[]J Oral Res

COMPARATIVE EVALUATION OF THE EFFICACY OF CHEMO-MECHANICAL
CARIES REMOVAL AND ATRAUMATIC RESTORATIVE TREATMENT ON PAIN
REACTION AMONG CHILDREN: A SYSTEMATIC REVIEW AND QUANTITATIVE
SYNTHESIS

Evaluacion comparativa de la eficacia de la eliminacion quimiomecanica de caries y

el tratamiento restaurativo atraumatico dental en la reaccion al dolor en nifnos: una
revision sistematica y sintesis cuantitativa

Subhashree Mohapatra,' Rahul Mohandas.?

Received: August 16.2025. | Accepted:December02, 2025. | Published online: May 07,2026

ABSTRACT

Aim: The aim of the systematic review and quantitative synthesis was to assess and compare the
efficacy of chemo-mechanical caries removal (CMCR) and atraumatic restorative treatment (ART)
on pain reaction among children.

Material and Methods: Scopus, PubMed, Cochrane, Science Direct, EBSCOhost, Lilacs, Web of
Science, and Google Scholar were searched from the earliest available year till July 15, 2024. PICO
Strategy: P: Children; I: Chemo-mechanical caries removal; C: Atraumatic restorative treatment; O:
Pain reaction. The review comprised only randomised controlled trials and clinical studies. The
risk of bias assessment and quality of evidence were assessed using the RoB-2 Tool and GRADE
Tool, respectively.

Results: Five full-text publications that met the requirements for eligibility underwent additional
processing for data extraction. The overall results of the review suggest that there is no difference
in the effect of CMCR and ART on pain reaction among children with a 95% CI of OR: 0.12 [0.01,
1.68]; p=0.12. However, the pooled data suggested high heterogeneity (p<0.0001; 1’=89%) among
the studies.

Conclusions: The current review concludes that the effect of CMCR and ART on pain reaction
among children is comparable. However, the certainty is low due to high heterogeneity among
the included studies. Further studies with a combination of subjective and objective scales may
help determine the true pain reaction and provide more conclusive evidence for pain reaction to
CMCR and ART.
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RESUMEN

Objetivo: El objetivo de esta revision sistematica y sintesis cuantitativa fue evaluar y comparar la
eficacia de la eliminacion quimiomecanica de caries (EQMC) y el Tratamiento restaurativo atraumatico
dental (TRAD) en la reaccion al dolor en nifnos.

Materiales y métodos: Se realizaron blsquedas en Scopus, PubMed, Cochrane, Science Direct,
EBSCOhost, Lilacs, Web of Science y Google Scholar desde el ano mas antiguo disponible hasta el 15
de julio de 2024. Estrategia PICO: P: Ninos; I: Eliminacion quimiomecanica de caries; C: Tratamiento
restaurador atraumatico; O: Reaccion al dolor. La revision incluyo Unicamente ensayos controlados
aleatorizados y estudios clinicos. La evaluacion del riesgo de sesgo y la calidad de la evidencia se
realizaron mediante las herramientas RoB-2 y GRADE, respectivamente.

Resultados: Cinco publicaciones de texto completo que cumplian los criterios de elegibilidad se
sometieron a un procesamiento adicional para la extraccion de datos. Los resultados generales de la
revision sugieren que no existe diferencia en el efecto de la EQMC y la TRAD sobre la reaccion al dolor
en ninos, con un intervalo de confianza del 95% para la OR: 0,12 [0,01, 1,68]; p=0,12. Sin embargo, los
datos combinados mostraron una alta heterogeneidad (p<0,00071; 12=89%) entre los estudios.
Conclusion: La presente revision concluye que el efecto de la EQMC y la TRAD sobre la reaccion al
dolor en ninos es comparable. No obstante, la certeza es baja debido a la alta heterogeneidad entre
los estudios incluidos. Futuros estudios que combinen escalas subjetivas y objetivas podrian ayudar a
determinar la verdadera reaccion al dolor y proporcionar evidencia mas concluyente sobre la reaccion
al dolor con la EQMCy la TRAD.

Palabras clave: Caries dental; Tratamiento restaurativo atraumatico dental; Papaina; Dolor; Nino;
Revision sistematica.

INTRODUCTION

Globally, dental caries is the most prevalent
pediatric disease." The World Health Orga-
nization (WHO) estimates that dental caries
affect 60-90% of school-age children, most-
ly in underdeveloped nations.? While rotary
devices can remove caries relatively quickly,
there is a risk of damaging tooth structure
and overheating the pulp or nerves, which
can result in excruciating pain.®> While local
anesthetics may lessen pain, young children
may become more fearful of needles and
less cooperative during restorative treat-
ments due to the noise and vibration of ro-
tary devices.*

The two most important factors in pedia-
tric dentistry are dental treatment-related
anxiety and discomfort.® Anxiety and pain
are strongly associated with more intrusive
restorative dental treatments for children,
according to a systematic study that con-
centrated on patient-reported outcomes.®
Patients delay seeking care because of the
fear associated with rotary devices.’

Dental caries can be managed using va-
rious techniques, such as chemo-mecha-
nical removal and atraumatic restorative
treatment (ART). The ability to remove only
the caries-infected tissue while leaving the
caries-affected tissue intact is a common
characteristic of these techniques.® In ART,
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hand instruments are used to remove soft
and demineralized carious tissue, which is
then conditioned and restored using an ad-
hesive substance.” Because ART doesn't re-
quire rotary instruments, rubber dams, or
local anesthetics, it produces less pain.? As
a result, it's regarded as a patient-friendly
procedure. Even though ART is considered
to be a non-traumatic therapy, a systematic
review found no evidence that it lowers pa-
tient anxiety when compared to traditional
treatments.”

