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4) (a} 

Abstract 

Penemuan Projek/Abstrak 
(Perlu disediakan makluman di antara 100- 200 perkataan di dalam Bahasa Malaysia dan Bahasa 
lnggeris. Jni kemudiannya akan dimuatkan ke dalam Laporan Tahunan Sahagian Penyelidikan & 
Pembangunan sebagai satu cara untuk menyampaikan dapatan projek tuan/puan kepada pihak 
Universiti). 

Dentin hypersensitivity is a con1mon clinical problem; with incidence of 15% to 30o/o of 

the population at the age between 20 and 40 years. Previous study revealed that dentin 

hypersensitivity is closely accompanied with the open dentinal tubules structures. The 

presence of open dentinal tubules is the n1ain condition seen in the sensitive area of the 

exposed dentine and is in agrccrncnt V\rith the hydrodynan1ic theory proposed by 

BrHnnstron1. In fact. new n1aterial technology al1owed chcn1ist to synthesize nano 

structured Hydroxyapatite (nano llA). Nano H/\-bascd n1atcrials showed high degree of 

suri~1cc activity. reactive and have capability in reducing rncchanically the functional 

diameter of the tubules in order to minimize the dentinal permeability and therefore 

sensitivitY as well. The ain1 of this study is to evaluate the closure of dentinal tubules 

after the apJication of nanostructured and standard 11/\. Sixteen extracted hmnan 

n1axillary permanent prcn1olars arc used in this study. The teeth are divided into 2 

groups randornly. Eight dentin discs with 3 n1n1 thickness were prepared and cut under 

the DE.J of the occlusal area (f(ntr discs) and cervical area (four discs). Each group has 

eight dentin discs. A11 the dentine smnples \Vcrc treated with an EDTA solution (pH 7.4) 

for 1 n1inute to remove the all sn1car layer. lla1f discs of Group I were treated for 5 

minutes with carhoxymethylcellu1ose (CMC) gel containing nano structured BA and 

Group II with standard HI\. The other half discs were ren1aining untreated as a control. 

All specin1ens then washed in running V\'atcr for 5 111inu1es. All specin1ens were 

examined under SEJ\1 at magnifications of x1500 to x2000. The percentage of dentinal 

closure of each specimen will be calculated from the Phototnicrograph of representative 

using an image analyzer. The study showed that the percentage of dentinal closure 

treated with nano structured HA \Vas higher than standard I 1/\. J\s a conclusion of this 

study. nano structured HA were superior con1parcd to standard HA in the closure of 

dentinal tubules. 
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Abstrak 

Hipersensitif dentin adalah permasalahan utama yang ditemui di klinik pergigian dengan 

insidensi 15o/o sampai 30% dari pada populasi antara mnur 20 dan 40 tahun. Hipersensitif 

dikeranakan oleh adanya dentin yang terbuka serta berhubung dengan kaedah 

hidrodinatnik dari Brannstrom. Teknnik dalan1 bidang bahan mcn1ungkinkan ahli kimia 

untuk n1ensintesa 1-Iidroksi apatit dalam bentuk Nano (Nano HA) yang mempunyai 

aktifitas pem1ukaan tinggi. lebih reaktif dan dapat n1asuki serta n1cnutup ataupun 

mengurangkan dian1cter dari tubuli dentin. Penyclidikan ini bertujuan untuk mclihat 

pcnutupan dari tubuli dentin sctclah aplikasi Nano HA dan Standar I lA. Enam belas gigi 

yang tclah dicabut dibahagi kcpada dua kumpulan secara random. Selanjutnya dihuat 

spesin1en dentin dcngan 111CI11otong hahagian oklusal gigi dihawah DE.l dan tncmbcntuk 

disk dentin sctchal 3 111111. sehingga sccm·a keseluruhan tcrdapat 20 disk. Sctnua spcsin1en 

dentin dibasuh dcngan larutan EDT/\ (pH 7.4) sclama 1 tninit untuk rnembuang. · sn1ear 

layer'. Sctcngah hahagian dari disk pada kmnpulan pertan1a diaplikasi paste yang 

n1engandungi Nano J-1/\ selama lima 111init sedangkan sctengah bahagian dari disk 

kclon1pok kedua dcngan standar HAP. Scdangkan sctcngah bahLJgian lagi dari kcdua 

kclompok disk tidak dihcri apa-apa aplikasi schagai kontrol. Spccirncn sclanjutnya 

dibasuh dcngan aliran air sclan1a 5 minit. Sclanjutnya kcdua klllnpulan dipcriksa dihcnvah 

SEM dcngan pcn1besaran 1 500 san1pai 2000 kali dan Foton1ikrograf dibuat pada dacrah 

representatif. Peratusan penutupan tubuli dentin kcn1udian dikira pada 1nikrograf dan di 

analisis. Tcrlihat pcratusan pcnutupan tubuli dentin yang lebih luas pada dentin yang di 

aplikasikan Nano HAP. Rcrdasarkan hasil penyclidikan ini terlihat bahwa Nano HA 

dapat mcnutup tubuli dentin dengan lehih haik, sehingga dapat digunakan untuk ruwatan 

gigi dcngan dentin hiperscnsitif. 
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(b) Senaraikan Kata Kunci yang digunakan di dalam abstrak: 

Bahasa Malaysia Bahasa lnqqeris 

- hidroksiapatit bcrstruktur nano - nanostructured hydroxyapatite 

- tubules dentin - dentinal tubules 

-dentin hipersensitif - hypersensitive dentin 
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An In vitro Study on the Sealing Ability ofNano I-Iydryapatite and 
Standard f lydroxyapatite on Dentinal Tubules . 

