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NON-RANDOMIZED COHORT STUDY a

Does Achievement of Hemostasis After Pulp Exposure Provide an Accurate Assessment

of Pulp Inflammation?
Merve Mutluay, DDS, PhD' « Volkan Arikan, DDS, PhD? « Prof. Saziye Sari, DDS, PhD* ¢ Prof. Ucler Kisa, DDS, PhD?

Abstract: Purpose: The purpose of this study was to determine in primary molars with carious exposures whether hemostasis at the expo-
sure site and pulp orifice reflected inflammatory status of the pulp at the canal orifice based on cytokine levels. Methods: Forty mandibu-
lar primary molars with deep caries were included in the study. Teeth were divided into two groups: group A had teeth where hemostasis at
the exposure site was achieved within five minutes, and group B had teeth where hemostasis at the exposure site could not be achieved within
five minutes. Blood samples were harvested from the exposure sites and canal orifices. Cytokine levels for IL-1B, IL-2, IL-6, IL-8, IL-10, TNF-a, and
PGE, were measured using ELISA for all sample sites. Results: The IL-6 levels at the exposure sites were found to be significantly higher in group
A when compared to group B, but there was no statistically significant differences in any of the cytokine levels at the canal orifices between the
two groups. Conclusions: Controlling bleeding at the exposure site or canal orifices does not provide accurate assessment of inflammation at the
canal orifice and may be misleading for diagnosing vital pulp treatment in primary teeth with a carious pulp exposure. (Pediatr Dent 2018;40
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Pulpotomy is a common procedure for the treatment of deep
dentin caries in primary molars with no evidence of radicular
pathosis.! It is indicated for primary teeth with asymptomatic
deep dentin caries, either mechanical or carious exposure of
vital pulp, no clinical or radiographic evidence suggesting irre-
versible pulpitis or nonvitality, and no radiographic evidence of
physiologic root resorption exceeding one-third of the root
length.? The success of pulpotomy treatment is mainly based on
a clinical diagnosis of normal pulp (symptom-free and respon-
sive to vitality testing) and reversible pulpitis (pulp capable of
healing)."?

However, there is a considerable amount of literature re-
porting that clinical signs, sensitivity tests, and radiographic
findings do not provide accurate information about pulpal
status,*” and no quantitative marker of primary molar pulp in-
flammation is currently available.® The status of primary molar
radicular pulp tissue is diagnosed during clinical proceedings
based on the color and volume of blood and the achievability
of hemostasis, all of which, with the exception of hemostasis,
are subjective criteria. Moreover, there is a divergence of opinion
as to the site at which bleeding should be evaluated. Some
researchers suggest that bleeding at the exposure site reflects
pulpal pathosis and, thus, can be used to evaluate pulpal
status.>”'® Others disregard the exposure site, saying that only
bleeding at the amputation site should be taken into consider-
ation,'"'? and still others claim that both sites must be evaluated
in order to accurately determine the condition of radicular
pulp.’® This lack of clarity has also resulted in a lack of
standardization and, consequently, difficulties in comparing
findings among studies.
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The American Academy of Pediatric Dentistry’s (AAPD)
Guideline on Pulp Therapy recommends pulpectomy if bleeding
cannot be controlled following pulp amputation after a few
minutes." However, some authors suggest that mechanical and
carious exposure should be considered separately, since patho
logical changes in pulp tissue are affected by the etiology of
exposure as well as the depth of caries.*'>!'® The presence of
carious tissue around the exposure site is also said to represent a
risk for bacterial contamination, pulpal inflammation, and necro-
sis.>!¢ The probability of the presence of bacterial contamination
and pulpal inflammation make the prognosis of vital pulpotomy
treatment in carious exposed primary teeth unpredictable,>®!
since it is difficult to objectively measure the level of inflamma-
tion and suitability of vital pulp treatment.'

