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Carious pulp exposure in permanent molars of children is a common incident. Mineral trioxide aggregate is a
new material that possesses numerous exciting possibilities for pulp therapy.

Aim: The purpose of this study was to evaluate the efficiency of MTA as a direct pulp capping agent in young
permanent teeth.

Methods: Thirty asymptomatic permanent molars with pulp exposures were treated by pulp capping using MTA.
At each recall (6, 12, 18 and 24 months), the teeth were assessed clinically, through pulpal sensitivity tests, as
well as radiographically to evaluate periapical healing.

Results: None of the cases reported spontaneous pain at the six months follow up and the pulp showed signs of
vitality and absence of periapical radiolucency. At 24 months, the clinical and radiographic success rate was
93% with evidence of continued root growth.

Conclusion: Pulp capping with MTA is recommended for teeth with carious pulp exposures specially immature

teeth with high potential for healing.
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INTRODUCTION
ne of the most difficult Stuations a dentist encounters is a
leep carious leson in an immature permanent molar
exhibiting wide-open apices. Although indirect pulp thera-
py will reduce incidence of direct pulp exposures encountered, pedi-
atric dentistswill gtill befaced with Situationswhere vital pul p expo-
sure is unavoidable,

A mgjor difficulty in obtaining successful results when dealing
with pulp therapy isthe prevention of bacterial recontamination after
treatment has been completed. Improving visualization via magnifi-
cation and using caries detectors, can help dentists to effectively
remove the infected dentin and maintain the affected but uninfected
layer that can be remineralized. This procedure has been shown to
be successful in maintaining the pulp integrity.*

When pulp exposures are encountered, sodium hypochlorite has
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been shown to be an effective agent for hemostasis, disinfection, and
removal of remaining dentinal chips. The most crucia factor in
direct pulp capping is the inability to achieve a perfect sed to pre-
vent marginal leskage of the medicament covering the pulp and or
the fina restoration. While direct pulp capping with calcium
hydroxide is an option, some studies have shown that cacium
hydroxide bases disintegrate over time, and that microleakge can
take place through tunndl defects in the reparative dentin bridge?
Some authors generaly report that calcium hydroxide disappears
with time* The inability of calcium hydroxide to provide a perma-
nent seal and the porous nature of the reparative dentin bridge alows
the access of bacteria and eventually inflammatory pulpal reaction
will take place. Theseirritants can compromise pul pa vitdlity, often
leading to dystrophic calcification, root cand therapy, or potentia
extraction.®s”

Although the sedling ability of bonding systems and composite
resins have been greetly improved over the last decade, there is il
no clear evidence on the durability and efficiency of bonding sys-
temsin preventing microleakage of bacteria around the restoration.?
Therefore, it isimperative that the materials used to protect the pulp
should have an enhanced sedl to compensate for potential margina
leakage of the restoration.

Mineral trioxide aggregate (MTA), anew materid currently being
used in pul p therapy, has been demonstrated to provide an enhanced
sedl over thevital pulp and isnon-resorbable®* MTA hasbeen used
experimentally for a number of years and was approved for human
usage by the FDA in 1998.*

MTA has been shown to have superior sedling ability to amalgam,
ZOE, or IRM.22* |t has a so been shown to have a superior charac-
terigtic as a direct pulp capping agent when compared to calcium
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hydroxide using anima models.>*

The biocompatibility of MTA has been found to be equal or supe-
rior to amalgam, IRM, and ZOE.**"* |n an higtologica study of
perforation repair using MTA in the canine model, MTA was shown
to permit cementoblast attachment and the production of minerd-
ized matrix gene.®

Accordingly, MTA has been proposed as a potential medicament
for various pulpal procedures like pulp capping with reversible pul-
pitis, apexification, repair of root furcations and pulpotomy in pri-
mary teeth.

In arecent preliminary report, MTA was used as a pulp dressing
agent in pulpotomized primary molarsand it seemed to be asuitable
replacement for formocresol.* The study of Fars et al 2 on 120 pri-
mary molars confirmed the superiority of MTA in pul potomized pri-
mary teeth. MTA has a so been compared to calcium hydroxide as
pulp capping agentsin 14 human permanent teeth throughout a peri-
od of sx months. Although the results favored the use of MTA, it
suggested a larger sample and alonger follow-up.%

Although MTA has not been on the market long enough for long-
term studies to be completed, the anima studies and the available
clinical results are highly encouraging, and suggest that endodontic
treatment is no longer the only modality for immature permanent
teeth with carious exposures.