S.M. i\tlasudi, A.R. Samsuddin, K.A.A. Salibi, N.S. Omar 

School of Dental Sci~nces, Universiti Sains Malaysia, 16150 Kubang Kerian, Kelantan, 
Malaysia. 

*Corresponding author: sarn@kb.usm.my 

Abstract 

Dentin hypcrs~nsitivity is a ~ornnton clinical probletn~ with incidence of l5o/o to 30(Yo of 

the population at the age between 20 and 40 years. Previous study revealed that dentin 

hypersensitivity is dosdy accompanied with the open dentinal Lubult::s structures. The 

presence of open dentinal Lubulcs is the tnain condition seen in the sensitive area of the 

cxpos~d dentine and is in agreen1ent vvith the hydrodyna1nic theory proposed by 

BrilnnstronL In fltcL new nwtcrial technology allovvcd chctnist to synthesize nano 

structured Hydroxyapatite ( nano Ill\). Nano HA-based rnatcrials showed high degree of 

surface activity. reactive and have capability in reducing rnechanically the functional 

dhuncter of the tubules in ord~r to minirnizc the dentinal pern1cability and therefore 

sensitivity as well. The aint of this study is to evaluate the closure of dentinal tubules 

after the aplication of nanoslructured m1d standard liA. Sixteen cxlracteJ human 

111axillary permanent pretnolars are used in this study. The teeth are divided into 2 

groups randomly. Eight dentin discs with 3 n1n1 thickness were prepared and cut under 

Lhe OEJ of the occlusal area (lour discs) and cervical area (four discs). Each group has 

eight dentin discs. AU Lhe Jentine sarnples were treated with an EDTA solution (pH 7.4) 



for I minute to remove the all smear layer. Half discs of G'roup I were treated for 5 

minutes with carboxymethylcellulose (CMC) gel containing nano structured Hf\ and 

Group II with standard IIA. The other half discs were remaining untreated as a control. 

All specimens then w~shed in running water for 5 minutes. All specimens were 

examined under SEM at magnifications of x 1500 to x2000. The percentage of dentinal 

closure of each specilncn will be calculated from the Photomicrograph of representative 

using an image analyzer. The study showed that the percentage of dentinal closure 

treated \Vith nano structured HA was higher than standard HA. As a conclusion of this 

study. nano structured HA were superior compared to standard HA in the closure of 

dentinal tubules. 

Kcy,vords: nanostructured hydroxyapatite. dentinal tubules. hypersensitive dentin 
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Introduction 

Dentin hypersensitivity is a common clinical problem, and when dentin 1s 

exposed by the abrasion of enamel or the gingival retraction with periodontitis, sudden 

severe pain is elicited by external stimuli such as a11 air blast, cold water, or scratch. 

Although dentin hypersensitivity is commonly encountered in dental clinics, the 

details of the mcchanisn1s arc still poorly understood, and no consistent treatment has 

been established .. Dentin hypersensitivity is characterized by short, sharp pain arising 

.from exposed dentin in response to stimuli typically thern1al, evaporative, tactile, osmotic 

or chemical and which cannot be ascribed to any other form of dental defect or 

pathology. Surveys, which examined for dentin hypersensitivity showed 15% to 30% of 

the study population are affected and the age range for dentin hypersensitivity is broad~ 

spanning early teenage to n1orc than 70 years (Fischer et a!., 1992). However, peak 

incidence is between 20 and 40 years (Flynn et a!., 1985). The wear of enamel and 

retraction of gurns ti·cqucntly cause the exposure of dentine and the appearance of dentin 

hypersensitivity (Chabansky eta!., 1997; Absi et a/ 1987; Johnson and Brannstrom 1974; 

fvlasson e/ a/., 1991 and Pashley 1990). 

Previous study revealed that dentin hypersensitivity is closely accornpanied with 

the open dentinal tubules and the tube-like (process-like) structures The presence of open 

dentinal tubules is the main condition seen in the sensitive area of the exposed dentine 

(Yoshiyama et a!., 1989, 1990) and is in agreement with the hydrodynamic theory 

proposed by Brannstrom ( 1966 ); Johnson and Brannstrom ( 1974) and by Pashley ( 1990). 
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In fact, new material technology allowed chemist to synthesize nano structured 

1-Iydroxyapatite (qano HA) with a high degree of surface activity and with average crystal 

diameter in a nano size (Dolci eta/., 2001; Bonetti et al., 1993 and Valdre et al.., I 999). 

Hydroxyapatite (HA) with the chemical formula Ca(P04)~(01-I)2 is the main 

component of the bone and teeth. HA is known to be biocompatible, bioactive, 

osteoconductivc, non inflammatory. Recently, synthetic HA prepared at nano level (I­

I 00 nm), to mimic the mineral component and the &nicrostructurc of natural bone. 

Synthetic I;IA prepared plays a significe:mt role in various biomedical applications. 

Its unique functional properties such as height surface are and ultra fine structure of the 

synthetic HA is similar to synthetic apatite. Therefore, synthetic I-IA has been widely 

applied in a variety of biomedical applications such as, bone substitutes tnatcrials, 

constituent implants, and dental material. 