For teeth with carious exposures, it is assumed that the
inflammation is confined to the coronal pulp; hence, these teeth
are considered to be suitable for vital pulpotomy treatment.'*'®
However, studies report contradictory results regarding the con-
dition of the pulp in teeth with deep caries lesions. According
to Kassa et al.,”” the coronal pulp was inflamed long before the
caries reached the pulp in primary molars with interproximal
carious lesions greater than 50 percent of the dentin thickness,
and carious exposure was not necessary to create coronal pulpal
inflammation. On the other side, Asgary and Ehsani*® reported
that, in permanent molars with irreversible pulpitis and (in
some cases) apical rarefaction, pulpotomy had better outcomes
than root canal therapy at two years; this implies that acceptable
clinical and radiographic outcomes can be achieved with pulp-
otomy in teeth with extensive irreversible pulpal inflammation.
Waterhouse et al.? reported that there was no significant difference
between inflamed and non-inflamed pulps regarding time re-
quired for hemostasis. These papers stake out opposite ends of a
continuum of pulpal inflammation and suggest that the degree
of pulpal inflammation status that can lead to a successful pulp-
otomy may be broader than the current conventional parameters.

The possibility has been raised of diagnosing pulpal
pathological status using the cytokines that are released during
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the inflammation process in healthy as well as infected tooth
pulp.?#* Cytokines are small polypeptides secreted by leucocytes
and other inflammatory cells* and are known to play important
roles in the intensity and duration of the immune response.”
Pro-inflammatory cytokines (IL-1f, IL-2, IL-6, IL-8, TNF-a)
are involved in the regulation and development of inflamma-
tion, while anti-inflammatory cytokines (IL-4, IL-10, and IL-13)
play roles in its suppression. Cytokines are also involved in
increasing pulp pressure and providing pulpal hemostasis.”*
Studies have emphasized that infected teeth have higher levels
of cytokines than healthy teeth,**"*?% making it possible to use
these inflammatory markers to diagnose the pathological condi-
tion of dental pulp tissue.’

The purpose of this study was to investigate whether hemo-
stasis at the exposure site reflected the level of inflammation at
canal orifices of primary teeth with carious pulp exposures. For
measuring the level of inflammation, cytokine levels at the ex-
posure sites and canal orifices were used. The null hypothesis
was that cytokine levels at the exposure site were not different
from cytokine levels at the canal orifices.

Methods

Ethical approval. The protocol for this study was approved by
the Ethical Committee for Clinical Research, Kirikkale Univer-
sity, Kirikkale, Turkey. Informed consent was obtained from all
individual participants included in the study. The purpose and
clinical procedures of the study were explained to the patients’
parents, and written consents of parents and assents of patients
were obtained.

Patient selection. The study included 38 five- to nine-year-
old children who were recruited through Kirikkale University’s
Department of Pediatric Dentistry between April 2014 and
March 2015. Medical histories of all patients were non-
contributory, and patients had not used any anti-inflammatory
medication. Primary molar teeth of these children were included
based on the following clinical and radiological criteria: (1) no
clinical symptoms or evidence of pulp degeneration (e.g., pain
on percussion, history of swelling, or sinus tract); (2) no spon-
taneous pain; (3) no radiographic signs of internal/external
resorption, widened periodontal ligament space, or furcal/peri-
apical radiolucency; (4) physiological root resorption of no more
than one-third the root length; and (5) a deep caries lesion with
a likelihood of pulp exposure during caries removal.

The study was planned to be conducted with two groups;
in order to detect differences with an 80 percent power at a
two-sided five percent significance level, 20 teeth were planned
to be included in each group.

Following administration of local anesthesia using a solu-
tion that did not contain a vasoconstrictor (Safecaine three
percent; Vem llac, Istanbul, Turkey), teeth were isolated with a
rubber dam, a low-speed round bur was used to remove carious
tooth structure, and teeth with carious pulp exposures during
caries removal were included in the study. Primary molars
with the presence of exudate, purulence, or necrotic pulp tissue
around the exposure site were excluded.

To assess inflammatory markers at the exposure site, a blood
sample was collected by placing a sterile cotton pellet on the site
for 45 seconds. This was removed, and a damp cotton pellet
was then placed on the site with slight pressure for five minutes
to obtain hemostasis. Primary molars in which hemostasis at
the exposure site was achieved in five minutes were included in
group A, and primary molars in which hemostasis at the ex-
posure site could not be achieved in five minutes were included
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in group B (Figure). For all teeth, access to the pulp chamber
was created, and the coronal pulp was removed with a spoon
excavator. To assess inflammatory markers at the canal orifices,
a second blood sample was collected by a sterile cotton pellet,
which was placed in the pulp chamber adjacent to all canal ori-
fices for 45 seconds. This was removed, and a damp cotton pellet
was placed at the orifice using slight pressure to control hemor-
rhaging. Teeth for which hemostasis at the canal orifice could
not be achieved in five minutes were excluded from the study.
Primary molars included in the study were treated with vital
pulpotomy with a calcium-silicate-based material (Biodentine,
Septodont, Saint-Maur-des-fossés, France) and restored with
stainless steel crowns.

