@ Pesquisa Brasileira em Odontopediatria e Clinica Integrada 2023; 23:e210196
APESB https://doi.org/10.1590/pboci.2023.028
————1 ISSN 1519-0501 / eISSN 1983-4632

ORIGINAL ARTICLE

A 12-month Follow-Up Study of Pulp Oxygen Saturation in
Deciduous Molars After Selective and Nonselective Carious-
Tissue Removal: A Randomized Pilot Trial

Pierre Adriano Moreno Neves!®, Soraia de F4atima Carvalho Souza2®, Luciano Casagrande3®,
Fernando Borba de Araujos®, Cayara Mattos Costa2®, Cecilia Claudia Costa Ribeiroz®

'Department of Dentistry, Federal University of Maranhao, Sao Lufs, MA, Brazil.
2Postgraduate Program of Dentistry, Federal University of Maranhao, Sao Lufs, MA, Brazil.
sDepartment of Dentistry, School of Dentistry, Federal University of Rio Grande do Sul, Porto Alegre, RS, Brazil.

Correspondence: Cecilia Claudia Costa Ribeiro, Federal University of Maranhao, Center of Biological Sciences and Health,
Department of Dentistry II, Campus Bacanga, Sdo Lufs, MA, Brazil. 65085-580. E-mail: cecilia_ribeiro@hotmail.com

Academic Editor: Alessandro Leite Cavalcanti

Received: 18 October 2021 / Review: 02 May 2022 / Accepted: 17 June 2022

How to cite: Neves PAM, Souza SFC, Casagrande L, Araujo FB, Costa CM, Ribeiro CCC. A 12-month follow-up study of
pulp oxygen saturation in deciduous molars after selective and nonselective carious-tissue removal: a randomized pilot trial.
Pesqui Bras Odontopediatria Clin Integr. 2023; 23:¢210196. https://doi.org/10.1590/pboci.2023.028

ABSTRACT

Objective: To compare the pulp vitality of deciduous molars before and after selective caries removal (SCR)
or nonselective caries removal to hard dentin (NSCR) over one year, using oxygen saturation percentage
(%Sa0.). Material and Methods: Deciduous molars with deep occlusal/proximal-occlusal caries lesions were
randomized to SCR (n=22) or NSCR groups (n=22). After the caries removal, the teeth were protected with
calcium hydroxide cement and restored with composite resin (Filtek Z250). The pulp condition diagnosis was
evaluated at baseline, immediately after caries removal, and follow-up (7 days, 1-, 6- and 12-months) by
%Sa0,. Pulp exposure and pulp necrosis were primary outcomes, and %SaO, was secondary. Results:
Intraoperative pulp exposure occurred in four teeth of the NSCR group (18.2%) and one tooth of the SCR
group (4.5%) (p>0.05). Two cases of pulp necrosis occurred in the NSCR group (10%). No difference in %SaO,
pulp was observed in the inter-and intragroup comparison over time (p>0.05). Conclusion: Advantageously,
the %SaO. minimizes preoperatory pulp vitality diagnosis subjectivity before SCR/ NSCR treatments.
Furthermore, the pilot study results suggest the pulp response of deciduous molars, when evaluated by
clinical, radiographic, and pulp %SaO. seems not to differ between teeth treated with SCR or NSCR.
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Introduction

Selective caries removal (SCR) is a conservative treatment for deep caries lesions [1,27]. SCR treatment
maintains the innermost portion of the cavity preparation, the affected dentin - a vital tissue [3,47]- with an intact
collagen structure that remineralizes a few months after the restorative treatment [5-77].

Clinical studies have shown a significant decline in the number of microorganisms and hardening of the
affected dentin in teeth submitted to SCR after the cavity sealing period and no carious lesion progression [2,47].
Systematic reviews with meta-analysis of randomized clinical trials have shown that SCR in deciduous and
permanent teeth resulted in reduced risk of pulp exposure [7-97 and postoperative pain [97] than nonselective
caries removal to hard dentine (NSCR) treatment.