Due to the simplicity of the removal of ca-
rious tissue, chemo-mechanical caries re-
moval (CMCR) has been proposed as a
substitute to reduce patient concern.” This
method, when combined with hand instru-
ments, allows for the minimally invasive
removal of contaminated carious tissue by
dissolving it with a chemical agent.”? One
of the main benefits of CMCR is that it only
removes the infected layer of dentin, pre-
serving more dental tissue and preventing
pulpal tissue irritation. It can be used on un-
cooperative children and patients who are
physically disabled or who have infectious
diseases.”

In recent years, minimally invasive dentistry
(MID) has become central to modern pedia-
tric dental care, focusing on conserving too-
th structure and ensuring a more comfor-
table experience for children. Despite this
positive shift, there is still limited analytical
evidence™™ directly comparing how various
minimally invasive techniques—such as
CMCR and ART—affect children’s perception
of pain during treatment. Gaining clearer
insights into this aspect can help clinicians
choose techniques that not only preser-
ve teeth but also make dental visits less
stressful for young patients. Hence, the aim
of this systematic review is to assess and
compare the efficacy of CMCR and ART on
pain reaction among children.

MATERIALS AND METHODS

The systematic review procedure was con-
ducted by the Preferred Reporting Items
for Systematic Review and Meta-Analyses
(PRISMA) guidelines.™

Study registration

The protocol and study details have be-
en registered in PROSPERO. (Registration
number: CRD42024565077).

Focused question

Is there a difference in the effect of CMCR
and ART on pain reaction among children?
PICO analysis

Population: Children

Intervention: Chemo-mechanical caries re-
moval

Comparator: Atraumatic restorative treat-
ment

Outcome: Pain reaction

Search strategy

To locate relevant papers, a thorough se-
arch was conducted across databases like
PubMed, Cochrane, Scopus, Lilacs, Science
Direct, Web of Science, EBSCOhost, and
Google Scholar (first 100 hits screened)
from the earliest date available until July
15, 2024. A manual search of scholarly jour-
nals, conference proceedings, unpublished
articles, and cross-references was done
to find further publications. The search
strategies for the above-mentioned data-
bases have been summarized in Table 1.

Inclusion criteria

- Studies on children (with no restriction on
gender)

- Study design: Randomized controlled trials
and clinical studies

- Studies comparing the pain reaction of
CMCR and atraumatic restorative treatment
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Exclusion criteria

- Articles using any other minimally invasive
technique as a comparator

- Qutcome not assessing pain reaction.

- Articles on CMCR without a control group.
- Cross-sectional studies, longitudinal stu-
dies, cohort studies, case-control studies,
in-vitro studies, animal studies, reviews.

Screening and selection

The reviewers (SM and RM) examined the
study titles separately. Duplication resulted
in the omission of articles from different
databases. If the search terms appeared in
the article title, it was considered eligible
for abstract reading. If the abstracts sup-
ported the aim of the study, the papers
were considered for full-text reading. Their
eligibility was assessed after the full-text
data were obtained. If the articles satis-
fied the eligibility requirements, they we-
re processed further for data extraction
(Figure 1). The reference lists of the full-text
papers were manually searched to locate
additional research. Discussions were used
to settle disagreements.

Data extraction

The following information was gathered
and putinto an Excel spreadsheet (MS Excel
2020) by two reviewers: author details,
study year, study location, study design,
participant demographics, pain assessment
scale, in-tervention, outcome, and inference
of the included studies. Publications
written in other languages were translated
into English using Google Translate.” When
full-text publications were unavailable,
the pertinent authors were contacted
to obtain the mis-sing text or other
information. To maintain consistency, both
reviewers (SM and RM) first carried out a
calibration exercise on a subset of studies.
Any differences in their screening or data

extraction were discussed and resolved by
consensus, and the criteria were refined to
ensure uniform application throughout the
review.

Risk of bias assessment

The Cochrane risk-of-bias tool for
randomized trials Version 2 (RoB 2) was used
to evaluate the risk of bias for randomized

controlled trials.?® Random sequence
generation, allocation concealment,
participant and personnel blinding,

outcome assessment blinding, insufficient
outcome data, selective reporting, and
other biases were the criteria utilized
to evaluate the bias. There were three
categories for overall bias risk: low, high,
and uncertain.

The risk of bias in clinical comparative
studies was evaluated using the ROBINS-I
(Risk of Bias In Non-randomised Studies
- of Interventions Tool).?" The following
criteria were applied to evaluate the bias:
confounding bias, participant selection
bias, intervention classification bias,
deviation from intended interventions bias,
missing data bias, outcome measurement
bias, and reported result selection bias.
There were four categories for overall bias
risk: low, moderate, serious, and critical.

Quality of evidence

The strength of evidence in the included
studies was evaluated using the GRADE
(Grading of Recommendations, Assessment,
Development, and Evaluations) tool.?2 This
framework classifies evidence into four
levels—very low, low, moderate, and high.
Each study was carefully assessed across
the key GRADE domains, including risk of
bias, consistency of results, indirectness,
imprecision, and potential publication bias,
to determine its overall quality.
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Data analysis

After entering the obtained data in the data
extraction table for the qualitative synthe-
sis, the meta-analysis was conducted for
the quantitative synthesis. The difference
in outcome between the chemo-mechanical
and ART groups was evaluated using a ran-
dom-effect model. To estimate the odds ratio
(OR) at a 95% confidence interval (Cl), the to-
tal number of events in each group with posi-
tive pain scores was used. The heterogeneity
in the findings of the included studies was
evaluated using the I? statistic and Chi-squa-
re tests. For statistical significance, hetero-
geneity was defined as a p-value less than
0.1. Review Manager version 5.4.1 was used to
conduct the statistical analysis.

Table 1

RESULTS

Search and selection results

Using PubMed, Scopus, EBSCOhost, Web of
Science, Science Direct, Lilacs, Cochrane da-
tabases, Google Scholar, and manual sear-
ching, 664 articles were found. 650 titles
were assessed once the search was cleared
of duplicates. After reading the titles, 15 ar-
ticles were selected. Following the evalua-
tion of the abstract, ten articles were re-
moved. Five®? full-text publications were
processed for data extraction. The charac-
teristics of the included studies have been
presented in Table 2.

