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ABSTRACT
Objective: Many studies reported that the subjective clinical and radiographic examination
lack the accuracy about the biological status of the pulp tissue. cytokines produced by dental pulp
cells may reflect the degree of pulpal inflammation. The purpose of this study is to Correlate the
cytokine levels of (IL-1α, IL-6, and IL-8) present in coronal dental pulp of primary molars with the
success rate of MTA based vital pulpotomy over 18 months follow up period.
Methods: 40 primary molars were enrolled. The cases are divided into group A (caries level
code 5), group B (caries level code 6). Blood and pulp tissue were collected from the pulp cavity
by sterile cotton pellet. The pellet was placed in 0.5ml (500 µl) phosphate buffered saline solution
(PBS) to 1/10 final volume in a heparin-coated tube. Levels of cytokines IL-1 α, IL-6 and IL-8 were
measured by using ELISA.
Results: We found that IL-1 α, IL-6 and IL-8 were significant higher in group (B) than in (A).
IL-6 showed the most significant value of expression in comparison to IL-1 α and IL-8 (p-value:
0.011, 0.014 & 0.027 respectively) which denote the prominent role of IL-6 during the inflammatory
process in the pulp tissue of primary molars.
Conclusion: IL-1 α, IL-6 and IL-8 cytokine expression in primary pulp molars increase with
caries progression. Although the significant difference in the cytokine level expression between
group A and B, a high success rate of MTA vital pulpotomy was found during the follow up period
in both groups.
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INTRODUCTION
Vital pulp therapy pulpotomy in primary teeth
has long been a subject of debate owing to the unpredictability of its long term result in many cases [1]. Till now, the factors affecting the success of
vital pulp therapy are still under investigations by
the researchers. Correct evaluation of the degree of
pulpal inflammation is a main factor for successful
vital pulp therapy [2]. Histopathological examination
might be an accurate tool for diagnosis of the biological condition of the pulp, , however, this might
necessitates complete pulpal excision which cannot
be done in the clinical condition [3].
The doctors depend on the clinical signs, sensitivity tests, and radiographic examination as well as,
color, bleeding time, and volume of blood to judge
the pulp biological condition [4-6]. However, these
parameters are subjective (except for measuring
time for hemostasis), and they might not reflecting
the actual histopathological condition of the pulp [7].
There has been an argument regarding the
bleeding site to be evaluated; a group of researchers
believe that the one at the exposure site highly reflects
the degree of pulpal inflammation, and that this is
the only site that can images the biological status
of the pulp. [2]. Others disagreed with this opinion,
claiming that blood at amputation site is the one that
counts[7, 8]. A third group of investigators believe that
both sites should be taken into consideration [9-10]. In
fact, this controversy in opinion along with diversity
in the way of collecting data have given rise to
hindering standardization, therefore, complicating
the comparison between studies[11].
The infected dentin surrounding the exposure
site constitutes a source of bacterial contamination,
and may therefore result in inflammatory response
as well as necrosis [12]. Thus, pulpal inflammation
may compromise the success of vital pulpotomy in
carious exposed primary teeth , as it’s considered
rather challenging to objectively evaluate the extent
of pulpal inflammation and accordingly decide
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the most appropriate pulp treatment procedure
[13,14]
. Since it is difficult to objectively measure
the level of inflammation and suitability of vital
pulp treatment[15]. So a growing interest on pulpal
blood analysis to detect the severity of pulpal tissue
inflammation[2,3, 14].
The severity of pulpal inflammation is most
of the time closely related to the size and type of
exposure, whether it’s mechanical or carious[3].
Some authors consider mechanical and carious
pulp exposure as separate entities, owing to their
distinctive pathological effects on pulpal tissue[11,12].
When it comes to an objective evaluation of the
degree of pulpal inflammation, It’s the cytokines
levels at the exposure site that can give an accurate
information regardless of the type of exposure [4].
A more objective method is necessary for research purposes; one that gives an accurate and
clear idea about pulpal inflammation. This can be
obtained from the level of inflammatory mediators
in the pulpal blood [16]. Cytokines are are small polypeptides secreted by mononuclear phagocytes, fibroblasts, leucocytes and other inflammatory cells [17].
Pro-inflammatory cytokines are involved in the
regulation and development of inflammation, while
anti-inflammatory cytokines are involved in supression of inflammation [17]. the pro-inflammatory
cytokines IL 1α and β are the earliest to be liberated
in inflammation and are correlated with acute and
chronic phases of this process. IL-1α and β promote
IL-8 production in dental pulp cells where IL-1α
and β have been reported to repress pulp cell proliferation and activate collagen degradation in dental