METHODSAND MATERIALS

The purpose of this study was to evaluate clinically and radi-
ographically the efficacy of MTA as a predictable pulp capping
material in young permanent teeth. After obtaining a written con-
sent to participate in the study, 30 children with an age range of 9to
12 years participated according to the proposed inclusion criteria
Each child had at least one permanent molar involved with deep
caries. The lesion was evauated radiographicaly and diagnosed as
having apotential pulp exposure. The cariousteeth were exposed to
the same surgical protocol of pulp capping with MTA. The efficacy
of MTA materid as a thergpeutic modality for preserving pulpal
vitality was assessed through a gtrict recall program.

1. Inclusion criteria:

According to the American Academy of Pediatric Dentistry
guidelines on pulp therapy for young permanent teeth? only teeth
with signs and/or symptoms of reversible pulpitis were included.
Teeth with reversible pulpitiswere those exhibiting provoked pain of
short duration, which wasrelieved upon the removal of the stimulus,
taking analgesics, or by brushing. Teeth exhibiting signs and/or
symptoms of irreversible pulpitis such as history of spontaneous
unprovoked toothache, a sSinus tract, periodonta inflammation (not
resulting from gingivitis or periodontitis,) excessive mobility (not
associated with trauma), furcation/apical radiolucency, or radi-
ographic evidence of internal/external resorption were excluded
from the study.

2. Clinical Evaluation:

Symptoms of reversible pul pitiswerethen confirmed clinicaly by

carrying out the following tests:
i. Thermal test; The test included applying a cold cotton pellet
sprayed with ENDO-ICE frozen gas (Coltene/Whaledent Inc,
Mahwah, NJ, USA) for five seconds on the buccal surface of the
involved tooth as well as the adjacent tooth to characterize the
patient’s normal response and to compare it to that of the offended
tooth. Exaggerated response and/or lingering response after removal
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of the cotton pellet was indicative of irreversible pulpitis and quali-
fied the tooth for exclusion.

ii. Percussion test: the purpose of this test was to predict the peri-
radicular involvement of the offended tooth which was anindication
of irreversble changes in the pulp and hence disqudified the tooth
for incluson. This test included percussion applied verticaly to
three normal teeth and then to the suspected tooth. Positive result
was indicated when pain on percussion was recorded.

iii. Palpation test: another test to predict the extent of the periradic-
ular boneinvolvement. This test was carried out by bi-manua pal-
pation of two quadrants at the depth of the buccal sulcus. Pain on
palpation was indicative of spread of infection. Softnessin one side
indicated spread of infection into bone and soft tissues.

3. Radiographic Evaluation:

Standardized radiographic projection using the parallel cone tech-
nique with the aid of aRinn holder (Dentsply Rinn) wastaken at the
screening time and at each follow up visit. The aim of radiograph-
ic evaluation was to characterize the continued root formation of the
involved tooth and the presence or absence of radiographic signs of
periradicular bone destruction.

4. Operative procedure:

Under the rubber dam isolation, the carious ename and dentin
were removed using sterile carbide bur #245. The convenienceform
was obtained and the remaining decay was scooped out with a ster-
ile spoon excavator. Teeth without pulp exposure were excluded
from the study.

Bleeding was controlled with moistened cotton pellet with sterile
sdine® Haemostasis was achieved within approximately 5-10 min-
utes. Teeth with excessive uncontrollable bleeding were excluded
from the study. The tooth was rinsed out with saline. Then fresh mix
of MTA (ProRoot®, Dentsply Tulsa, Tulsa, OK, USA) was applied
to the exposure site. MTA powder was mixed with salinein a 3:1
ratio and then placed over the exposure site with a plagtic instru-
ment. Once MTA had been placed, no further irrigation was accom-
plished.

A moistened cotton pellet with sterile sdine was placed on the
MTA mix gently. The cotton pellet provided the moisture MTA
required for a proper set. The tooth was then temporized with IRM.
After two weeks, the patient was screened for any symptoms that
were indicative of irreversble pulpad changes. The IRM was
replaced with composite. The patient was then followed up &t 6, 12,
18 and 24 months.

