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The results from this study showed a variety of
pulpal responses to various calcium hydroxide
materials when placed directly on the dental pulp.
Two of the materials proved to be more successful
at stimulating reparative dentin bridging and heal-
ing of the underlying pulp tissue. The remainder of
the pulp capping agents were ineffective at healing
the pulp and forming a reparative dentin bridge.
When teeth were capped with these other agents,
the pulp showed necrosis and chronic inflamma-
tion.
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Introduction.

Ever since dentistry has dealt with tooth
decay, it has been searching for a medica-
ment which, when placed in direct contact
with exposed pulp, would result in a repara-
tive dentin bridge and pulp healing. Many
different compounds have been used; zinc
oxide eugenoll-9 has been studied and
reported to result in little, if any, reparative
dentin bridge formation. In several reports4,9
a chronic inflammatory response may persist
for some time. Polyacrylates9'11 have also
been studied, and results similar to those for
zinc oxide eugenol were found. The most suc-
cessful and most widely tested product to
date consists of variations of the compound
calcium hydroxide Ca(OH)2.12'18 Many in-
vestigators have used Ca(OH)2 + H20 and
found a high success rate with the formation
of reparative dentin bridging over the expo-
sure site. This bridging, however, occurred at
varying distances from the exposure site due
to a zone of necrotic tissue developing at
the contact site. Various commercial
products have been tested: Hydrex,4,11,19-21
for example, formed inconsistent dentinal
bridges, while MPC9,11,18 showed a lack
of dentin bridge formation. Pulp-
dent,9,18,20,22'23 Ca(OH)2 in a methyl

The University of Michigan, Ann Arbor, Michigan

cellulose paste, and Calxyl24-27 have been
reported effective in dentin bridge forma-
tion; however, associated marginal necrosis
in the pulp has also been observed. The most
widely used calcium hydroxide at this
time - one of the most effective in dentin
bridge formation on exposed non-inflamed
dental pulps-is the compound Dycal. This
compound9,10,18'20'282,9 produces a high
percentage of reparative dentin bridging at
the site of application. Recently, work done
with the use of antibiotics plus Ca(OH)2 30,31
has been reported to enhance the effective-
ness and success rate of dentin bridge
formation. Another area of recent interest
is the work done on tricalcium phosphate
(Synthos),34 which has been reported to
produce a better success rate than Ca(OH)2
plus saline for the same period.

The purpose of this study was to histolog-
ically evaluate a variety of compounds to
determine if an improved pulp capping com-
pound could be developed.

Materials and methods.
This study observed the histopathological

response of 12 compounds used as pulp
capping agents in four adult rhesus monkeys
after eight wk. All animals were initially
sedated with approximately 1 cc of an intra-
muscular injection of Ketalar* and addi-
tional anesthesia, and muscle relaxation was
obtained with approximately 1.0-1.5 cc of
sodium pentobarbital injected intravenously.
This afforded several hours of anesthesia.
A single Class V cavity preparation was

placed on the buccal surfaces of both anterior
and posterior teeth with a #35 carbide
inverted cone bur which was changed after
every fourth tooth. High-speed air turbine
(approximately 250,000 rpm) with water
spray was used to prepare the cavity by
removing the dentin until a very thin pulpal
floor remained. A sterile explorer was then

*Parke-Davis & Co., Detroit, MI 48232
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used to enter the pulp and reflect the thin
window of dentin. Bleeding of the pulp was
controlled by a sterile cotton pellet. The
medicament of choice was then carefully
placed on the exposure site and allowed to
set. The remaining preparation was then
filled with amalgam. Each compound was

placed in eight teeth which were randomly
situated in both anterior and posterior
positions of the mandible and maxilla and
randomly distributed throughout the four
monkeys.

All teeth were tested for a period of
eight wk, after which time the monkeys
were then perfused using left ventricular
vascular perfusion of normal saline followed
by alcohol-formalin acetic-acid (AFA) fixa-
tive.32 The jaws were dissected free; the
teeth were surgically exposed by removal
from the buccal bone plate and were carefully
elevated from the socket. The apical one-
third of each root was carefully removed with
a surgical bur, and the tooth was then placed
in AFA. The teeth were decalcified in formic
acid sodium citrate, and the end point of
decalcification was determined by radio-
graphic observation. The teeth were then de-
hydrated, embedded in paraffin, sectioned
at 8 gim, and stained with hematoxylin and
eosin. The histological response was graded
according to Mjor and Tronstad33 as slight,
moderate, or severe. The following materials
were used: Material 1) Experimental Life,*
Material 2) Dycal,§ Material 3) MPC,t
Material 4) Synthos# plus saline covered by
MPC, Material 5) Tricalcium phosphate plus
saline covered by MPC, Material 6) Zinc
oxide plus saline covered by MPC, Material
7) Zinc oxide - C-AMPt plus saline covered
by MPC, Material 8) Zinc oxide - C-AMP
plus saline covered by MPC catalyst,
Material 9) Ca(OH) plus saline covered by
MPC, Material 10) Synthos plus saline
covered by MPC catalyst, Material 11)
Tricalcium phosphate plus saline covered by
MPC catalyst, and Material 12) Zinc oxide
plus saline covered by MPC catalyst. Synthos,
Tricalcium phosphate, Zinc oxide, and
Cyclic AMP were each mixed with saline to
form a slurry paste.