All blood samples were immediately eluted with 0.08 ml
phosphate-buffered saline (PBS pH equals 7.2) and stored at
-80 degrees Celsius until analysis.

ELISA. Pulpal blood samples were analyzed for IL-1f,
IL-2, IL-6, IL-8, IL-10, TNF-a, and PGE, levels (pg/ml) using
Enzyme Linked-Immuno-Sorbent Assays (ELISA). After thaw-
ing, the blood samples were centrifuged at 1,500 g for 10 min-
utes at four degrees Celsius, and the cotton pellets were removed.
Cytokine concentrations were measured using an Invitrogen
Immunoassay Kit (DIA Source ImmunoAssays, Nivelles,
Belgium) with a double-sandwich technique.

Statistical analysis. Statistical analysis was performed using
the Statistical Package for the Social Sciences (SPSS) 17.0 software
(SPSS Inc., Chicago, Ill., USA). Statistical differences between
groups in the levels of inflammatory markers at the ex-
posure sites and canal orifices were identified using the Mann-
Whitney test. Correlations between the levels of inflammatory
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Figure. Allocation of teeth according to hemostasis at the perforation site and canal
orifices.

Table 1. RULES FOR INTERPRETING THE SIZE OF SPEARMEN’S

CORRELATION COEFFICIENT#

Size of correlation

Interpretation

0.90 to 1.00 (-0.90 to -1.00)
0.70 t0 0.90 (-0.70 to -0.90)
0.50 to 0.70 (-0.50 to -0.70)
0.30 to 0.50 (-0.30 to -0.50)
0.00 to 0.30 (0.00 to -0.30)

Very high positive (negative) correlation
High positive (negative) correlation
Moderate positive (negative) correlation
Low positive (negative) correlation

Negligible correlation




markers at the exposure sites and at the canal orifices for both
groups were identified using Spearman’s correlation tests. A
P-value of less than 0.05 was considered statistically signifi-
cant. The r values were interpreted according to Table 1.7

Results

The study was conducted with 20 teeth per group, for a total
of 40 primary mandibular molar teeth in 38 children (27 boys,
11 girls) aged five to nine years (mean age equals 6.7 years).

Table 2. CORRELATION BETWEEN LEVELS OF CYTOKINES AT

THE EXPOSURE SITES AND CANAL ORIFICES IN

GROUP A

Correlation coefficient (r) P-value

IL-1p 0278 0.235
IL-2 0.477 0.033
1L-6 0.182 0.442
IL-8 -0.217 0.359
IL-10 -0.261 0.267
TNF-a 0.721 0.000*
PGE, 0.374 0.104

Table 3. CORRELATION BETWEEN LEVELS OF CYTOKINES AT

THE EXPOSURE SITES AND CANAL ORIFICES IN

GROUP B

Correlation coefficient (r) P-value

IL-1B 0.035 0.885
IL-2 0.677* 0.001*
IL-6 0.389 0.090
IL-8 0.249 0.290
IL-10 0.660* 0.002*
TNF-a -0.078 0.743
PGE2 -0.084 0.724
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IL-6 levels at the exposure sites were significantly higher in
group A (where hemostasis was controlled) when compared to
group B (P=0.029; Table 2). There were no statistically signi-
ficant differences in the levels of any other of the cytokines at
the exposure sites (>0.05; Table 2).

There were no statistically significant differences in the
levels of any of the cytokines measured at the canal orifices
(P>0.05; Table 3).

Correlation between marker levels at exposure sites and
canal orifices in groups A and B. The degrees of correlation
between inflammatory marker levels at the exposure site and
inflammatory marker levels at the canal orifices are shown in
Table 2 (group B) and Table 4 (group A).