pulp by remodeling of metalloproteinases [18]. IL-8
is effectual chemotactic cytokine that enroll the
neutrophils in reaction to bacterial side products and
toxins that is why high level of IL-8 is observed in
inflamed dental pulp which suggest that IL-1α and
β as well as IL-8 are dominant in the pathogenic
events of pulpal diseases[19].
Interluekin-6 represent a major moderator of the
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host reaction following tissue injury and infection
as well as inflammation. It is synthesized in reaction
to inflammation and trauma by a diversity of cells
such as macrophages, neutrophils, keratinocytes,
fibroblasts, and endothelial cells [20]. It has been
reported to activate a number of biologic events
such as antibody-producing cells, activation of T
cells, B cell differentiation, synthesis of acute-phase
proteins B cells, hematopoiesis, stimulation of
angiogenesis, vascular permeability, and osteoclast
differentiation also, IL-6 is corresponded with
recruitment of neutrophils and irreversible tissue
damage [21, 22].
The level of IL-6 was revealed to be significantly
higher in tooth with caries exposure and irreversible
pulpitis in contrast to healthy tooth, which suggest
that cytokine assessment in pulpal blood may aid in
the diagnosis of pulpal inflammation [22]. Previous
study observed excess levels of IL-6 in inflamed
human dental pulp and periapical lesions in contrast
with healthy pulp, suggesting that IL-6 is liberated
in pathologic lesions [23]. Furthermore, IL-6 levels
were found to be upraised in symptomatic human
periapical lesions in contrast with asymptomatic
lesions, suggesting that extra IL-6 liberation might
be correlated with magnification of inflammation
and aggravated clinical symptoms [24].
Nowadays, it is possible to measure multiple
inflammatory markers from small amounts of blood
samples, such as those expressed at exposure site of
the pulp tooth. [25]. In the present study, we measured
the interleukin levels in blood samples of pulp
tissue by using ELISA which is considered reliable,
accurate and sensitive immunoassay for measuring
antigen antibody reaction in medicine [26].
Pulpotomy remains the most common and
universally preferred pulp therapy for treatment
of primary molars suffering carious cavitated
lesions [27]. During the past several years, mineral
trioxide aggregate (MTA) was used successfully in
endodontic treatment of permanent teeth and good
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substitute of formocresol in primary teeth vital
pulpotomy [28].
MTA acts on the sealing ability and produces
a suitable media for the healing mechanism. After
hardening, MTA in contact with pulp can react with
tissue fluids to produce calcium hydroxide forming
calcite crystals that gather fibronectin, which is
responsible for cell connection and differentiation
maintaining pulp vitality and could stimulate repair.
Many studies revealed that MTA of high success
rate as shown in the clinical and radiographic results
but the degree of pulpal inflammation is of great
importance in the outcome of such agent and hence
for successful vital pulp therapy [29].
The purpose of this study is to correlate the
cytokine level of (IL-1α, IL-6, and IL-8) present
in coronal dental pulp of primary molars with the
success rate of MTA based vital pulpotomy over the
follow up period of 18 months.
MATERIALS AND METHODS
Ethical approval. The protocol for this study
was approved by the Ethical Committee for Clinical
Research, faculty of dentistry, Cairo University. For
all enrolled children, a written informed consent
was obtained, in which the detailed treatment was
explained to the parents or care giver
Total children examined during the study was 65
and the number of children that met the inclusion
and exclusion criteria were 40 children, whose
age ranged from 4-7 year old , selected from those
attending the outpatient clinic of MUST university.
All selected children were medically free and did not
used any anti-inflammatory medication during the
period of the study (between June 2019- December
2020).
Forty Primary molar teeth from forty children
were included based on the following clinical and
radiological inclusion criteria: group A: (a) no
clinical symptoms (e.g., no pain on percussion,
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history of swelling, or sinus tract); (b) no spontaneous
pain; (c) no radiographic signs of internal/external
resorption, widened periodontal ligament space, or
furcal/peri- apical radiolucency; (d) physiological
root resorption of no more than one-third the root
length; and (e) Caries level ICCMS™ (Stage 5=
radiolucency reaching the inner 1/3 of dentin,) [30]. (f)
Hemostasis of pulpal tissue can be achieved within
first 2-3 minutes during the clinical procedure [31].
Group B inclusion criteria: (a) clinical symptoms
of pulp inflammation (pain with stimulus, intermittent pain but no history of swelling), (b) no radiographic signs of internal/external resorption, no furcal/peri- apical radiolucency; (c) physiological root
resorption of no more than one-third the root length
(d) Caries level according ICCMS™ Stage 6= radiolucency into the pulp, clinically cavitated [30]. (e)
Hemostasis of pulpal tissue can be achieved within
first 5 minutes during the clinical procedure [31].
Exclusion criteria for both groups:
-