*Kerr Mfg. Co., Romulus, MI 48174
§ L.D. Caulk, Milford, DE 19963
tKerr Mfg. Co., Romulus, MI 48174
#Miter, Inc., Worthington, OH 43805
tSigma Chemical Co., St. Louis, MO 63178

All materials were placed in the base of
the cavity preparations and allowed to set;
the remainder of the cavity preparation was
restored with amalgam.

Results.
Material #1. - Six of the eight teeth

showed evidence of some dentin bridge for-
mation; the two remaining tooth pulps had
chronic inflammation adjacent to the pulpal
tissue underlying the exposure, with one
demonstrating a moderate pulpal response
and one a severe response. Incomplete
dentin bridges were present in two of the
eight teeth. Of these, one had a bridge that
was almost complete; however, there was
a small void, and under it was a small
zone of chronic inflammatory cells and
hyperemia. The other case had a poorly
formed, very thin bridge of irregular dentin
which was tubular in nature. The inflam-
matory response was moderate, extending
into the coronal pulp lateral to the exposure.
Four teeth had complete continuous dentin
bridges covering the exposure site. In one
case the dentin bridge was nontubular in
nature, while the other three bridges exhi-
bited tubular dentin in the original repara-
tive dentin deposited. Fig. 1 illustrates an
ideal dentin bridge of tubular reparative
dentin directly adjacent to the medicament
interface. The pulpal tissue beneath this
bridge showed few inflammatory cells, with
only a minimal increase in vascularity.

Material #2. - In two of eight teeth no
dentin bridging was evident, and the inflam-
matory response was limited to the area
underlying the exposure with some lateral
involvement of the surrounding pulpal
tissue. In three teeth bridging was incom-
plete, and small voids appeared in the bridge.
In these areas there was a persistent inflam-
matory response remaining at eight wk. The
incomplete bridge was composed of dentin
which was irregular in nature, with some
cellular inclusions and fragments of dentin
chips from the original operative procedure.
The odontoblastic cell layer appeared
shortened and, in some instances, did not
appear, with darker staining cytoplasm; in
other teeth the cells were elongated. The
three remaining teeth had complete dentin
bridges, adjacent to the medicament inter-
face, which were composed of irregular
dentin with some entrapped cells and

JDen t Res July 1 981
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Fig. 1 Material #1. This shows a lower power
view of a tubular reparative dentin bridge adjacent
to the medicament interface. The underlying pulp
is normal in appearance with few, if any, inflam-
matory cells present (Mag. 100X).

occasional scattered dentin chips. Tubular
dentin was difficult to find, but when
present it was located in the area of most
recent reparative dentin deposition. The
odontoblast layer was shorter in cell
length than the odontoblasts on the lateral
pulpal walls. The underlying pulp had few,
if any, inflammatory cells (Fig. 2).

Material #3. The eight-week response
of exposed pulps showed no bridge forma-
tion present in any of the specimens. There
was no bridging, either partial or complete.
The pulpal response was characterized by
varying amounts of pulp loss at the exposure
site. Most cases showed chronic inflamma-
tion and pulp degeneration involving 50%
or more of the pulp. A few cases showed a
minimal inflammatory response which was
limited to the area beneath the exposure.
Reparative dentin was present only on the
lateral pulp walls and around dentin chips
which were scattered throughout the pulp
near the exposure site.

Material #4. - Two teeth showed some
attempt at forming a dentin bridge. In both
teeth the dentin deposited was incomplete,
atubular in structure, contained many
cellular inclusions, and was present at some
distance from the exposure site. The
adjacent pulpal status was marginal because
of a large number of inflammatory cells and
necrotic tissue. The remaining five teeth
showed no dentin bridging at or near the
exposure. The pulpal response was character-
ized by tissue loss at the exposure site
(Fig. 3). In the majority of teeth, chronic
inflammatory cells were present in over
50-70% of the total pulp volume. In the
affected area there was marked dilation of
vessels and large areas of complete pulp
loss.