In both groups A and B, negligible or low positive correla-
tion was found for IL-1f (r equals 0.278, r equals 0.035) and
IL-6 (r equals 0.182, r equals 0.389) levels. IL-2 levels showed
low positive correlation in group A (r equals 0.477) and mod-
erate positive correlation in group B (r equals 0.677). IL-8
levels showed negligible correlation in group A (r equals -0.217)
and in group B (r equals 0.249). IL-10 levels showed negli-
gible correlation in group A (r equals -0.261) and moderate
positive correlation in group B (r equals 0.660). TNF-a
levels showed moderate positive correlation in group A
(r equals 0.642) and negligible correlation in group B
(r equals -0.078). PGE, levels showed low positive correlation
in group A (r equals 0.374) and negligible correlation in
group B (r equals -0.084).

When teeth where hemostasis could be achieved (N equals
26) and could not be achieved (N equals 29) in five minutes
(Figure) at the exposure sites were compared in terms of
achievement of hemostasis at canal orifices, no significant dif-
ferences were found between the two groups (chi-square equals
0.438, P=0.51).

Discussion

When deciding whether pulpotomy or direct pulp capping is
indicated, the extent of radicular pulp inflammation is parti-
cularly hard to determine.?®!” During clinical procedures, the
only operative criterion available to determine the treatability

Table 4. MEAN AND MINIMUM TO MAXIMUM (RANGE IN PARENTHESES) LEVELS OF CYTOKINES AT THE EXPOSURE SITES

IL-1p IL-2 IL-6
(pg/ml) (pg/ml) (pg/ml)
Group A 0.363 0.213 0.354
(0.048-1.546)  (0.061-0.438) (0.117-1.144)
Group B 0.382 0.167 0.264
(0.120-1.334) (0.061-0.424) (0.025-1.162)

IL-8 IL-10 TNF-a PGE,
(pg/ml) (pg/ml) (pg/ml) (pg/ml)
0.485 0.721 0.225 1.482

(0.200-0.957) (0.151-4.188) (0.120- 0.351)  (0.025-4.229)

0.686
(0.217-2.251)

0.406
(0.101-2.219)

0.740
(0.048-2.216)

1.073
(0.458-2.399)

* Significant difference (£=0.029).

MEAN AND MINIMUM TO MAXIMUM (RANGE IN PARENTHESES) LEVELS OF CYTOKINES AT THE CANAL ORIFICES

Table 5.
IL-1p L2 IL-6
(pg/mD) (pg/m)) (pg/ml)
Group A 0.428 0.210 0.350
(0.027-1.067) (0.061-0.460) (0.104-0.720)
Group B 0.579 0.198 0.263
(0.140-1.724) (0.054-0.562) (0.033-0.822)

IL-8 IL-10 TNF-o. PGE,
(pg/ml) (pg/ml) (pg/ml) (pg/ml)
0.770 0.630 0.223 1.267

(0.222-2.810) (0.144-1.363) (0.107- 0.475)  (0.253-4.761)

0.538
(0.200-1.600)

0.893
(0.202-1.760)

0.225
(0.108- 0.629)

0.910
(0.198-2.667)
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of these teeth is hemostasis,® which is a criterion that has not
previously been shown to decisively determine the level of in-
flammation in radicular pulp tissue. Moreover, there is no
agreement as to whether hemostasis should be evaluated at the
exposure site or at the canal orifice.**'** In an attempt to
develop a more objective and accurate criterion for vital pulp
treatment, this study aimed to evaluate whether or not he-
mostasis at the exposure site reflected the inflammatory level
as determined by cytokine levels of pulp tissue at the canal
orifices of primary teeth with carious pulp exposure. Since
only very small amounts of blood can be collected in primary
teeth, especially at the exposure site, an anesthetic solution that
did not contain a vaso-constrictor was used for local anesthesia
to improve collection of enough amounts of blood sample
for analysis.

Today, it is possible to measure multiple markers from small
amounts of samples.’’ ELISA is one of the most commonly
used immunological methods for measuring antigen-antibody
reactions® and is reported to be more precise and sensitive than
other methods.?” Therefore, the present study used ELISA, the
gold standard among immunological detection methods,” to
detect inflammatory marker levels from blood samples.