These nano structured HA-based materials are therefore a promising material that 

may have future and considerable clinical dental applications. The materials are 

biocornpatible, reactive and have capability in reducing n1cchanically the functional 

diatncter of the tubules in order to minimize the dentinal perrncubility and thcrctore 

sensitivity as well. As shown in Fig. 1, the stnaller scaled of material, would decrease a 

gravity cohesion, but increased vm1-der Walls adhesion charging hydrogen bridges that 

leads to the higher surface activity. This phcnon1enon will ~xplain that the nano 

structured HA are more reactive and adhesive cotnpared to 1nicro structured (standard) 

HA. Nano structured HA, which is con1pletely similar to that of dentine and/or enamel. 

can significantly reduce dentinal sensitivity, protecting the dentin from acid attack by 

creating an acid-resistant layer inside and outside the dentinal tubules. 
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New structure processing of I-lA for the treatment of dentin hypersensitiv ity can 

be mixed in gel form to be used by dental pr~fessionul in the clinic as well as mixed in 

the toothpaste for pati ent home treatment. The nanometer-sized grains also have been 

found to increase osteoblast adhesion, proliferation and mineralization. Study conducted 

by Do lci et al. , (2000) has shown that Nano HA materials that arc totally biocompatible 

due to their chemical and phys ical na ture. 

Fig. I . The small-scale u l" material shows lower gra vity cohesion and higher 
van-J cr- Walls auht.:siu11 churging hyJrogcn bridge. 

School oC Chemica l Sciences Un ive rsiti Sa ins Malaysia (USM) have deve loped 

nano s tructured HI\ li.>r b iomedical a pplication. !'he [ 1/\ nanocrystul were synthes ized by 

wet chemical method using Cu(OI J)z and 11 _~ P04 as Ca and P precursors, respective ly . 

TEM microgram shows the size o f nuno HA crystal were between 30 to 80 nm as shown 

in Fig. 2. The HA nanocrystals were found to be rod-like and a little agglomerate. X-ray 
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diffraction analysis of nano HA confirmed that this material was the typical characteristic 

of the carbonate type-B hydroxyapatite as shown in Fig. 3. 

Fig. 2. TEM micrograph of nano structured HA. The HA nanocrystals were 
found to be rod-like with the size of 30 to 80 nm. 

X-rav Diffraction of ideal hvdroxvaoatite 

N D . , , ~~OQ · - Q O UU ~ - D 0 00 ·~DOO 
.. , - u.. ""liO# 

Fig. 3. The comparison of X-ray diffraction of ideal hydroxyapatite (top) and 
nano structured HA (bottom). 
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The objective of this study was compare quantitatively the closure of dentinal 

tubuli after application of nano HA and standard HA rnaterial~ by using Scanning 

electron microscope (SEM). 

Materials and Methods 

Sixteen erupted human maxillary permanent premolars were use in this study. The 

teeth are to be collected from the dental clinic in School of Dental Sciences, Universiti 

Sains Malaysia (USM). The teeth were carefully clean and then exmnined at low 

magnification. No surface showing a developtnent fault or crack or white-spot lesion is 

used for the experitnent. The teeth were preserved in norn1al saline solution at 3 7° C not 

n1ore than one 1nonth. The e11ect of the HA gel were study on sound occlusal dentin and 

cervical dentin. 

One dentin disc per tooth (subtotal eight discs) with 3 1nn1 thickness were 

prepared and cut under the denlino-em.m~t:l-juntion of occlusal area of the tooth for 

occlusal specimens. The other eight dentin discs also with 3 mm thickness were cut under 

dentino-enarnel-junction of cervical area of the tooth t()r cervical specin1cns as illustrated 

in tigure 4. Total srunples of sixteen dentin discs were divided into 2 (two) groups 

randomly. Each group was eight dentin discs~ which contain four discs of occlusal 

specimens and four discs of cervical specimens. 

All the dentine srunples were treated with an EDT A solution (pH 7.4) tor l 

minute to remove the all smear layer and then cut into 2 halves discs. The tirst half discs 

were treated for 5 minutes with gel containing nano HA and standard HA and examined 
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under SEM. The other half discs we re examined under SEM (be rore nano and standard 

HA treated) as a control. 

Occlusal 
soecimen 

Cervica l 
sp..:cimt: n 

f-i g. 4. Diagram of denti n for occ lusa l and cervical spccimens 

Carboxymethylcd lulose (CMC) gel was prepared lor use as vehicle of mmo 

structured HA aml standard I-lA as a desensi ti zing agent. The formu lat ion of 

Carboxymcthylce llu losc (CMC) gel based on the method described by Dolci et af. 

(200 I ). CMC in aq ueous solution conta ining parabens to 0.2% (0.02 g of 

mcthylparahyd roxybcnzoatc and 0.0::2 g of propylp;.u·ahydroxybenzoate were used in 20 

ml sol ution) to better conserve the ge l. The parabens were made so luble in aqueous 

solution at temperature of 70° C and the CMC was tk n added once a temperature o f 

50° C has been reached, then it was s tirred until the ri ght consiste ncy and tra nsparency 

was obtained. 

The mix tme of nano structured Hi\ and standard Hi\ were prepared with CMC 

gel. The amount of 0.6 g o f nano structured HA were incoporated in a quatity of 3 ml of 

CMC gel, resulting in a concentration of 20% by weight to form nano HA gel. T he same 
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amount of standard HA were incoporated in a quatity of 3 ml of CMC gel also to form 

standard 1-IA gel. 

The first half discs specimens (eight discs which contain four discs of occlusal 

specimens and four discs of cervical specimens), were divided randomly into two groups. 

In group one, dentin discs were treated with gel containing nano structured HA for 5 

minutes and then washed in running water for 5 minutes. The same procedures were 

repeated for group two with standard I-IA gel. 

