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Ⅰ. INTRODUCTION

Direct pulp capping and pulpotomy are well

established method of treatment in which the

exposed dental pulp is covered with a suitable
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This study was performed to verify the possibility of MTA and calcium sulfate as a pulp capping

agent through comparing the dental pulp response in dogs after capping with MTA, calcium sulfate,

and calcium hydroxide. 

24 teeth of 2 dogs, 8 month old, were used in this study. 

Under general anesthesia, cervical cavities were prepared and pulp was exposed with sterilized #2

round bur in a high speed handpiece. 

MTA, calcium hydroxide, and calcium sulfate were applied on the exposed pulp. Then the coronal

openings were sealed with IRM and light-cured composite. 

Two months after treatment, the animals were sacrificed. The extracted teeth were fixed in 10%

neutral-buffered formalin solution and were decalcified in formic acid-sodium citrate. They were pre-

pared for histological examination in the usual manner. The sections were stained with haematoxylin

and eosin. 

In MTA group, a hard tissue bridges formation and newly formed odontoblasts layer was observed.

There was no sign of pulp inflammatory reaction in pulp tissue. 

In calcium hydroxide group, there was no odontoblast layer below the dentin bridge. In pulpal tis-

sue, chronic inflammatory reaction with variable intensity and extension occurred in all samples. 

In calcium sulfate group, newly formed odontoblast layer was observed below the bridge. Mild

chronic inflammation with a few neutrophil infiltrations was observed on pulp tissue. 

These results suggest that MTA is more biocompatible on pulp tissue than calcium hydroxide or

calcium sulfate. [J Kor Acad Cons Dent 32(2):95-101, 2007]
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material that protects the pulp from additional

injury and permits healing and repair. Ultimate

goal of treating the exposed pulp with an appro-

priate pulp capping material is to promote the

dentinogenic potential of pulp cells1). 

Dentin bridge formation can occur under a num-

ber of pulp capping materials. Histologically calci-

um hydroxide based material have been studied

and extensively used in a traditional vital pulp

therapy over a number of decades2,3). Fitzerald4),

Fitzerald et al.5) and Heys et al.6) demonstrated

that reparative dentin formation is physiologically

induced after pulp capping with calcium hydrox-

ide. Holland et al7) reported three major cause of

failure of calcium hydroxide for direct pulp cap-

ping procedure: the porosity of the dentinal

bridge; calcium hydroxide adheres poorly to

dentin; its inability to provide a long term seal

against microleakage. 

As a root end filling material, MTA (mineral tri-

oxide aggregate), has recently been developed8,9).

It‘s main components are tricalcium silicate, tri-

calcium aluminate, tricalcium oxide and silicate

oxide. The powder is composed of thin particles

that are hydrophilic and thus sets in the presence

of water. It is used as a retrograde filling material

and perforation repair as well as an apexification

material and in conservative pulp therapy8-12). Pitt

Ford et al.10) pulp capped the teeth of monkeys

with MTA and verified the formation of a miner-

alized tissue bridges in all specimens; only one

case showed the pulpal inflammation. Junn et

al.11) described that pulps capped with MTA

exhibited less inflammation and higher dentin

bridge formation than those with calcium hydrox-

ide. Faraco and Holland12) observed the response

of dog’s dental pulp to MTA and calcium hydrox-

ide cement when used as pulp capping material.

A healing process with complete tubular dentin

bridge formation and no inflammation in any of

the pulp capped with MTA was demonstrated. On

the other hand, in the pulp capped with calcium

hydroxide, pulpal inflammation was observed in

all but three cases.

Calcium sulfate (CaSO4) has been widely used

as a bone filler which aids in tissue regeneration

and excludes epithelium from the site of bone for-

mation. Bahn13) advocated calcium sulfate because

it is stable, biocompatible, readily available, easy

sterilizable and its rate of resorption coincide with

rate of bone growth. Yamazaki et al.14) reported

calcium sulfate accelerated the rate of mineraliza-

tion of new bone by providing a source of calcium

ions. In their histological evaluation of defects in

alveolar processes of dogs filled with calcium sul-

fate, Radentz and Collings15) reported that the

site filled with calcium sulfate were more mature

and were located at higher levels than that of

controls. 