RESULTS

All data for the tested teeth are summarized in Table 1. At the
basdline evauation none of the treated teeth showed any sign or
symptom of irreversible pulpitis. Twenty two teeth (73%) had
immature root devel opment, while eight had closed apices.
Six-month observation visit:

At thisvisit four cases reported senstivity to thermal stimulation
upon clinical examination but without lingering pain. None of the
subjects had tenderness to either percusson nor papation tests.
Rediographic findings showed no detectable periradicular changes.
The state of root development remained the same as in the screen-
ing visit.

Twelve-month observation visit:

Atthisvisit 26 cases showed normal pain responseto thermal test-

ing, two cases reported dight sendtivity that disappeared upon
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removal of stimulus and two cases reported lingering pain. Those
two cases reported pain to percussion and palpation as well.
Radiographically the cases were considered normal except for the
two cases, who had history of pain; perigpical pathoses were evi-
dent. At this stage sixteen cases had complete root development;
four cases showed narrowing of &t least one root canal. The failed
cases were subjected to root cand trestment and were excluded
from the study.

Eighteen-month observation visit:

No sengtivity or tenderness to percussion and palpation were
found in any of the remaining teeth. Radiographic examination
showed that al of the 28 teeth were free from periradicular patholo-
gy. Root apices were fully formed and closed in 20 teeth, wheress,
in eight cases roots closure was not evident. Narrowing of the root
canal could be detected in Six cases.

Twenty-four month observation visit:

Clinical examination showed norma pain response of the vitality
tests. Radiographic examinations presented no signs of abnormali-
ty. Root end closure were evident in &l teeth. Narrowing of root
canal was detected in six teeth. Figure 1 shows a case of afirst per-
manent molar treated with MTA as a capping material throughout a
24 month follow up period in the screening and the follow up visits.
Notice the onset of cdcification in the mesial root at 12 months.

DISCUSSION

Dentigts, on aroutine basis, frequently perform vital pul p-therapy
procedures. Predominantly, these procedures are taught in dental
schools as a temporary treatment modality for carioudy exposed
teeth. However, some authors®*” have suggested that vital pulp ther-
apy can be considered a permanent treatment because the young
pulp has avast blood supply. Stanley?” advocated that pul p-capping
procedures could be performed successfully on an asymptomatic
carious exposure. The development of newer materias that are bio-
compatible, bactericidal, inductive of a reparative process and have
good sedling properties could render these treatments long-term
quality.

Traditionally, the treatment of carious pulpal exposures involved
direct pulp capping with cacium hydroxide based materials.
However, recently, the dental literature presents some negative opin-
ionson calcium hydroxide based on the material associated with low
mechanica strength, poor adhesion to dentin and dentin bonding
agents and potential resorption.»*

A number of new pulp capping agents have been tested during the
last two decades as potentid materials of choice. Severa studies
reported use of dentin bonding agentsfor direct pulp capping in per-
manent teeth.2* Accorinte et a reported lack of pulp healing after
capping with adhesive which could be due to the application of cyto-
toxic components over the pulp. Even when haemorrhage control
was achieved, severd studiesfound no denta bridge formation after
adhesive capping.®* It isinteresting to note that most of the articles
reporting acceptable biocompatibility of adhesive agents over
exposed pul pswere conducted in monkeys or rats®*; however, these
findings were not reported in human teeth studies =

MTA is one of the newest materials that have appeared recently.
Faraco and Holland® emphasized the advantages of MTA over cal-
cium hydroxide for pulp capping. Thirty teeth of three dogs were
capped with either cacium hydroxide or MTA. Moreinflammeation
and less frequent dentinal bridging were observed in the calcium
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hydroxide group in addition to material resorption and microleskage
of microorganisms. Later Aeinehchi et a® reported smilar results.
Inacasereport, MTA was used as pulp capping material to preserve
the vitality of the pulpal tissue in two permanent teeth with compli-
cated crown fracture and followed up for 18 months. MTA was suc-
cessful in preserving pulp vitality and continued development of
teeth.®

