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ABSTRACT

The aim of this paper was to review the history and the
scientific literature published on pulpotomy medicaments and
to present the findings of these studies. The review showed that
pulpotomy of primary teeth has been treated with many different
techniques and medicaments, that some of these approaches
are controversial and that their results have presented variables
of success rates in term of clinical, radiographic and histologic
observation. It is important that all clinicians, particularly for
pediatric dentists, be up to date with the recent trends in this
area of dental treatment for children.

Keywords: Calcium hydroxide, Deciduous dentition,
Formocresol, Mineral trioxide aggregate, Pulpotomy.

How to cite this article: Al-Dlaigan YH. Pulpotomy Medica-
ments used in Deciduous Dentition: An Update. J Contemp
Dent Pract 2015;16(6):486-503.

Source of support: Nil

Conflict of interest: None

INTRODUCTION

Vital pulpotomy is the clinical treatment of choice for
primary teeth with exposed pulp. Pulpotomy can be
defined as the surgical removal or amputation of the
coronal pulp of the vital tooth. This step is generally
followed by the placement of a particular medicament
over the intact stump to fix, mummify or stimulate repair
of the remaining radicular pulp.!
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There have been three common medicaments used
for pulpotomy in primary teeth: formocresol, calcium
hydroxide [Ca(OH),] and glutaraldehyde; however,
other medicaments have been investigated for pulpotomy
procedures, including electrosurgery and laser, ferric
sulfate freeze-dried bone, bone morphogenetic protein,
osteogenic protein-1, the novel anti-inflammatory
agent tetrandrine, collagen, feracrylum, glass ionomer,
mineral trioxide aggregate (MTA), lyophilized freeze-
dried platelet-derived enamel matrix derivative, sodium
hypochlorite, Portland cement, nanohydroxyapatite,
calcium-enriched mixture, calcium phosphate cement,
and Allium sativum oil.

The clinical successes of these medicaments have
differed from each other in biological compatibility, heal-
ing capabilities, mutagenicity, cytotoxicity, histological
response and carcinogenic potential. Therefore, the aim
of this study was to review the history and the scientific
literature published on pulpotomy medicaments and to
present the findings of these studies.

PULP THERAPY

Pulp therapy was perhaps first described in 1756 by Philip
Pfaff, who performed pulp capping by attempting to
cover exposed pulp with a small piece of gold carefully
adapted to the base of the cavity. Leonard Koecker, in
1826, cauterized the uncovered portion of the pulp using
ared hot iron wire, subsequently covering the contacted
tissue with a piece of lead foil.

In 1899, ‘Gysi's triopaste” was introduced as the first
compound to combine formaldehyde and creosote to
fix pulp under permanently sterile conditions.’ The use
of various materials and drugs in close contact with
pulp tissue has been reported in the literature. Some
materials have been reported to promote healing of the
pulp, including the following: asbestos, plaster of Paris,
powdered ivory, tissue paper, Canada balsam, asbestos
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sponge, vulcanized rubber, court plaster, cork, quill, gutta
percha, oiled silk, gall nuts, beeswax, pulverized glass,
collodion, boracic acid, iodoform powder, iodoformagen,
formaldehyde, lacto-phosphate of lime, borax, zinc
oxychloride cement, zinc oxide, zinc oxide eugenol, zinc
oxide with thymol and zinc phosphate cement.* All of
these materials were used clinically before 1950, and a
great variety of commercial preparations with known
and unknown formulas have been used, with various
degrees of success.

FORMOCRESOL

Formocresol was introduced in 1904 by Buckley” for
the treatment of the putrescent pulp in animal teeth.
Buckley’s original formula consisted of concentrated
formalin 53 gm, cresol 35 gm, glycerol 7 gm and water
5 gm. A commercial formula was later introduced by
Buckley that consisted of 19% formaldehyde, 35% cresol
and glycerin in distilled water.

In 1923 and again in 1930, Sweet®” suggested
formocresol for the treatment of primary teeth with vital
pulp exposed by caries. Hess® reported negative results
in a bacterial analysis of 62 pulp samples mummified
with formaldehyde paste. However, Foster® later
described successful treatment using formocresol and
paste. Strange'” reported clinical success for pulpotomies
ranging from 75 to 95% over a 7 to 36 months time frame.

In 1956, Nacht'! undertook using formaldehyde
paste a radiographic evaluation of 467 primary teeth
from the office files of the Vancouver Pedodontic Study
Club. By analyzing radiographs, Nacht found that the
teeth were maintained in good clinical condition for
approximately 2 years. He also reported evidence of
resorption and a lack of clinical symptoms over a 5 years
period. Wong'? studied the effects of a paraformaldehyde
paste on the amputated pulp and periapical tissues of
primary and permanent teeth in rhesus monkeys. The
length of treatment was from 9 to 84 days in primary
teeth and 37 to 48 days in permanent teeth. The author
found in both dentitions similar inflammatory reactions
and degenerative changes in the bone. He also reported
evidence of lymphocytic infiltration into the underlying
dental sacs of the permanent teeth.

Massler and Mansukhani'® studied the histologic
effects of formocresol on the amputated pulp of 205 rat
molars and 43 primary and permanent human teeth.
They described, in the rat molars, the defensive reac-
tion as fibrous encapsulation of the inflammatory cells,
followed by calcification of the capsule and reparative
dentin formation; also, the apposition of new dentin
matrix bridging was reported. However, their results in
the pulp of human teeth after 7 and 14 days showed three

distinctive zones: a broad acidophillic zone (fixation), a
broad pale-staining zone (atrophy) and a broad zone of
inflammatory cells (inflammation). They also reported
that no secondary or reparative dentin formation was obs-
erved in any of the specimens. Additionally, at 60 days,
only a strand of eosinophilic fibrous tissue remained at
the exposure site.

Emmerson et al'* reported a histologic study of 20
carious and noncarious exposed primary teeth. They
used formocresol on cotton pledgets over amputated
pulp stumps for periods of time of 5 minutes to 3 days.
Immediately, below the amputation area, there was
a homogeneous yellow-stained area, and below that
area was a normal-appearing fixed zone of pulp tissue.
Below the fixed zone, there was evidence of degenerated
odontoblasts and linear pulp calcification. The authors
also reported that, throughout the pulp, there was an
absence of inflammatory cells, with no evidence of
resorption or metaplastic changes.

In 1961, Dietz!® studied the histological effects of
formocresol on elastic changes to normal primary pulp
tissue in noncarious primary cuspids. The teeth were
extracted at intervals ranging from 24 hours to 16 weeks.
He reported that pulpal tissue seemed to wall off the zone
of surface necrosis produced by formocresol, forming an
acellular, collagenous-like band. The band was seen after
24 hours, but the odontoblastic layer was present adjacent
to the collagenous band in the earlier stages. The band
eventually disappeared by 16 weeks. No reparative dentin
formation was found at any time. Dietz reported that the
pulp tissue seemed to produce a new pulpal network of
young proliferating fibroblasts. Doyle'® used formocresol
to treat infected pulp and reported superficial debris with
occasional dentin chips at the amputation site, followed
by a subjacent layer of compressed, darkly stained tissue
with a fibrous appearance. He also reported that the
formocresol technique was 71% successful by histological
evaluation. In another study, Doyle et al'” described the
histologic findings in human primary molars as being
characterized by the lack of an inflammatory response,
absence of calcification at the wound site and formation
of a typical surface layer of compressed acidophilic tissue,
which was fibrous in appearance.