History of swelling.

-

Presence of radiographic signs of of internal/
external resorption.

-

Presence of furcal/peri- apical radiolucency.

-

Physiological root resorption more than onethird the root length.

-

Hemostasis of pulpal tissue cannot be achieved
within first 5 minutes during the clinical
procedure.

-

Teeth with necrotic pulp, purulent discharge
from canal orifices.

Sample size
The calculation was done using the comparison
of IL-8 level between 4-7 years old children with
carious 2nd primary molars. Upon searching the
literature, we failed to retrieve relevant results that
can be used to build a sample size. Therefore we
decided to do pilot study. According to our pilot
results, the mean ± SD of IL-8 level in group B was
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approximately 2.13 ± 0.99 pg/ml, while in group A it
was approximately 1.58 ± 0.37 pg/ml. Accordingly,
we calculated that the minimum proper sample
size was 14 molar teeth in each group to be able
to reject the null hypothesis with 80% power at α
= 0.05 level using Student’s t test for independent
samples. Sample size calculation was done using
PS Power and Sample Size Calculations software,
version 3.0.11 for MS Windows (William D. Dupont
and Walton D., Vanderbilt University, Nashville,
Tennessee, USA). The study was performed on 40
second primary molars to avoid regression analysis
during the study. 4-7-year-old children will be
selected from those attending the outpatient clinics
of MUST and MSA outpatient pediatric dental
clinics.
Clinical procedure
Procedure of pulpotomy
Each child received an injection with local
anaesthesia with no vasoconstrictor (scandonest 3%
plain, Mepivacaine Hydrochloride 3%, septodont),
the teeth were then isolated using rubber dam,
carious dentin was excavated using round bur
mounted on low speed hand piece. Teeth which
revealed pathologic pulp exposure were included in
the study
Samples collection
The roof of the pulp chamber was removed
exposing the pulp surface. Blood and pulp tissue
were carefully collected from the pulp cavity by
using a tiny sterile cotton pellet. The pellet was left
for 30 to 60 seconds in the cavity to allow complete
absorption of the pulpal blood. Each pellet allows
absorption of about 50 µl of blood. The pellet was
placed in 0.5ml (500 µl) phosphate buffered saline
solution (PBS) to 1/10 final volume in a heparincoated tube. The tube was immediately immersed in
ice box. All samples were treated the same way [32].
All primary molars included in the study were
treated with vital pulpotomy with a MTA (BIO
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MTA, PPH CERKAMED Wojciech Pawlowski,
Wola, Poland, and Kwiatkowiego) and restored with
stainless steel crowns. (3M ESPE Dental Products).

by adding 15 µl of cytokine standard (20ng/ml) into
985 µl assay diluent to prepare 300 pg/ml standard
solution which was used to prepare dilution series.

