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Abstract Background: This article will review
different materials for the treatment of pulps of primary and
young permanent teeth. However, innovations in materials
and advances in biology suggest that there may soon be a
convergence of therapies for teeth of either dentition needing
pulp treatment. Objectives: The objective of this study was
evaluated the pulp and liver response to biocompatible
agents such as lyophilized bone in comparison with classical
formocresol. Materials and Methods: Treatment was
applied to the upper right and left first molar of each animal,
for a total of 120 teeth. Six groups were established
according to the agent used and the time elapsed (30, 45 and
60 days). In each group five livers were selected, and a
control group subjected to no treatment was also evaluated.
At the end of the study the rats were sacrificed and the
samples were processed for histological evaluation. Analysis
of variance (ANOVA) for repeated measures was used.
Results: Dentinal bridge formation and reparative dentin
reached higher values in the group treated with lyophilized
bone. The formocresol treatment group showed increased
inflammation and necrosis. Conclusions: Lyophilized bone
afforded improved pulp tissue response. No histological
evidence of liver damage was observed in any of the hepatic
samples studied.
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1. Introduction

This article will review different materials for the
treatment of pulps of primary and young permanent teeth and
describe new therapies that might supplant them in the
future.

A pulpotomy in a young permanent tooth is undertaken to
promote apexogenesis; under these conditions, retention of
the vitality of the radicular pulp is imperative. However,
innovations in materials and advances in biology suggest that
these may soon be a convergence of therapies for teeth of
either dentition needing pulp treatment [1].

Several medicaments have been used to devitalize

remaining pulp or maintain pulp vitality an promote healing.
Based on pulpal biocompatibility and good sealing ability, a
growing interest in more biocompatible materials promotes
lyophilized bone as an alternative to tradicional medicaments.
Lyophized bone can preserve pulpal health and promote
healing with pulp regeneration in primary and permanent
teeth. This material has been employed as an off-the-shelf
grafting in periodontal osseous defects[2].

Of the different agents developed for application in
primary dentition pulpotomy, formocresol (FMC) is the most
widely used [3], though the use of this substance has been
seriously questioned in view of the possible toxic effects of
FMC upon organs such as the kidneys and liver [3, 4], as
well as its mutagenic and carcinogenic potential [5] and
immune response inducing capacity [6] .

For these reasons a number of alternatives to FMC have
been developed, such as glutaraldehyde [7] and ferric sulfate
[8, 9], biocompatible materials such as collagen [10],
lyophilized bone [2, 11, 12] and bone forming
morphogenetic proteins [13], or techniques such as
electrocoagulation [14] and laser [15]. The aim of these
materials and techniques is to preserve remmant pulp tissue
viability and function, and facilitate its repair.

Although the systemic toxicity of FMC has not been
investigated in humans, animal studies have shown the
substance to distribute systemically [16, 17, 18].

Lyophilized bone is biocompatible and may afford
positive results in application to pulpotomies.

Fadavi et al. [2] performed pulpotomies with lyophilized
bone in deciduous and permanent teeth of Cynomalagus
monkeys. The pulp response was evaluated after 12 weeks,
comparing the efficacy of the agent with that of calcium
hydroxide and FMC. After three months, calcification was
observed beneath the amputation site in the teeth treated with
lyophilized bone. The odontoblastic cells were normal in
appearance, with the occasional presence of chronic
inflammatory cells.

Posteriorly, in a study involving monkeys carried out by
the same authors, the previous results were corroborated
after 6 weeks of treatment with lyophilized bone [12] .

The present study was made to evaluate pulp and liver
response to biocompatible agents such as lyophilized bone in
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comparison with classical FMC.

2. Materials and Methods

The study involved 60 female Sprague-Dawley rats
weighing 150-250 g. Treatment was applied to the upper
right and left first molar of each animal, for a total of 120
teeth. Six groups of 10 animals each (20 teeth) were
established according to the agent used and the time elapsed
(30, 45 and 60 days). Pulp exposure was carried out with
FMC treatment followed by zinc oxide-eugenol (ZOE) paste,
or with lyophilized bone likewise followed by ZOE paste.

In order to evaluate the toxic potential of the materials
used, the rat livers were subjected to histological study. Five
livers were selected corresponding to each time interval (30,
45 and 60 days). A control group subjected to no pulpotomy
treatment was also included to evaluate and compare
possible changes at hepatic level.

In all procedures the animals were anesthetized by
intramuscular inyection of Ketamine (Ketolar TM
Parke-Davis, Morris Plains) at approximately 30 mg/kg.
Acces to the maxillary first molars was obtained by use of an
operating table. The tongue and cheeks were reflected from
the operation field.

A small H7-008 Komet piriform tungsten drill was used to
open the pulp chamber [9] . The chamber was accessed from
the occlusal surface.

If there was marked hemorrhage, an endodontic paper
point was used to remove the excess blood. Some exposures
were nonbleeding or had very little bleeding.

In the groups treated with formocresol, paper points
moistened with 20% dilution of formocresol were placed in
contact with pulpal stumps for five minutes as described by
Massler and Mansukhani [19]. The formocresol used was
Buckley’s formocresol, diluted with glycerol and water, in a
1:5 ratio.

