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Aim: This study aimed to assess the relationship between preoperative pain status, caries
extent, and caries color and the ability to achieve hemostasis at the canal orifices during pulp
therapy access in primary teeth.

Study Design: Eighty primary molar teeth with extremely deep caries extending to the pulp
(based on bitewing radiography) were investigated in 66 children. The teeth with clear
radiographic and clinical signs indicating the involvement of the radicular pulp were
excluded. The history of preoperative pain status, the color of dental caries by visual
inspection, and the extent of caries lesion measured in bitewing radiographs were recorded.
After preparing the access cavities, the hemostasis achievement at the canal orifices was
assessed and considered as the final factor in determining the type of treatment (pulpotomy
or pulpectomy). The data were analyzed using Fisher’s exact test, the independent #-test, and
Cohen’s unweighted kappa statistic. P<0.05 was considered statistically significant.
Results: Hemostasis was achieved in 78.1% of the teeth with black dental caries, whereas in
most of the teeth with light brown dental caries (64.3%), hemostasis was not achieved
(p=0.015). The extent of dental caries in the teeth needing pulpotomy was statistically
significantly lower than that of those needing pulpectomy (p=0.024). Mesial side dental
caries was more related to the irreversible pulpitis compared to the distal one (p=0.01). In
78.1% of the teeth without pain, hemostasis was achieved, and in most of the teeth with
nocturnal pain (64.3%), hemostasis did not occur (p=0.034).

Conclusion: The caries color, caries extent, and preoperative pain have the potential to be
used as clinical diagnostic tools to determine the pulpal status in primary teeth.
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Introduction
Pulp diagnosis in pediatric dentistry is very critical in selecting the correct treatment
strategy in primary teeth.' This provides more information about the duration and cost of
treatment as well as the pain experienced by the patients during treatment. Therefore, the
practitioner can evaluate whether any pretreatment method for the reduction of pain
perception would be needed.”* The histological examination can exactly determine the
extent of inflammation or the presence of necrosis in the pulp tissue. Therefore, it has
been considered as the most accurate way for the assessment of the pulp status.*
However, it is not clinically possible to determine the histological status of the pulp.
Therefore, clinicians should rely more on the patient’s history and the clinical and
radiographic assessment of the signs and symptoms to determine the treatment options.>°
Although there is controversy about whether the achievement of hemostasis

after pulp exposure would provide an accurate assessment of pulp inflammation,”*
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the final clinical indicator in the assessment of pulpal
inflammation and its extension into the root canals in
primary teeth is hemostasis during pulp therapy access in
primary teeth.®

Reversible pulpitis is usually symptomless or has less
intense and shorter-lasting episodes of pain compared with
irreversible pulpitis. In contrast, the spontaneous and
radiating pain that lingers after the removal of the stimulus
tends to be indicative of irreversible pulpitis.” However,
irreversible pulpitis might sometimes be symptomless.’
Conversely, the absence of pain does not necessarily
mean that the pulp is free from widespread inflammation.
Moreover, pediatric patients generally have a very low
pain threshold compared to adults. Thus, they cannot
always describe subjective symptoms or sensibility to
a stimulus.®

There are a few studies that have evaluated the correla-
tion between the clinical properties of dental caries and
pulp status.®'® The level of caries activity within a lesion
cannot be identified objectively. Therefore, clinicians use
clinical judgments and subjective measures for caries
activity assessment.'' At present, the color and hardness
of carious lesions are two clinical criteria used for the
diagnosis of the degree of carious progression and carious
lesion activity.'*'*> An active caries tends to be light yel-
low/beige, whereas slowly progressing or arrested caries
lesions are usually darker.'*

Another diagnostic tool for obtaining a provisional pri-
mary diagnosis of the pulp status is the radiographic
examination which can indicate potential pulp necrosis
and apical pathosis.” Additionally, the depth of a carious
lesion can be estimated with a bitewing radiography.'