Search strategies for the various databases used in this study

DETELEL Search string

PubMed

((chemo mechanical caries removal OR papain) AND dental atraumatic restorative

treatment) AND (pain OR pain measurement OR pain perception OR patient comfort) AND

(child OR primary molar)
Cochrane Library

("chemo mechanical caries removal" OR "papain") AND "dental atraumatic restorative

treatment" AND ("pain" OR "pain measurement" OR "pain perception" R "patient comfort")

AND ("child" OR "primary molar")
(TITLE-ABS-KEY("chemo mechanical caries removal" OR "papain") AND TITLE-ABS-KEY

Scopus

("dental atraumatic restorative treatment") AND (TITLE-ABS-KEY("pain") OR TITLE-ABS-KEY
("pain measurement") OR TITLE-ABS-KEY("pain perception") OR TITLE-ABS-KEY ("patient
comfort")) AND (TITLE-ABS-KEY("child") OR TITLE-ABS-KEY("primary molar")))

Lilacs

((chemo mechanical caries removal OR papain) AND dental atraumatic restorative treat-

ment) AND (pain OR pain measurement OR pain perception OR patient comfort) AND

(child OR primary molar)
ScienceDirect

("chemo mechanical caries removal" OR "papain") AND "dental atraumatic restorative treat-

ment" AND ("pain" OR "pain measurement" OR "pain perception" OR "patient comfort")

AND ("child" OR "primary molar")
("chemo mechanical caries removal" OR "papain") AND ("dental atraumatic restorative

Web of Science

treatment") AND ("pain" OR "pain measurement" OR "pain perception") OR patient comfort"))

AND ("child" OR "primary molar"))
((chemo mechanical caries removal OR papain) AND dental atraumatic restorative treat-

EBSCO Host

ment) AND (pain OR pain measurement OR pain perception OR patient comfort) AND (child

OR primary molar)
Google Scholar

"chemo mechanical caries removal" OR "papain" AND "dental atraumatic restorative treat-

ment" AND ("pain" OR "pain measurement" OR "pain perception" OR "patient comfort")

AND ("child" OR "primary molar")
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Table 2

Characteristics of included studies

Author,
Year of

Place

study

Satie Brazil
etal?

(201)

Khalek
etal?
(2017)

Egypt

Pascareli- Brazil
Carlos
etal*

(2021)

Gupta India
etal®

(2022)

of study

Type
of study

Split-mouth,
randomized
controlled
trial

Parallel-arm,
randomized
controlled
trial

Parallel-arm,
randomized
controlled
trial

Split-mouth
clinical compa-
rative study

Participant
description
(Sample size,
age, gender)

Total
participants=8
children.
Age=3-6 years

Total
participants =50
children
Age=4-8 years

Total
participants=40
children
Age=4-9 years

Total
participants=40
children
Age=4-10 years

Pain
assessment
scale

Wong-Baker Faces
Pain Rating Scale
(WBS)

Sound, Eye, and
Motor (SEM) scale

Wong-Baker Faces
Pain Rating Scale
(WBS)

Wong-Baker Faces
Pain Rating Scale

Intervention

Group 1= 8 primary
molars ART

Group 2=8 primary
molars
Chemo-mechanical
caries removal

The cavities were
restored with GIC

Group 1=25
participants
Chemo-mechanical
caries removal
Group 2=25
participants ART
The cavities were
restored with
chemically cured
GIC

Group 1=20
participants Chemo-
mechanical caries
removal

Group 2=20 partici-
pants ART

The cavities were
restored with GIC

Group 1= 40
primary molars
Chemo-mechanical
removal

Group 2=40 primary
molars ART

The cavities were
restored with GIC

Outcome

Chemo-mechanical
group

No pain=100%

ART

No pain=100%

Chemo-mechanical
group

Median S score=1
(comfort)

Median E score=1
(comfort)

Median M score=1
(comfort)

Adjusted mean SEM
score=3.6

Mean time for caries
removal=5.8 min
ART

Median S score=3
(moderately painful)
Median E score=2
(mild discomfort)
Median M score=3
(moderately painful)
Adjusted mean SEM
score=/.8
p-value=0.001

Mean time for caries
removal=4.8 min

Chemo-mechanical
and ART group

No pain=55%

Mild pain=40%
Moderate pain=5%
Working time for
chemo-mechanical
removal 8.4 min

Working time for ART

9.2 min
Chemo-mechanical
group

Score 0=59.5%
Score 2=30%
Score 4=7.5%
ART

Score 0=70%
Score 2=12.5%
Score 4=12.5%
p-value=0147
Mild discomfort in
ART group

Inference

No difference in pain
perception between
the groups

Chemo-mechanical
caries removal is ass-
ociated with minimal
is pain compared to
ART

However, the working
time for chemo
-mechanical caries
removal is more

No statistical diffe-
rence in pain perce-
ption beween the
groups. No statistical
difference in the wor-
king time between
the groups

No statistically sig-
nificant between the
groups
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Author,
Year of

Pain Intervention
assessment

scale

Place
of study

Participant
description
(Sample size,
age, gender)

Type
LY

study

Total
participants=50
children
Age=5-8 years

Randomized
controlled
trial

Ghanem
etal®
(2023)

Sound, Eye, and
Motor (SEM) scale

Group1=25
participants
Chemo-mechanical
caries removal
Group 2=25
participants

ART

The cavities were
restored with resin
modified GIC

Egypt

Table 3
Risk of bias assessment in non-RCT using the RoB-I Tool

Study Domain

Gupta Bias due to confounding

etal” Bias in selection of participants

(2022) Bias in classification of interventions
Bias due to deviation from intended interventions
Bias due to missing data
Bias in measurement of outcomes
Bias in the selection of reported result
Judgement

Table &4

Quality of evidence as assessed by the GRADE Tool

Outcome

Chemo-mechanical
group

SEM score 1=100%
SEM score 2=0%

ART

SEM score 1=60%
SEM score 2=40%
p-value<0.001
Children showed more
co-operative behavior
(p=0.002)