Material #5. In the five teeth observed,
no attempt at either partial or complete
bridge formation was observed. In the
remaining two teeth some areas of calcifi-
cation deeper from the exposure site were
observed (Fig. 4). These deeper areas in the
pulp were composed of irregular nontubular
dentin with cellular inclusions. In these two
teeth beneath the exposure site, the pulp
was composed of a moderate-to-severe
inflammatory reaction with increased
vascularity. The remaining five teeth had no
calcification present, and the responses were
characterized by varying degrees of pulp loss
at the exposure sites. The inflammatory
responses involved from 25 to 100% of
the pulp with abscess formation and in-
creased vascularity - a consistent finding.

Material #6. One tooth was found to
have an incomplete bridge at some distance
from the exposure site. The bridge was
composed of irregular dentin filled with
entrapped cells with several areas of small
spaces. Between the areas of reparative
dentin the pulp was filled with inflammatory
cells and increased vascularity, and the
reparative dentin on the adjacent wall was
filled with entrapped cells. In another tooth
there was a complete bridge. The exposure
was very small, and the new bridge was estab-
lished a short distance from the exposure.
The reparative dentin was tubular with a
well established odontoblastic layer and
predentin zone. The underlying pulp was
free of inflammation. The remaining six
teeth had no bridges, and the responses can
be divided into two groups of three each.
The first was characterized by chronic

Vol. 60 No. 7 1373
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Fig. 2 Material #2. This shows a reparative dentin bridge adjacent to the medicament. Reparative
dentin can be observed surrounding dentin chips lateral to the exposure. The reparative dentin bridge is
atubular, and the pulp tissue is very vascular beneath (Mag. 100X).

inflammation, some abscess formation, and
increased vascularity limited to 25% of the
pulp or less. The second group showed a
more severe reaction involving 80-100% of
the pulp with some cases having complete
pulp loss, while the others had inflammatory
response and abscess formation occupying
80% of the pulp.

Material #7. The six teeth observed fell
into two categories. In one category, the
response was limited to 20% or less of the
pulp. The inflammatory response was
moderate with some abscess formation and
vascularization; reparative dentin was found
around dentin chips and on the lateral walls
adjacent to the exposure site. In the other
category, 50% or more of the pulp was
involved in the inflammatory response with
large areas of pulp loss. Little, if any, repara-
tive dentin could be found on the dentin
chips and on the lateral walls. No reparative
dentin bridges were observed.

Material #8. -No bridge formation was

seen in any of the six teeth examined. Three
teeth had a limited pulpal reaction with a
moderate inflammatory response, while the
remaining three teeth had abscess formation
which involved up to 25% of the pulp. In
these teeth, no reparative dentin was found
around the dentin chips and very little on
the dentin walls adjacent to the exposure.

Material #9. Two teeth showed no
bridge formation and a large amount of pulp
loss involving 50-80% of the pulp. The inter-
face between viable and nonviable tissue was
composed of a mummified tissue which was
irregular in width; the underlying pulp was
filled with chronic inflammatory cells. Three
teeth demonstrated incomplete bridge
formation, which was almost complete but
had small areas of non-calcified tissue. The
new reparative bridge was always located at
some distance from the exposure site, which
resulted in a considerable decrease in pulp
volume. The remaining three teeth had
complete bridges composed of two types. In

JDent Res Julyv 1981
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Fig. 3 Material #4. This shows a moderately severe pulpal response which involves 50% of the
pulp. No reparative dentin was observed (Mag. 40X).

one case the reparative dentin was tubular in
nature with a well established predentin and
odontogenic zone. The other type demon-
strated complete bridges composed of
irregular dentin which was thin and filled
with cellular inclusions. Some inflammatory
cells were present in the underlying pulp.

Material #10. - In all teeth, no reparative
dentin was observed either along the medica-
ment interface or adjacent to the dentin
chips. In five teeth the pulpal response was
limited to less than 20% of the pulp volume.
The response was characterized by a minimal
amount of tissue loss at the exposure site
and a moderate inflammatory response.
Medicament could be found in the affected
area of the pulp. The remaining two cases
showed a more severe response with a large
amount of tissue loss at the exposure site
and a more severe inflammatory response.
In those teeth little, if any, reparative dentin
was seen either around the dentin chips or

along the walls under the cavity prepara-
tions.