Scanning Electron Microscope (SEM) Observation 

Before observation under SEM, all specimens were left to stand for 12 hours in 

glutaraldehyde at 2 % buffered with sodium cacodylate 0.1 M (pH = 7.3) in a 

refrigerator at a temperature of 4 ° C. The dentin discs specin1cns are then lett to dry tor 

an hour on blotting paper (controlled dehydration phase) then the samples were fixed to 

SEM metal stub using double-sided adhesive tape and were placed in an evaporator 

where they were coated with a 200 A layer of gold and observed under the Scanning 

Electron Microscope (SEM). Photomicrographs arc taken of representative areas at 

magnifications of x 1500 to x2000. The percentage of dentinal closure of each sample 

were calculated ti·om the Photon1igrograph and image analyzer. 

Results 

Scanning electron microscope images reported in figures 5 to 7 were the 

observation of sound occlusal and cervical dentin before gel treatment and also specific 

observation after the application ofnano HA and standard HA gels. 
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r ig 5. SEM micrograph or the dentin surface alter treated with EDTA so lution to remove 
smear layer. ln this case dentinal tubuli resulted completely open. 

Figure 5 shows SEM image or the occlusal dentin surCace after treated with 

EDT/\ so lu tion to n;movc the smear b ycr. In th is c:1se, den tinal tubuli resulted 

complete ly open. 

The SLJ\11 morphologies of the dentin surfacc after application of CMC gel 

containg standard Hi\ (m icroc ristall inc) for 5 minutes and then washed in running wate r 

lo r 5 minutes. The SEM micrograph ex hibi ted the denti nal tubu li resulted partially d osed 

in the percentage of 48% (Fig. 6). 
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Fig. 6. SEM micrograph or the occlusal dcn~in surface after application of standard HA 
gel (microcrista llinc) for 5 minutes and then washed in running water for 5 minutes. The 
SEM micrograph exhibited the dentinal tubuli resulted partially closed in the percentage 
of48'% 

Figure 7a reports the occlusal dentin surface treated with CMC gel containing 

nano structured ti l\ lo r 5 minutes and then washed in running water for 5 minutes. To be 

noted in the SEM micrograph that the majority ol· the d~.:ntinal tubu li are highly closed in 

the pcrsentage or 89%. F igur~.: 7b on right s id~.: ~.:xhi bit s in higher magnitication and better 

detail. Lhc morphology o r dentin surl"acc treated with CMC gel containing nano structured 

HA for 5 minutes. Tl'vl micrograph in !igurc 7a shows the border between a treated 

dentin zone with a CMC gel containing nanu structured II/\ (on the right) and an 

untreated dentin surlucc zone on the left side. In tigure 4b. S EM micrograph shows 

higher magni ti cation o f SEM image also in the border between a treated dentin znne with 

a CMC gel containing nano structured Il l\ (on the bottom) and an untreated dentin 

smface zone on the top side. 
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Fig. 7. SEl'vl micrograph of: 7a The dentin surface trcutcd with CMC gel containing nano 
structured I I/\ for 5 minutes and then washed in running water fo~· 5 minutes. To be noted 
in the SEM micrograph that the majority of the dentinal tubuli arc highly closed in the 
persentage or 89%. Fig. 7b on right side ex hibi ts in higher magni fication and better deta il 
of dentin surface treated with CMC gel containing nano 1-1/\. 

Discussion 

From lht; data presented in this in vitro study suggested that tht: nann r lA 

synthesized by wet chcmicul method using Ca(OH)2 and I I3P0-1 as Ca and P precursors, 

may be an crfcctive and active material for reducing dentinal hypersens iti vity. [n the fact 

the application or CMC gels contai ning nano structured II /\ arc abk to reduce denti na l 

sens itivity with the higher dusur<.: perc<.:ntage (89%) or the dentinal tubuli . On the 

contrary, it has been shown in this in vitro test that the pcrcentag<.: or Lk nti nal closur<.: in 

CMC gel containing st<.mdard micro crys tal line ! 1/\, that was only 48%. 

Our study is in agreement with those found by Do lei et a/., (200 I) that used nano 

HAP with di1Ierent processing method. They used detective nano HA produced by lattice 

destabilization method and they found from application of nano HA with gel, aqueous 

suspensions and mixtures of tooth paste, were able to reduce the denti nal permeability by 
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50 to 55% of the maximum dentin permeability value and showed high closure of 

dentinal tubuli. Another similar work by Braunbarth eta/. (2002) found that applica$ion 

of nanoscaled calcium phosphate protein composite (Nanit®activc) on dentin leads to the 

formation of an apatite l.ayer closely bonded to the natural dentin and occluded of 

dentinal tubuli. A process of occlusion of dentinal tubuli was labeled as 

'neomineralisation'. 

In addition, from SEM study on nano HA particle size suggested that with the 

high penetration and reaction efficiency of nano HAP gel to dentin surface leading to .the 

reducing of agglomerate mean diameter of nano structured HA. SEM observations of 

dentin surfaces have shown the precence of a thin layer of nano crystals or agglomerate 

after the applications of CMC gel containing nano 1-IA, also after washing in water. Nano 

HA as shown in Fig. 2, have the tendency Lo agglomerate as a result of high degree of 

nano HA crystals affinity. The application of nano HA gel should be treated with high 

penetration to the dentinal surface and reaction efficiency for the occlusion of dentinal 

tubuli in sensitive exposed dentin. 

Under clinical conditions the exposure of the dentin to food and/or acid drinks 

and saliva is in the tact influencing dentin sensitivity. Through clinical study. the effect of 

nano HA application for tht! solution of dentin hypersensitive problem is now being 

extensively studied. 