Spedding'® conducted a histological study in rhesus
monkeys of 20 primary teeth treated with formocresol for
5 minutes. The pulp was observed after periods of 17 to
286 days in contact with zinc oxide-formocresol paste. All
20 of the teeth showed evidence of vital pulp tissue. Some
of the pulp showed leukocytic infiltration and osteodentin
formation in the apical regions. Redig'’ compared a
one-appointment technique and a two-appointment
pulpotomy technique using Buckley’s formocresol. The
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study was performed on carious primary molars in
children whose ages ranged from 3 years and 6 months
old to 8 years and 11 months old. Twenty children were
included as subjects. The results showed no significant
differences between the procedures.

Straffon and Han?® evaluated the effect of a 1:5
dilution of formocresol on hamster connective tissue cells,
and they found that formocresol at that concentration did
not interfere with prolonged recovery of connective tissue
and, in fact, seemed to suppress the initial inflammatory
response significantly. Morawa et al*' performed 125
pulpotomies on primary molars of 83 patients using a 1:5
concentration of Buckley’s formula. This concentration
was prepared by mixing three parts of glycerin with one
part of concentrated formocresol and one part water.
They reported clinical success equal to that obtained with
the use of full-strength formocresol. Fuks and Bimstein?
observed 77 primary teeth clinically and radiographically
of children treated with pulpotomies using a 1:5 dilution
of formocresol. The rate of clinical success was 94.3%
in that study. They reported that the 1:5 dilution of
formocresol was an effective alternate medicament for
primary vital pulpotomy procedures in children. A
summary of the success rates of the studies!%171-61
formocresol as a pulpotomy medicament is provided in
Table 1.

using

ZINC OXIDE-EUGENOL

The most common technique used for pulpotomy
procedures utilizes formocresol as the primary agent
for pulp treatment. Then, zinc oxide-eugenol cement is
placed as a material over the formocresolized radicular
pulp stumps. This technique is believed to produce
non-vital pulp by mummification. The pulp response
depends on the length of time for which the formocresol
is in contact with pulp tissue.'

Berger® compared the effects of a formocresol
medication to the effects of zinc oxide-eugenol paste when
placed on pulp tissue. Pulpotomies were performed on
52 teeth, of which 35 received a formocresol treatment
for 5 minutes, followed by zinc-oxide eugenol. In
another 17 teeth, a zinc oxide-eugenol dressing was
placed over the pulp tissue. This histologic evaluation
began at 3 weeks and concluded at 38 weeks. The author
reported that the use of formocresol on vital pulp tissue
produced necrotic changes and pulp tissue replacement
by granulation tissue, which changed to osteodentin with
eventual narrowing of the lumen of the canals. He also
reported that, radiographically, the formocresol-treated
teeth were judged to be 97% successful, while the zinc
oxide-eugenol group was 58% successful. Beaver et al’
reported the histological effects of zinc oxide-eugenol

cement on formocresol-treated pulp from 60 primary
molars with near or actual carious pulp exposure. The
study was conducted in two groups: one using regular
zinc oxide-eugenol paste and the other using the addition
of one drop of formocresol to the zinc oxide-eugenol mix.
The follow-ups of the study occurred at 1,2, and 3 months.
Following the pulpotomy procedures, the authors
concluded that the responses of the remaining pulpal
tissue following formocresol treatment consisted of
reactions only to zinc oxide-eugenol cement. Additionally,
the formocresol pulpotomy response was due to eventual
endogenous root canal filling. Boller® studied the reaction
of the dental pulp tissue to either a formocresol-type or to
a zinc oxide-type medicament using a one-appointment
pulpotomy technique in 88 primary human molar teeth
aged 4 to 9 years old. Fifty-seven teeth were available
for evaluation. The author used the same technique on
48 non-carious primary molars of monkeys. The results
of his study were evaluated over an 18 months period.
All of the teeth remained clinically asymptomatic.
The remaining teeth did not show the development of
periapical or interradicular bone rarefaction throughout
the experimental period. However, the teeth treated
with zinc oxide showed variable responses of acute or
chronic inflammation, internal resorption and pulpal
fibrosis. A similar variety of histologic responses were
observed in human pulp treated with formocresol.
Garcia-Godoy® compared zinc oxide-eugenol and
polycarboxylate cements in formocresol pulpotomies.
He reported mild inflammation in the area of amputation
following formocresol pulpotomy, while moderate to
severe inflammation was observed with the use of zinc
oxide-eugenol. However, when the results of zinc oxide-
eugenol were compared with those of the polycarboxylate
cement group, it appeared that most of the inflammation
was due to the eugenol.

Until recently, from clinical, radiological and biological
viewpoints, formocresol as a tissue fixative was the most
widely accepted medicament for pulpotomy. In recent
years, the use of formocresol pulpotomy began to be
questioned because of the possible toxicity of formocresol,
due to both systemic effects and potential harm to the
permanent teeth. Loos et al* studied the biological effects
of formocresol. In experimental animals, a 1:5 dilution of
full-strength Buckley’s formula was effective in causing
cytostasis, which produced irreversible damage to some
of the connective tissue cells. They also reported that
some of the clinical and histological problems reported
in the past when using formocresol could be eliminated
using a 1:5 concentration of the original formula.
Myers et al® performed C'* formaldehyde pulpotomies
onrhesus monkeys. They demonstrated that the drug was
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Table 1: The percentage of successes for the studies using formocresol as a pulpotomy medicament

Percentage of success

Authors Number of teeth Time of observation (months) C R H
Doyl et al (1662)"7 16 5-18 100 — -
28 1-18 — 93 —
17 0-12 — — 76
Sweet (1963)° 561 18 97 — —
Law and Lewis (1964)%* 324 48 90 90 —
Berger (1965)%° 31 0-9 100 97 82
Morawa et al (1974)?' 125 6-60 98 98 —
Rolling and Thylstrup 98 3-36 70 70 —
(1975)%
Magnusson (1978)%7 84 6-36 100 — 0
Mejare (1979)% 81 30 55 55 —
Magnusson (1980)%° 84 1-36 — — 0
Fuks and Bimstein 77 4-36 94 — —
(1981)%2
Garcia-Godoy (1984)%° 45 6-18 96 96 —
Hicks et al (1986)*' 164 24-87 — 94 —
Prakash et al (1989)% 30 1-6 90 90 —
Feietal (1991)% 26 12 96.3 81 —
Fuks etal (1996)3 31 35 83.8 73 —
Papagiannoulis (2002)% 58 36 97.3 78.3 —
Ibricevic and Al-Jame 78 42-48 97.5 91.7 —
(2003)%¢
Agamy et al (2004)*" 18 12 90 90 —
Jabbarifar et al (2004)%% 29 12 91 91 —
Huth et al (2005)3° 44 24 96 93.4 —
Markovic et al (2005)*° 30 18 90.9 84.8 -
Farsi et al (2005)*' 35 24 97.2 86.8 —
Holan et al (2005)*? 24 74 83 83 —
Naik and Hedge (2005)** 23 6 100 100 —
Aeinehchi et al (2007)* 57 6 100 90.5 —
Subramaniam et al 20 24 100 85 —
(2009)*
Zealand et al (2010)* 100 6 97 86 —
Ansari and Ranjpour 14 24 100 90 —
(2010)*"
Hugar and Deshpande 30 36 100 96.7 —
(2010)*8
Gisoure (2011)*° 24 9 100 87.5 —
Erdem et al (2011)%° 18 24 72 72 —
Godhi et al (2011)®" 25 12 100 88 —
Srinivasan and Jayanthi 42 12 91.3 78.2 —
(2011)%2
Sushynski et al (2012)®® 65 24 98 76 —
Airen et al (2012)% 30 24 85 54.3 —
Huth et al (2012)%° 72 36 92 — —
Mettlach et al (2013)%° 131 42 99 79 —
Havale et al (2013)%” 23 12 76.7 56.7 —
Jayam et al (2014)%8 42 24 90.4 90.4 —
Yildiz and Tosun (2014)%° 35 30 100 95.2 —
Durmus and Tanboga 40 12 97 87 —
(2014)%0
Olatosi et al (2015)°" 25 12 81 81 —

C: Clinically; R: Radiographically; H: Histologically
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present in the periodontal ligament, and in the systemic
bone, absorption was also noted. Pashley et al®® studied
the distribution of C'* formaldehyde in 16 formocresol
pulpotomies performed in two dogs. C'* formaldehyde
was found in body fluids. However, the quantities were
small, and the most systemic absorption was in the liver.

