figure 4E) and cementum (Figure 4F). The micrographs revealed that 
the NHA particles deposition in the tubules of cementum, as well as generalized reduction of surface irregularities, 
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were denoted (Figure 4H). On the other hand, some CP particles were found to be partially deposited in the cementum’s 
tubules with minimal irregularities of the surfaces (Figure 4J). 
 
Discussion 

Absolutely integrated tooth-restoration junction is an important goal that is hardly achieved. Indeed, 
irregularities at cavosurface junction and micro-gaps at the tooth-restoration interfaces are always present and induce 
bacterial accumulation leading to tooth decay. Therefore, remineralization concept on the restoration-tooth junction is 
a preventive mean in restorative dentistry in the next decade. The study indicated that both NHA and CP were 
significantly capable of remineralization to recover the demineralized enamel and cementum in comparison to the non-
treated demineralized surface (p<0.05). The NHA indicated significantly higher capability in remineralization the 
demineralized surface of both the enamel and cementum than CP (p<0.05). This possibly indicated ion transportation 
in the remineralization process (Kunin et al., 2015). This also related with isomorphic and isoionic exchange process 
in enamel crystals that occurred upon the diffusion of calcium and phosphate through the interprismatic spaces and 
turned into hydroxyapatite crystals (Kunin et al., 2015). The NHA significantly has a higher capability in 
remineralization than CP, and this is possibly related to the NHA’s nano-particle, which is susceptible with tooth 
structure. NHA is able to enhance penetration of its crystals through the interprismatic spaces of enamel and results in 
the formation of the hydroxyapatite crystals (Kunin et al., 2015). The calcium, phosphate and fluoride composition in 
CP could only replace the lost mineral, by forming fluoroapatite crystal in the remineralization process (Oliveby et al., 
1990). 

The demineralized enamel surface was considerably rough and slightly porous (Klarić et al., 2013). This 
facilitated the NHA to penetrate into the interprismatic spaces because of the precipitation process . It also attracted a 
large amount of Ca2+ and PO4

3- from the saturated solution at the outer layer of enamel surface to re-fill the vacant 
positions of the crystals (Huang et al., 2009; Lv et al., 2007). The demineralization of cementum clearly showed the 
surface’s exposed tubules. The mineral depositions were found in the tubules as a contributing remineralization effect 
(González-Cabezas, 2010; Schüpbach et al., 1992). The remineralization of cementum upon using NHA and CP is 
possibly associated with the exchange of minerals between cementum and surrounding environment as is found in the 
enamel. However, the remineralization process in cementum is less effective than in enamel. The higher capability in 
remineralization in cementum for NHA as compared to CP is possibly associated with the nano-particle size that is 
capable of constructive interdigitation upon the cementum structure (Moradian-Oldak, 2012; Ruan and Moradian-
Oldak, 2015). 

The deionized water was used as alternative to artificial saliva to eliminate the confounding factors that could 
be from other contents, such as amino acids components in salivary protein that possibly effect to natural enamel matrix 
proteins of tooth specimens (Vyavhare et al., 2015). In addition, minerals in artificial saliva may affect the confounding 
factors during remineralized process, as the deproteination of enamel results in a significant reduction of enamel 
resistant and characteristics (Baumann et al., 2015). However, this study indicated that NHA provides strong evidence 
on surface remineralization capability for the enamel and cementum surrounding the ceramic restoration. 
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Conclusion 
The application of NHA to combat dental caries through the demineralization and remineralization balance is 

relatively new paradigm of preventive approach in restorative dentistry. In the view of recurrent caries at the tooth-
restoration margin as the main factor for restoration failure, the NHA and CP showed effective capabilities of 
remineralization for the enamel and cementum surrounding the finishing area of CAD-CAM restoration, which resulted 
in effective caries inhibition. NHA was capable of exhibiting remineralization better than CP for using in the 
remineralization process of both in the enamel and cementum. The novel NHA gel indicated promising early 
therapeutics aspect in restorative dentistry, and was addressed as philosophy in caries prevention in fixed prosthodontics 
reconstruction. Further clinical study is needed to determine the efficacy of using NHA gel in daily clinical practice. 
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Table 1  Means, standard deviations, and the values of a 95% confidence interval of Vicker microhardness of enamel 
(E)  in 1A and cementum (C)  in 1B before demineralization (BD) , after demineralization (AD) , and after   
remineralization (AR) with nanohydroxyapatite (NHA), Clinpro (CP), or without treatment (NT) 

(1A) Vicker microhardness of enamel (E) 
Group n Mean Standard deviation 95% Confidence Interval 

Lower Bound Upper Bound 
ENTBD 10 377.3690 22.99676 360.918 393.820 
ENTAD 10 161.9490 10.54402 154.406 169.492 
ENTAR 10 161.6940 5.92586 157.455 165.933 
ENHABD 10 378.2000 18.76017 364.780 391.620 
ENHAAD 10 160.7270 8.38881 154.726 166.728 
ENHAAR 10 200.0780 8.29663 194.143 206.013 
ECPBD 10 380.5350 25.14572 362.547 398.523 
ECPAD 10 161.9420 5.65927 157.894 165.990 
ECPAR 10 193.1670 7.54709 187.768 198.566 