Caries extent can be indicative of inflammatory
changes within the pulp. A previous study showed that
the teeth with a carious breakdown of more than half of
the buccolingual intercuspal distance are more likely to
have some inflammatory changes within the pulp horn
region compared to the teeth with a carious breakdown
of less than half of the buccolingual intercuspal distance.'”

To the best of our knowledge, only one study has been
conducted to determine whether the pulp status can be
predicted in primary teeth before treatment which demon-
strated the efficacy of using an electric pulp tester in
assessing the pulp status in primary teeth.® Therefore,
this study aimed to assess the relationship between pre-
operative pain status, caries extent, and caries color and
the ability to achieve hemostasis at the canal orifices dur-
ing pulp therapy access in primary teeth.

Materials and Methods

The study protocol was approved by the Research and
Ethics Committee of Shiraz University of Medical
Sciences (IR.SUMS.DENTAILREC.1398.27). The parents
of all the participants in this study signed the informed
consent after the nature, the possible discomforts, and the
risks of the procedures were explained to them. Children
with behavioral problems or systemic disorders were not
included in this study.

The Inclusion and Exclusion Criteria
Patients with carious primary molar teeth in need of pulp
therapy (pulpotomy or pulpectomy) were enrolled in this
study. The inclusion criteria for the teeth used in this study
were as follows: normal furcation, normal periapical bone
structure, no root resorption, and no periodontal ligament
widening evident on a periapical radiograph. The exclu-
sion criteria in this study were as follows: teeth with
mobility, periapical abscess, fistula, or buccal or lingual
dental caries. Moreover, the teeth with buccal or lingual
caries were excluded from the study due to the super-
imposition of buccal or lingual caries in the radiographs.

The Study Protocol
All the participants were 5—12 years old and had bitewings
indicating a deep caries lesion needing pulp therapy.
A pilot study was conducted with 10 teeth treated with
pulpotomy and 10 teeth treated with pulpectomy to calcu-
late the optimal sample size. The teeth which were treated
in the pilot study were not considered as the main cases of
the study. A sample size of 62 teeth was required based on
the pilot study considering the power of 0.8 and 0=0.05.
The sample size was increased to 80 teeth to compensate
for the potential dropouts.

The extent of caries lesion (based on bitewing radio-
graphy), the history of pain status, and the color of dental
caries were assessed and recorded.

The Clinical Assessment of Dental

Caries Color

The color of dental caries was determined via visual
inspection under the light of the unit by two independent
observers. The caries colors were classified as black, dark
brown, light brown, and yellow.'*'® The clinical observa-
tion of the dental caries color was compared with photo-
graphs illustrating the four typical classes of caries color.'*
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For the recorded color of caries, the interobserver correla-
tion coefficient was 0.8.

Dental Caries Extension

For dental caries extension, the mesiodistal width of the
teeth and the greatest diameter of the caries lesion were
measured based on bitewing radiography. Then, the largest
diameter of the caries lesion was divided by the mesiodis-
tal width of the teeth to obtain a ratio. This ratio was used
as an index for the evaluation of the caries extent.
Moreover, the tooth surfaces involved with dental caries
(mesial, distal, and occlusal) were recorded. All the mea-
surements for dental caries extension were done by
a calibrated operator.

Pain History

The type of preoperative pain reported by the patient or
parent which seemed to be related to the tooth needing
treatment was recorded and classified into four categories
(no pain, positive elicited pain, spontaneous pain, and
nocturnal pain) based on the detailed history of pain.
Provoked or elicited pain was registered if the patient
reported pain when eating or drinking cold, hot, or sweet
foods or beverages and during mastication in the area
under study.

The Clinical Procedures of the

Treatment

After the administration of anesthesia and rubber dam
isolation of the selected tooth, a round diamond bur
mounted on a high-speed handpiece was used with copious
water supply to reach the dentinal carious lesions.
Afterward, a carbide round bur in a slow-speed handpiece
was used for the removal of the infected carious dentin. If
the dental pulp was not exposed after complete caries
removal, the tooth was restored and the patient was
excluded from the study.