Samples Preparation

Detection of the antibody concentration was
prepared by adding 100 µl of assay diluent to
the detection antibody vials. The assay protocol
was followed and cytokines concentrations were
immediately detected by reading absorption at
450nm. The mean absorption for each set of duplicate
standards, control and samples were calculated.
The average zero standard optical density was
subtracted. Sigma plot software was used to draw
graphs with samples concentrations on the X-axis
and absorbance on the Y-axis. Data analysis was
performed by using SPSS for Windows (version
17.0; SPSS, Chicago, IL, USA)

Samples were vortexed for 2 minutes and
sterilized glass rods were used to push out blood
and tissue from the cotton pellets in order to release
cytokines in the solution. Samples were centrifuged
at 10,000 rpm for 15 min. at 4οC, and cell culture
supernatants were collected in sterilized Eppendorf
tubes. The tubes were labeled and stored at -20 οC
until they were tested all together for cytokines
levels using ELISA [33, 34].
ELISA procedure for estimation of cytokine levels
Levels of cytokines IL-1 α, IL-6 and IL-8 were
measured by using enzyme-linked immunosorbent
assay (ELISA). BioVision’s ELISA kits (Milpitas,
California, USA) were used for the quantitative
measurements of human cytokines in cell culture
supernatants. The ELIZA procedure was done at
Animal Reproduction research Institute (highly
equipped governmental institute), Al Haram, Giza.
BioVision’s ELISA kit is a sandwich ELISA assay
for quantitative measurements of human cytokines
in serum, plasma, cell culture supernatants and
biological fluids. The density of the color obtained
is proportional to human cytokine amount in the
sample. These specific kits were used to determine
IL-1 α, IL-6 and IL-8 in all the collected samples
with sensitivities of < 0.5, < 0.3 and < 18.75 pg/ml
respectively. Cytokines concentration of IL-1 α and
IL-6 were expressed as pictograms per milligrams
total protein. While Cytokine IL-8 concentration
was expressed as nanogram per milligram total
protein. All samples were tested in duplicates.
Data analysis and Cytokines concentration:
ELISA assay were used to determine the
concentration of interleukins (IL-1 α, IL-6 and IL8) of the patients’ blood samples. Assay was diluted
5-folds with deionized water. Standard was prepared

Follow up
Follow up visits were scheduled at 3, 6, 12,
18 months, to evaluate clinical and radiographic
success of treatment. The teeth were evaluated by a
qualified examiner who is blinded to the treatments.
Clinical evaluation was done for
1.
2.
3.
4.
5.

History of pain.
Swelling.
Fistula.
Sensitivity to percussion.
Tooth movement

Radiographic evaluation was done for
1. Widened lamina dura

2. Periapical/furcal radiolucency

3. Internal/external root resorption
The statistical methods
Data were statistically described in term of
mean ± standard deviation (± SD), median and
range when appropriate. Data were explored for
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normality using Kolmogorov-Smirnov and ShapiroWilk tests, lab procedures data showed parametric
(normal) distribution.

while the lowest mean value was found in (Group

For parametric data, Independent sample t-test
was used to compare between two groups in nonrelated samples. For non-parametric data, Mann
Whitney test was used to compare between two
groups in non-related samples. The significance
level was set at P ≤ 0.05. Statistical analysis was
performed with IBM® SPSS® Statistics Version 20
for Windows.

TABLE (1): Comparison between cytokines levels in

A) as shown in table (1)

groups “A” and “B”