Working time for chemo-
mechanical removal
9.5min

Working time for ART
5.7 min

Inference

Chemo-mechanical
caries removal is
associated with mini-
mal pain compared to
ART

However, the working
time for chemo-
mechanical caries re-
moval is more

Gupta et al

No
No
No
No
No
No
No

Low

Certainty assessment Ne of patients Effect
No. Study Risk Incons- Indirect- Impreci- Other  CMCR  ART Relative Absolute  Quality of
of design of istency  ness sion conside- 95%Cl) (95%Cl) theEvidence
studies bias rations (GRADE)
5 Randomised ~ Serious  Not Serious Not None 256/m8  56/118  OR0J2 377 per DDRD
and non- serious serious (21.2%)  (475%) (0.01to 1000 (from  High
randomised 168 466 fewer
trials t0 128 more)
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Figure 1

PRISMA flowchart: Selection process for the studies included
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Figure 3
Quantitative analysisp=0.12; 12=89%

Chemo-mechanical ART Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Satie 2011 0 8 0 8 Not estimable 2011
Khalek 2017 0 25 25 25 182% 0.00 [0.00,0.02] 2017 +—
Pascareli-Carlos 2021 9 20 9 20 29.2% 1.00 [0.29, 3.48] 2021 L.
Gupta 2022 16 40 12 40 30.1% 1.56 [0.62, 3.93] 2022 T
Ghanem 2023 0 25 10 25 22.6% 0.03 [0.00, 0.53) 2023 ——
Total (95% CI) 118 118 100.0% 0.12 [0.01, 1.68] e —
Total events 25 56 ) ) )

Heterogeneity: Tau® = 5.72; Chi* = 27.03, df = 3 (P < 0.00001); I* = 89%

'
[ + + i
Test for overall effect: Z = 1.57 (P =0.12) 0.01 01 L L 100

Favours [Chemolmechanica“ Favours [ART)

Forest plot depicting high heterogeneity with a 95% Cl of OR: 0.12 [0.01, 1.68]; p=0.12; 1>=89%

Figure &4
Sub-group analysis

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Satie 2011 0 8 0 8 Mot estimable 2011
Khalek 2017 0 25 25 25 299% 0.00 [0.00, 0.02) 2017 +—
Pascareli-Carlos 2021 9 20 9 20 37T0% 1.00[0.29, 3.48] 2021 .
Ghanem 2023 0 25 10 25 331% 0.03 [0.00, 0.53) 2023 +— ®————————
Total (95% CI) 78 78 100.0% 0.03 [0.00, 3.24] I —
Total events 9 44
ity: = - Chi*= = cP= b + + J
Heterogeneity: Tau® = 15.17; Chi* = 18.62, df = 2 (P < 0.0001); IF = 80% 0.01 01 10 100

Test for overall effect: Z=1.47 (P =0.14) Favours [chemomechanical] Favours [ART)

Chemo-mechanical ART Odds Ratio Odds Ratio

Study or Subgrou Evarnts Total Ewvents Total Weaight M-H, Random, 95% C| Year M-H, Random, 95% CI
Satie 2011 0 a8 0 8 Mot astimable 2011
Pascareli-Carlos 2021 9 20 9 20 356% 1.00 [0.29, 3.48]) 2021
Gupta 2022 16 40 12 40 64.4% 1.56 [0.62, 3.93] 2022
Total (95% CI) 68 68 100.0% 1.33 [0.63, 2.79)
Total events 25 21

it 2w - Chit = - - RB= F + + + J
Heterogeneity: Tau® = 0.00; Chi* = 0.31, df = 1 (P = 0.58); F = 0% 0.01 01 H 10 100

Test for overall effect: Z = 0.75 (P = 0.45) Favours [chemomechanical] Favours [ART]

Chemo-mechanical ART Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% ClI
Khalek 2017 0 25 25 25 451% 0.00 [0.00,0.02] 2017 +—
Ghanem 2023 1} 25 10 25 54.9% 0.03 [0.00. 0.53] 2023 —
Total (95% CI) 50 50 100.0% 0.00 [0.00, 0.29] —
Total events 0 35

ity: Tau® = 6.41; Chi* = =1(P= = k ; ' |
Heterogeneity: Tau® = 6.41, Chi* = 3.04, df = 1 (P = 0.08); P = 67% 001 01 0 100

Test for overall effect: Z = 2.52 (P = 0.01) Favours [Chemomechanical] Favours [ART]

A: Based on RCTs with a 95% Cl of OR: 0.03 [0.00, 3.24]; p=0.14; 1’=90% B: Based on WBS with a 95% Cl| of OR: 1.33 [0.63,
2.79]; p=0.45; 12=0%. C: Based on SEM scale with a 95% of OR: 0.00 [0.00,0.29]; p=0.08; 1?=67%.
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Characteristics of included studies

Four studies?*?*? were randomised contro-
lled trials whereas, one was a clinical compa-
rative study.?® A split-mouth design was used
in two studies?? while a parallel design was
used in three studies.?*?? Individuals (aged
between 4 and 10 years) were included in the
study. The sample size of the included stu-
dies ranged from 8 to 50.

Place of study

Two studies were conducted in Brazil,23?®
two in Egypt,?#? and one in India.?®

Clinical indices

The Sound, Eye, and Motor (SEM) scale was
used in two studies?»? whereas, the Wong-
Baker Faces Pain Rating Scale (WBS) was used
in three studies.?*?5%

Intervention

In all the studies,?*?” papain was used as the
CMCR agent for 1-3 mins (based on the ma-
nufacturer’s instructions) and ART was per-
formed using hand instruments. Both the in-
tervention and control groups were restored
using GIC.