After drilling the ceiling of the pulp chamber in the
exposed teeth using an excavator or a round carbide bur in
a slow-speed handpiece without water, the coronal pulp
tissue was removed using a spoon excavator and the cor-
onal pulp chamber was washed with normal saline.
A sterile saline-wetted cotton pellet was placed into the
chamber with pressure for 5 min. If hemostasis was
achieved after the removal of the cotton pellet, the tooth
was treated with pulpotomy by applying 15.5% ferric
sulfate (Astringedent; Ultradent, South Jordan, Utah,

USA) with sterilized cotton pellets over the remaining
pulpal tissue at the canal orifice for 10-15 s. Then, the
ferric sulfate was rinsed with sterilized saline water, zinc
oxide eugenol paste was placed, and the cavity was
restored with amalgam (Permite, SDI).

If hemostasis was not achieved within 5 min of pres-
sure with the saline moistened cotton pellet, pulpectomy
was carried out. In the pulpectomy cases, the radicular
pulp tissue was removed with a barbed broach and the
root canal was instrumented with Kerr files. Then, the root
canal was irrigated with saline solution and dried and filled
with zinc oxide-eugenol (ZOE) paste. Afterward, the tooth
was restored with amalgam. The type of treatment and the
achievement of hemostasis in each tooth were recorded.

The Statistical Analysis

The data were analyzed using SPSS software version 17
(SPSS Inc., Chicago, USA). P-values of less than 0.05
were considered statistically significant. Fisher’s exact test
was used to analyze the data of the preoperative pain status
and the achievement of hemostasis and also to analyze the
data of caries color and hemostasis achievement. An inde-
pendent #-test was used to assess the associations between
caries extent and hemostasis achievement. The chi-square
test was used to analyze the data of the surfaces of the teeth
which were involved by caries and the achievement of
hemostasis. The intra-examiner reproducibility for determin-
ing the type of pulp treatment before starting the treatment
and after access cavity preparation was calculated by
Cohen’s unweighted kappa statistic.

Results
In this study, 80 primary first and second molar teeth were
investigated in 66 children (33 girls and 33 boys) with
a mean age of 6.90+1.39 years. The numbers of the first
upper molar, first lower molar, second upper molar,
and second lower molar teeth were 19 (23.8%), 32
(40%), 20 (25%), and 9 (11.3%), respectively. Pulpal
exposure occurred after caries removal in all of the teeth.

Fisher’s exact test was used to analyze the data of the
preoperative pain status and the achievement of hemosta-
sis (p=0.034) (Table 1). In most of the teeth without pain
(25 out of 32 teeth, 78.1%), hemostasis was achieved.
Hemostasis did not occur in most of the teeth with noc-
turnal pain (9 out of 14 teeth, 64.3%).

Fisher’s exact test was also used to analyze the data of
caries color and the achievement of hemostasis (p=0.015)
(Table 1). None of the teeth in the study had yellow dental
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Table | The Frequency of the Treated Teeth Based on Pain
Status, Caries Color, and Hemostasis Status

Hemostasis
Yes Number | No Number
of Teeth of Teeth
(Percent in (Percent in
the Row) the Row)
Pain status No pain 25 (78.1%) 7 (21.8%)
Provoked pain 19 (79.1%) 5 (20.9%)
Spontaneous pain | 5 (50%) 5 (50%)
Nocturnal pain 5(35.7) 9 (64.3%)
Caries color | Black 26 (78.7) 7(21.2)
Dark brown 23 (69.7) 10 (30.3)
Light brown 5(35.7) 9 (64.3)
Yellow 0 (0%) 0 (0%)

caries. Hemostasis was achieved in most of the teeth with
black dental caries (26 out of 33 teeth, 78.1%), whereas in
most of the teeth with light brown dental caries, hemos-
tasis was not achieved (9 out of 14 teeth, 64.3%).