If a large number of pulpotomies were completed in
the same animal or human, the possibility of systemic
toxicity caused by formocresol is of concern. This
outcome is more likely in children treated under general
anesthesia, and the possibility of systemic toxicity has
been reported to be much higher in such cases. Other
studies®®” have reported certain side effects from the
use of formocresol in clinical and histological studies, as
well as several combinations of irregular pulp responses.
These responses have included normal pulp, fibrosis,
necrosis, hyperemia, inflammation, internal resorption,
granulation tissue and osteodentin. In addition, Pruhs

et al®®

reported the presence of enamel hypoplasia on
the underlying developing premolars of pulpotomized
teeth treated with formocresol. In contrast, Rolling and
Poulsen® evaluated the possible relationship between
formocresol treatment of a primary tooth and enamel
changes in the permanent successor. They found no
relationship between formocresol pulpotomy of primary
teeth and enamel defects in their permanent successors.
However, they did report an increased prevalence of
premolars erupting into a rotated position following
exfoliation of a pulpotomized primary molar. Research
conducted in animals revealed that formaldehyde
demonstrated an insignificant level of antigenicity.”

Van Mullem et al”!

reported that, in a study in guinea
pigs using formocresol as a root canal disinfectant, the
drug demonstrated allergic potential. Presentation of
both formaldehyde and cresol in only one tooth per
animal appeared to result in (weak) allergic potential,
even when enhanced by Freud’s adjuvant. Rolling and
Thulin”? reported on 128 children, ages 5 to 14 years old,
with formocresol-pulpotomized teeth. The children were
tested for allergic sensitivity to formaldehyde, eugenol
and cresol using the patch test. The number of teeth that
were treated varied with each child and ranged from one
to six; the time between the pulpotomy and the patch test
varied from 2 months to 6 years. None of the children had
a positive patch test for formaldehyde, eugenol or cresol.
Information regarding the mutagenic and carcinogenic
potential of formaldehyde-containing products, the
cytotoxic effects of formocresol and possible diffusion of
these substances into the surrounding and systemic tissue
has also been reported.” Formocresol does not promote
healing of the pulp; itis locally toxic and has been shown
to be potentially damaging to systemic tissues.”

CALCIUM HYDROXIDE

Calcium hydroxide was introduced in combination
with other salts as a pulp-capping agent called calxyl.
Additionally, in 1938, Teuscher and Zander”* reported
the presence of a complete dentinal bridge and healthy
radicular pulps that had been directly pulp capped with
Ca(OH), dressings. Zander” reported a histological study
using Ca(OH), (calxyl) in the pulp capping of primary
and permanent teeth. This study showed the formation
of an amorphous calcified layer on the cut pulp surface.
This layer formed the matrix for regular dentin formation,
resulting in a bridge covering the exposed pulp tissue.
Glass and Zander” reported firmly established Ca(OH),
paste as the pulp capping agent of choice in a histological
study conducted in permanent teeth, and they found rapid
healing when exposed pulp was capped with Ca(OH)s.
A clinical and radiographic study by Via’® reported on
103 pulpotomized deciduous molars treated with a paste
made of Ca(OH), and sterile water and followed for an
average period of 24.9 months. The treatment failed in
68.19% of the teeth studied due to internal resorption;
however, the study was only a clinical radiographic

evaluation. Doyle et al'

compared the histological,
radiographic and clinical success of formocresol and
Ca(OH), in pulpotomies of human teeth. Their results
showed 76 to 100% success in the formocresol group,
whereas in the Ca(OH), group, the success rate was from
50 to 71%. Magnusson’’ reported a success rate of only
2.5% in a histologic study of 130 pulpotomized primary
mandibular molars using Ca(OH), paste. In addition,
he reported internal resorption in 80% of primary teeth
capped with Ca(OH), paste (calxyl).

Schroder and Granath’® longitudinally studied
pulpotomies of eight primary second molars of children
treated with a paste mixture of Ca(OH), and a physiologic
sodium chloride solution. Extraction of these teeth was
completed at different time points of between 11 and
38 months due to extensive internal resorption. The
authors concluded that extra-pulpal blood clots caused
chronic inflammation, which might have resulted in
internal dentin resorption. Schroder’ also reported the
effects of extrapulpal blood clots on the healing of 18
lower bicuspid human teeth. After 2 weeks in two teeth
and 1 month in the remaining teeth, she reported that an
extrapulpal blood clot between the wound surface and
the sterile Ca(OH), paste tended to impair healing under
otherwise optimal conditions.

Schroder and Granath®’ reported that, in a histological
study of Ca(OH),, a three-layered zone of necrosis 1 to
15 mm thick was a consistent finding following the use of
Ca(OH), paste. However, in another histological study,
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Schroder and Granath® reported on two human bicuspids
that received Ca(OH), as a pulpotomy dressing. After
3 months, scanning electron microscopy demonstrated
hard-tissue formation. The two layers of calcified tissue
consisted of a coronal portion with a bone-like appearance
and cell inclusions and a pulpal portion resembling
dentin. Tronstad and Mjor®* reported on a histological
study of monkey teeth with inflamed pulp exposed
and capped with Ca(OH),. The results were successful
using Ca(OH), as a wound dressing in endodontics
because it was considered to be biologically suitable, thus
contributing to wound healing. However, the treatment
was not as effective as on the inflamed pulp tissues of
monkey teeth.

Schréder® reported on 37 primary teeth with no clinical
symptoms or radiographic findings, which indicated total
chronic pulpitis. These teeth were extracted and studied
histologically by light microscopy. The pulp tissue in the
roots of these teeth was healthy, based on the absence
of any infiltration of mononuclear lymphocytes. The
clinical and histological findings were in agreement in
81% of cases. However, in another study, the same author
found a 59% success rate among the histological and
radiographic results in a 2-year follow-up of 33 primary
molars pulpotomized with Ca(OH), paste. Internal dentin
resorption was seen in almost half of the human teeth.®*
Cvek® reported clinical and radiographic observations
and a success rate of 96% when Ca(OH), (Calasept) was
used as a wound dressing for direct pulp capping and
partial pulpotomy in the traumatically exposed pulp
of permanent teeth after a period of 14 to 60 months.
Additionally, Holland et al* reported complete hard
tissue bridges on pulpotomies and pulp capping with
Ca(OH), after 30 days in adult monkeys.