Material #11. - None of the seven teeth
showed evidence of bridge formation. The
pulpal responses could be divided into two
groups. The first group showed a moderate
pulpal response. The response was character-
ized by some tissue loss at the exposure site
and a chronic inflammatory response invol-
ving up to 25% of the pulpal tissue. Severe
pulpal reactions were evident in the second
group. The responses seen here involved 80-
100% of the pulp with chronic inflammatory
response and abscess formation throughout.
In this group, small amounts of reparative
dentin could be found on the lateral walls
beneath the cavity preparation when
compared to the first group which had
tubular reparative dentin in such comparable
areas.

Material #12. - No dentin bridges were
found in any of the eight teeth observed.

Vol. 60 No. 7 1375
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Iig. 4 - Material #5. This shows a moderate
pulpal response with loss of pulp tissue beneath
the exposure site. An area of calcification is
present in the underlying pulp (Mag. 1OOX).

The pulp response was similar to that of
Material 11 except for the amount of the
pulp involved. Four teeth had a pulpal
response involving approximately 25% of the
pulp, while the rest had pulpal involvement
up to 80%. In the teeth with less involve-
ment, the inflammatory response was
moderate with some abscess formation,
increased vascularity, and reparative dentin
around dentin chips and the walls under the
cavity preparation. In the three teeth with
the majority of the pulp affected there was
no reparative dentin around the dentin chips
or on the lateral walls.

Discussion.
Results from this study have shown that

Experimental Life, Dycal, and CaOH +
Saline are the most successful medicaments
for stimulating reparative dentin bridges over
a non-inflamed exposed pulp. MPC has been
shown to be an ineffective pulp capping

agent. These findings confirm studies done
by Stanley,28 Tronstad,29 and Heys.18

Results show that Synthos and Trical-
cium Phosphate (Materials 4. 5, 10, and 11)
are not consistent reparative dentin bridge
initiators. This differs from a previous report
by Heller34 in which he reported good
success with Synthos. Heller stated that
Synthos is predictable in its ability to cause
formation of a dentin bridge with minimal
pulpal inflammation, and that Synthos is
better able to form dentin bridges than pure
Ca(OH)2 and saline. Our findings were unable
to show any predictability to bridge forma-
tion with Synthos; in fact, pulpal inflamma-
tion persisted in considerable amounts.
However, this inflammation may be at-
tributed to the MPC placed over the
Synthos.

Ca(OH)2 and saline presented a histologi-
cal response, with pulp loss at the medica-
ment interface and bridge formation occur-
ring at some distance from the material
interface. This differs from the response seen
with Experimental Life and Dycal, where
bridging occurred at the medicament inter-
face without loss of pulp volume. We found
with Ca(OH)2 and saline a better bridge
formed than with Synthos.

Differences could be observed between
the group in which MPC (catalyst and base)
was used to cover the medicament paste
and the group in which only the MPC
catalyst was used. This seems to agree with
the findings of Sela et al.36 who reported
on the use of a separate component of
Hydrex on rat pulps. They found the
catalyst to be irritating to the pulp. It
was our intent to see whether we could
improve the effectiveness of the MPC
system by adding components and covering
these with the catalyst. Our findings indicate
that this irritating response was not present.
Our use of MPC over the various test medica-
ments was to apply a layer which would
hold the medicament and saline paste in posi-
tion. Fisher36 states that Hydrex's paraffin
matrix (MPC is almost identical) is
hydrophobic in nature and probably pre-
vents the diffusion of water into the set
material. What Fisher is stating is that the set
MPC is so tightly bound that the Ca ion
release is minimal, probably explaining
its ineffectiveness.36

Zinc oxide plus C-AMP (Materials 7 and

.I Denz t Res July 1 981
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TABLE 1
HISTOLOGICAL RESULTS

Pulpal Response Bridging Results
Material #1 4 slight 4 complete bridges adjacent to medicament
Experimental Life 2 moderate 2 incomplete bridges adjacent to medicament

1 severe and 1 moderate 2 no bridges, chronic inflammation adjacent
to medicament

Material #2 3 slight 3 complete bridges adjacent to medicament
Dycal 2 slight and 1 moderate 3 incomplete bridges adjacent to medicament

2 severe 2 no bridges, chronic inflammation adjacent
to medicament

Material #3 2 moderate and 6 severe 8 no bridges, chronic inflammation adjacent
MPC to medicament

Material #4 2 severe 2 incomplete bridges, chronic inflammation
Synthos plus Saline present
Covered by MPC 5 severe 5 no bridges, chronic inflammation adjacent

to medicament
1 no exposure

Material #5 2 severe 2 incomplete bridges, chronic inflammation
Tricalcium Phosphate present between calcification & medicament
plus Saline Covered by 5 severe 5 bridges, chronic inflammation adjacent
MPC to medicament