The independent #-test showed that the mean ratio of the
largest diameter of caries lesion to the mesiodistal width of the
teeth (measured based on bitewing radiographs) in the teeth
needing pulpectomy (0.499+0.212) was statistically signifi-
cantly higher than that of those needing pulpotomy (0.404
+0.151) (p=0.024). Hemostasis was achieved in most of the
teeth with distoocclusal caries (35 out of 44 teeth, 79.5%),
whereas in most of the teeth with mesioocclusal caries (17 out
of 30 teeth, 56.6%), hemostasis was not achieved (chi-square
test, p=0.01; Table 2).

Discussion
This study was performed to evaluate the relationship
between the achievement of hemostasis and the variables

Table 2 The Frequency of the Treated Teeth Based on the
Surface of the Tooth Involved with Caries and Hemostasis Status

child pain status, caries color, and caries extent using
bitewing radiographs at the canal orifice after preparing
the access cavities. The results showed that hemostasis
was achieved in most of the teeth with darker dental
caries, whereas in most of the teeth with lighter dental
caries, hemostasis was not achieved. Therefore, darker
color caries probably indicated the treatability of the
tooth with pulpotomy, whereas lighter color caries prob-
ably indicated the treatability of the tooth with pulpect-
omy. A previous study conducted by Bjerndal et al
classified dental caries according to their colors into the
three categories of light yellow (actively progressing car-
ies), light brown (slowly progressing caries), and dark
brown (slowly progressing/arrested caries).'* The relation-
ship between carious lesion activity and the color of car-
ious dentin before dentin removal and also the relationship
between the caries color and the degree of caries progres-
sion in the lesion have been previously demonstrated.'> An
actively progressing carious dentin lesion often has a light
yellow/beige color with a wet/moist surface texture which
can be easily penetrated with a dental probe. In contrast,
slowly progressing or arrested caries lesions are usually
darker with no excess moisture and cannot be penetrated
with a probe.'* The remnants of bacterial metabolism
could destroy dentinal tissues which might be a possible
cause of black or brown staining.'” The results of this
study regarding caries color might be justified by the
finding that active caries lesions have a lighter color com-
pared to slowly progressing caries lesions or arrested car-
ies lesions.'* However, visual inspection for evaluating
caries color and carious lesion activity and progression is
subjective and not numerical.'> Moreover, no yellow car-
ies was detected in the teeth selected for this study. This
finding might be related to the fact that the teeth with clear
radiographic signs of pulpectomy were excluded from the
study and might be more associated with yellow dental
caries.

The current study also showed that the extent of dental

Dove

The Surface of Hemostasis Total caries in the teeth needing pulpotomy was statistically
the Tooth ' Yes (Total =54) | No (Total =26) significantly lower than that of the teeth needing pulpect-
Involved with Number of Number of the omy. In the current study, the teeth with extremely deep
Caries . . . . . .
the Teeth Teeth (Percent caries lesions in bitewing radiographs were selected. The
(Percentinthe | in the Row) most appropriate radiographic technique for caries detec-
Row) tion is bitewing radiography which is an adjunct to clinical
Mesioocclusal caries | 13 (43.3%) 17 (56.6%) 30 (100%) examination. Bitewing radiography can allow a more sen-
Occlusal caries 6 (100%) 0 (0.0%) 6 (100%) sitive detection of occlusal and proximal caries lesions in
Distoocclusal caries | 35 (79.5% 9 (20.4% 44 (100% . . . . . .
roocct ' ( ) ( ) (100%) dentin. Moreover, using bitewing radiography provides
Total 54 (100%) 26 (100%) 80 (100%) R i ]
a better estimation of the lesion depth compared with
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visual inspection.'® This is the first study which correlates
the extent of caries lesion measured in bitewing radio-
graphs with the achievement of hemostasis. It was found
that the mean ratio of the largest diameter of caries lesion
to the mesiodistal width of the teeth (measured based on
bitewing radiographs) needing pulpectomy was statisti-
cally significantly higher than that of those needing pul-
potomy. It can be concluded that the extent of caries might
be used as a potential diagnostic tool for predicting the
treatability of the tooth with pulpotomy. This result is in
line with a previous study which correlated the pulp
pathology of primary teeth with the extent of the carious
lesion as measured clinically in relation to the buccolin-
gual intercuspal distance (ICD). This study concluded that
where more than half of the ICD was involved with the
carious process, more teeth demonstrated the evidence of
inflammation extending to the pulp horn and the radicular
pulp compared to where less than half of the ICD was
involved with the carious process.'® Bitewing radiography
was used to measure the extent of the caries lesion in the
present study. However, it has some limitations. It has
been demonstrated that the teeth with a proximal caries
lesion extending more than 50% through the dentin thick-
ness might have more extensive pulpal inflammation com-
pared with those with an occlusal lesion of a similar
depth.'® This can be used to interpret the findings of this
study. Moreover, the results of this study revealed that
hemostasis was achieved in most of the teeth with dis-
toocclusal caries, whereas in most of the teeth with
mesioocclusal caries, hemostasis was not achieved. No
clear explanation was found for this finding. However,
this finding might be due to the fact that the mesial pulp
horns are higher and closer to the surfaces of the teeth
compared to the distal ones.'® Therefore, the closer dis-
tance of the potential irritants to the pulp tissue on the
mesial side compared to the distal side might affect the
pulpal inflammation and achievement of hemostasis.
Histologic studies are needed to find the exact explanation
for the higher rate of hemostasis achievement in distooc-
clusal side caries compared to mesioocclusal ones.
Another criterion in this study related to the achieve-
ment of hemostasis at the canal orifice was preoperative
pain status. According to the results of the present study,
the frequency of the teeth that had no preoperative pain
was statistically significantly more in cases which were
treated with pulpotomy compared with those treated with
pulpectomy. This finding showed that the lack of pain
history in the teeth without any clear sign of pulpectomy