In the study conducted by Khalek et al.,?® and
Ghanem et al.,?” the SEM scale was used by
the assessors to gauge the child's response
to cavity preparation and caries removal af-
ter seeing videos of caries removal sessions.
The WBS was given to patients right after the
treatment procedure in the study conducted
by Pascareli-Carlos et al,?® The best-fitting
illustration for the patient's perceived pain
was asked to be pointed at. In the study con-
ducted by Satie et al.,” the WBS was used to
measure how a child reacted to pain during
the treatment.

In the study conducted by Gupta et al.,?®* WBS
was presented to the patients immediately
after the treatment and the patients were
asked to select a face that best represented
their level of pain.

Study outcomes

CMCR was associated with minimal pain com-
pared to ART in two studies.?*?” In the study
conducted by Khalek et al,* the adjusted
mean SEM score for CMCR was 3.6 whereas for
ART was 7.8. In the study conducted by Gha-
nem et al.,” 100% of the participants had a
SEM score of 1 (comfort) for CMCR whereas,
for ART it was 60%. No statistically significant
difference was found between CMCR and ART
in three studies.?*%26

The working time for CMCR and ART was as-
sessed in three studies. The working time for
CMCR was 5.8, 8.4, and 9.5 mins whereas for
ART it was 4.8, 9.2, and 5.7 min in the studies
conducted by Khalek et al.,* Pascareli-Carlos
et al,?® and Ghanem et al.”

Risk of bias assessment

In RCTs, three studies?*?527 were rated as low
risk of bias whereas, one?® was rated as un-
clear risk of bias. The study was rated as un-
clear risk of bias because details regarding
allocation concealment, blinding of parti-
cipants and personnel, and blinding of the
outcome assessment were not mentioned.
The risk of bias summary has been illustra-
ted in Figure 2A. Random sequence gene-
ration, incomplete outcome data, reporting
bias, and other bias exhibited a low risk of
bias of 100%. Allocation concealment, blin-
ding of participants and personnel, and blin-
ding of outcome assessment exhibited a low
risk of bias of 75%. The risk of bias graph has
been illustrated in Figure 2B. For the clinical
comparative study, the overall risk of bias
was low, (Table 3).

Quality of evidence

The evidence's quality was determined to be
"high," indicating that the true effectis close
to the estimate of the effect. (Table 4).
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Synthesis of result

A high statistical heterogeneity was found
between the studies; Test for heterogeneity:
p<0.00001; 1>=89% (Figure 3).

Sub-group analysis

A subgroup analysis of RCTs showed that
there was no significant difference in pain
scores between CMCR and ART (OR: 0.03
[95% Cl: 0.00-3.24]; p = 0.14). However, the
findings within this subgroup were highly
inconsistent, as indicated by the high hete-
rogeneity (12 = 90%, p < 0.0001), suggesting
substantial variation among the included
studies (Figure 4A).

When pain was measured using the Wong-
Baker Faces Pain Scale (WBS), the results
were more consistent, again showing no sig-
nificant difference between CMCR and ART
(OR: 1.33 [95% CI: 0.63-2.79]; p = 0.45). In this
subgroup, heterogeneity was low (12 = 0%, p
= 0.58), indicating that the studies were lar-
gely in agreement (Figure 4B).

In contrast, studies that used the Sound,
Eye, and Motor (SEM) scale found that CMCR
was associated with significantly lower pain
compared to ART (OR: 0.00 [95% Cl: 0.00-
0.29]). Although these results favored CMCR,
moderate heterogeneity was observed (|2 =
67%, p = 0.08), suggesting some variation in
the study outcomes (Figure 4C).

DISCUSSION

Dental caries is a prevalent disease that
affects people of all ages. A biological and
less intrusive method has become more
important in the management of carious
lesions. Therefore, eliminating infected
dentin without sacrificing healthy dentin—
which can remineralize— has been the ulti-
mate objective of conservative restorative
dentistry.

In this review, two studies*? suggested
that CMCR was associated with minimal
pain compared to ART, whereas three
studies?*?>?6 syggested that no statistically
significant difference was found between
the two groups. A quantitative synthesis
of the included studies revealed a high
heterogeneity between the studies thus
making it difficult to make a conclusion
(p<0.00001; 1=89%). A sub-group analysis
of RCTs suggested no difference in the
scores between CMCR and ART with high
heterogeneity (p<0.0001; 12=90%). A sub-
group analysis of patients whose pain
score was recorded using the WBS also
suggested that there is no difference in
the scores between CMCR and ART with no
heterogeneity (p=0.58; 12=0%). However, this
finding should be interpreted with caution,
as it is drawn from only three studies,
which limits how confidently the results
can be generalized. A sub-group analysis
of patients whose pain score was recorded
using the SEM scale suggested that CMCR
was associated with minimal pain compared
to ART with moderate heterogeneity (p=0.08;
12=67%).

Since 1975, several CMCR agents have been
produced. They fall into one of two broad
categories: agents based on enzymes or
agents based on sodium hypochlorite
(NaClo).2® All the studies in this review
used papain as the CMCR agent. Papain is
an enzyme-based agent that is considered
an effective chemical debriding agent. It is
a cysteine protease obtained from green
papaya (Carica papaya) fruits and latex.?®
It is believed to function by breaking down
partially degraded collagen molecules and
assisting in the removal and disintegration
of the fibrin mantle produced by the carious
process without damaging the intact colla-
gen fibrils.?® This leads to a softening of
the diseased dentin, which can be removed
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with non-cutting instruments and without
anesthesia.

Dorri et al,*® found that children reported
less pain with ART compared to traditional
cavity preparation. Deng et al,*' similarly
showed that papain-based CMCR techni-
ques caused less discomfort than conven-
tional methods. In addition, da Silva et al.,*?
reported that using CMCR together with ART
reduced pain even more effectively than ART
alone. Despite these insights, no systematic
review has directly compared CMCR and ART
in terms of pain reduction. This makes the
present review the first to specifically explo-
re this comparison.