In the case of the groups treated with biocompatible
lyophilized bone (Bioss®), the latter was applied to the
exposed chamber with a spatula.

After application of the two materials, ZOE paste was
deposited (2:1 powder/liquid proportion) without applying
excessive pressure.

Silver amalgam then was packed into the preparations to
avoid the loss of the base.

The rats were sacrificed by an ether overdose after the
corresponding evolutive periods (30, 45 and 60 days), with
dissection of the hemimaxilla and liver for fixation in 10%
formalin solution and histological processing.

The sections were examined under a light microscope to
assess pulpal response. Coronal third, middle third and apical
third of the radicular pulp were examined histologically by
the oral pathologist who did not know the treatment received
or the post treatment intervals. The evaluation was
performed according to the criteria by Horsted et al. [20] and
modified by Fuks et al. [7]. The criteria are:

® Degree of inflammation

Pulpal necrosis

Fibrotic tissue

Reparative dentin and dentin bridge

Presence and regularity of odontoblastic layer

Liver tissue response was in turn scored according to the
observed degree of cell degeneration according to the criteria
adopted by Trigo [21]:

0 = no degeneration;

1 = slight degeneration;

2 = moderate degeneration;

3 = severe degeneration.

A descriptive statistical study was made of each variable,
with calculation of the mean and standard deviation.
Analysis of variance (ANOVA) for repeated measures was
used to establish comparisons between groups.

The experimental study fulfilled the ethical and legal
conditions set out in Royal Decree 233/1988 of March and
the Order of 13 October, 1989, on the protection of animals
used for experimental and scientific purposes. The
experiments were carried out in the animalarium of the
University of Murcia (licence n° 300302 AB).

3. Results

The samples obtained were examined under the light
microscope to assess pulp and liver response to the agents
used in the pulpotomies.

30 days

FMC-ZOE. The most characteristic finding was a necrotic
zone immediately beneath the amputation site, followed by
acute inflammation with the presence of polymorphonuclear
cells and fewer lymphocytes.

Figure 1. Histological root pulp response 30 days after treatment with
lyophilized bone. Presence of a regular odontoblastic layer (ROL).
Descalcification technique, hematoxylin-eosin (HE), x10.

Lyophilized bone-ZOE. With minor variations, most of
the sections below the amputation site presented tissue with
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initial calcification, slight inflammation in the middle third
with the proliferation of fibroblasts and the presence of a
collagen fiber network. This moderate inflammation further
decreased towards the lower third, with the presence of a
regular odontoblastic layer (Fig 1).

45 days

FMC-ZOE. Inflammation was seen to progress towards
the lower third.

Lyophilized bone-ZOE. A complete or partial calcium
barrier was identified beneath the exposure site. The lower
third remained vital with occasional visible inflammatory
cells and the presence of reparative dentin along the walls of
the root canal.

60 days

FMC-ZOE. Increased inflammation was observed in the
lower third, with an irregular odontoblastic layer. Some
samples exhibited reparative dentin formation along with
dystrophic calcifications (Fig 2).

Figure 2. Histological root pulp response 60 days after treatment with
formocresol. Partial necrosis of the lower third and dystrophic calcifications
(DC). Decalcification technique, hematoxylin-eosin (HE), x10.

Lyophilized bone-ZOE. A characteristic finding was the
formation of reparative dentin along the canal, with the
presence of dentinal bridges in some samples (Fig 3).

Figure 3. Histological root pulp response 60 days after treatment with
lyophilized bone. Formation of a dentinal bridge (DB) in the upper third.
Decalcification technique, hematoxylin-eosin (HE), x20.

In general, the FMC treatment group showed greater
inflammation — significant differences being established
between the two treatment modalities between the different
upper, middle and lower locations, and according to the
evolutive time involved (p = 0.0256) (Table 1).

Table 1. Descriptive statistical for the degree of inflammation. Mean and
standard deviations.

. 30 days 45 days 60 days
Treatment/Time mean SD mean SD Mean SD
Formocresol 1.64 0.51 1.73 0.42 2.03 0.46
Lyophilized 1 3 044 | 164 055 | 168 047
bone

In the lyophilized bone group an increased presence of
dentinal bridges was recorded. There were significant
differences between the two treatment groups, with
variations according to the time elapsed (p = 0.00005) (Table
2).

Table 2. ANOVA for the degree of dentinal bridge and reparative dentin;

SOURCE Sgljjl\gl({)}l; S SI\Q/II_]?:II;IE F P-VALUE
Treatment 10.55946 10.55946 | 70.73 | 0.00005 *
Time 7.13051 3.56525 23.88 | 0.00005 *
Treatment-Time 6.16717 3.08359 20.66 | 0.00005 *

* = significant differences (p<0.05)
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Liver tissue

No characteristic lesions indicative of liver damage were
observed in any of the study groups (Fig 4).
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Figure 4. Histological liver section corresponding to the lyophilized bone
group after 45 days. No evidence of hepatocyte damage or degeneration is
observed. Hematoxylin-eosin (HE), x10.