 
(1B) Vicker microhardness of cementum (C) 

Group n Mean Standard deviation 95% Confidence Interval 
Lower Bound Upper Bound 

CNTBD 10 60.3740 3.81789 57.643 63.105 
CNTAD 10 17.6580 0.91562 17.003 18.313 
CNTAR 10 17.0440 1.00634 16.324 17.764 
CNHABD 10 62.5880 3.37131 60.176 65.000 
CNHAAD 10 18.3890 1.33461 17.434 19.344 
CNHAAR 10 27.9930 2.68884 26.070 29.916 
CCPBD 10 62.8720 4.75316 59.472 66.272 
CCPAD 10 19.0750 1.30860 18.139 20.011 
CCPAR 10 24.4680 2.02409 23.020 25.916 
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Table 2 Analysis of variance (ANOVA) and contrasts of microhardness upon different materials and stages of 
application for enamel (E) in 2A and cementum (C) in 2B before demineralization (BD), after demineralization 
(AD), and after remineralization (AR) 

(2A) ANOVA of Vicker microhardness of enamel (E)  
Source Sum of squares Designed factor Mean square F-score p-value 

Intercept 1753148.440 1 1753148.440 16271.160 0 
Material 983.015 2 491.507 4.562 0.020 

Error 2909.135 27 107.746   
          Contrasts of microhardness of enamel (E) before demineralization (BD), after demineralization (AD), and after 
remineralization (AR) 

Source Measurement Sum of Square Designed Factor Mean Square F-score p-value 

Stages 
BD   vs.   AD 1414780.027 1 1414780.027 3076.973 0 
AD   vs.   AR 16483.477 1 16483.477 404.492 0 

Stages * Materials 
BD   vs.   AD 51.790 2 25.895 0.056 0.945 
AD   vs.   AR 8752.192 2 4376.096 107.386 0 

Error 
BD   vs.   AD 12414.495 27 459.796   
AD   vs.   AR 1100.280 27 40.751   

 
(2B) ANOVA of Vicker microhardness of cementum (C) 

Source Sum of squares Designed factor Mean square F-score p-value 
Intercept 35698.531 1 35698.531 10623.760 0 
Material 121.535 2 60.767 18.084 0 

Error 90.727 27 3.360   
         Contrasts of microhardness of cementum (C) before demineralization (BD), after demineralization (AD), and  
 after remineralization (AR) 

Source Measurement Sum of Square Designed Factor Mean Square F-score p-value 

Stages 
BD   vs.   AD 56952.090 1 56952.090 4038.439 0 
AD   vs.   AR 689.569 1 689.569 186.233 0 

Stages * Materials 
BD   vs.   AD 11.765 2 5.882 0.417 0.663 
AD   vs.   AR 527.414 2 263.707 71.220  

Error 
BD   vs.   AD 380.768 27 14.103   
AD   vs.   AR 99.973 27 3.703   
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Table 3 Multiple comparisons of microhardness before demineralization (BD), after demineralization (AD), and after 
remineralization (AR) of enamel (E) and cementum (C) upon an application of nanohydroxyapatite (NHA), 
Clinpro (CP), or no treatment (NT) 

Stage Enamel  Cementum 
 

AD-BT 
 NT NHA CP   NT NHA CP 

NT 1.000 1.000 1.000  NT 1.000 1.000 1.000 
NHA  1.000 1.000  NHA  1.000 1.000 
CP   1.000  CP   1.000 

          

 
AM-AD 

 NT NHA CP   NT NHA CP 
NT 1.000 0 0  NT 1.000 0 0 

NHA  1.000 .025  NHA  1.000 0 
CP   1.000  CP   1.000 

 
 

 

 
 

Figure 1 An illustration showing a human third molar (1) sectioned at 1-mm below and above its cemento-enamel 
junction (2), replaced with an ytria-stabilized zirconia polycrystalline disk (Y-TZP) to the crown (C)-
cemento-enamel junction-root (R) portion (CCR) by bonding to the crown and root portions (3), followed 
by an investment in an acrylic block (4) and a preparation of a smooth 4x4 mm2area (5) 
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Figure 2 An illustration showing Vicker microhardness obtained at a 40-micron level on the enamel above enamel-
resin cement junction and on the cementum below cementum-resin cement junction (five locations each and 
with a 100-micron distance apart) before demineralization (BD), after demineralization (AD), and after 
remineralization (AR) 

 

 

Figure 3 Means and standard deviations of Vicker microhardness of enamel (E) and cementum (C) shown in A and 
B, respectively, before demineralization (BD), after demineralization (AD), and after remineralization (AR) 
with nanohydroxyapatite (NHA) or Clinpro (CP), in comparison with those without treatment 

 

 

 

 

  - BD 
  - AD 

  - AR 
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Figure 4 Scanning electron micrographs showing the surfaces of enamel (left-sided column) and cementum (and right-
sided column) before demineralization (A and B), after demineralization (C and D), and after application 
with NHA (G and H), or CP (I and J), in comparison with those without treatment (E and F). When compared 
to those with the demineralized surfaces (Black arrows in C-G and I), some more obliterations of the porous 
surfaces are visible in both enamel and cementum surfaces applied with NHA and CP (White arrows in G-J). 
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