The working time of CMCR was found to
be higher than that of ART. This could be
explained by the fact that the study's lesions
were accessible with hand instruments
and ART; in contrast, caries was removed
chemo-mechanically by using the CMCR
agent multiple times. However, according
to a systematic study by Hamama et al,
CMCR had a higher excavation time than
rotary instruments but somewhat less than
ART (mean working time for CMCR, rotary
instruments, ART= 6.36, 2.99, and 6.98 min
respectively).?® The difference in the findings
of the current systematic review and the
aforementioned systematic review could be
due to variation in the age of the individuals,
types of lesions, and accessibility.

Based on the pain assessment scales used,
it was observed that while studies using
the WBS supported neither treatment,
those utilizing the SEM scale concluded that
CMCR is superior to ART in producing the
least amount of pain. Pain is a subjective
experience. The WBS evaluates a child's
perception of pain. The inherent dread and
apprehension associated with the operation
or dentist appointment may make this
scale erroneous or untrustworthy. The SEM
scale obscures the confounding variables

connected to the child's sense of pain and
suffering by concentrating on the auditory,
visual, and motor alterations as noted by
the dentist.?® Hence, the nature of the scale
used to assess the pain reaction plays a
significant role in deciding the outcome of
the intervention.

Limitations

This review has a few important limitations
to consider. First, only a small number of
studies directly compared CMCR and ART.
Subgroup analysis using WBS showed no he-
terogeneity. However, it was based on just
three studies, which limits how confident-
ly the results can be interpreted. Second,
considerable heterogeneity was seen in the
other subgroup analyses, possibly because
of differences in participant age and ope-
rator experience. Third, the way minimally
invasive techniques were carried out varied
across studies, and the lack of a consistent
method for measuring pain may have in-
fluenced the findings.

Finally, many of the included studies had re-
latively small sample sizes and showed an
unclear risk of bias, particularly in blinding
and outcome assessment. Moreover, formal
assessment of publication bias could not be
performed due to the small number of in-
cluded studies.

Future recommendations

Studies using a combination of both sub-
jective and objective pain assessment sca-
les may be helpful in determining the true
pain reaction and provide more conclusive
evidence of pain perception for a particular
intervention. This would further substan-
tiate the efficacy of CMCR and ART in terms
of pain reaction. A finger pulse oximeter,**
which measures heart rate and oxygen sa-
turation during dental operations, can be
used to evaluate physiological factors. Fu-
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ture studies are required to evaluate the
effectiveness of these two minimally inva-
sive restorative methods in real-world se-
ttings, particularly those with limited re-
sources. These studies should also focus on
children with special needs, children who
struggle with behavior management, and
children who have had unfavorable dental
treatment experiences.

Large-scale multi-center trials need to be
conducted in the future to get more valid re-
sults. Furthermore, the chemo-mechanical
method of caries removal is not cost-effec-
tive in under-developed and developing
countries due to the addition of the cost of
chemical agents. Therefore, further studies
need to be conducted to evaluate the fea-
sibility and cost-effectiveness of the CMCR
method.

REFERENCES

1. Pitts NB, Twetman S, Fisher J, Marsh PD.
Understanding dental caries as a non-commu-
nicable disease. Br Dent J. 2021;231(12):749-753.
doi: 10.1038/s41415-021-3775-4. Epub 2021 Dec
17. PMID: 34921271, PMCID: PMC8683371.

2. Petersen PE, Bourgeois D, Ogawa H, Estupinan-
Day S, Ndiaye C. The global burden of oral
diseases and risks to oral health. Bull World
Health Organ. 2005:83(9):661-9. Epub 2005 Sep
30. PMID: 16211157; PMCID: PM(C2626328.

3. Corréa FN, Rocha Rde O, Rodrigues Filho LE,
Muench A, Rodrigues CR. Chemical versus con-
ventional caries removal techniques in primary
teeth: a microhardness study. J Clin Pediatr
Dent. 2007 Spring;31(3):187-92. doi: 1017796/
jcpd.31.3.1440852707v3g1u0. PMID: 1755004 5.

4. Ganesh M, Parikh D. Chemomechanical caries
removal (CMCR) agents: Review and clinical
application in primary teeth. ] Dent Oral Hyg.
2011;3:34-5.

CONCLUSIONS

The current review concludes that there
is no difference in the effect of chemo-
mechanical caries removal and atraumatic
restorative treatment on pain reaction among
children. However, the certainty is low due
to high heterogeneity among the included
studies. Further studies with a combination
of subjective and objective scales may help
determine the true pain reaction and provide
more conclusive evidence for pain reaction
to chemo-mechanical caries removal and
atraumatic restorative treatment.

5. Dahlander A, Soares F, Grindefjord M, Dahllof
G. Factors Associated with Dental Fear and
Anxiety in Children Aged 7 to 9 Years. Dent |
(Basel). 2019;7(3):68.

6. Ladewig NM, Tedesco TK, Gimenez T, Braga
MM, Raggio DP. Patient-reported outcomes
associated with different restorative tech-
niques in pediatric dentistry: A systematic
review and MTC meta-analysis. PLoS One.
2018:13(12):0208437. doi: 10.1371/journal.pone.
0208437. PMID: 30521577; PMCID: PMC6283634.

7. Leal SC, Abreu DM, Frencken JE. Dental anxiety
and pain related to ART. J Appl Oral Sci.
2009:17 Suppl(spe):84-8. doi: 10.1590/s1678-
77572009000700015. PMID: 21499661, PMCID:
PMC5467370.

8. Ganesh M, Parikh D. Chemomechanical caries
removal (CMCR) agents: review and clinical
application in primary teeth. J Dent Oral Hyg.
20171;3:34-45.



Mohapatra S & Mohandas R. Comparative Evaluation of the Efficacy of Chemo-mechanical Caries Removal and Atraumatic
Restorative Treatment on Pain Reaction Among Children: A Systematic Review and Quantitative Synthesis. J Oral Res. 2026;
15(1):4-19. https://doi.org/10.17126/joralres.2026.002

10.

1.

12.

13.

14.

15.

6.