Despite wide use of calcium hydroxide as pulp

capping agent, it is known that calcium hydroxide

is not an ideal material for pulp capping agent.

This study was performed to verify the possibility

of MTA and calcium sulfate as a pulp capping

agent through comparing the dental pulp response

in dogs after capping. 

Ⅱ. MATERIALS AND METHOD 

Twenty four teeth of 2 dogs (10 ㎏), each 8

months old, were used in this study. General

anesthesia was done by intramuscular injection of

ketamine (1.5 ㎖/㎏) and then intravenous injec-

tion of sodium pentobarbital (0.2 ㎖/㎏), each

tooth and oral cavity were scrubbed with 3% H2O2

and povidone and irrigated with saline solution,

and then cavities were prepared on the labial sur-

face of 2 ㎜ from gingival margin of canines and

molars with sterilized #2 round bur. Standardized

pulp exposures (about 0.5 ㎜ in diameter) were

done by using a #2 round bur in a high speed

handpiece with copious water spray. In incisors,

the coronal portion of 2 ㎜ above gingival margin

was cut horizontally with sterilized diamond bur

in the same manner above and the coronal pulp of

2.5 ㎜ depth was removed with #2 round bur in a

high speed handpiece with copious water spray.

Bleeding was controlled by irrigation with sterile

water and cotton pellets before placing capping

materials. 

The used materials in this study are calcium

hydroxide powder (Oriental Chemical Industries
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CO. Seoul, Korea), MTA (Densply Tulsa, Tulsa�.

OK, U.S.A.) and calcium sulfate (Aldrich

Chemical Co. Milwaukee. U.S.A.). The calcium

hydroxide powder and calcium sulfate powder

were applied on the mechanically exposed pulp

with 0.5 ㎜ thickness using messing gun. MTA

was mixed with sterile distilled water and applied

on 0.5 ㎜ thickness with a messing gun to the

exposure site. The opening of every cavity was

filled with 0.5 ㎜ thickness layer of IRM

(Dentsply caulk, Milford, U.S.A.). Finally,

remaining portion of cavity was acid etched with

37% phosphoric acid for 15 sec and restored with

light cured composite resin (Palfique Estelite,

Tokuyama Dental Corp. Japan) to secure the

sealing ability. 

Respectively, 8 teeth were treated in each

experimental group. At two months after treat-

ment, the animals were sacrificed by administra-

tion of an overdose of anesthetic. The extracted

teeth were fixed in 10% neutral-buffered formalin

solution and decalcified in formic acid-sodium cit-

rate. They were prepared for histological exami-

nation in the usual manner. The sections were

stained with haematoxylin and eosin. 

It was carefully observed about the hard tissue

bridge (continuity, morphological aspects),

inflammatory reaction, vascular proliferation, the

presence of odontoblastic layer and particles of

the capping material, 

Ⅲ. RESULTS 

1. MTA

In 7 of 8 specimens, exposed sites were closed

by a hard tissue bridges (Figure 1, 2). Newly

formed dentin bridge was a basophilic dentinal

tissue with a few tissue inclusions and irregular

dentinal tubules. This mineralized tissue was well

connected with lateral dentin of tooth.

At superficial portion of those bridges, a small

amount of MTA particles were remained and some

slight irregularities with diverse morphology were

appeared. Vascular dilatation was prominent.

Between dentin bridge and pulp tissue, newly

formed odontoblastic layer was shown. There was

no sign of pulp inflammatory reaction, except

focally vascular proliferation with hyperemia. 

Even in case that no hard tissue bridge was

found, there was also free of inflammatory cells in

the pulp. 
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Figure 2. Histological section of mandibular canine of

dog after pulp capping with MTA (Haematoxylin

and eosin stain: original magnification × 200).

Between dentin bridges and pulp tissues, newly

odontoblastic layer were well developed. 