Calcium hydroxide has been used as a pulp capping
agent to stimulate pulpal healing and dentin bridge
formation in the permanent dentition, but it is not

recommended as a pulp capping agent for pulpotomies
in the primary dentition. Ozata et al¥’ compared a paste
of Ca(OH), and formocresol in pulpotomies of 28 primary
teeth in seven lambs. Their histological study examined
the teeth under light microscopy at 1, 7, 14, 30, 60, 120
and 180-day intervals. They reported on the treatment
of 14 teeth with Ca(OH),, and 12 of 14 teeth treated with
formocresol were histologically successful. They also
reported on both Ca(OH), and formocresol pulpotomies
causing the formation of reparative dentin in all of the
teeth. In addition, they speculated that this result might
be related to the healing potential of lamb pulp, which
was considered to be greater than that of humans.

Cvek et al®® reported hard tissue barrier formation in
pulpotomized monkey teeth capped with cyanoacrylate
or Ca(OH), paste for 10 and 60 minutes. Their results
suggested that the formation of a hard tissue barrier
in exposed pulp was due to low-grade irritation.
Additionally, Heide® reported on a histological study
using Ca(OH), (Dycal) as a pulpotomy capping material
for 98 permanent incisors in 13 monkeys. After the teeth
were exposed to the oral contamination for 4, 48 or
168 hours, his results showed three categories of initial
bridging, with the developments differing in the nature
and rate of dentin bridge formation.

The main advantages of Ca(OH), are its antibacterial
properties, its biocompatibility with the pulp tissue and
its ability to stimulate hard-tissue formation. Heilig et al’!
used Ca(OH), (Life) on pulpotomies of 17 carious primary
mandibular molars. After 9 months, the treatment was a
clinical success for all 17 teeth, and it was radiographically
successful for 15 teeth, questionable for one tooth and
unsuccessful for one tooth. Hard-tissue formation (dentin
bridge) was reported in contact with some hard-setting
hydroxide cements.”” The summary of the success rates
of the studies!”?+2939405559,76.778491 yy5ing Ca(OH), as a

pulpotomy medicament is provided in Table 2.

Table 2: The percentage of successes for the studies using calcium hydroxide as a pulpotomy medicament

Percentage of success

Authors Number of teeth Time of observation (months) C R H
Via (1955)77 103 25 — 31 —
Law (1956)%* 227 60 46 46 —
Doyl et al (1962)"7 18 0-12 71 — —
28 1-19 — 64 —
17 0-12 — — 50
Magnusson (1970)"® 130 45 — 20 25
Schroder (1978)%° 33 24 — 59 59
Magnusson (1980)%° 119 3-45 — — 2
Heilig et al (1984)°" 17 3-9 100 88 —
Huth et al (2005)%° 53 24 87 — —
Markovic et al (2005)*° 33 18 82.3 76.5 —
Huth et al (2012)%® 46 36 75 — —
Yildiz and Tosun (2014)>° 35 30 85 85 —

C: Clinically; R: Radiographically; H: Histologically
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The main disadvantage of calcium hydroxide as a
medicament in primary pulp therapy is the frequent
finding of internal resorption. Investigations describing
failures using Ca(OH), in primary teeth because of the
frequent development of chronic pulpal inflammation
and internal resorption include those by Via’® and
Magnusson.77 In addition, Schroder”! reported that
internal dentin resorption after pulpotomy for primary
teeth occurred when using Ca(OH),, in part because
chronically inflamed pulp is present at the time of
treatment or is induced by improper wound treatment,
such as leaving a blood clot between the wound surface
and the Ca(OH),.

GLUTARALDEHYDE

Glutaraldehyde has been recommended as a substitute for
formocresol in pulpotomy procedures in primary teeth.
Gravenmade® proposed that glutaraldehyde could be
used as a new pulp fixative and that it offered the positive
characteristics of formocresol without inducing the less
desirable side effects because it is an active fixative agent
that cross-links proteins by virtue of its two active sites.”®
Glutaraldehyde has also demonstrated superior tissue
fixation with relatively little immunogenicity,’** and it
diffuses minimally through tissues.”® However, Rusmah
and Rahim” reported that 2% buffered glutaraldehyde
did not diffuse out of the cementum and dentin of
pulpotomized primary teeth in children. Additionally,
there was no evidence of periapical inflammation.
Several studies have shown promising findings in
clinical results.”®” Compared with formocresol, less
systemic distribution was also reported.'” Garcia-
Godoy'™ used a 2% buffered glutaraldehyde solution
on pulpotomies in children, followed them up for 19 to
42 months and reported the technique to be clinically and
radiographically successful 98% of the time. Additionally,
Fuks et al'® reported that the use of a 2% buffered
glutaraldehyde solution on 53 pulpotomies in primary
molars in children was clinically and radiographically
successful 94% of the time after six months; then, the
success rate decreased to 90% after 12 months. Following
the same children, Fuks et al'® reported that the success
rate decreased to 82% after 24 months, noting radio-
graphically a high percentage of internal resorption.
Parkash et al®* compared the use of formocresol or 2%
glutaraldehyde on 60 carious pulpotomized primary
molars in children. After 6 months, they found a clinical
success rate of 100% in the glutaraldehyde group and 90%
in the formocresol group. In 1990, Sun et al'® compared
the cytotoxicity of glutaraldehyde and formaldehyde
with regard to time exposure and concentration using

cells from human fibroblast cell lines. These cells were
exposed to a range of concentrations for periods of
4 to 24 hours. The authors found cytotoxic effects of
formaldehyde over a narrow concentration range, which
was not affected by the time of exposure. However,
glutaraldehyde exerted its effects over a broader
concentration range, and a longer exposure time was
necessary for maximal toxicity. They suggested that a
long contact time between glutaraldehyde and dental
pulp was necessary for maximum fixation. Tsai et al'*
reported on a clinical and radiographic study using four
types of glutaraldehyde preparations, which included 2%
buffered, 2% unbuffered, 5% buffered and 5% unbuffered,
in 258 primary molar teeth of 201 children (108 boys
and 93 girls, ages 4 to 7 years old). After 36 months, 150
children were available for evaluation. The success rate
clinically was 98% but, radiographically, it was 79%.

Davis et al'” reported a histological study that
compared 5% buffered glutaraldehyde to 2% diluted
formocresol as medicaments on treated teeth. They
reported that glutaraldehyde showed less penetration
than formocresol; that only mild inflammation was seen
in the glutaraldehyde group and was confined to the
middle third of the radicular tissue, with only limited
necrosis; and that the apical tissue was still vital in 78%
of the cases. They found no significant difference among
the four groups. They also reported that glutaraldehyde
might not be a better alternative to formocresol in
primary teeth. Havale et al”’ evaluated the clinical and
radiographic success of 3 medicaments (formocresol,
glutaraldehyde and ferric sulfate) following pulpotomies
in primary molars at 3 monthly intervals over 1 year. The
clinical success rates were 100% with glutaraldehyde,
96.7% with ferric sulfate, and 86.7% with formocresol after
1 year. The radiographic success rates in formocresol,
glutaraldehyde, and ferric sulfate were 56.7, 83.3 and
63.3% respectively. A summary of the success rates of
the studies®>®7 8101103105107 y;ging olutaraldehyde as a
pulpotomy medicament is provided in Table 3.