Several cytokines produced and released by dental pulp
cells play an important role in the pathogenesis of pulpitis.?®
An increase in IL-1p can stimulate acute inflammation®; IL-2,
IL-8 and PGE,, an arachidonic acid metabolite, dramatically
increase during irreversible pulpitis”?**%; IL-6 is associated with
edema® and pulpal tissue destruction;*® and TNF-a is related
to early host response and symptoms of pulpitis.?** IL-10, on
the other hand, plays a role in suppressing inflammation.?® Con-
sidering that pro- and anti-inflammatory cytokines are able to
determine pulpal inflammatory level,”* these markers were used
in the present study as objective indicators of inflammation.

With the exception of IL-6, no significant differences were
found in the levels of inflammatory markers at the exposure
sites between group A and group B, indicating that inflamma-
tory levels of coronal pulp did not vary according to the ability
to achieve hemostasis in five minutes at the exposure site.

A pro-inflammatory cytokine produced by mononuclear
phagocytes, fibroblasts, and other cells in response to the activity
of other pro-inflammatory cytokines,?” IL-6 causes up-regulation
of adhesion molecules and induces angiogenesis, leading to an
increase in vascular permeability and inflammatory edema.”
Wisithphrom and Windsor®® reported that increases in IL-6
levels increase pulpal destruction by mediating the cells respon-
sible for collagen degradation. Both Barkhordar et al.?' and
Zehnder et al.? reported significant increases in the IL-6 levels of
inflamed permanent tooth pulp tissue. On the contrary, Elsalhy
et al.?® reported no statistically significant differences in the IL-6
levels of permanent teeth with caries exposure indicated for
direct pulp capping and permanent teeth with irreversible pulp-
itis. However, the samples used in that study were harvested
from the exposure sites only, which, given that inflammatory
status of coronal and radicular pulp may vary, particularly in
cariously exposed teeth, could explain the difference in findings
between that study and the present study.

Ozdemir et al.* investigated IL-1a, IL-6, and IL-8 levels
in cariously and mechanically exposed primary molars for
which pulpotomy was indicated. They reported IL-6 and IL-8
levels to be significantly higher in cariously exposed primary
molar pulp when compared to mechanically exposed primary
molar pulp, and they suggested that IL-6 and IL-8 levels had
potential as indicators of pulp status that could improve the
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accuracy of prognoses in vital pulp therapy. In the present study,
IL-6, which is associated with edema and inflammation, was
found to be significantly higher in teeth in which hemostasis at
the exposure site could be achieved (group A) when compared
to teeth for which hemostasis at the exposure site could not be
achieved (group B).

According to some authors, chronic inflammation exists in
the coronal pulp of primary teeth with deep caries, because the
structural characteristics of primary teeth provoke the initia-
tion of an inflammatory response before the caries lesion reaches
the pulp.*>4 If this is indeed the case, when the caries lesion
does reach the pulp, bacterial invasion may engender an acute
response. Thus, the ability to achieve hemostasis in teeth with
higher IL-6 levels could be explained by the chronic inflamma-
tion of the coronal pulp in these teeth. The higher PGE, levels
in these teeth, although not statistically significant, supports
this view, considering that high PGE, levels have been reported
to be associated with chronic inflammation.> On the other
hand, concurrent increases in both IL-6 and IL-8 have been
observed in the late phase of inflammation.” Since the present
study found no significant difference in the IL-8 levels of groups
A and B, the increase in IL-6 alone cannot be considered a
strong indicator of late-phase inflammation.

According to the results of the present study, there were
no significant differences in the levels of cytokines at the canal
orifices between groups A and B. Also, in general, none of the
cytokine levels at the exposure sites and at the canal orifices
showed good correlation in both groups (r<0.50; Tables 4 and
5). These results indicate that there is no direct relationship
between bleeding at the exposure site and the pathological status
of pulp tissue at the canal orifices and that the degree of in-
flammation in coronal pulp does not precisely reflect the degree
of inflammation and pathological condition of pulp tissue at
the canal orifices in carious exposed primary teeth.