These nano structured HA are biocon1patible because their che1nical and physical 

nature that is completely similar to dentin or enamel and bone. Further study should be 

done to ensure biocompatibility of this material. 
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Nano HA can be used in toothpaste, gel and root canal sealer formulations for 

professional use in Dentistry. This material can be considered as a promising material for 

the future of the in office (gel form) and home (toothpaste) application for dentin 

hypersensitive treatment. 

Conclusion 

In conclusion, nano structured HA were superior compared to standard HA in 

the closure of dentinal tubules based on in vitro study .. 
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PERBANDINGAN EFEK HIDROKSIAPATIT:BERUKURAN NANO 
DAN HIDROKSIAPATIT STANDAR TERHADAP PENUTUPAN 
TUBUU DENTIN SECARA IN VITRO 

Sam' an Malik Masudi, * Ab. Rani Samsudin ,**Rohana bt. Adnan, *** 

* Lecturer Department of Restorative Dentistry, School of Dental Sciences, 
Universiti Sains Malaysia 

** Professor and Dean, School of Dental Sciences, Universiti Sains 
Malaysia 

***Lecturer, School of Chemical Sciences, Universiti Sains Malaysia 

Dentin hypersensitivity is a common clinical problem; with incidence of 15% to 30% of the 
population at the age between 20 and 40 years. Previous study revealed that dentin 
hypersensitivity is closely accompanied with the open dentinal tubules structures. The presence of 
open dentinal tubules is the main condition seen in the sensitive area of the exposed dentine and 
is in agreement ·With the hydrodynamic theory proposed by Brannstrom. In fact, new material 
technology allowed chemist to synthesize Nano Hydroxyapatite (Nano HA). Nano HA-based 
materials showed high degree of surface activity, reactive and have capability in reducing 
mechanically the functional diameter of the tubules in order to minimize the dentinal 
permeability and therefore sensitivity as well. The aim of this study is to evaluate the closure of 
dentinal tubules after the aplication of Nano and Standard HA. Twenty extracted human 
maxillary permanent premolars are used in this study. The teeth ·are divided into 2 groups 
randomly. One dentin disc per tooth (Tota/20 discs) with 3 mm thickness were prepared and cut 
under the DEJ of the occlusal area. Each group has 10 dentin discs. All the dentine samples were 
treated with an EDTA solution (pH 7.4) for 1 minute to remove the all smear layer. Half discs of 
Group I were treated for 5 minutes with paste containing Nano HA and Group II with Standard 
HA. The ·other half discs were remaining untreated as a control. All specimens then washed in 
running water for 5 minutes. All specimens were examined under SEM at magnifications of 
x1500 to x2000. The percentage of dentinal closure of each specimen will be calculated from the 
Phot~migrograph of repr(f:Sentative areas and further quantitative analysis will be done using an 
image analyzer. The study showed that the percentage of dentinal closure treated with Nano HA 
was higher than Standard HA. As a conclusion of this study, Nano HA were superior compared 
to standard HA in the closure of dentinal tubules. 

PENDAHULUAN 

Hipersensitif dentin adalah 
pennasalahan yang umum ditemui di 
klinik dokter gigi. Pasien biasanya 
mengalami sakit yang mendadak akibat 

JSSN 02 I 5-126X 

adanya rangsangan dari luar seperti 
udara, air dingin atau mekanik. 
Walaupun sering ditemukan, mekanisme 
secara terperi*nci dari hipersensitif dentin 
belum sepenuhnya diketahui dan belum 
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terdapat perawatan yang konsisten 
terhadapnya. 

Hipersensitif dentin memiliki 
karakteristik dengan adanya sakit yang 
tajam . berasal dari dentin yang terbuka 
sebagai respons dari rangsangan panas, 
taktil, evaporatif, osmotik ataupun 
patologis yang berbeda dengan 
kerusakan ataupun patologi gigi lainnya. 
Survei menunjukkan bahwa 15% sampai 
30 % dari populasi studi mengalami 
hispersentif dentin, dengan kisaran umur 
yang luas, dari umur belasan tahun 
sampai 70 tahun (Fischer dkk., 1992). 
Pada penelitian lain oleh Flynn dkk. 
( 1985) didapati bahwa usia yang paling 
banyak menderita hipersensitif dentin 
adalah antara 20 dan 40 tahun. Keausan 
enamel dan retraksi gusi merupakan 
penyebab yang paling sering terjadinya 
ekposur dentin dan hipersensitif dentin 
{Johnson & Brannstrom, 1974; Absi 
dkk., 1987; Pashley, 1990; Masson dkk., 
1991 dan Chabansky dkk., 1997). Studi 
yang dilakukan oleh Yoshiyama dkk., 
1989 and 1990) menunjukkan bahwa 
hipersensitif dentin berhubungan erat 
dengan terbukanya tubuli dentin dan 
struktur dentin yang berbentuk pipa 
(tube-like or process-like). Terdapat 
banyaknya tubuli dentin yang terbuka 
terlihat pada daerah sensitif dari dentin 
dan hal ini sesuai dengan teori 
hidrodinamik yang dinyatakan oleh 
Brannstrom pada tahun 19.66 (Johnson 
& Brannstrom, 1974; Pashley, 1990). 

Berbagai cara pengobatan telah di 
perkenalkan untuk menutup tubuli 
dentin secara mekanis, namun banyak 
dari metoda ini tidak memberikan hasil 

ang memuaskan ataupun hanya efektif 
y tuk sebagian kasus. Perawatan un . . 
dengan fluoride pada pasta gtgl. ataupun 
gel akan memberikan hasd pada 
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penggunaan dalam jangka waktu yang 
lama. Aplikasi potasium oksalat temyata 
memberikan efek toksik. Penggunaan 
pasta igigi dengan hidroksi apatit standar 
(microcrystalline HA) juga pemah di test 
secara in vitro, namun memberikan hasil 
yang kurang efektif. (Prati dkk., 1994). 