The literature lists several findings proposing that
glutaraldehyde has advantages as a pulp medicament in

primary teeth. Alacam'®

reported that glutaraldehyde
caused less apical damage and less necrosis in specimens
than formocresol. Additionally, Rusmah'" reported
on 42 pulpotomies performed on sound primary teeth
in children using 2% buffered glutaraldehyde. After a
3 minutes application of glutaraldehyde, the histologic
results showed a zone of surface fixation, which did not
proceed apically. Glutaraldehyde was a better tissue
fixative than formaldehyde,”* and its reaction products
were less antigenic than those of formaldehyde and were

not toxic when it was used as a pulpotomy agent.'!
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Table 3: The percentage of successes for the studies using glutaraldehyde as a pulpotomy medicament

Percentage of success

Authors Number of teeth Time of observation (months) C R H
Kopel et al (1980)'%’ 30 0-12 100 — 100
Garcia-Godoy (1983)% 55 6-18 96 96 —
Garcia-Godoy (1985)1%" 55 42 98 — —
Fuks et al (1981)'%2 53 6 94 94 —
53 12 90 90 —
Prakash et al (1988)*2 20 1-6 100 100 —
Fuks et al (1989)%3 53 6-25 82 33 —
Tsai et al (1993)1%° 150 36 98 79 —
Havale et al (2013)%7 30 12 100 83.3 —

C: Clinically; R: Radiographically; H: Histologically

Nevertheless, one of the disadvantages of glutaraldehyde
is that it is distributed systemically from pulpotomy sites
atahigher rate than formocresol.'"! Lloyd et al''? studied
the histologic response of the dental pulp to 0.5, 1.0 or
2.0% glutaraldehyde applied to monkey teeth for 2, 5 or
10 minutes. They found that, after 1 day of treatment, all
of the samples had a zone of fixed pulp tissue. After one
week and continuing through 8 weeks, they reported
moderate chronic inflammation progressing to severe
inflammation and internal resorption. The severity of the
reaction was due to the lower concentration and shorter
application of the medicament. For glutaraldehyde to be
effective as an antimicrobial agent, there must be a high
concentration, greater than 6.25%, applied for more than
5 minutes.”?

OTHER PROCEDURES AND MEDICAMENTS
Electrosurgery and Laser

Electrosurgery has been used in dentistry to remove soft
tissue and to control the hemorrhaging associated with
periodontal and oral surgical procedures. In 1957, Laws'"?
reported the use of electro-coagulation pulpotomies on
the pulp of permanent teeth in patients between the ages
of 11 and 27 years old. After 4 months, the technique was
found to produce inflammation in 37% of the treated
cases. Yakuschji'!*
pulpotomies of six primary teeth. He found favorable
pulpal responses when the teeth were examined at up
to 13 days.

Ruemping et al'” studied the primary teeth of five
Macaca nemestrina monkeys treated with either a con-
ventional formocresol or an electrosurgical technique
following pulpotomy. The post-treatment intervals were
2, 3, 4,5, and 6 months. The results showed that the
electrosurgical pulpotomy technique produced a tissue
response comparable to that induced with formocresol
pulpotomy techniques. Shulman et al''® compared
electrosurgery and formocresol pulpotomy in four

studied electrosurgical techniques for

1115

monkeys for periods of time of 3, 14, 41 and 65 days. The

results showed that electrosurgical pulpotomy produced
pathologic root resorption and periapical furcal pathol-
ogy. In addition, when formocresol plus electrosurgery
was used, better results were not produced compared to
electrosurgery alone. Additionally, Sheller and Morton'!’
reported clinical and radiographic studies of 11 primary
canines followed for up to 100 days after performing
electrosurgical pulpotomies. Their results showed that 10
teeth were unremarkable clinically (radiographic results).
Seven of the teeth demonstrated a variable histologic
response but were still successful. All of the teeth showed
some inflammation. Mack and Dean!'® (1993) observed
the clinical and radiographic results of an electrosurgical
pulpotomy technique on 164 primary molars in children
from 1 to 10 years old over a postoperative observation
time ranging from 1 month to 5 years. Their results
showed a 99.4% success rate on clinical and radiographic
evaluation. In addition, compared to a formocresol
pulpotomy study designed similarly, their success rate
with the electrosurgical pulpotomy procedure was sig-
nificantly higher than with formocresol. However, Oztas

et al'’”

compared formocresol and an electrosurgical
technique following pulpotomy of 16 primary molar
teeth in four dogs for 1 month, and they found that for-
mocresol pulpotomy was superior histopathologically to

the electrosurgery technique. Dean et al''®

compared elec-
trosurgical pulpotomies with formocresol pulpotomies in
children’s primary molar teeth. After at least 5 months
of postoperative observation time, the clinical and
radiographic success rates of the electrosurgical groups
were 96 and 84% respectively, and for the formocresol
groups, they were 100 and 92% respectively. Not only
has formocresol medicament been compared with elec-
trosurgery techniques, but calcium hydroxide has also

been tested. Fishman et al'"’

observed electrofulguration
pulpotomies on 47 primary molars in 38 patients using
zinc oxide-eugenol and calcium hydroxide. The authors
found that, after 6 months, the clinical success rates of zinc

oxide egenol and calcium hydroxide were 77.4 and 81%

The Journal of Contemporary Dental Practice, June 2015,;16(6):486-503

493



Yousef H Al-Dlaigan

respectively, while radiographically, the success rates
were 54.6 and 57.3%.

Shoji et al'** used a carbon dioxide laser on the
uncovered pulp of 10adultmongrel dogs. Histopathological
examination of the pulp was performed immediately
after irradiation. Their results showed that no detectable
damage was observed in the radicular portion of the pulp
that were irradiated. In contrast, Jukié et al'® studied
the effects of pulpotomy using CO, and Nd: YAG lasers
on dental pulp tissue in the premolar and molar teeth
of dogs for 30 and 45 days, and they found that laser
irradiation initiated carbonization, necrosis, infiltration
of inflammation cells, edema and hemorrhaging in
the pulp tissue. There are a great number of variables
making comparisons of electrosurgery and laser studies
difficult, including sample sizes, techniques, amount of
current used and the placement of different base materials
over the treated pulp tissue.'** There seem to be some
advantages of using electrosurgical and laser pulpotomy
techniques. They can be performed rapidly, and there
no pharmacotherapeutic agents that could produce
undesirable local and systemic effects. There is also an
absence of hemorrhaging and less mechanical damage to
the underlying pulp. However, Shulman et al''® found
that the electrosurgical technique produced pathologic
root resorption and periapical /furcal morbidity.

Ferric Sulfate

Fei et al®®

compared ferric sulfate with formocresol
pulpotomies in 82 primary molars of 62 patients who were
followed for 3-, 6- and 12-month periods. After 1 year,
the follow-up results showed that 96% of teeth receiving
ferric sulfate were considered successful, and 78% of
teeth receiving formocresol were successful. Under the
conditions of this experiment, better results were obtained

using ferric sulfate than formocresol in the clinical and

radiographic evaluations. Similarly, a study by Fuks
etal** compared ferric sulfate and diluted formocresol to
treat 96 primary molars of 72 children followed for 6 to
34 months. The authors observed that the success rates
clinically and radiographically were 94% for ferric sulfate
and 84% for diluted formocresol. However, Cotes et al'?
investigated, in a histological study, the pulp reaction to
formocresol vs ferric sulfate and found that formocresol
group showed less pulpal inflammation, and the use of
ferric sulfate as alternative agent for pulpotomies did
not improve pulpal response. Ibricevic and Al-Jame®
evaluated ferric sulfate with full-strength formocresol as
pulpotomy medicaments in primary molars of children 42
to 48 months after treatment; their results showed a 96.4%
success rate with ferric sulfate and a 97.5% success rate in
the formocresol group clinically, while radiographically,
the success rate with ferric sulfate pulpotomy was
92.0%, compared to 94.6% with formocresol pulpotomy.
Loh et al'* evaluated formocresol and ferric sulfate as
pulpotomy medicaments using evidence-based dentistry
principles. They reported that the clinical data indicated
that ferric sulfate was highly statistically significantly
more successful than formocresol, but the radiographic
data showed no difference between the medicaments.
Yadav et al'® evaluated and compared 45 primary
molars treated with diode laser, electrosurgical and
ferric sulfate pulpotomies. The clinical and radiographic
success rates were evaluated after 9 months. They found
an 86.6% success rate in the ferric sulfate group clinically,
compared to a 100% clinical success rate in both the
electrosurgical and diode laser groups. The radiographic
success rate was 80% in all three of the groups at the end
of 9 months. They also reported that internal resorption
appeared to be the most common cause of failure after
pulpotomy. A summary of the success rates of the

33-36,39,40,49,55,57,59,60,127

studies using ferric sulfate as a

pulpotomy medicament is provided in Table 4.