Cytokines level
IL1 α

Group A

Group B

Mean

SD

Mean

SD

3.12

0.66

3.82

0.99

p-value
0.014*

RESULTS
IL-1 α, IL-6, and IL-8 were measured in all of
the collected pulp samples (n = 40) using ELISA.
The results for determination of treatment outcomes
were based on 38 teeth that were followed up
clinically and radiographically for 18 months. Two
patients were not maintained during the follow-up
and these two cases considered failed cases.
I) Lab results (cytokine level):
a) IL1 α:
There was a statistically significant difference of
IL-1 α expression between (Group A) and (Group
B) where (p=0.014). The highest mean value was
found in (Group B), while the lowest mean value
was found in (Group A) as shown in table (1)
b) IL6:
There was a statistically significant difference
between (Group A) and (Group B) where (p=0.011).
The highest mean value was found in (Group B),
while the lowest mean value was found in (Group
A) as shown in table (1)
c) IL8:
There was a statistically significant difference
between (Group A) and (Group B) where (p=0.027).
The highest mean value was found in (Group B),

Fig. (1): Bar chart representing Cytokine levels for different
groups. Notice the higher levels of IL-1 α,IL-6 & IL-8
in group B.
IL6

3.30

0.62

4.14

1.26

0.011*

IL8

1.58

0.37

2.13

0.99

0.027*

*; significant (p<0.05)

II) Clinical results
Clinical evaluation was done for History of pain,
Swelling, Fistula, sensitivity to percussion and tooth
movement.
A) Comparison within groups
a) Group A
No statistically significant difference between
(3m), (6m), (12m) and (18m) where (p=0.392). One
case in (3m) time period showed clinical failure
while all patients in all other time periods showed
normal clinical parameters.
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b) Group B
No statistically significant difference between
(3m), (6m), (12m) and (18m) where (p=0.392). One
case in (6m) time period showed clinical failure
while all patients in all other time periods showed
normal clinical parameters.
B) Comparison between groups
a) 3m
No statistically significant difference between
(Group A) and (Group B) where (p=0.317). One
case 1 (5 %) showed clinical failure in group A.
While all patients in Group B showed normal
clinical parameters.

Fig. (3): Bar chart representing clinical parameters for different
groups over the 6m follow up period.

b) 6m
No statistically significant difference between
(Group A) and (Group B) where (p=0.317).
All patients in Group A showed normal clinical
parameters. While one case 1 (5 %) showed clinical
failure in group B.
c) 12m and 18m
No statistically significant difference between
(Group A) and (Group B) where (p=1). All patients
in all groups showed normal clinical parameters

Fig. (4): Bar chart representing radiographic parameters for
different groups at 3 & 6 months follow up.

III) Radiographic results
Radiographic evaluation was done for Widened
lamina dura, Periapical/furcal radiolucency Internal/
external root resorption. The interexaminer kappa
value was calculated and revealed 0.9
A) Comparison within groups
a) Group A
Fig. (2): Bar chart representing clinical parameters for different
groups over the 3m follow up period.

No statistically significant difference between
(3m), (6m), (12m) and (18m) where (p=1).
All patients in all time periods showed normal
radiographic parameters.
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B) Comparison between groups

No statistically significant difference between

No statistically significant difference between

(3m), (6m), (12m) and (18m) where (p=1).

(Group A) and (Group B) over the follow up period

All patients in all time periods showed normal

3 and 6 months where (p=1). All patients in all

radiographic parameters.

groups showed normal radiographic parameters.

Fig. (5): Bar chart representing radiographic parameters for
different groups at 12 months follow up.

Fig. (6): Bar chart representing radiographic parameters for
different groups at 18 months follow up.

Fig. (7) patient flow chart in the study with 18 month follow up
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Fig. (8): A: preoperative photo of carious lower second primary molar stage 6 according to ICCM (group B). B: post postoperative
after 3 m. C: post-operative 12 m, notice the radiolucency at the bifurcation area.

c) 12m
No statistically significant difference between
(Group A) and (Group B) where (p=0.317). All
patients in Group A showed normal radiographic
parameters. While one case 1 (5%) showed
radiolucency in bifurcation area in group B.
d) 18m
No statistically significant difference between
(Group A) and (Group B) where (p=0.317). All
patients in Group A showed normal radiographic
parameters. While one case (5%) showed root
resorption in Group B.
DISCUSSION
According to the AAPD ‘’The Reference
Manual of Pediatric Dentistry 2020’’, controlling
hemorrhage within the radicular pulp is of major
important indicator of inflammatory status of pulp
tissue. They reported that if the hemorrhage isn’t
controlled within the radicular pulp with a damp
cotton pellet applied for several minutes this could be
a sign of pulpectomy treatment [10], they encouraged
that clinicians shouldn’t only depend upon sort of
pain and level of caries but the inflammatory status
of the pulp should be highly considered.
This study aimed to evaluate the biological
condition of pulp as a factor affecting the success
of pulpotomy treatment for primary teeth. In