The main motive of the present study was to question
whether the hemostasis at the exposure site reflected patholog-
ical condition of the root pulp. Although only hemostasis at
the canal orifices is used in the standard pulpotomy proce-
dure, some researchers argue that hemostasis at the exposure site
should also be used when deciding a pulpotomy indication.>*!°
The results in the present study refute this assertion. Also, a
recent systematic review suggested that direct pulp capping in
primary teeth has similar success rates with mineral trioxide
aggregate and formocresol pulpotomy.*

However, the findings of the present study indicate that
achievement of hemostasis at the exposure site does not defi-
nitively evidence a healthy root pulp. Since bleeding at the ex-
posure site cannot be said to provide accurate information about
the pathological status of pulp tissue at the canal orifices, using
it as a criterion for diagnosis during vital pulp amputation and
direct pulp capping can be misleading. Furthermore, according
to the results of the present study, there was no statistically
significant relationship between the achievement of hemostasis
at the exposure site and canal orifices, and this enhances the
previous argument. Another interesting finding of this study is
that, during allocation, hemostasis could be achieved at the
exposure site in six teeth; however, it could not be achieved at
the canal orifices. Considering that exposure site is closer to the
carious lesion, presence of inflammation would be expected at
the coronal pulp before the radicular pulp. When the afore-
mentioned findings and the results of previous studies™® are
interpreted together, lack of a direct link between hemostasis
and inflammatory status of the pulp can be suggested; this is



opposed to the current commonly accepted concept of using
hemostasis as an indicator of pulpal status.

According to the AAPD’s present guideline on pulp ther-
apy, not controlling hemorrhage in the radicular pulp with a
damp cotton pellet applied for several minutes is an indication
of pulpectomy treatment." However, this study’s findings sug-
gest that consideration of hemostasis can be misleading during
diagnosis. Future studies investigating the relationship between
inflammation and hemostasis in healthy and inflamed pulps
can shed new light on the subject.

Despite its small size, dental pulp tissue responds com-
partmentally to bacterial irritation, with the area closest to the
irritation being greatly affected, while the area furthest is only
minimally affected or even unaffected by inflammation.**%
Thus, it can be suggested that primary teeth with carious pulp
exposures in which hemostasis cannot be achieved at the expo-
sure site can have healthy radicular pulps, and these teeth can
be suitable for vital pulpotomy. Unless there is necrosis or
exudate present at the exposure site, whether or not hemostasis
can be achieved at the exposure site is unimportant, as long
as hemostasis can be achieved at the canal orifices. However,
further studies are needed to clarify in greater detail the treat-
ability of primary teeth with carious pulp exposure based on
an evaluation of inflammatory status of pulp tissue at the canal
orifices.

Since the pulp chambers of primary teeth are too small and
controlling bleeding at each orifice separately and isolating them
from each other was impossible, collection of samples from each
orifice separately was not possible. Thus, the blood samples in
the present study were collected from all canal orifices together
by placing the cotton pellet in the pulp chamber. As a result of
this method, the cytokine levels that are being reported were
from pulp tissue at all canal orifices, and there was no chance to
see inflammation separately in each canal orifice. This is a limit-
ation in the present study; however, if collecting separate
samples could be possible, this would bring additional limita-
tions, such as being able to collect enough blood sample for
analysis and perfect isolation of each pulp orifice and blood
sample from others during blood collection.

Conclusions
Based on this study’s findings, the following conclusions can
be made:

1. Achievement of hemostasis at the exposure site does
not provide accurate assessment of inflammatory status
of pulp tissue at the canal orifices; thus, it cannot be
used as a criterion in pulpotomy.

2. No direct link between achievement of hemostasis and
inflammatory status of the dental pulp seems to exist.

Acknowledgment

This study was financially supported by the Scientific and
Technological Research Council of Turkey (TUBITAK; project
number: 114S5780).

References
1. American Academy of Pediatric Dentistry. Guideline on
pulp therapy for primary and young permanent teeth.
Pediatr Dent 2016;38(6):280-8.
2. McDonald RE, Avery DR, Dean JA. Treatment of deep
caries, vital pulp exposure and pulpless teeth. In: Mc

Donald RE, Avery DR, eds. Dentistry for the Child and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

PEDIATRIC DENTISTRY ~ V 40/ NO1 JAN/FEB 18

Adolescent. 8% ed. St. Louis, Mo., USA: Mosby; 2004:
388-412.

Waterhouse PJ, Nunn JH, Whitworth JM. Prostaglandin E2
and treatment outcome in pulp therapy of primary molars
with carious exposures. Int J Paediatr Dent 2002;12(2):
116-23.