Perkembangan teknologi bahan 
memungkinkan ahli kimia untuk 
mensintesa Hidroksi apatit berukuran 
nanometer (Nano HA). Bahan Nano HA 
mempunyai aktifitas permukaan yang 
tinggi dengan diameter kristal berukuran 
nano atau 10-9m. (Bonetti dkk., 1993; 
Dolci dkk., 1999 and _Valdre dkk., 1999). 
Bahan yang mengandungi Nano HA 
merupakan bahan yang mempunyai 
prospek dimasa yang akan datang 
termasuk penggunaan dibidang 
kedokteran gigi. Bahan 101 

biokompatibel, reaktif dan mempunyai 
kemampuan untuk mengurangi secara 
mekanik, diameter fungsie>nal dari tubuli 
dentin yang pada gilirannya akan 
meminimalkan permeabilitas dentin serta 
efek sensitif. Nano HA yang merupakan 
bahan dengan struktur yang sama 
dengan dentin atau enamel dapat 
mengurangi sensitivitas dentin serta 
melindungi dentin dari asam dengan 
pembentukan lapisan tahan asam di 
bagian dalam maupun luar dari tubuli 
dentin. Hidroksiapatit berukuran 
nanometer terbukti dapat meningkatkan 
adhesi, proliferasi dan mineralisasi dari 
odontoblast (Dolci dkk., 2001). 

Bahan Nano HA u·ntuk perawatan 
hipersensitif dentin dapat dibuat dalam 
bentuk gel untuk digunakan dokter gigi 
di klinik ataupun dalam bentuk pasta gigi 
untuk pemakaian pasien di rumah. 

' 



BAHMY DAN CARA 

Penelitian 1n1 adalah penelitian 
eksperimental secara in vitro. Tujuan 
penelitian adalah untuk melihat 
penutupan dari tubuli dentin setelah 
aplikasi Nano HA dan Standar HA 
dengan menggunakan Scanning Electron 
Microscope (SEM). 

Bahan Standar Hidroksiapatit ,yang 
digunakan dalam penelitian ini adalah 
diproduksi dan didapatkan dari School 
of Material Engineering, Universiti Sains 
Malaysia (USM). Sedangkan bahan 
Nano Hidroksiapatit diproduksi dan 
didapatkan dari School of Chemical 
Sciences, USM. Bahan Hidrosiapatit 
ukuran standar dan standar terdapat 
dalam bentuk bubuk dan pada 
penelitian ini dibuat dalam bentuk gel 
dengan menambahkan 
Carboxymethylcellulose Gel (CMC gel). 

Dua puluh gigi premolar atas yang 
telah ekstraksi untuk keperluan 
perawatan ortodontik digunakan dalam 
penelitian ini. Gigi tersebut dibersihkan 
dan diperiksa dibawah mikroskop pada 
pembesaran rendah untuk melihat 
adanya lesi white-spot, crack atau cacat 
pertumbuhan pada gigi-gigi tersebut. 
Hanya gigi yang sound dan bebas dari 
lesi white-spot, crack atau cacat 
pertumbuhan yang digunakan dalam 
penelitian. Gigi-gigi tersebut disimpan 
dalam larutan normaL salin pada suhu 
37o C tidak lebih dari 1 bulan. Samel 
gigi dibagi dua kelompok secara 
random. Selanjutnya dibuat spesimen 
dentin dengan memotong bagian oklusal 
gigi tepat dibawah DEJ sehingga 
berbentuk disk dentin setebal 3 mm. 
Semua spesimen dentin di cud dengan 
larutan EDTA (pH 7.4) selama 1 
menit untuk menghilangkan smear layer. 

Perbandingan Efek Hidroksiapatit 

Setengah bagian dari disk pada 
kelompok pertama diaplikasikan gel 
CMC yang mengandungi Nano HAP 
~el~ma lima menit, serta setengah bagian 
dari disk kelompok kedua dengan gel 
CMC yang mengandungi standar HAP. 
Sedangkan setengah bagian lagi dari 
kedua kelompok disk tidak diberi 
perlakuan sebagai kontrol. Spesimen 
selanjutnya dicuci dengan air mengalir 
selama 5 menit. Sebelum diperiksa 
dengan SEM, semua spesimen 
selanjutnya disimpan pada larutan 
glutaraldehyde 2% beserta buffer sodium 
cacodylate 0.1 M (pH=7.3) selama 12 
jam di dalam lemari es dengan suhu 4 o 

C. Semua spesimen dikeringkan selama 
1 jam pada kertas blotting untuk 
mengontrol fasa dehidrasi. Selanjutnya 
specimen dilekatkan pada stub logam 
dari SEM dengan pita adhesif dua-sisi, 
untuk seterusnya ditempatkan pada 
evaporator untuk pelapisan emas setebal 
200 A. Semua spesimen dari kedua 
kelompok diperiksa dibawah SEM 
dengan pembesaran 1500 sampai 2000 
kali dan Fotomikrograf dibuat pada 
daerah representatif. Persentase 
penutupan tubuli dentin kemudian 
dihitung pada mikrograf dan di analisis. 