treatment can be used as a predictive factor for the selec-
tion of pulpotomy. A previous study reported that sponta-
neous pain was more frequent in patients with severe pulp
inflammation than those with mild or moderate pulpal
inflammation. However, no statistically significant rela-
tionship was found between the different levels of pulp
inflammation and provoked pain.’> A possible explanation
for this finding is that activated pulpal leukocytes secrete
some inflammatory mediators such as histamine, IL-1, and
prostaglandins which stimulate the sensory nerves and
cause pain.'” However, spontaneous or severe preoperative
pain could not necessarily be indicative of an irreversible
pattern of pulpal injury and the inability of the pulp to
repair itself.***! Nevertheless, it is difficult to assess pain
in children because an accurate description of the history
of pain might not be obtained in children.”*** The results
of the current study showed that most of the teeth with
nocturnal pain (64.3) needed pulpectomy. This finding is
in agreement with the results of many studies which have
demonstrated that nocturnal pain is related to irreversible
pulpitis.**° For the same reason mentioned about the
frequency of dental caries color, only 17.5% of the teeth
had nocturnal pain as the teeth with a clear radiographic
sign of pulpectomy were excluded from the study. The
existence of nocturnal pain is more likely in them com-
pared with those without a clear radiographic sign of
pulpectomy. However, 35.7% of the teeth with nocturnal
pain showed hemostasis after the preparation of access
cavities. This finding might be due to food impaction
which could result in nocturnal pain.

This study has some limitations. Although caries color
was used in the present study to assess the caries activity in
clinical practice, hardness is a more reliable indicator for the
assessment of caries activity which should be considered in
future studies.”” Long-term prospective randomized data are
necessary to assess the results of the selected treatments and
to verify the findings of the current study. In the current study,
caries color, caries extent, and preoperative pain status cor-
related with the achievement of hemostasis. However, these
potential diagnostic methods might only provide clinical
guidance and have such limitations as being subjective and
relatively crude. Additionally, they are not able to reflect the
true histopathological status of the pulp.” Moreover, it would
be beneficial to use standard light sources, charged-coupled
device (CCD) video cameras, automatic computer programs,
and colorimeter devices in future studies for the evaluation of
caries color.
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Conclusion

Within the limitations of the present study, it can be con-
cluded that the caries color, caries extent, and preoperative
pain have the potential to be used as valid clinical diag-
nostic criteria of pulpal status for the selection of an
appropriate pulp treatment strategy.
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