Table 4: The percentage of successes for the studies using ferric sulfate as a pulpotomy medicament

Percentage of success

Authors Number of teeth Time of observation (months) C R H
Fei et al (1990)%3 29 12 100 97 —
Fuks et al (1996)%* 51 35 92.7 74.5 —
Papagiannoulis et al (2002)*® 66 36 90.3 74 —
Ibricevic and Al-Jame (2003)*¢ 81 42-48 96.4 93.7 —
Huth et al (2005)° 86 24 100 100 —
Markovic et al (2005)*° 33 18 89.2 81.1 —
Gisoure (2011)*° 27 9 96.4 85.7 —
Huth et al (2012)%° 76 36 97 — —
Havale et al (2013)%” 29 12 96.7 63.3 —
Yadav et al (2014)'%7 45 9 86.6 80 —
Durmus and Tanboga (2014)%° 40 12 95 79 —
Yildiz and Tosun (2014)%° 35 30 95.2 85.7 —

C: Clinically; R: Radiographically; H: Histologically
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Freeze-dried Bone

1'?8 evaluated the effects of freeze-dried bone

Fadavieta
on amputated pulp in 15 primary and one permanent
monkey teeth. They compared these teeth with teeth
treated with Ca(OH), and formocresol. Freeze-dried
bone showed a complete or partial calcific barrier directly
below the amputation site, and similar results were
shown in the Ca(OH), group after 3 months; however,
the results in the formocresol group were comparable to

those of previously published studies.

Bone Morphogenetic Protein

In 1990, Nakashima'® reported a histological study using
bone morphogenetic protein in 50 teeth of five young
adult dogs. The study was undertaken at time periods
of 1, 4 and 8 weeks. The results showed that reparative
dentin formed in the cavity of the amputated pulp when
capped with crude allogenic bone morphogenetic protein.
In addition, 8 weeks postoperatively, odontoblasts were
forming tubular dentin next to the osteodentin.

Osteogenic Protein-1

In 1993, Rutherford et al'*® undertook a histological
study using human osteogenic protein-1 combined with
collagen matrix. Their results showed that reparative
dentin was presentin all teeth that remained sealed for the
6 weeks. However, more new dentin was present in teeth
treated with human osteogenic protein-1/collagen matrix
than in those treated with calcium hydroxide paste.

The Novel Anti-inflammatory Agent Tetrandrine

In 1993, Seow and Thong131 evaluated tetrandrine, a
bisbenzyl-isoquinoline alkaloid with unique broad-
spectrum anti-inflammatory properties, as a pulpotomy
medicament in a mongrel dog with permanent teeth.
The histological results showed acute inflammation after
3 days and chronic inflammation after 6 weeks. They also
reported that tetrandrine resulted in significantly less
inflammation than in teeth treated using formocresol
and lead mix cement.

Collagen

Nevins et al'*? reported a histological study using
collagen-calcium phosphate gel on pulpotomies of the
teeth of nine rhesus monkeys that were followed for 4 to
8 months. The results showed gel resorption and hard-
tissue replacement in 14 of 16 teeth, with no inflammation
observed in long-term samples. Bimstein and Shoshan'*®
reported a histological study using collagen solution-

enriched cell nutrients for pulpotomies of the anterior

permanent incisors of young dogs. After 30 days, they
noted complete regeneration of pulpal tissue. Fuks et al'**
used enriched collagen solution for pulpotomies of
primary teeth in monkeys. After 60 days, all of the
collagen-treated teeth showed a normal radiographic
appearance of dentin with bridge formation. After 60
days, 80% of the teeth had vital pulp, and the other 20%
showed severe inflammation.

Feracrylum

Prabhu and Munshi'® attempted to use 1% feracylum
(Hemolok, pH 3.4), which is an incomplete iron salt
of polyacrylic acid containing 0.05 to 0.5% iron, for
pulpotomies of 26 primary molars of dogs. They found
that the teeth were clinically and radiographically
asymptomatic, and histological evaluation showed
evidence of healing in the form of reparative dentin and
fibrous tissue formation the deeper zone of the radicular

pulp.
Glass lonomer

Glass ionomer was developed as dental cement. Wilson
and Kent'® introduced this cement to the dental
profession in 1972. Glass ionomer cement is the product
of the silicate glass of alkaline earth metals reacting with
an aqueous solution of acrylic acid. The cement was
formerly called alumino-silicate-polyacrylate cement,
abbreviated ASPA. Glass ionomer cements were used as
restorative materials in a clinical effort in Europe in 1975
and in North America in 1977. Fuji Ionomer Type I was
produced in Japan as a luting cement in 1977. Since then,
manufacturers have continued to develop the product,
and many products are available today for multiple
uses, such as for crown cementation, for the restoration
of class Il and V caries lesions in permanent, primary
teeth and for emergency repair of fractured teeth and
fissure sealants. Wilson and McLean'?’
ionomer cements into three categories based on clinical
use: type I luting cement; type II restorative material:
(a) esthetic and (b) reinforced; and type III fast-setting
lining material and fissure sealant. In the late 1980s, Mitia
developed Vitrebond (light-cured glass ionomer liner
base). Manufacturers have concentrated on developing
a similar restorative material with improved strength.'®
In early 1992, a light-hardened glass ionomer resin dental
restorative cement (Fuji Il LC) was introduced.'® Among
the various products, the formulation generally consists
of 80% glass ionomer combined with 20% light-hardened
resin. The exact components differ from type to type.
The addition of resin to a glass ionomer improves the
physical properties, compared to self-hardening glass
ionomer cement.

classified the glass
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Several studies have been performed using glass
ionomer cement as an indirect pulp capping material.
However, very few studies have been undertaken using
glass ionomer as a direct pulp capping agent. Hume
and Mount'* reported in vitro studies of the potential
for pulpal cytotoxicity of glass ionomer cement. Glass
ionomer cement was placed in sterile tissue culture
medium, either by direct contact or through a disk of
human dentin, and then was tested for toxicity using
cultured mouse fibroblasts. The results showed that the
direct culturing tests were highly sensitive; however,
tests using a disk of dentin were of limited value
because, apparently, the dentin reduced the potential
for the cytotoxicity of glass ionomer. Additionally, the
pH was reduced to neutrality because no cytotoxicity
occurred. Felton et al'*! evaluated, in a histological
study, the influence of light-cured glass ionomer cavity
liner, chemically cured Ketac and bond glass ionomer
restorative material on the pulpal tissue of monkeys. Class
V cavities were prepared in 71 teeth of monkeys, which
were sampled at 7 to 35 days. Glass ionomer of both types
was placed in the cavities, which were then restored with
composite resin. The histological results showed minimal
pulp reactions in both groups, indicating excellent pulpal
responses to both materials.