HASIL 

Gambar 1 menunjukkan gambaran 
•· SEM dari permukaan dentin setelah di 

cuci dengan larutan EDTA untuk 
menghilangkan smear layer. Tampak 
seluruh permukaan tubuli dentin terlihat 
terbuka. 
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Gambar 1. Gambaran SEM dari permukaan 

dentin setelah di cuci dengan 
larutan EDTA untuk 
menghilangl<an smear Ioyer. 
Tampak seluruh permukaan 
tubuli dentin terlihat terbul<a. 

Pada hasil test dengan Standard 
Hidroksiapatit te rliha1. gambaran SEM 
dari permukaan dentin setelah aplikasi 
Standar Hidroksiapatit (microcrista/line) 

yang telah dicuci dengan air mengalir 
selama 5 rnenit. Dari hasil analisa 
fotomikrograf tampak permukaan tubuli 
dentin tertutup sekitar 60 persen, seperti 
pada gam bar 2. 

Gambar 2. Gambaran SEM deri permukaan 
dentin setelah aplikasi Standar 
Hidroksiapatil (microcrista/line) 
dan Ielah dicuci dengan air 
mengalir selama 5 menit. Tampak 
permukaan tubuli dentin tertutup 

sekitar 60 persen. 

Pada gambar 3 terlihat gambaran SEM 
dari permukaan dentin pada zona yang 
berbatasan setelah aplikasi 
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NanoHidroksiapatit dan telah dicuci 
dengan air mengalir selama 5 menit. 
Tampak permukaan tubuli dentin 
tertutup . sekitar 90 persen pada dentin 
yang di aplikasikan Nano Hidroksiapatit 
dan tubuli dentin yang seluruhnya 
terbuka pada zona kontrol. Gambar 
sebelah kanan menunjukkan 
pembesaran yang lebih tinggi pada zona 
yang sama. 

Gambar 3. Gambaran SEM dari permukaan 
dentin pada zona yang berbatasan 
setelah aplilmsi Nano 
Hidroksiapatit dan telah dicuci 
dengan air mengalir selama 5 
menil. T ampak permukaan tubuli 
dentin tertutup sekitar 90 persen 
pada dentin yang di aplikasikan 
Nano Hidroksiapatit, dan tubuli 
dentin yang seluruhnya terbul<a 
pada zona lmntrol. Gambar 
sebelah kanan menunjukkan 
pembesaran yang lebih tinggi. 



PEMBAHASAN 

Dari data yang terlihat dalam hasil 
penelitian antara Standar Hidroksiapatit 
dan Nano Hidroksiapatit terlihat bahwa 
tubuli dentin yang mendapatkan aplikasi 
Nano Hidroksiapatit menunjukkan 
persentase penutupan yang lebih tinggi 
(90 persen) dibandingkan dengan 
Standar Hidroksiapatit dengan 
persentase penutupan sebesar 60 persen. 
Nano hidroksi apatit kemungkinan dapat 
digunakan untuk mengurangi pengaruh 
sensitif dentin pada gigi dengan dentin 
yang terbuka (exposed dentin). 
Sebagai tambahan, dari gambaran SEM 
dapat terlihat adanya pengurangan 
ukuran penggumpalan partikel Nano 
Hidroksiapatit setelah di aplikasikan 
pada dentin, menunjukkan adanya 
penetrasi yang tinggi serta efisiensi dari 
partikel Nano hidroksiapatite ke dalam 
tubuli dentin. Perlu diketahui, Nano 
Hidroksiapatite ini mempunyai 
karakteristik untuk membentuk 
agglomerate (mengumpul), yang 
disebabkan oleh afinitas yang tinggi. 

Nano Hidroksiapatit dapat digunakan 
dalam bentuk gel atau pasta sesuai 
dengan keperluan dokter gigi ataupun 
pasien dala~ ~enanggulangi 
hipersensitif dentin. Dolc1 dkk. (2001) 
menyatakan bahwa Nano Hidroksiapatit 
adalah biokompati~el secara 
keseluruhan, dikarenakan memiliki sifat 
kimia dan fisik yang sama secara natural 
dengan dentin dan enamel, namun perlu 
dibuktikan apakah bahan tersebut 
terbukti biokompatibel dengan penelitian 
lanjutan, mengingat sua~ ba~an ~k~n 
mengalami perubahan stfat fis1k, k1m1a 
maupun toksisitas apabila dibuat dalam 
ukuran nanometer. 

Pcrbandingan Efek Hidroksiapatit 

KESIMPUIAN 

! erlihat tingkat persentase penutupan 
tubuli dentin yang lebih tinggi pada 
dentin yang di aplikasikan Nano 
Hidroksiapatit dibandingkan dengan 
persentase penutupan dentin yang 
diaplikasikan Standar Hidroksiapatit. 
Berdasarkan hasil penelitian ini terlihat 
bahwa Nano Hidroksiapatit dapat 
menutup tubuli dentin dengan lebih 
baik, sehingga dapat digunakan untuk 
perawatan gigi dengan dentin 
hipersensitif. 