The present study shows that the treatment of the symptomless
exposed permanent teeth with MTA isaclinicaly and radiographi-
caly effective procedure. In thisstudy, 28 out of 30 pulpally exposed
young permanent teeth capped with MTA showed normd pulpal
responses with evidence of continuing apical root development at 24
months after capping. Severe non-reversible pulpa changes were
present a 12 months after capping in only two teeth. In each of
those two cases the filling materid was partially lost and microl eak-
age through corond portion was unavoidable. The presence of bac-
teriaand their by-products is one of the most important reasons for
pulp capping failure* Microleskage could be an explanation for
this adverse pulp reaction. This is supported by the conclusion
reported by Swift et aF that along with pulpal health, provision of a
sedl againgt bacterial accessis probably the mogt critical factor inthe
success of vitd pulp therapy.

In the present study teeth after capping were temporized using
IRM (Caulk), because, when a practitioner caps and fills the cavity
with MTA itisnecessary to use gentle pressure to pack the M TA and
minimize harmful effect to the pulp tissues which could have been
assaulted during cavity preparation. If amalgam was used as afina
restoration just after pulp capping, pressure during condensation
would didodge MTA before it has hardened or set. The use of acid
etchants for composite materia placement has been aso disregard-
ed because it requires washing which might easily wash out MTA.
IRM was the materia of choice to temporize the capped teeth until
proper setting of MTA was achieved and then was replaced with
composite. In fact, Arens and Torabing ad® recommended covering
MTA with awet cotton pellet and IRM to gain abetter setting of the
materid. Suyk et a supported the use of the wet cotton pellet and
showed that the resistance to didodgement of the MTA was signifi-
cantly higher at 72 than it was a 24 hours. This dower setting time
may also be an advantage asit reduces the amount of setting shrink-
age, which may help explain MTA'slow microleakage.*®

Reparative dentin can be eadly identified in histological studies.
In the present study, dentin bridge formation was not reported
becausethey are usually observed adjacent to areas of pulp exposure
and it was not always possble to have the radiographic beam per-
fectly perpendicular to the axis of the tooth and the exposure Site at
thesametime. Thiscould explain the fact that many of the samples
could not be scored positively for the presence of dentin bridge for-
mation. Consequently, the dentin bridge formation could not be cat-
egorized as one of the success criteria. Nevertheless, the teeth were
scored as successful according to the other described criteria.

Narrowing of root cana was evident in 21% of the cases by the
end of the study period. MTA might induce dentin formation along
the entire walls of dental pulp. Previous histologicd studies report-
ed that MTA induced cytological and functional changesin pulpal
cells, resulting in formation of fibro-dentin and reparative dentin.®*
Human osteoblasts were studied in vitro and it was found that MTA
gimulated the release of cytokines and the production of inter-
leukin.®® Other researchers suggested that mid-pulp cacification
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Figure 1A

Figure 1D
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Figure 1B

Figure 1E

Table 1:

Distribution of clinical and radiographic
findings of MTA on capped permanent
molars

Figure 1C
Post operative
Pre-
operative
6 months | 12 months | 18 months |24 months
No pain 30 26 26 28 28
Thermal Slight
. - 4 2 - -
Test sensitivity
Lingering ) } 5 ) }
pain
No pain 30 30 28 28 28
Percussion
test
Pain - - 2 - -
No pain 30 30 28 28 28
Palpation
test
Pain - - 2 - -
Peri-radicular| Absent 30 30 28 28 28
Radiographic
changes Present - - 2 - -
Narrowing Present - - 4 6 6
of pulp
canal Absent 30 30 26 2 2
Immature 22 22 14 8 0
Root
development
Fully 8 8 16 20 28
formed
Total 30 30 30 28 28
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may be a consequence of MTA and dentinal chipsbeing pushed into
the subjacent pul p during the mechanical exposure®* Evauation of
the literature on pulp responses to irritants revealed that the reduc-
tion in corona pulp space followed by a gradua narrowing of the
root cana is not considered to be a pathology and does not require
treatment.*

CONCLUSIONS

Minera trioxide aggregates can be recommended to be used as
the material of choice for pulp capping of permanent teeth with car-
ious exposure.

REFERENCES

1. Frank RM, Vege JC. Ultrastructure of the human odontoblastic process
and its mineralization during dentinal caries. Caries Res 19:367-380,
1980.