1 no exposure

Material #6 1 slight 1 complete bridge adjacent to medicament
Zinc Oxide plus Saline 1 moderate 1 incomplete bridge, chronic inflammation
Covered by MPC between bridge and medicament

6 severe 6 no bridges, chronic inf. adj. to medicament

Material #7 6 severe 6 no bridges, chronic inflammation adjacent
Zinc Oxide - C-AMP plus to medicament
Saline Covered by MPC 2 no exposures
Material #8 1 slight and 5 severe 6 no bridges, chronic inflammation adjacent
Zinc Oxide - C-AMP plus to medicament
Saline covered by MPC 2 no exposures
Catalyst

Material #9 1 slight and 2 moderate 3 complete bridges, necrosis between
Ca(OH)2 plus Saline medicament and bridge
Covered by MPC 2 slight and 1 moderate 3 incomplete bridges (same as above)

2 severe 2 no bridges, necrotic tissue adjacent to
medicament

Material #10 7 severe 7 no bridges, chronic inflammation adjacent
Synthos plus Saline to medicament
Covered by MPC Catalyst 1 no exposure
Material #11 7 severe 7 no bridges, chronic inflammation adjacent
Tricalcium Phosphate to medicament
plus Saline Covered by 1 no exposure
MPC Catalyst

Material #12 2 moderate and 6 severe 8 no bridges, chronic inflammation adjacent
Zinc Oxide plus Saline to medicament
Covered by MPC Catalyst

Vol. 60 No. 7 1377
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8) was included in this study to see if it
had any beneficial effect. Results show that
it did not. Its reason for being tested was
based on findings by Suzuki,37 who re-
ported on C-AMP as being effective in
bone and dentin formation. Watts38 tested
zinc oxide in rats and found it to be as
effective as Dycal in stimulating reparative
dentin bridges. This was not found to be
the case in the present study. A possible
explanation for this may be that the zinc
oxide was covered with Dycal, and that the
Dycal in combination with the ZnO was
ineffective. In our study we covered the ZnO
with MPC. The difference may be due to the
calcium ion release between the two calcium
hydroxides.

Table 2 shows the results of a chi2 analy-
sis comparing the histological response and
dentin bridging. It shows that there is a

significant difference between the type of
response and the amount of bridging which
has occurred. More bridging is observed with
a slight pulpal response than with a
moderate response, and more with a
moderate than with a severe response. Table
3 shows that no significant difference was
present when all 12 materials were compared
to the bridging, but Experimental Life,
Dycal, Ca(OH)2 + Saline, when compared
to the remaining compounds, show a signif-
icant difference in their ability to stimulate
a reparative dentin bridge.

TABLE 2
CHI2 ANALYSIS OF THE HISTOLOGICAL
PULPAL RESPONSES OF MONKEY TEETH
COMPARED TO REPARATIVE DENTIN

BRIDGE FORMATION

Pulpal Response With Bridge Without Bridge
Slight 13 1*
Moderate 7 6*
Severe 4 59*

*The three proportions are statistically significant
from equality (p < 0.01).

Conclusions.
In summary, results from this study have

shown that most calcium hydroxide (Mater-
ials 1 and 2) was effective in healing the
pulp and stimulating a reparative dentin
bridging. Materials 5, 6, 10, and 11 were not
effective in promoting pulp healing, which

TABLE 3
CHI2 ANALYSIS OF VARIOUS MATERIAL
PLACED ON MONKEY TEETH PULPS
COMPARED TO REPARATIVE DENTIN

BRIDGE FORMATION.

With Without
Material Bridge Bridge

Experimental Life 6 2*
Dycal 6 2*
MPC 0 8
Synthos plus Saline 2 5
Covered by MPC
Tricalcium Phosphate 2 5
plus Saline Covered by MPC
Zinc Oxide plus Saline 2 6
Covered by MPC
Zinc Oxide - C-AMP plus 0 6
Saline Covered by MPC
Zinc Oxide - C-AMP plus 0 6
Saline Covered by MPC
Catalyst
Ca(OH) plus Saline 6 2*
Covered by MPC
Synthos plus Saline 0 7
Covered by MPC Catalyst
Tricalcium Phosphate 0 7
plus Saline Covered by
MPC Catalyst
Zinc Oxide plus Saline 0 8
Covered by MPC
Catalyst
*The three proportions are statistically significant
from equality (p < 0.01).

contradicts an earlier report34 on Tricalcium
Phosphate success in promoting pulp heal-
ing.
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