4. Discussion

Several materials have been used to desvitalize remaining
pulp or maintain pulp vitality and promote healing.
Liophilized bone, as a pulpotomy medicament was used in
the present study and its histological success was assed.

Ideally, the agent used in performing pulpotomies should
be innocuous for the pulp tissue and for the surrounding
structures [1, 22]. Despite the great efficacy of formocresol
(FMC) in application to pulpotomy and its widespread use,
controversy has developed over its possible toxic effects and
the use of this agent is decreasing considerably worldwide.

Bearing in mind our objetives, its was important to
consider a work with experimental animals, in other to value
the pulp response.

Regarding the evolutive period, earlier studies [9, 23,24]
have evaluated pulp response after one, two, three and four
weeks, and Berman and Massler [25] observed dentinal
bridge formation in the treated teeth after 21-28 days. In our
study we decided to extend the evolutive period to 30, 45 and
60 days, with the aim of allowing full pulp response
development and confirming the absence of no further
changes in the pulp tissue.

In our study, the FMC treated animals showed a clear

upper necrotic region, beneath which a scantly cellular zone
characterized by an inflammatory infiltrate was observed;
reparative dentin was observed in few samples, along with
dystrophic calcifications. These results coincide with those
of Magnusson [26] and Alacam [27]. On the other hand, we
agree with Fuks et al.” in that the odontoblastic layer
exhibits an irregular distribution in the middle region, while
the regular disposition is preserved in the lower zone.

The use of lyophilized bone afforded better pulp tissue
response and less inflammation. These findings agree with
the observations reported by Fadavi et al. [2], who applied
lyophilized bone in monkey teeth.

It should be taken into account that zinc oxide eugenol is
not the ideal option for pulpotomy, since it may induce added
inflammation. Both the beneficial effects of zinc oxide
eugenol and its inconveniences are attributable to the
presence of eugenol, which can diffuse through the pulp
component after release from the paste [29]. However, the
eugenol in sett ZOE is bound mostly and unavailable to exert
its toxic effects [30].

Although the systemic toxicity of FMC has not been
investigated in humans, animal studies have shown the
substance to distribute systemically [31, 32].

Ranly [18] in a study in rats involving the use of 19%
formaldehyde, concluded that two hours after pulpotomy,
30% of the formaldehyde administered is distributed
systemically. In a second part of his study [33] the dose
absorbed systemically as a result of a single pulpotomy was
found to be 0.38 umoles. These results do not coincide with
those reported by Myers et al. [32], who observed
histological changes in both liver and kidney. The
methodology involved (16 pulpotomies in a single animal)
may also have played a role.

The histological analysis of the liver samples in the groups
studied showed no evidence of liver damage and no necrosis
in any case. Nevertheless, the samples did show different
degrees of cellular degeneration. In this sense, water was
found to be present within the hepatocyte cytoplasm,
producing a clearer zone around the nucleus. The
degenerative changes seen in some livers were nonspecific
and may have been a result of histological preparation of the
specimens after application of the fixation agent, or a
consequence of alterations inherent to the diet provided.
Ether sacrifice may also have produced such alterations.

Studies with biochemical markers would be needed to
establish whether toxicity mediated by the material
employed effectively exists, with the confirmation of liver
lesions.

It should also be pointed out that differences in
methodology, study subjects (humans, rats, monkeys, dogs,
etc.), evolutive times, drug concentrations and evaluation
parameters all make it extremely difficult to compare
different studies. On the other hand, despite the similarity of
the organs investigated in humans and rats, the results
obtained in the latter species cannot be extrapolated to man —
thereby precluding the drawing of firm conclusions.

The bone grafting has osteogenic properties and readly
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incorporation to the tissue. However, the acquisition of
autogenous bone can add risks to the patient, including
additional surgical injury. Previous studies indicate the
increased bone resorption rate of this type of material as a
disadvantage. The bacterial contamination of bone obtained
from the mouth with a bone collector has to be anticipated.
Density is different in bone dust. Bone dust could not create
new bone, whereas bone particles were capable of preserving
viability [34].

The results obtained with lyophilized bone are promising
and satisfy the requirements for use in pulpotomies, since it
is a biological material without toxic potential that offers
both reparatory and regenerative properties.

Bovine bone has practically unlimited availability and
great physicochemical and structural similarity to human
bone. Several studies have confirmed this product presents
excellent biocompatibility, with characteristics similar to
natural bone [35]. A limitation may be its cost, however, and
laboratories should attempt to simplify obtainment of the
material in order to market a more accessible product. In any
case, other agents (morphogenetic proteins) are also very
interesting in this field, and attention should furthermore
focus on the existence of other materials which while not
biocompatible do exhibit less toxicity — such as ferric sulfate
[8] or mineral trioxide aggregate [36-38], which offer
promising perspectives. Further long term clinical evaluation
of mineral trioxide aggregate as a pulpotomy agent needed
carried out.

5. Conclusions

Lyophilized bone afforded improved pulp tissue response.
No histological evidence of liver damage was observed in
any of the hepatic samples studied.
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