Figure 1. Histological section of maxillary canine of

dog after pulp capping with MTA (Haematoxylin

and eosin stain: original magnification × 40). Black

arrow indicates newly formed hard tissue. Black

arrow head indicates MTA particle.



2. Calcium hydroxide (Ca(OH)2) powder

Complete hard tissue bridge were observed in 5

cases. All of this bridge showed continuity with

the lateral dentin 

In some case, this newly formed bridge extended

into dental pulp and was formed with dentinal

tissue with a few tissue inclusions and irregular

dentinal tubules. But there was no odontoblastic

layer below the dentin bridge. In pulpal tissue,

chronic inflammatory reaction with variable

intensity occurred in all cases. A vascular prolif-

eration was appeared with hyperemia (Figure 3). 

3. Calcium sulfate (CaSO4) powder 

In 6 of 8 specimens, the mechanically exposed

sites were closed by well formed dentin bridges.

At superficial portion of those bridges, a small

amount of calcium sulfate powder particle was

observed and some slight irregularities with

diverse morphology were appeared in dentinal

bridge. In the pulpal tissue, below the bridge,

newly formed odontoblastic layer were demon-

strated. And mild chronic inflammation with a

few neutrophil infiltrations was observed (Figure

4). 

Ⅳ. DISCUSSION 

The nature of hard tissue formed under pulp

capping materials is not unknown. Dentin bridge

often contains multiple perforations and imperfec-

tions7). The hard tissue that forms has been

described as a dentin-like, bone-like, and repara-

tive dentin bridge. Kakehashi et al16) reported the

dentin formation over mechanically exposed pulps

without any filling materials in germ-free envi-

ronment, therefore demonstrating the healing

ability of the pulp given the proper environment. 

MTA has been found to induce dentinogenesis

when used as a pulp capping agent. However,

entire process by which this occurs has not been

explained. MTA induced a greater frequency of

dentin-bridge formation, less pulp inflammation,

and bridges compared with calcium hydroxide11).

When human osteosarcoma cells17), or osteo-

blasts18,19) were cultured in the presence of MTA,

the cell growth was good. MTA further offered a

biologically active substrate for cell attachment,

while increased levels of alkaline phosphatase,

osteocalcin, and interleukin-6 and -8 were mea-

sured. In vitro studies, the antibacterial effects of

MTA are comparable to those of calcium hydrox-

ide8). Pitt Ford et al.10) have documented that
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Figure 4. Histological section of mandibular molar of

dog after pulp capping with CaSO4 (Haematoxylin

and eosin stain: original magnification × 200). 

Figure 3. Histological section of mandibular molar of

dog after pulp capping with Calcium hydroxide

(Haematoxylin and eosin stain: original magni-

fication × 100). 



MTA placed in mechanically exposed pulps of

monkeys stimulated pulp healing with minimal

inflammatory reactions and dentinal bridge for-

mation. 

A significant finding of this study was the verifi-

cation of a hard tissue bridge under pulps capped

with MTA that resembles normal dentin or ter-

tiary dentin in morphology. Thus, the results of

this study suggest that MTA may provide a heal-

ing environment for regeneration of pulp and

dentin. Between bridges and pulp tissues, newly

formed odontoblastic layer was shown. 

The present study demonstrated that pulp cap-

ping with MTA induces cytological and functional

changes in pulp cells, resulting in formation of

reparative dentin at the surface of mechanically

exposed dental pulp. The results of this study

showed similar to the findings of Pitt Ford et al.10)

and Tziafas et al.20). The results of this study

indicate that MTA is an effective pulp capping

material, able to stimulate hard tissue bridge for-

mation during wound healing and biocompatible

to pulp tissue.

Calcium sulfate is a main component of plaster

of Paris. Calcium sulfate has been used for filling

bone cavities. It has been found to resorb rapidly

in vivo and rapidly replaced by new bone21,22). It

has been used in vivo as a vehicle for the release

of antibiotics23,24), bone morphogenetic protein14).

However, colonization of this substrate by

osteoblastic cells and cellular mechanism involved

in its resorption are still unknown.

Calcium sulfate accelerates the rate of mineral-

ization of new bone by providing a ready source of

calcium ions to aid the early mineralization

process13,14).