2. Tasumiu T. Physiologica remineralization of artificially decacified
monkey dentin under adhesive compositeresin. J Stom Soc J56:47-74,
1989.

3. Cox CF, Subay R, Ostro E, Suzuki SH. Tunnel defectsin dentin bridges:
their formation following direct pulp capping. Operative Dentistry 21:4-
11, 1996.

4. Heitmann T & Uterbrink G. Direct pulp capping with dentinal adhesive
resin system. A pilot study. Quintessence Internat 26(11): 265-770,
1995.

5. Goldberg F, Massone E, Spielberg C. Evauetion of the dentin bridge
after pulpotomy and cacium hydroxide dressing. J Endodon 10 (7):
318-320, 1984.

6. YoshibaK, Yoshiba N, Iwaku M. Histologic Observetions of hard tis-
sues barrier formation in amputated dental pulp capped with aphactri
calcium phosphate containing calcium hydroxide. Endod Dent
Traumatol 10:113-120, 1994.

7. Schuurs AHB, Gruythuysen RIM, Wessenlink PR. Pulp capping with
adhesive resin based composite versus calcium hydroxide: areview.
Endod Traumatol 16: 240-50, 2000.

8. Housseiny AA, Fars N. Sedling ability of asingle bond adhesivein pri-
mary teeth. Anin vivo study. Int J Paediatr Dent. 12(4):265-70, 2002.

9. TziafasD, Pantelidou O, Alvanon A, Belibasakis G, Papadimitriou S.
The dentinogenic effect of minerd trioxide aggregate (MTA) in short-
term capping experiments. Internat Endod J 35(3):245-54, 2002.

10. Andelin WE, Shabahang S, Wright K, Torabenijad M. identification of
hard tissue after experimental pulp capping using dentin sialoprotein
(DSP) asamarker. JEndodon 29(10):646-50, 2003.

11. Schwarz R, Mauger M, Clement D, Walker W. Mineral trioxide aggre-
gate: anew materia for endodontics. JADA 130:967-975, 1999.

12. Torabingad M, Hong C, Fitt Ford T, Kettering J. Cytotoxicity of four
root-end filling materials. J Endodon 21:489-492, 1995.

13. Fitt Ford T, Torabingad M, Abedi H, Kariyawasn S. Using minerd tri
oxide aggregate as a pulp-capping material. JADA 127:1491-1494,
1996.

14.Suyk S, Moon B, Hartwell G. Evaluation of setting propertiesand reten-
tion characteriticsof MTA when used asafurcation perforation repair
materia. JEndodon 24:768-771, 1998.

15. Torabingiad M, Chivian N. Clinical gpplications of minerd trioxide
aggregate. J Endodon 25(3):197-205, 1999.

16. Dominguez MS, Witherspoon DE, Gutumann JL, Opperman LA.
Histologica and scanning electron microscopy assessment of various
vitd pulp-therapy materials. J Endodon 29(5):234-33, 2003.

17.Zhu Q, Haglund R, Safavi KE, Spangberg LSW. Adhesion of human
osteoblasts on root-end filing material. JEndodon 26(7):404-406, 2000.

18. Camilleri J, Montesin FE, Papaioannou S, Mcdonald F, Pitt Ford TR.
Biocompatibility of two commercial forms of minera trioxide aggre
gate. Internat Endod J 37(10):699-704, 2004.

The Journal of Pediatric Dentistry ~ Volume 31, Number 2/2006

19. Economides N, Pantelidou O, KokkasA, Tziafas D. Short-term pari
radicudr tissue response to minera trioxide aggregate (M TA) as root-
end filling materid. Internat Endod J 36:44-48, 2003.

20.Thomson TS, Berry JE, Somerman MJ, Kirkwood KL. Cementoblasts
maintain expression of osteocalcin in the presence of minera trioxide
aggregate. J Endodon 29(6): 407-12, 2003.

21.Eidelman E, Holan G, FuksAB. Minerd trioxide aggregate vs.
formocresol in pulpotomized primary molars. a preliminary report.
Pediatr Dent. 23(1):15-8, 2001.

22.Fars N, Alamoudi N, Balto K, Almushayt A. Success of minera triox-
ide aggregate in pulpotomized primary molars. J Clin Pediatr. Dent.
29:307-312, 2005.