Seltzer S, Bender 1B, Ziontz M. The dynamics of pulp
inflammation: correlations between diagnostic data and
actual histologic findings in the pulp. Oral Surg Oral Med
Oral Pathol 1963;16:846-71.

Mitchell DF, Tarplee RE. Painful pulpitis; a clinical and
microscopic study. Oral Surg Oral Med Oral Pathol 1960;
13:1360-70.

Ranly DM, Garcia-Godoy E Current and potential pulp
therapies for primary and young permanent teeth. ] Dent
2000;28(3):153-61.

Holan G, Eidelman E, Fuks AB. Long-term evaluation of
pulpotomy in primary molars using mineral trioxide aggre-
gate or formocresol. Pediatr Dent 2005;27(2):129-36.

. Waterhouse P, Whitworth J, Camp ], Fuks A. Pediatric

endodontics: endodontic treatment for the primary and
young permanent dentition. In: Hargreaves KM, Cohen
S, eds. Cohen’s Pathways of the Pulp. St. Louis, Mo., USA:
Mosby; 2011:808-57.

Nakanishi T, Matsuo T, Ebisu S. Quantitative analysis of
immunoglobulins and inflammatory factors in human
pulpal blood from exposed pulps. ] Endod 1995;21(3):
131-6.

Schroder U, Szpringer-Nodzak M, Janicha J, Wacinska
M, Budny J, Mlosek K. A one-year follow-up of partial
pulpotomy and calcium hydroxide capping in primary
molars. Endod Dent Traumatol 1987;3(6):304-6.

Fuks AB. Current concepts in vital primary pulp therapy.
Eur J Paediatr Dent 2002;3(3):115-20.

Ibricevic H, al-Jame Q. Ferric sulfate as pulpotomy agent
in primary teeth: 20-month clinical follow-up. J Clin
Pediatr Dent 2000;24(4):269-72.

Starkey PE. Management of deep caries and pulpally in-
volved teeth in children. In: Goldman HM, Forrest SP,
Byrd DL, McDonald RE, eds. Current Therapy in Den-
tistry. St. Louis, Mo., USA: CV Mosby Co; 1968:896-932.
Troutman KC, Reisbick MH, Berson RB, Good DL, Gut-
mann JI. Pulp therapy. In Stewart RE, Barber TK, Tout-
man KC, Wei SHY (eds). Pediatric dentistry: scientific
foundations and clinical practice. St. Louis, Mo., USA:
Mosby; 1982:908-17.

Raslan N, Wetzel WE. Exposed human pulp caused by
trauma and/or caries in primary dentition: a histological
evaluation. Dent Traumatol 2006;22(3):145-53.

Sonmez D, Duruturk L. Success rate of calcium hydroxide
pulpotomy in primary molars restored with amalgam and
stainless steel crowns. Br Dent ] 2010;208(9):E18; discus-
sion 408-9.

Camp JH. Pulp therapy for primary and young permanent
teeth. Dent Clin North Am 1984;28(4):651-68.

Rodd HD, Waterhouse PJ, Fuks AB, Fayle SA, Moffat
MA, British Society of Paediatric D. Pulp therapy for pri-
mary molars. Int ] Paediatr Dent 2006;16(suppl 1):15-23.
Kassa D, Day P, High A, Duggal M. Histological compar-
ison of pulpal inflammation in primary teeth with
occlusal or proximal caries. Int ] Paediatr Dent 2009519

(1):26-33.

A CRITICAL EVALUATION FOR PULPOTOMY 41



PEDIATRIC DENTISTRY V 40/ NO 1

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

42

JAN | FEB 18

Asgary S, Ehsani S. Permanent molar pulpotomy with a
new endodontic cement: a case series. ] Conserv Dent
2009;12(1):31-6.

Barkhordar RA, Hayashi C, Hussain MZ. Detection of
interleukin-6 in human dental pulp and periapical lesions.
Endod Dent Traumatol 1999;15(1):26-7.

Pezelj-Ribaric S, Anic I, Brekalo I, Miletic I, Hasan M,
Simunovic-Soskic M. Detection of tumor necrosis factor
alpha in normal and inflamed human dental pulps. Arch
Med Res 2002;33(5):482-4.