Mineral Trioxide Aggregate

In 1995, mineral trioxide aggregate (MTA) was introduced
by Torabinejad et al'*? and it is comprised of tricalcium
silicate, tricalcium calcium aluminate, tricalcium oxide
and silicate oxide; hydration of MTA produces a colloidal
gel when MTA is mixed with water, and it has a pH
of 12. A gray-colored MTA was first used, and later
a white-colored MTA was introduced to improve the
tooth coloration. Mineral trioxide aggregate has many
advantages, such as good biocompatibility, bactericidal
potential, induction of cementogenesis, sealing ability,
and the ability to induce hard tissue formation, and it
has been used for apexogenesis and the apexification of
immature teeth.'#¥14°

Eidelman et al'* compared the effects of MTA to those
of formocresol as a pulp-dressing agents in pulpotomized
primary molars with carious pulp exposure. Forty-five
primary molars of 26 children were treated with both
agents; the follow-up evaluations revealed only one
failure (internal resorption detected at a 17 months
postoperative evaluation) in a molar treated with
formocresol. None of the MTA-treated teeth showed any
clinical or radiographic pathology. Obliteration of the
pulp canal was noticed in nine of the 32 (28%) evaluated

molars. These results were detected in two of the 15
teeth treated with formocresol (13%) and in seven of the
17 teeth treated with MTA (41%).

Agamy et al’’ performed clinical, radiographic,
and histologic examinations to compare the relative
success of gray MTA, white MTA, and formocresol as
pulp dressings in pulpotomized primary teeth. They
concluded that gray MTA appeared to be superior to
white MTA and formocresol as a pulp dressing for
pulpotomized primary teeth. In the histologic study, both
types of MTA successfully induced thick dentin bridge
formation at the amputation spot, whereas formocresol
induced thin, poorly calcified dentin. Holan et al*?
reported the effects of MTA as a pulp dressing material
following pulpotomy of primary molars with carious
pulp exposure, and they compared these effects to those
of formocresol. The success rate of pulpotomy was 97%
for the MTA group (33 teeth, one failure) and 83% for the
formocresol group (29 teeth, five failures). Eight teeth
presented internal resorption. In four of them (two in
each group), the resorption process stopped, and the pulp
tissue was replaced by radiopaque, calcified tissue. Pulp
canal obliteration was noted in 58% of the MTA group and
52% of the formocresol group (total = 55%). Farsi et al*!
compared, clinically and radiographically, MTA with
formocresol when used as medicaments in pulpotomized
vital human primary molars. The sample consisted
of 120 primary molars. At the end of the 24 months
evaluation period, 74 molars (36 formocresol, 38 MTA)
were available for clinical and radiographic evaluation.
None of the MTA-treated teeth showed any clinical or
radiographic pathology, while the formocresol group
showed success rates of 86.8% radiographically and
98.6% clinically. The difference between the two groups in
radiographic outcomes was statistically significant. It was
concluded that the MTA-treated molars demonstrated
significantly superior success. Mineral trioxide aggregate
appears to be a suitable replacement for formocresol in
pulpotomized primary teeth.

A comparison of four pulpotomy techniques
(formocresol, ferric sulfate, calcium hydroxide (Ca(OH),),
and MTA) as pulp dressing agents in pulpotomized
primary molars was performed by Sonmez et al.'” Eighty
selected teeth were divided into four groups and were
treated with one of the pulpotomy medicaments. The
children were followed up for clinical and radiographic
examinations every 6 months over 2 years. Eleven
of 16 children with 56 teeth arrived for clinical and
radiographic follow-up evaluations at 24 months. The
success rates were 76.9% for formocresol, 73.3% for
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ferric sulfate, 46.1% for Ca(OH),, and 66.6% for MTA.
In conclusion, Ca(OH), is less appropriate for primary
teeth pulpotomies than the other pulpotomy agents,
and formocresol and ferric sulfate appeared to be
superior to the other medicaments. Nevertheless, there
were no statistically significant differences among the
groups. The clinical and the radiographic success rates
for MTA as a pulpotomy medicament in primary teeth
have ranged from 88 to 100%, as published in several
studies, 37.3841-48,50-54,56,58,59,61148 (v }ich are shown in
Table 5. These studies revealed that, for pulpotomy of
vital primary teeth, MTA had better treatment outcomes
than formocresol, ferric sulfate, calcium and hydroxide.

Lyophilized Freeze-dried Platelet-derived
Preparation

Kalaskar and Damle!*

compared the efficacy of a
lyophilized freeze-dried platelet-derived preparation
to that of calcium hydroxide as pulpotomy agents in
primary molars. Fifty-six primary molars in 28 children
were treated by a conventional pulpotomy technique.
Twenty-eight teeth were treated with the lyophilized
freeze-dried platelet-derived preparation and another
28 with calcium hydroxide. Clinical evaluations were
performed at 1, 3 and 6 months, and radiographic
evaluations were performed at 1 and 6 months. The
authors reported that the success rate with the lyophilized
freeze-dried platelet-derived preparation was better than
that with calcium hydroxide.

Enamel Matrix Derivative

Sabbarini et al'®

evaluated histologically the effects of
an enamel matrix derivative as a pulpotomy agent in
primary canines. Emdogain gel was used as the pulp
dressing material on the removed pulp stumps; then, the
teeth were extracted postoperatively after 1 week, 2 weeks
and 6 months. The teeth were examined histologically
to assess the response of the pulp to Emdogain gel
after the pulpotomy procedure. After 1 week, in the
extracted teeth, the amputated pulpal surface was lined
by a thin, virtually continuous cellular layer. Wide-
ranging congestion was accompanied by an increase in
angiogenesis. After 2 weeks, most of the teeth showed
little islands of dentin-like tissue at different stages of
mineralization. After 6 months, a number of different
histological appearances were observed. The majority of
the teeth showed coalescing islands of dentin-like tissue
attempting to bridge the full width of the coronal pulp at
the interface between the wounded and unharmed pulp
tissue below the amputation site. The authors concluded
that Emdogain gel showed promising results as a valuable
material for use in pulpotomy procedures. In another
study by Sabbarini et al,'** the authors compared the
clinical and radiographic success rates of enamel matrix
derivative to those with formocresol. A randomized,
single-blind, split-mouth study was used with a sample
of 15 pairs of children. All of the teeth were followed up
clinically and radiographically at 2, 4, and 6 months. After
6 months, the clinical success rates for the formocresol

Table 5: The percentage of successes for the studies using MTA as a pulpotomy medicament

Time of observation

Percentage of success

Authors Number of teeth (months) C R H
Agamy et al (2004)%" 19 12 100 100 —
Jabbarifar et al (2004)% 30 12 94 94 —
Farsi et al (2005)*' 38 24 100 100 —
Holan et al (2005)*? 32 74 97 97 —
Naik and Hedge (2005)*3 24 6 100 100 —
Aeinehchi et al (2007)* 43 6 100 100 —
Maroto et al (2007)'48 69 42 100 98.5 —
Subramaniam et al (2009)*° 20 24 100 95 —
Zealand et al (2010)*® 100 6 100 95 —
Ansari and Ranjpour (2010)*” 15 24 100 100 —
Hugar and Deshpande (2010)*® 30 36 100 100 —
Erdem et al (2011)%° 24 24 96 96 —
Godhi etal (2011)%" 25 12 100 96 —
Srinivasan and Jayanthi (2011)%2 47 12 100 95.7 —
Sushynski et al (2012)%3 65 24 100 95 —
Airen et al (2012)% 34 24 97 88.6 —
Mettlach et al (2013)% 119 42 100 95 —
Jayam et al (2014)%8 40 24 100 100 —
Yildiz and Tosun (2014)%° 35 30 96.4 96.4 —
Olatosi et al (2015)°" 25 12 100 96 —

C: Clinically; R: Radiographically; H: Histologically
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and enamel matrix derivative groups were 67 and 93%
respectively, and the radiographic success rates were 13%
for formocresol and 60% for enamel matrix derivative.
The authors reported that the clinical and radiographic
assessment of enamel matrix derivative-pulpotomized
teeth showed that enamel matrix derivative is a promising
material that could be as successful as other pulpotomy
agents.