In selecting teeth for conservative treatment as SCR, clinical criteria for pulp vitality should be
rigorously evaluated, excluding teeth with a history of spontaneous pain, radiographic evidence of periapical
involvement, or clinical signs indicative of irreversible pulp inflammation or pulp necrosis [10-127]. Thus, it is
essential to establish the correct diagnosis of the pulp condition since the technique's success depends on a
favorable response of the dental pulp [3,137. Furthermore, deciduous teeth frequently undergo caries lesions to
pulpal necrosis without any clinical symptoms reported by the child [14]. Thus, clinical subjective data can lead
professionals to misdiagnose and, consequently, perform an inadequate treatment in deep carious lesions in
deciduous teeth.

In deciduous teeth, thermal tests do not accurately diagnose the pulp condition [12,157]. Due to
children’s fear and pain, these patients often lead false positive or negative results, leading the practitioner to
misinterpret the pulp response to the applied stimulus [167. Additionally, the thermal and electrical tests have
limitations in observing the pulp sensitivity. These subjective tests evaluate pulp vitality based on the sensory
response, not through evaluation of the pulp vascularisation [15-177. The pulp nerve fibers are more resistant
to degeneration than the vascular tissue [187. Thus, thermal tests may result in a false-positive response for
reversible pulp inflammation, even when the vascularisation of the pulp tissue is already compromised [16,197].

An alternative to complement the evaluation of the pulp condition in deciduous teeth affected by caries
could be the use of the pulse oximeter adapted for dentistry [207]. The pulse oximeter is a sensitive, painless, and
accurate method to evaluate the peripherical arterial oxygen saturation percentage (%SaO.) of pulp tissue
[19,217. %Sa0O, has been validated to determine pulpal blood flow in healthy and damaged deciduous and
permanent teeth [15-177.

Pulse oximetry reduces subjectivity in diagnosing the pulp condition before carious tissue removal and
provides a complementary objective evaluation of the pulp response of deciduous teeth over time. Thus, this
clinical pilot study compares the pulp vitality of deciduous molars before and after SCR or NSCR over 12 months,
using intraoperative pulp exposure and pulp necrosis as primary outcomes and the pulp peripheral arterial

oxygen saturation percentage (%Sa0s) as a secondary outcome.

Material and Methods
Study Design and Ethical Clearance

This study is a pilot clinical trial, approved by the Research Ethics Committee of the Federal University
of Maranhdo (UFMA), Brazil, protocol no. 698.684, and registered in the Brazilian Clinical Trials Registry,
Rebec Registry (ID # RBR-49MQHS). Parents or legal guardians received detailed information about the study
and signed an informed consent form allowing the children to participate. All children received complete dental

treatment at the Paediatric Dentistry Clinic of UFMA.
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The Research Project registered at REBEC included the selection of deciduous and young permanent
molars, with the age range of the participants between 8 and 15 years. However, due to the difficulty in selecting
the sample of young permanent molars, the clinical trial was conducted only with deciduous molars. Therefore,
the sample size was reduced, and the age range changed to 5 to 8 years.

The tooth was the experimental unit. The interventions were selective and nonselective carious-tissue
removal. The primary outcomes were intraoperative pulpal exposure and pulp necrosis, and the secondary one

was pulp %SaO..

Sample Selection

We did not find studies that evaluated pulp %SaO, and selective removal of carious tissue; thus, the
sample size was based on previous SCR clinical trials in deciduous teeth (n=40) [3,47]. The sample was adjusted
to 44 teeth (22 teeth per group), taking into account the possible loss. The sample included children aged 5 to 8
years of both genders who sought care at the Paediatric Dentistry Clinic of UFMA between August 2014 and
June 2016.

After a clinical examination of 65 children, 27 children, corresponding to 54 teeth, were considered
eligible for radiographic examination to select the teeth to be included in the study. The sample unit was the
tooth, and 44 teeth that met the following inclusion criteria were included [8,47: deciduous molar tooth with
pulp vitality, without previous restoration and with active occlusal or proximal-occlusal carious lesions (inner
half of dentine confirmed radiographically).

Teeth with deep caries lesion without pulp involvement and score 8 in the Nyvad system
(Enamel/dentin cavity easily visible with the naked eye; cavity surface feels soft or leathery on gentle probing)
[227] were eligible. As inclusion criteria, no clinical and radiographic signs indicate irreversibly pulp
inflammation in teeth, such as a history of spontaneous pain, and no radiographic signs suggestive of pulp and
periapical abnormality [8,47. In addition, a mean of 74.6% of pulp %SaO. was used as the cut-off value for
diagnosing necrotic pulp [2387]. The %SaO, was measured in triplicate, and the median value of the measurements
was considered representative of the tooth [247].