In this study, the mechanically exposed sites

capped with calcium sulfate powder were closed

by well formed dentin bridges in 6 of 8 specimens.

Some slight irregularities with diverse morphology

were appeared in dentinal bridge. In the pulpal

tissue, below the bridge, newly formed odonto-

blast layer was demonstrated. Mild chronic

inflammation with a few neutrophil infiltrations

was also observed. These findings indicate that

calcium sulfate also can be used as an effective

pulp-capping material, able to stimulate hard tis-

sue bridge formation during wound healing like

MTA or calcium hydroxide. 

In view of the results of the present study, MTA

seemed to superior to calcium hydroxide and cal-

cium sulfate for pulp capping on mechanically

exposed pulp of dog teeth. However further

research about MTA and calcium sulfate is war-

ranted on larger samples for clinical use. 

Ⅴ. CONCLUSION 

In MTA group, a hard tissue bridge formation

and newly formed odontoblasts layer was

observed. There was no sign of inflammatory

reaction in pulp tissue except focally vascular

proliferation with hyperemia. 

In calcium hydroxide powder group, hard tissue

bridge was observed. But there was no odonto-

blastic layer below the dentin bridge. In pulpal

tissue, chronic inflammatory reaction with vari-

able intensity and extension occurred in all sam-

ples. 

In calcium sulfate powder group, dentin bridge

formation was shown. Newly formed odontoblastic

layer was observed. And mild chronic inflamma-

tion with a few neutrophil infiltrations was

observed on pulp tissue. 

These results suggest that MTA is more biocom-

patible on pulp tissue than calcium hydroxide or

calcium sulfate. MTA and calcium sulfate are

clinically suitable for pulp capping agents on

mechanically exposed pulp.
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Mineral trioxide aggregate, calcium sulfate와

calcium hydroxide 의 치수에 대한 반응

윤영란1∙양인석1∙황윤찬1∙황인남1∙최홍란2∙윤숙자3∙김선헌4∙오원만1*

1전남대학교치의학전문대학원 보존학교실, 2구강악안면방사선학교실, 3구강해부학교실, 

치의학연구소, 2단계 BK21 사업단

개의 치수에 MTA, calcium hydroxide 및 calcium sulfate로 치수복조 후 치수 반응을 서로 비교하여 MTA와 cal-

cium sulfate가 임상적으로 치수복조제로서 사용 가능할 것인가를 구명하고자 본 연구를 시행하였다. 

8개월 된 2마리 개의 24개의 치아가 본 연구에 사용되었다. 전신 마취하에 고속 핸드피스를 사용하여 멸균된 #2

round bur로 치경부에 와동을 형성한 후 치수를 노출시켰다. 

MTA, calcium hydroxide 및 calcium sulfate를 치수노출부에 도포하였다. 와동 부위는 IRM으로 가봉하고 광중합

레진으로 수복하였다. 

처리 2개월 후, 전신 마취하에 희생시킨 후 조직학적으로 관찰하였다. 

MTA 처리군에서는 치수 노출부위에 경조직의 상아질교가 형성되었으며 새로 형성된 상아질교 하방에 조상아세포가

새로 형성되었다. 치수충혈과 함께 국소적인 혈관 증식이 나타났으며 치수에 염증반응은 나타나지 않았다. 

Calcium hydroxide로 처리한 군은 상아질교 하방에 조상아세포가 관찰되지 않았으며 만성염증반응이 다양하게 나타

났다. 

Calcium sulfate로 처리한 군은 경조직의 상아질교가 관찰되었으며, 상아질교 하방에 조상아세포 층이 새로 관찰되

었다. 몇몇의 중성구 침윤과 함께 미약한 정도의 만성염증반응이 관찰되었다. 

이상의 결과에서 MTA가 calcium hydroxide 및 calcium sulfate에 비해 치수에 생체친화적임을 시사하며 기계적 치

수노출시 치수복조제로 사용할 수 있음을 시사한다. 

주요어: MTA, Calcium sulfate, Calcium hydroxide, 치수복조
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