Mohapatra S, Mohandas R. Clinical Outcome
Success of Silver-Modified Atraumatic Resto-
rative Treatment (SMART) in Treating Children
with Dental Caries in Primary Teeth: A
Systematic Review. Journal of Health and Allied
Sciences NU. 15(01): 004-010.

Simon AK, Bhumika TV, Nair NS. Does atraumatic
restorative treatment reduce dental anxiety
in children? A systematic review and meta-
analysis. Eur ) Dent. 2015;9(2):304-309. doi:
10.4103/1305-7456.156841.  PMID:  26038668;
PMCID: PMC4439864.

Venkataraghavan K, Kush A, Lakshminarayana
C, Diwakar L, Ravikumar P, Patil S, Karthik S.
Chemomechanical Caries Removal: A Review
& Study of an Indigen-ously Developed Agent
(Carie Care (TM) Gel) In Children. J Int Oral
Health. 2013;5(4):84-90. Epub 2013 Aug 28. PMID:
24155626; PMCID: PMC3780371.

Souza TF, Martins ML, Magno MB, Vicente-Gomila
JM, Fonseca-Goncalves A, Maia LC. Worldwide
research trends on the use of chemical-me-
chanical caries removal products over the
years: a critical review. Eur Arch Paediatr Dent.
2022;23(6):869-883.

Rao D, Panwar S, Narula H. An in-vivo
comparative evaluation of the efficacy of two
different pa-pain based chemo-mechanical
caries removal agents in primary molars.
International Journal of Scientific Research.
2020;9(3):43-45.

de Menezes Abreu DM, Leal SC, Mulder J,
Frencken JE. Pain experience after conventional,
atraumatic, and ultraconservative restorative
treatments in 6- to 7-yr-old children. Eur J Oral
Sci. 2011;119(2):163-8. doi: 10.1111/].1600-0722.201
1.00806.x. Epub 2011 Mar 3. PMID: 21410 557.

de Menezes Abreu DM, Leal SC, Frencken JE.
Self-report of pain in children treated according
to the atraumatic restorative treatment and
the conventional restorative treatment--a pilot
study.) Clin Pediatr Dent.2009 Winter;34(2):151-5.
doi: 10.17796/jcpd.34.2.9k67p78617126263. PMID:
20297707.

Alkhouli MM, Al Nesser SF, Bshara NG, AlMidani
AN, Comisi JC. Comparing the efficacies of two
chemo-mechanical caries removal agents
(2.25% sodium hypochlorite gel and brix 3000),
in caries removal and patient cooperation:

7.

18.

19.

20

21.

A randomized controlled clinical trial. ) Dent.
2020;93:103280. doi: 10.1016/j.jdent.2020.103280.
Epub 2020 Jan 22. PMID: 31981604.

Gupta N, Marwah N, Nigam A, Vishwanathaiah
S, Alessa N, Almeslet A, Alhakami K, Dawood
T, Masha FM, Maganur PC. Evaluation of
Papacarie®, Carie-Care™, BRIX3000™ and
conventional hand instrumentation for caries
removal in primary teeth: a randomized control
study. J Clin Pediatr Dent. 2024:48(3):131-138.
doi: 10.22514/jocpd.2024.066. Epub 2024 May 3.
PMID: 38755991.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |,
Hoffmann TC, Mulrow CD, Shamseer L, Tetzlaff
JM, Akl EA, Brennan SE, Chou R, Glanville J,
Grimshaw JM, Hrobjartsson A, Lalu MM, Li
T, Loder EW, Mayo-Wilson E, McDonald S,
McGuinness LA, Stewart LA, Thomas J, Tricco
AC, Welch VA, Whiting P, Moher D. The PRISMA
2020 statement: an updated guideline for
reporting systematic reviews. BMJ. 2021 Mar
29;372:n71. doi: 10.1136/bmj.n71. PMID: 33782057;
PMCID: PMC8005924.

Balk EM, Chung M, Chen ML, Trikalinos TA, Kong
Win Chang L. Assessing the Accuracy of Google
Translate to Allow Data Extraction From Trials
Published in Non-English Languages [Internet].
Rockville (MD): Agency for Healthcare
Research and Quality (US); 2013. Report No.:
12(13)-EHC145-EF. PMID: 23427350..

. Cumpston M, Li T, Page MJ, Chandler J, Welch

VA, Higgins JP, Thomas J. Updated guidance for
trusted systematic reviews: a new edition of
the Cochrane Handbook for Systematic Reviews
of Interventions. Cochrane Database Syst Rev.
2019;10(10):ED000142. doi: 10.1002/14651858.EDO
00142. PMID: 31643080; PMCID: PMC10284251.
Sterne JA, Hernan MA, Reeves BC, Savovic |,
Berkman ND, Viswanathan M, Henry D, Altman
DG, Ansari MT, Boutron |, Carpenter JR, Chan
AW, Churchill R, Deeks JJ, Hrobjartsson A,
Kirkham J, Jini P, Loke YK, Pigott TD, Ramsay CR,
Regidor D, Rothstein HR, Sandhu L, Santaguida
PL, Schinemann HJ, Shea B, Shrier |, Tugwell P,
Turner L, Valentine JC, Waddington H, Waters E,
Wells GA, Whiting PF, Higgins JP. ROBINS-I: a tool
for assessing risk of bias in non-randomised
studies of interventions. BMJ. 2016;355:i4919.
doi: 10.1136/bmj.i4919. PMID: 27733354; PMCID:
PM(C5062054.



Mohapatra S & Mohandas R. Comparative Evaluation of the Efficacy of Chemo-mechanical Caries Removal and Atraumatic
Restorative Treatment on Pain Reaction Among Children: A Systematic Review and Quantitative Synthesis. J Oral Res. 2026;
15(1):4-19. https://doi.org/10.17126/joralres.2026.002

22.

23.

24.

25.

Granholm A, Alhazzani W, Mgller MH. Use of
the GRADE approach in systematic reviews and
guidelines. Br J Anaesth. 2019;123(5):554-5509.
doi: 10.1016/j.bja.2019.08.015. Epub 2019 Sep 24.
PMID: 31558313.