The teeth selected for the experiment were randomized using a sequence of random numbers generated
in a spreadsheet by a person who did not belong to the research group; 22 teeth were included in the NSCR
group, and 22 teeth were included in the SCR group. This information was provided to the operator only at the

time of treatment.

Measurement of Finger and Pulpal %SaO.

Initially, the %SaO. was measured on the right index finger thumb of each participant using an MD300A
pulse oximeter (IMFtec Tecnologia para Saide LTDA, Sio Paulo, SP, Brazil) adapted for dentistry [247] (Figure
1A), with an attached "Y"-type sensor (Figure 1B). Then, the sensors and their cables were covered with PVC
film to avoid direct contact with oral tissues. The light-emitting sensor was positioned on the vestibular surface
of the tooth, and the light-receiving sensor was positioned on the palatal or lingual surface, with the two diodes
in parallel. The patients were instructed not to move their heads during the test. The light reflector dental
equipment was turned off so as not to interfere with the signal of the oximeter [247].

For the pulp condition diagnosis before the restorative procedure (%SaO. baseline), the teeth were not

anesthetized but were submitted to prophylaxis, relative isolation with cotton rolls, and air-dried.
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Figure 1. Pulse oximeter device adapted for Dentistry: (a) MD300A pulse oximeter model with
"Y"-type sensor. (b) Diode sensors, one emitter of infrared light and the other receiver to measure
pulp %SaO: (before PVC film protection).

Removal of Carious Tissue

The teeth were anesthetized and absolute isolation with a rubber dam was performed, and the patients
were submitted to the caries removal technique previously defined by the randomization process.

In the NSCR group, the cavity was accessed with a high-speed round diamond bur (No. 1013), and the
carious tissue was completely removed with a low-speed smooth round bur. A caries detector dye (Evicarie,
Biodinamica Quimica e Farmacéutica LTDA, Ibipora, PR, Brazil) was applied to the dentine for 10 sec, followed
by washing of the cavity to remove excess dye to reduce the subjectivity of the examiner. This procedure was
repeated until the dentine was no longer stained; this point was considered to be the complete removal of the
carious dentine [47].

In the SCR group, after accessing the lesion, the cavity preparation was limited to the total removal of
carious tissue from the lateral walls. Removal of necrotic dentine from the surface of the pulpal wall was
performed with smooth round burs while keeping the deepest dentine (affected dentin) [47].

Calibration of the operator for selective removal of carious tissue was performed in 20 deciduous molars
evaluated after this procedure, comparing the operator to a senior one with expertise in SCR, who supervised all
clinical attendance (Kappa inter-examiner = 0.85).

Next, in both groups, the pulpal wall was protected with calcium hydroxide cement (Hydro C, Dentsply,
Petrépolis, RJ, Brazil). The enamel and dentine of the surrounding walls were treated with 87% phosphoric acid.
Finally, the teeth were restored with composite resin (Filtek Z250, 3M ESPE, Sumaré, SP, Brazil) after the
application of an adhesive system (Adper™ Single Bond Plus Adhesive, 3M ESPE, Sumaré, SP, Brazil) according
to the manufacturer's instructions.

The cases of minor pulp exposure after preparation of the cavity in both groups were recorded regarding
their occurrence for subsequent statistical analysis. Immediately after the restorative procedure and removal of
the rubber dam, another measurement of the pulp %SaO, was performed. All %SaO. measurements were

performed by a blinded operator regarding the carious-tissue removal technique.

Follow-up

The pulp necrosis outcome was evaluated in the follow-up appointments (7 days, 1-, 6- and 12 months),
whereas the pulp peripheral arterial oxygen saturation percentage outcome was evaluated before and after the
restorative procedure and at all follow-ups. The outcome of pulp exposure was assessed during the
transoperative.