Sodium Hypochlorite

It is well known that sodium hypochlorite irrigation
solution has been very common used solution in
endodontic treatment. The advantages of sodium
hypochlorite include its antimicrobial and detergent
action, tissue dissolving ability, and homeostatic action.
Vargas et al'*?
hypochlorite to that of ferric sulfate as a pulpotomy
medicament in decayed primary molars. The clinical
and radiographic signs/symptoms were recorded at 0, 6
and 12 months. Their results showed that, at 12 months,
ferric sulfate resulted in 85% clinical success and 62%

compared the effectiveness of 5% sodium

radiographic success. Sodium hypochlorite resulted in
100% clinical success and 79% radiographic success.
Vostatek et al'®® reported on a retrospective study of
sodium hypochlorite pulpotomies with a 95% clinical
success rate and an 82% overall radiographic success
154 compared the clinical and
radiographic success rates of 5% sodium hypochlorite
and 20% formocresol as pulpotomy medicaments in
carious primary molars. The authors found that the
clinical and radiographic success rates were 94.6 and
86.5% respectively, for sodium hypochlorite and 92.1%
and 86.8% for formocresol after 12 months. Another
study by Shabzendedar et al'*® evaluated the effects of 3%
sodium hypochlorite and formocresol as pulp dressing
agents in pulpotomized primary molars. The results
of their study showed that, at 6 months, 100% clinical
success was found with both sodium hypochlorite and
formocresol. The radiographic success rates for sodium
hypochlorite were 98 and 92% at the 6- and 12-month
follow-ups respectively. The formocresol group showed
94 and 93% radiographic success rates at the same
time points. Ruby et al'®® compared the clinical and
radiographic success rates of vital pulpotomy treatment
in primary molars using 3% sodium hypochlorite with
a 1:5 dilution of Buckley’s formocresol. The authors
reported that 100% clinical success and 80% radiographic
success for sodium hypochlorite at 12 months. The
effects of sodium hypochlorite application on the success
of calcium hydroxide and mineral trioxide aggregate
pulpotomies in primary teeth were evaluated recently
by Akcay and Sari'” They concluded that the use of

rate. Al-Mutairi and Bawazir

sodium hypochlorite as an antibacterial agent prior to
application of the pulpotomy agent improved the success
of calcium hydroxide pulpotomies to equal that of mineral
trioxide aggregate pulpotomies over observation of up
to 12 months.

Portland Cement

Pulpotomies with Portland cement as a medicament in
human primary molars were performed by Conti et al."®
Pulpotomy using Portland cement was performed in
3 molars, and at 12 months, clinical and radiographic
examinations revealed that the treatments were successful
in keeping the teeth asymptomatic and in preserving
pulpal vitality. Furthermore, the formation of a dentin
bridge immediately below the Portland cement could be
observed in the three molars treated. The authors reported
that Portland cement could be considered an effective
alternative for primary molar pulpotomies. Sakai et al'*
compared the clinical and radiographic effectiveness
of MTA and Portland cement as pulp dressing agents
in carious primary teeth. They reported that all of the
pulpotomized teeth were clinically and radiographically
successful at 2 years. The authors reported that no
statistically significant difference regarding dentin bridge
formation was found between the groups throughout
the follow-up period. Steffen and van Waes'® reviewed
50 papers concerning MTA and Portland cement with
consideration of the clinical, biological and mechanical
findings and the possible substitution of MTA with
Portland cement for endodontic use. Their results
showed that MTA and Portland cement had the same
clinical, biological and mechanical characteristics. In
animal experiments and practical characterizations, both
materials seemed to have very equivalent properties. The
only difference was bismuth oxide was added to MTA
for improved radiopacity.

Nanohydroxyapatite

Nanohydroxyapatite was used as a pulpotomy and direct
pulp capping agent in primary pig teeth by Shayegan
etal.!® The results of the their histological study revealed
that, in the short-term and in caries-free pig teeth,
nanohydroxyapatite appeared to be biocompatible and
provoked no moderate or severe inflammatory reaction
in pulp tissues with either pulpotomy or direct pulp
capping treatments.

Calcium-enriched Mixture

Malekafzali et al'®* compared calcium-enriched mixture
cement and MTA as pulp dressing biomaterials in vital
pulpotomies of carious primary molars. The authors
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reported that, at the 12-month follow-up, only one
and three teeth in the two groups had pathologic root
resorption. The resorbed teeth were then lost due to
extraction/exfoliation at the 24-month follow-up; all of
the other treated teeth were free of signs and symptoms.
In general, the clinical and radiographic outcomes with
both the calcium-enriched mixture cement and MTA
groups were comparable at the three follow-ups, without
significant differences.

Calcium Phosphate Cement

Jose et al'®®

formocresol. Histological assessment for non-carious
primary canines after 70 days showed no statistically
significant differences between the two groups in
any of the parameters. However, calcium phosphate
cement provided more favorable results of less pulpal
inflammation and better formation of dentin bridges
in quantity and quality; it was also capable of inducing
dentin formation without an area of necrosis.

compared calcium phosphate cement with

Allium Sativum Oil

Recently, Mohammad et al'®* compared the clinical

and radiographic effects of A. sativum oil and those of
formocresol in vital pulpotomies of primary teeth. Their
results showed that A. sativum oil had good healing
potential, leaving the remaining pulp tissue functioning
and healthy. Vital pulpotomy with A. sativum oil had
a 90% success rate, while that with formocresol was
85%. The authors concluded that A. sativum oil is a
biocompatible material that is compatible with vital
human pulp tissue. It has good healing potential and
leaves the remaining pulp tissue healthy and functioning.

SUMMARY

Based on a review of the literature, it has been shown
that pulpotomy of primary teeth can be treated using
many different techniques and medicaments, that
some of these treatments are debatable and that their
results have presented variables success rates clinically,
radiographically and histologically. This review paper has
presented the available literature, which has reported on
more than twenty medicaments for pulpotomy of primary
teeth, many of which have been tried as alternatives to
formocresol. In addition, we could conclude the following
from this literature review on pulpotomy of primary
teeth.

e Formocresol has been and remains the most popular
pulpotomy medicament, and it is still the gold
standard for comparisons with new medicaments,
although its clinical toxicity has been reported in some
literature.

e Ferric sulfate has obtained considerable favor as a
result of formocresol’s disadvantages for pulpotomy
of primary teeth.

e Mineral trioxide aggregate has shown high success
rates clinically and radiographically, and it might
offer the best immediate alternative to the other
medicaments reviewed in this paper.

e Sodium hypochlorite has been suggested as a
pulpotomy agent for primary tooth pulpotomies, and
several recent studies have shown the success rate for
sodium hypochlorite pulpotomy to be comparable to
that for formocresol pulpotomy.
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