Zehnder M, Delaleu N, Du Y, Bickel M. Cytokine gene
expression: part of host defense in pulpitis. Cytokine 2003;
22(3-4):84-8.

Feldmann M, Brennan FM, Chantry D, et al. Cytokine
production in the rheumatoid joint: implications for treat-
ment. Ann Rheum Dis 1990;49(suppl 1):480-6.

Okiji T, Morita I, Sunada I, Murota S. The role of leuko-
triene B4 in neutrophil infiltration in experimentally-
induced inflammation of rat tooth pulp. J Dent Res 1991;
70(1):34-7.

Elsalhy M, Azizieh F, Raghupathy R. Cytokines as diag-
nostic markers of pulpal inflammation. Int Endod J 2013;
46(6):573-80.

Mousavi SB, Rezaie A, Shekar-Amiz R. A comparison of
IL-2 in normal and symptomatic pulps. Med ] Islam
Repub Iran 2003;17:137-40.

Silva AC, Faria MR, Fontes A, Campos MS, Cavalcanti
BN. Interleukin-1 beta and interleukin-8 in healthy and
inflamed dental pulps. ] Appl Oral Sci 2009;17(5):527-32.
Hinkle DE, Wiersma W, Jurs SG. Applied Statistics for
the Behavioral Sciences. 5* ed. Boston, Mass., USA:
Houghton Mifflin; 2003:1-136.

Matsuo T, Nakanishi T, Shimizu H, Ebisu S. A clinical
study of direct pulp capping applied to carious-exposed
pulps. ] Endod 1996;22(10):551-6.

Vashist SK. Immunodiagnostics: major advances and fu-
ture insights. ] Biochips Tissue Chips 2013;3(2):105-7.
Zhao X, Lin CW, Wang J, Oh DH. Advances in rapid de-
tection methods for foodborne pathogens. ] Microbiol
Biotechnol 2014;24:297-312.

A CRITICAL EVALUATION FOR PULPOTOMY

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Hosoya S, Matsushima K. Stimulation of interleukin-1 beta
production of human dental pulp cells by Porphyromonas
endodontalis lipopolysaccharide. ] Endod 1997;23(1):
39-42.

Gaffen SL, Liu KD. Overview of interleukin-2 function,
production and clinical applications. Cytokine 2004;28(3):
109-123.

Bender IB. Reversible and irreversible painful pulpitides:
diagnosis and treatment. Aust Endod ] 2000;26(1):10-4.
Wisithphrom K, Windsor L]. The effects of tumor ne-
crosis factor-alpha, interleukin-1beta, interleukin-6, and
transforming growth factor-betal on pulp fibroblast medi-
ated collagen degradation. ] Endod 2006;32(9):853-61.
Rhim EM, Ahn SJ, Kim JY, et al. Stimulation of matrix
metalloproteinases by tumor necrosis factor-alpha in hu-
man pulp cell cultures. ] Endod 2013;39(6):795-800.
Bazzoni E Tamassia N, Rossato M, Cassatella MA. Under-
standing the molecular mechanisms of the multifaceted
IL-10-mediated anti-inflammatory response: lessons from
neutrophils. Eur ] Immunol 2010;40(9):2360-8.

Coil ], Tam E, Waterfield JD. Proinflammatory cytokine
profiles in pulp fibroblasts stimulated with lipopolysac-
charide and methyl mercaptan. ] Endod 2004;30(2):
88-91.

Ozdemir Y, Kutukculer N, Topaloglu-Ak A, Kose T, Eronat
C. Comparative evaluation of pro-inflammatory cytokine
levels in pulpotomized primary molars. ] Oral Sci 2015;
57(2):145-50.

Fei AL, Udin RD, Johnson R. A clinical study of ferric
sulfate as a pulpotomy agent in primary teeth. Pediatr
Dent 1991;13(6):327-32.

Coll JA, Seale NS, Vargas K, Marghalani AA, Al Shamali
S, Graham L. Primary tooth vital pulp therapy: a systematic
review and meta-analysis. Pediatr Dent 2017;39(1):16-27.
E15-E95.

Heyeraas KJ, Sveen OB, Mjér IA. Pulp-dentin biology in
restorative dentistry. Part 3: pulpal inflammation and its
sequelae. Quintessence Int 2001;32(8):611-25.