Follow-up evaluations concerning pulp vitality were performed with teeth without being anesthetized

and with relative isolation. The outcome pulp vitality was analyzed in the follow-up, observing no symptoms
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indicative of irreversible pulpitis and no radiographic signs suggestive of pulpal and periapical abnormality [3,47].
In addition, the secondary outcome pulp %SaO, was performed by the same operator and in the same manner

described for the baseline session.

Statistical Analysis

The tooth was considered the experimental unit of analysis of the study. The normality of the data was
evaluated using the Shapiro-Wilk test. Variables were normally distributed, and the values of the pulpal %SaO,
within each evaluation group (NSCR or SCR) over time were compared using the ANOVA. In addition, the pulp
%Sa0; levels were compared between the NSCR and SCR groups using the Student's t-test for dependent
samples (baseline, immediately after restoration, after 7 days, after 1-, 6-, and 12 months of follow-up).

The intraoperative pulp exposure and pulp necrosis were compared between the NSCR and SCR groups
using Fisher's exact test. Furthermore, the %SaO, levels measured in the children's fingers were compared to
the saturation of the pulp levels measured in the teeth through Spearman correlation analysis. All analyses were

performed using BioEstat 5.3 software (Instituto Mamiraud, Brazil). A 5% significance level was adopted.

Results

Five cases of intraoperative pulp exposure were recorded in our study during the removal of carious
tissue, with four cases in the NSCR group (18.18%), of which three cases involved major pulp exposure, for which
pulpotomy and exclusion from the study were indicated. Minor pulp exposure occurred in the other tooth of the
NSCR group, and direct pulp capping was performed using calcium hydroxide paste and cement. Little pulp
exposure also appeared in one tooth of the SCR group (4.5%), and direct pulp capping was also performed. The
two teeth in which direct pulp capping was performed were included in the sample, and the occurrence of such
procedures was recorded.

Although a lower percentage of intraoperative pulp exposure was observed in the SCR group, no
significant difference was observed between the groups (p>0.05) (Table 1). In the two teeth with little pulp
exposure accompanied (SCR - 1/NSCR - 1), no reduction in %Sa0O, levels over time was observed compared to
baseline values (Table 2).

At follow-up, none of the teeth showed clinical and radiographic evidence of loss of pulp vitality;
however, after these appointments, two cases of pulp necrosis with facial edema were recorded in the NSCR
group (10%), but with no difference from the SCR group (p>0.05) (Table 1). In the first case, the %SaO. was 93%
at the time of diagnosis and decreased to 84% at the 1-month evaluation, and the edema appeared 15 days after
this last measurement (45 days after baseline). In the second case, the %SaO. at the time of diagnosis was 93%
and decreased to 82% in the 6-month evaluation, and the child returned with facial edema 30 days (210 days after

baseline) after this last visit (Table 2).

Table 1. Comparison of the outcomes pulp exposure and pulp necrosis between the SCR and NSCR

oups.
e Outcomes Events Selective Caries Removal  Nonselective Caries Removal  p-value*
N (%) N (%)
Pulp Exposure (n = 44 Present 1(4.5) 4(18.2) 0.344:9
Absent 21 (95.5) 18 (81.8)
Pulp Necrosis (n = 40) Present 0 (0.0) 2(10.5) 0.2192
Absent 21 (100.0) 17 (89.5)

*Fisher’s exact test.
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Table 2. Medians of %SaO: of the cases of pulp exposure and pulp necrosis in the NSCR and SCR groups.

Groups Baseline Follow-up
Outcomes Before After 7 Days 1 Month 6 Months
Pulp Exposure SCR 93% 90% 84% 95% 84%
NSCR 81% 90% 87% 91% 92%
Pulp Necrosis NSCR (15t case) 93% 91% 88% 84% (-)
NSCR (2nd case) 93% 88% 94% 85% 82%

Baseline - (before and after the surgical procedure); SCR: Selective Caries Removal; NSCR: Nonselective Caries Removal; (-) - no reading
available.

In the SCR group, one tooth was lost because the child moved to another state. Thus, the final sample
consisted of 21 teeth in the SCR group and 19 teeth in the NSCR group (Figure 2). We tested the sample power
to the primary outcomes (exposure and pulp necrosis) and the secondary outcome (%SaO; pulp). The power for
the pulp exposure was 33.4%, pulp necrosis was 29.5%, and the %SaO, was 40%. These results indicate that
studies need a larger sample to observe differences between SCR and NSCR, 60 teeth per group (%SaO.), 65
(pulp exposure), and 69 (pulp necrosis).