addition, the outcome of pulpotomy treatment was
examined according to the degree of the caries
extension to the pulp. It was reported that Pulpal
inflammation increases in parallel with progression
of carious lesions [35]. In order to decide the type
of treatment for a deep carious lesion in a primary
tooth, the dentist should determine the degree of
pulpal inflammation. Most of the time, dentists
rely on subjective signs that might give inaccurate
indication about the reversibility of the pulpal
condition. Hence an objective analysis of cytokine
levels may quite possible provide such an accurate
reflection of pulpal status [36].
In the present study, comparison of the cytokine
levels in group (A) & group (B), we found that the
levels of IL-1 α, IL-6 and IL-8 were significant
higher in group (B) than in (A), thus supporting
previous researches that have shown these cytokines
could be associated with pathogenesis of pulpal
inflammation [37].
Moreover, we found that the IL-6 showed the
most significant value of expression in comparison
to IL-1 α and IL-8 (p-value: 0.011, 0.014 & 0.027
respectively) which denote the prominent role of
IL-6 during the inflammatory process in the pulp
tissue of primary molars. Which support the results
presented by Zehnder et al., they detected a positive
correlation between IL-6 and IL-8 in inflamed
pulp [38].
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An interesting observation reported by Wisithphrom and Windsor, 2011, they found that the rise
in amount of IL6 brings about collagen degradation
which in turn is associated with pulpal destruction.
Also they revealed that IL-6 causes modulation
of adhesion molecules and effects angiogenesis, a
process which induces vascular permeability and
generates inflammatory edema [27]. Previous studies revealed that, rise in IL-1, IL-8 propagate acute
inflammation [39]; IL-6 is also correlated with edema
and pulpal degeneration [40]
On the other hand; when used samples from
permanent teeth, Elsahly et al .2013 found no
statistically significant differences between the
levels of IL-6 of teeth requiring direct pulp capping
and those with irreversible pulpitis. The authors
explained that this might be due to the variation in
the intensity of pulpal inflammation between pulp
chamber and root canals of those teeth. On the other
hand; for samples of permanent teeth, Elsahly et al.
2013 found no statistically significant differences
between the levels of IL-6 of teeth requiring direct
pulp capping and those with irreversible pulpitis.
The authors explained that this might be due to the
variation in the intensity of pulpal inflammation
between pulp chamber and root canals of those
teeth. [32].
In the present study the levels of IL-6 and IL-1
α were more highly significantly and might be a
good indicators of degree of pulp inflammation in
deep carious molar with pain upon stimulus than in
primary molar with no pain. In addition we found
that IL-8 was significantly higher in group B than
group a demonstrating that, these cytokines are
associated with pulpal advanced inflammation.
The previous observation are in agreement with
study done by Ozdemir et al. 2015, they revealed
that IL-6 and IL-8 levels were significantly upregulate in cariously exposed pulp of primary molar
when compared to other group of the mechanically
exposed pulp of primary molars. They suggested
that IL-6 and IL-8 levels might have a role indica-
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tion in the accuracy of prognosis in vital pulp therapy [41]. Moreover, they found no significant increase
of the IL-1α level in carious exposed teeth relative
to mechanically exposed teeth. The same observation was revealed by Matthias Zehnder et al. they
found no significant change in IL-1α levels between
healthy and non-symptomatic carious teeth [38].
In the present study, the expression of IL-6, was
found to be significantly higher in teeth with deep
caries (group B) when compared to teeth with no
pain and less deep caries lesions (group A). And this
is due to upregulation in both IL-6 and IL-8 in the
advanced stage of inflammation which is associated
with edema, As explained by Ferreira et al, 2009,
chronic inflammation occurs in the coronal pulp
of primary teeth with deep caries, as well as
bacterial invasion may increase the inflammatory
response [2, 42].
In the present study, the higher expression of
IL-1 in group B in deep carious lesions could be
explained as the precursor of IL-1 is released when
tissue damage happens. So, its presence in dental