Bussadori SK, Guedes CC, Bachiega JC, Santis
TO, Motta LJ. Clinical and radiographic study of
chemical-mechanical removal of caries using
Papacarie: 24-month follow up. ) Clin Pediatr
Dent. 2011 Spring;35(3):251-4. doi: 1017796/
jcpd.35.3.75803m02524625h5. PMID: 21678665.
Abdul Khalek A, Elkateb MA, Abdel Aziz WE, El
Tantawi M. Effect of Papacarie and Alternative
Restorative Treatment on Pain Reaction during
Caries Removal among Children: A Randomized
Controlled Clinical Trial. J Clin Pediatr Dent.
2017;41(3):219-224. doi: 10.17796/1053-4628-41.3.
219. PMID: 28422591.

Pascareli-Carlos AM, Martins LF, Silva Goncalves
MD, Pettorossi Imparato JC, Tedesco TK.
Pain perception of children after restorative
treatments: Atraumatic restorative treatment
versus chemomechanical removal - A non-
inferiority randomized clinical trial. J Indian
Soc Pedod Prev Dent. 2021:39(2):202-207. doi:
10.4103/jisppd.jisppd_426_20. PMID: 34341242.

26.Gupta N, Chowdhary N, Reddy VR, Nk K, Peddi R,

27.

Kumar M. Evaluation of Caries Removal Efficacy
Using BRIX 3000 and Atraumatic Restorative
Treatment in  Primary Molars: A Clinical
Comparative Study. ) Contemp Dent Pract. 2022
Apr 1;23(4):619-424. PMID: 35945835.

Ghanem AY, Talaat DM, Essawy MM, Bakry
N. The effectiveness of Carie-Care™,
chemomechanical caries removal technique in
primary teeth: randomized controlled clinical
trial. BMC Oral Health. 2023:23(1):882. doi:
10.1186/512903-023-03594-8.  PMID: 37980477,
PMCID: PMC10657635.

28.

29.

30.

31

32.

33.

34.

Abdelaziz E, Badran A, Allam G. Chemome-
chanical caries removal agents and their
applications in pediatric dentistry. Adv. Dent. J.
2022;4(1):11-18.

Hamama HH, Yiu CK, Burrow MF, King NM.
Systematic Review and Meta-Analysis of
Randomized Clinical Trials on Chemo-mecha-
nical Caries Removal. Oper Dent. 2015; 40(4):
E167-78. doi: 10.2341/14-021-LIT. PMID: 26167737.
Dorri M, Martinez-Zapata MJ, Walsh T, Marinho
VC, Sheiham Deceased A, Zaror C. Atraumatic
restorative treatment versus conventional
restorative treatment for managing dental
caries. Cochrane Database Syst Rev. 2017 Dec
28:12(12):CD008072. doi: 10.1002/14651858.CDO0
8072.pub2. PMID: 29284075, PMCID: PMC64
86021.

Deng Y, Feng G, Hu B, Kuang Y, Song J. Effects
of Papacarie on children with dental caries in
primary teeth: a systematic review and meta-
analysis. Int ) Paediatr Dent. 2018 Jul;28(4):361-
372. doi: 10.1111/ipd.12364. Epub 2018 Apr 23.
PMID: 29682851.

da Silva LB, Magno MB, Fonseca-Goncalves
A, Pintor AVB. ART with or without the aid of
chemo-mechanical agents: a systematic review.
Clin Oral Investig. 2024;28(11):581. doi: 10.1007/
500784-024-05931-9. PMID: 39382720.

Wright GZ, Weinberger SJ, Marti R, Plotzke O. The
effectiveness of infiltration anesthesia in the
mandibular primary molar region. Pediatr Dent.
1991 Sep-0ct;13(5):278-83. PMID: 1815200.

Dutra RM, Neves IL, Neves RS, Atik E, Santos
Ude P. Peripheral oxygen saturation, heart rate,
and blood pressure during dental treatment of
children with cyanotic congenital heart disease.
Clinics (Sao Paulo). 2014;69(5):314-8. doi: 10.6061/
clinics/2014(05)03.  PMID: 24838895; PMCID:
PMC4012232.



Mohapatra S & Mohandas R. Comparative Evaluation of the Efficacy of Chemo-mechanical Caries Removal and Atraumatic
Restorative Treatment on Pain Reaction Among Children: A Systematic Review and Quantitative Synthesis. J Oral Res. 2026;

15(1):4-19. https://doi.org/10.17126/joralres.2026.002

CONFLICT OF INTERESTS
The authors declare no conflict of interest.

ETHICS APPROVAL
It is not necessary.

FUNDING
Does not have a source of financing.

AUTHORS’ CONTRIBUTIONS

Subhashree Mohapatra: Concept, design, and
definition of intellectual content, literature
search, data acquisition, data analysis, manus-
cript preparation.

Rahul Mohandas: Data acquisition, manuscript
editing and manuscript review.

ACKNOWLEDGEMENTS
None.

ORCID

Subhashree Mohapatra
® 0000-0002-8068-7249
Rahul Mohandas

® 0000-0002-0609-8219

PUBLISHER'S NOTE

All statements expressed in this article
are those of the authors alone and do not
necessarily represent those of the publisher,
editors, and reviewers.

COPYRIGHT

Thisisan open-accessarticledistributed underthe
terms ofthe Creative Commons Attribution License
(CC BY 4.0). The use, distribution or reproduction
in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited
and that the original publication in this journal
is cited, in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with these
terms. ©2026.

PEER REVIEW

This manuscript was evaluated by the editors
of the journal and reviewed by at least two
peers in a double-blind process.

PLAGIARISM SOFTWARE

This manuscript was analyzed Compilatio
plagiarism detector software. Analysis report
of document ID. 38b82464ee91cb4f2e2chbae3
2e8chdb35b0ae2d1

ISSN Print 0719-2460 - ISSN Online 0719-2479
https://joralres.com/index.php/JOralRes