Evaluated for eligibility
(n = 54 teeth)

Did not meet radiographic
inclusion criteria (n = 10)

Randomised (n = 44)

I

Allocated to SCR group (n = 22)

Allocated to NSCR group (n = 22)

*Received intervention (n = 22) Allocation *Received intervention (n = 22)
Loss to follow-up (relocation to another state) (n = 1) Loss to follow-up (major pulp exposure) (n = 3)
*Minor pulp exposure (n = 1)/kept Follow-up Minor pulp exposure (n = 1)/kept

Analysed (n = 21) l

Figure 2. Flowchart of the study design.

Analysed (n = 19) I

In our study, the pulse oximeter was able to detect the %SaO. pulp in all evaluated teeth. In the analysis
of the %SaO; pulp values, the mean saturation in the teeth during the evaluation period for the SCR group was
88.28%, and that for the NSCR group was 89.35%. No difference was observed in oxygen saturation levels
between groups and within the same group over time (p>0.05) (Table 3).

Table 3. Comparison of %Sa0. (mean% * SD) data between treatment groups over time.

Group Baseline Follow-up p-valuet
Before After 7 Days 1 Month 6 Months 12 Months
SCR (n=21) 87.66 £ 3.48 88.44 t 3.34 8844 +3.08 89.00% 8.96 90.00t2.23 88.33+3.78 0.5290%*
NSCR (n=19)  89.44 +4.10 88.94 % 2.62 89.16 £3.27 89.56 £ 3.24 89.36 £ 4.00 88.00 = 1.00 0.7585%*
p-value 0.1631% 0.63.66* 0.3942% 0.6850* 0.7119%* 0.8899%

Baseline: before and after the surgical procedure; SD: Standard Deviation; *: Friedman's test; *Student’s #test; **Friedman’s test; SCR:
Selective Caries Removal; NSCR: Nonselective Caries Removal.

During the follow-up appointments, spontaneous or provoked pain was not reported by children or their
parents. No statistical correlation was found between the %SaO, levels measured in the fingers and teeth for the

NSCR or SCR groups (p>0.05) (data not shown).
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Discussion

This randomized pilot trial shows that the pulp vitality of deciduous molars submitted to SCR did not
differ from that of teeth submitted to NSCR regarding pulp exposure, necrosis, and peripherical arterial pulp
oxygen saturation percentage (%Sa0.) outcomes during 12-month follow-up.

In the follow-up, two pulp necrosis (10.5%) occurred in teeth with no clinical and radiographic abnormal
pulp vitality signal at baseline in the NSCR group. No necrosis case happened in the SCR group. However, the
necrosis outcome did not significantly differ between the groups, probably due to the small sample of this trial
(Table 1). About this finding, the meta-analyses evaluating the risk of pulp disease after SCR showed a risk ratio
of 0.27 [0.05-1.607] with a p-value of 0.15 [7] or an odds ratio of 0.58 [0.31-1.107, however with a p-value of
0.10 [97, with insufficient evidence that the SCR had a superior effect to NSCR for pulp disease outcome. The
development of pulp disease is an infrequent event after carious tissue removal; the sample size may also be why
studies have not been able to show a significant difference in the outcome of pulp necrosis when comparing the
SCR and NSCR groups.

The pulp %SaO, of the two teeth which developed pulp necrosis was > 90% at baseline and decreased
in the follow-up to values ranging from 84% to 82% values identified at the previous follow-up before the clinical
observation of pulp necrosis (Table 2). The decrease in %SaO; levels in the follow-up period alerted us to
transition from reversible pulpitis to pulp necrosis, but no pain was reported by the patients. Dental abscesses
occurred in the subsequent follow-up of these teeth, for which oximeter readings were not recorded. Thus, we
confirmed necrosis and opened the teeth for pulpectomy. It is noteworthy that the restorations of these two teeth
were clinically satisfactory.