SARAN 

Penelitian lebih lanjut dari penggunaan 
Nano Hidroksiapatit sebagai menutup 
tubuli dentin dengan penelitian in vitro 
dalam hal biokompatibilitas terhadap sel 
serta jaringan dalam rongga mulut, 
dilanjutkan dengan penelitian pada 
binatang (animal study) dan pada giliran 
selanjutnya apabila terbukti aman, dapat 
dilanjutkan dengan penelitian klinis pada 
pasien untuk altematif pengobatan 
hipersensitif dentin. 
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1 .. 0 INTRODUCTION 
Hydroxyaptite~ HA with the chemical formula Ca(P04)6(0H)l is the main 

component of bone and teeth. HA is known to be biocompatible, bioactive, 
osteoconductive, non-toxic and non-inflammatory [1]. Recently, synthetic HA prepared 
at nano level ( 1-100 nm) plays a significant role in various biomedical applications. Its 
unique functional properties such as high surfilce area and ultra fine structure of the 
synthetic HA is similar to biological apatite. Therefore, synthetic HA has been widely 
applied in a variety of biomedical applications such as dental materials [2], bone 
substitutes materials [3] and constituent implants [4]. However, the application of pure 
HA is limited and cannot be used as load bearing implants materials due its brittleness 
and poor mechanical properties. Therefore, many efforts have been made to modify HA 
by polymers such as PHB [5], collagens [6], PMMA (7], polyethylene [8] and chitosan 
[9J Among these polymers, the biopolymer chitosan (CS) has gained greater attention 
due to their excellent biocompatibility and biodegradability [10]. Therefore, the 
combination of HA and CS is expected to show an increase the osteoconductivity and 
biodegradation together with improved mechanical properties for biomedical 
applications. In this article, we report a very simple technique to synthesize HA-CS 
nanocomposite by using inexpensive precmsors at low temperature through blending 
pro~ The interaction between hydroxyapatite and chitosan were investigated. 

2.0 METHOD 

The HA nanocrystals were prepared by wet chemical method using Ca( OH)z and 
H

3
po4 as Ca and P precursors, respectively. Meanwhile, the HA-CS composites were 

synthesized by blenditlg method. The ratio compositions of HA-CS composites were 
shown in Table l. The phase crystallinity and composition of the HA nanocrytals and 
HA-CS nanocomposites were analysed by powder X-ray diffraction (XRD) technique. 
Meanwhile~ the FT -inftared spectra (KBr disc) were used to identify the functional group. 
The particle size and motphology the of synthesized HA and HA-CS composite were 
observed using transmission electron microscope (TEM) and field emission scanning 
electron microscope (FESEM). 
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Table 1; Composition ofHA-CS nanocomposite 
HA(g) 
0.500 
0.425 
0.300 
0.250 
0.100 

CS(g) 
0 
0.075 
0.150 
0.250 
0.400 

2.0 RESULT AND DISCUSTION 

Composition ofHA-CS weight ratio (wfllo) 
100/0 
85/15 
70/30 
50/50 
20/80 

IR analysis of HA and HA-CS nanocomposites confinn the typical characteristics 
peaks of the carbonate type-B hydroxyapatite. Meanwhile, the peaks in the region 2929-
2879 em -t represent of the aliphatic C-H stretching band of the Chitosan molecule. 
Another major peaks at 1655, 1599 and 1263 cm"1 represented the amino group (NH2) 

which is the major fimctional group of Chitosan. • 
All the composites exhibit a typical apatite crystal structure according to the 

standard reference JCPDS 9-432 [11]. The broad peaks found at the region near to 32'" 
(29) indicated that HA prepared was poor crystallinity due to the low temperature 
preparation. Peaks detected around 26'" being 002 diffiaction and the region near to 32'" 
overlapping diffraction of(300), (211), and (112) were attributed to HA crystal structure. 
Meanwhile, the peak found at around 20" was assigned to CS molecules. Consistently, 
the CS peak increased with decreasing HA content. The fraction of crystalline phase (Xc) 
of the samples can be detennincd as: Xc = 1- (V 1121300 I hoo) where V 1121300 is intensity of 
hollow between ( 112) and (300) reflections and hoo is the intensity of (300) reflection 
[12}. The crystallinity values of the composites were given in Table 2. The obtained 
results suggest that the higher the amount of CS in the composite the lower the 
(.,~stallinity. This phenomenon is expected to the incresed interaction between CS 
molecules with decreasing HA content. Sample with low crystallinity are much preferred 
for the bone regeneration due to their resorbability properties [13]. 

Table 2: The crystallinity value of HA and HA-CS nanocompositcs 

Samples 
HA 
HA/CS 85/15 
HAICS 70/30 
HAICS 50150 
HA/CS 20/80 

Crystallinity, Xc (%) 
0.302 
0.296 
0.256 
0.199 
0.180 

The surface morphologies of HA and HA-CS nanocompositcs are shown in Fig. l. The 
SEM micrograph of the HA crystals (Fig. I a) exhibited nano sized crystals with almost 
unifonn particles size. The HA particles with regular shape still present in the composite 
with low CS (HA-CS 85/15) content However, porous structure was found for the 
composite HA-CS 20/80. One of the possible reason may be due to the CS molecule 
providing the s~old for the HA ~tals to grow. Ac~rding to the litera~e, the 
composite contairung porous structure wtll be more benefictal for bone regeneration. 
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Fig.!. SEM micro&rraph of: (a) HA and (b) HA-CS 20/80. 

Fig. 2 shows the TEM microgramS of HA and HA-CS nan~omposites. The HA 
nanocrystals (Fig2a) were found to be rod-like and well disperse. Similar to the SEM 
result above, the agglomeration of the HA-CS nanocomposites increased with the 
increasing CS content. 
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Fig2. TEM micrograph of: (a) HA; (b) HA-CS 85/15; (c) HA-CS 70130; and 

(d) HA-CS 50150. 

In conclusion, HA-CS nanocomposites with various weight ratios were 
successfully prepared using bJendin~ method. Both SE~ and TEM o~ation indicate 
that the aggregation and agglomeratJon of HA crystals m the compoSite mcreased with 
increasing cs content The porous structure obtained for the composite with high CS 

ratio. 
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