pulp might indicate irreversible and more tissue
edema and degeneration [38].
According to the findings of the current study,
there were significant differences in the levels of
IL-1α, IL-6 and IL-8 cytokines between group A
and B. the difference of interleukins expression in
the present study could be affected by the depth of
caries between the two groups. As well as it could
be postulated that these cytokine levels might reflect
the degree of inflammation and tissue degeneration
in the pulp tissue of primary molars.
The result showed that there is no significant
difference during the clinical follow up in both
groups during the 18 months. In group B, one
case showed radiolucency in bifurcation area at
12 months and the another case showed external
root resorption after at 18 months follow up, these
two cases showed the highest level of IL-8 which
indicate they were highly inflamed. A third case in
group B was not maintained during the follow up
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period at 6 month and was considered one of the
failed cases. In group A, one case was failed because
it was not maintained at the three month follow up
period till the end of 18 months.
For pathologically exposed teeth, vital pulpotomy
is usually performed based on an assumption that
inflammation is restricted to coronal pulp [11, 15].
Nevertheless, studies showed that this might not
always be the case. For example, Kassa et al 2009
claimed that in primary molars with proximal
caries lesions extending deeper than 50% of dentin
thickness, inflammation in coronal pulp takes
longer time to cause pulp exposure and that carious
exposure wasn’t the sole explanation for coronal
pulpal inflammation [16].
Interestingly, within the present study, although
the significant difference within the cytokine level
expression between group A and B with more
advanced inflammatory status in group B, we found
a high success rate of most of the cases during the
follow up period in both groups apart from one case
failed in group A (didn’t complete the follow up)
(5%) and three cases failed in group B (radiolucency
at furcation area & root resorption) (15%). We
could say that the careful clinical examination and
history taking from the cases as well as the proper
isolation of primary teeth with rubber dam during
treatment procedure and using the MTA material
as pulpotomy agent and restoration of the treated
teeth with full coverage chrome steel crowns might
have impact on the success rate of the cases with
good prognostic anticipation although the various
inflammatory status of the pulp tissue in both
groups. This finding of the present study supports
the recommendation provided by AAPD ‘’The
Reference Manual of Pediatric Dentistry 2020’’ to
increase the success rate of vital pulp therapy in
primary teeth [10].
Another interesting observation reported by
Asgary and Ehsani.2009, revealed that in permanent
molars with extensive pulpal inflammation or
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even periapical pathosis, pulpotomy yielded
higher clinical and radiographic success rates than
root canal treatment after two years follow up [43].
Moreover, Waterhouse et al.2011, reported that
there was no significant difference between inflamed
and non-inflamed pulps regarding time needed
for hemostasis [27]. These studies adopt different
concepts on the effect of pulpal inflammation and
treatment outcomes. They suggested that the factors
controlling the degree of pulpal inflammatory status
and hence a successful pulpotomy might be broader
than the current conventional parameters [43, 27].
The limitations of this study include the relatively
strict eligibility criteria which could affect the
generality of the results. So further studies could be
needed to research the effect of inflammatory status
of pulp tissue on the prognosis of pulp therapy in
primary teeth putting in consideration different
variables.
CONCLUSION
IL-1 α, IL-6 and IL-8 cytokine expression
in primary pulp molars increase with caries
progression. So these cytokines might reflect the
degree of inflammation and tissue degeneration of
pulp at the canal orifices in carious primary teeth.
IL-1 α IL-6 and IL-8 might be good indicators
for the severity of pulp inflammation. Whenever
possible in the clinical practice, measuring levels of
IL-1 α IL-6 and IL-8 by ELIZA could be accurate
tool to detect degree of pulp inflammation and hence
the prognostic outcome of vital pulp therapy.
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