This observation confirms the Brazilian Academy of Pediatric Dentistry guidelines, which alerts to the
possibility of the dental pulp of deciduous teeth passing from the hyperemia to the necrosis phase without
manifesting pain. The absence of pain is not considered a reliable parameter for diagnosing pulpal health. Thus,
clinical subjective data on deciduous deep caries lesions may lead professionals to misdiagnose and perform an
inadequate treatment [(14].

Our results show that necrosis development after carious tissue removal occurred in two cases of the
NSCR group where the baseline values of pulp %SaO.; were > 90%, minimizing the possibility of an error in the
diagnosis of the pulp condition at the time of randomization.

This is the first study evaluating the pulp response over time in decayed deciduous molars, using an
objective tool to analyze pulp vitality in deciduous teeth before and after SCR / NSCR. A possible explanation
for the absence of studies using a test to assess pulp vitality at baseline and follow-up would be the inaccuracy of
the pulp response to the thermal and electrical tests in primary dentition [12].

The cut-off values for pulp health determination by pulse oximetry are not yet a consensus. A clinical
trial with deciduous teeth showed an average pulp oxygen saturation of 87%, 77%, and 75% for vital and non-
vital teeth, respectively [207. A previous study indicates cut-off values of 93% for deciduous teeth vitality [167].
A systematic review established 87% as the median %SaO, for healthy pulp in central and lateral incisors and
permanent canines [257]. Another study that included pre-molar teeth suggested this value may vary between
75% and 85% [[187].

We observed five teeth (12.5%) that showed baseline %SaO, values between 81% and 83%, and during
the follow-up period, these values progressively increased to levels > 90%. This observation suggests that for

decayed deciduous molars, the cut-off baseline median may be lower than the cut-off values described in previous
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studies for healthy deciduous teeth [15,167. However, it should be noted that these values were consistently
higher than 74.6%, which is considered the cut-off point of %SaO2 for the diagnosis of pulp necrosis [237].

The mean values of pulp %SaO. (88.81 £ 0.77) were lower than the %SaO, values measured in patients'
fingers (94.64 % 0.73), with no correlation between these measurements, which is consistent with the literature
for deciduous [15,16] and permanent teeth [257. The lower %SaO, values in the teeth compared to the finger
may be explained by the location of the pulp, which is surrounded by hard tissue, creating an obstacle to the
detection of vascularisation [267]. Thus, infrared light diffraction through the enamel prisms and dentinal tubules
[277] and the dispersion of light through the periodontium [167].

This 12-month follow-up pilot study suggests that the pulp response of deciduous molars, when
evaluated by clinical, radiographic, and pulp %SaO,, did not differ between teeth treated with SCR or NSCR. We
observed a tendency for pulp exposure and necrosis cases in the NSCR intervention. These infrequent outcomes
may require many observations to see the difference between SCR and NSCR. The sample size did not have the
power to identify a significant difference comparing the treatments evaluated. Systematic reviews grouping data
from primary studies concluded that pulp exposure and pain are more frequent in the NSCR than in the SCR [7-
97. However, the meta-analyses had not shown evidence that the SCR had a superior effect to NSCR on necrosis
outcome, possibly due to the small sample size, even though they grouped primary data [7,97.

This study has strengths that should be emphasized: (1) it serves as a reference for calculating the sample
size on pulp exposure, necrosis, and %SaO; outcomes in Selective Caries Removal studies, and (2) it meets all the
requirements of a randomized clinical trial; thus, our data can be included in meta-analyses in future.

Pulp %SaO, decreased overtime in two teeth that developed pulp necrosis. Thus, the reduction in %SaO,
values in the follow-up is an alert to irreversible pulp inflammation and the need for a short time for subsequent
teeth examination. Furthermore, a pulse oximeter adapted for dentistry may be a helpful tool to diagnose pulp
conditions in deciduous teeth, minimize the subjectivity in treatment decision moment, and monitor pulp vitality
longitudinally. The pulp %SaO. can support the clinician's decision-making when the professional is uncertain

about the clinical/radiographic signs of irreversible pulp inflammation.

Conclusion
Advantageously, the %SaO, minimizes preoperatory pulp vitality diagnosis subjectivity before SCR/
NSCR treatments. Furthermore, the pilot study results suggest the pulp response of deciduous molars, when

evaluated by clinical, radiographic, and pulp %SaO. seems not to differ between teeth treated with SCR or NSCR.
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