23.Aeinehchi M, Edami B, Ghanbariha M, Saffar S. Minerdl trioxide
aggregate (MTA) and calcium hydroxide as pulp-capping agentsin
human teeth: a preliminary report. Internat Endod J 36:225-231, 2002.

24. American Academy of Pediatric Dentistry Guideline for pulp therapy.
Pediatr Dent 2004-2005, 26 (Reference manual) 115-119.

25.Cox CF, Suzuki S. Re-evauating pulp protection: Calcium hydroxide
liners vs. cohesive hybridization. JADA 125: 823-831, 1994.

26.Haskell EW, Stanley HR, Chellemi J, Stringfellow H. Direct pulp cap-
ping treatment: along-term follow-up. JADA 1978; 97:607-12.

27. Stanley HR. Pulp capping: conserving the dental pulp-can it be done?1s
it worth it? Oral Surg Oral Med Ord Pethol 68:628-39, 1989.

28.Hwas M, Sahdrik J. Acid and water solubility and strength of calcium
hydroxide bases. JADA 108:46-48, 1984.

29.Costa CA, Hebling JH, Hanks CT. Current status of pulp capping with
dentine adhesive systems: A review. Dentd Materials 16(3): 188 — 197,
2000.

30.Accorinte MLR, Loguercio AD, ReisA, Muench A, Araljjo VC.
Response of human pulp capped with a bonding agent after bleeding
control with hemostatic agents. Operative Dentistry 30:147-155, 2005.

31. Pereira JC, SegdaAD and Costa CA. Himan pulpa response to direct
pulp capping with an adhesive system. Am J Dent 13:139-147, 2000.

32.Cogta CA, Lopes do Nascimento AB, TeixeiraHM and Fontana UF.
Response of human pul ps capped with a self-etching adhesive system.
Dental Materials 17:230-240, 2001.

33.Horsted-Binddev P, vilkinisV, Sidlauskas A. Direct capping of human
pulps with a dentin bonding system or with calcium hydroxide cement.
Ora Surg Oral Med Ora Pethol Ora Radio Endod 96(5): 591-600,
2003.

34.Kitasko'Y, Inokoshi S, Tagami J. Effects on direct resin pulp capping
techniques on short-term response of mechanically exposed pulps. J
Dent 27(4):257-263, 1999.

35. Faraco, Jr IM, Holland R. Response of pulp of dogs to capping with
minerd trioxide aggregate or calcium hydroxide cement. Dent
Traumatol 17; 163-6, 2001.

36.Karabucak B, Li D, Lim J, Igba M. Vita pulp therapy with minerd tri
oxide aggregate. Dent Traumatol 21:240 — 43, 2005.

37.Swift EJ, Trope M, Ritter AV. Vita pulp therapy for the mature tooth —
can it work? Endod Topics 3:5:49-56, 2003.

38.Arens D, Torabingiad M. Repair of furcal perforation with mineral tri
oxide aggregate. Ord Surg Ora Med Ora Pathol Ora Radiol Endod
82:84-88, 1996.

39.Koh ET, Fitt Ford TR, Torabingad M, MacDonad F. Mineral trioxide
aggregate stimulates cytokine production in human osteoblasts. JBone
Min Res 10S;$406, 1995.

40.Koh ET, MaDonald F, Fitt Ford TR, Torabingad M. Cdlular response
to mineral trioxide aggregate. J Endodon 24:543-547, 1998.

41. Parirokh M, Asgary S, Eghbal MJ, Stowe S, Edami B, Eskandarizede
A, Shabahang S. A comparative study of white and grey mineral triox-
ide aggregate as pulp capping agentsin dog's teeth. Dent Traumatol 21:
150-154, 2005.

42.Welton R, Torabingad M. Principles and practice of endotontics. 3rd
edition. WB. Sauders Company. Philadelphia, Pensylvania: 3, 36, 2002.

76

220z 8unr Gz uo Jesn |eydsoH @ 869100 [ejueq yieadeApiA neseud Aq ypd+9nz.£85118229U ¢ L€ PAol/z208Y . L/Z./z/ L€ ipd-eonie/pdol/woo sseidusiie uelpuaw//:dpy wol papeojumoq



