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Reducing pain and discomfort associated ety

with rubber dam clamp placement in children
and adolescents: a systematic review
and meta-analysis of effectiveness
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Abstract

Background The application of rubber dams is a widely accepted method of tooth isolation in dental practice.
Placement of the rubber dam clamp might be associated with levels of pain and discomfort, especially in younger
patients. The purpose of the present systematic review is to evaluate the efficacy of the methods for reducing pain
and discomfort associated with rubber dam clamp placement in children and adolescents.

Materials and methods English-language literature from inception until September 6™, 2022 was searched in
MEDLINE (via PubMed), SCOPUS, Web of Science, Cochrane, EMBASE, and ProQuest Dissertations & Theses Database
Global for articles. Randomized controlled trials (RCTs) comparing methods of reducing the pain and/or discomfort
associated with rubber dam clamp placement in children and adolescents were retrieved. Risk of bias assessment was
performed using a Cochrane risk of bias-2 (RoB-2) risk assessment tool and the certainty of evidence was assessed
using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) evidence profile.

Studies were summarized and pooled estimates of pain intensity scores and incidence of pain were calculated. The
meta-analysis was conducted in the following groups according to type of interventions (LA, audiovisual (AV) distrac-
tion, behavior management (BM), electronic dental anesthesia (EDA), mandibular infiltration, inferior alveolar nerve
block (IANB), TA), outcome (intensity or incidence of pain), and assessment tool (face — legs — activity - cry — consol-
ability (FLACC), color scale, sounds — motor — ocular changes, and faces pain scale (FPS)):

(a) pain intensity using (LA +AV) vs (LA +BM), (b) pain intensity using EDA vs LA (c) presence or absence of pain using
EDA vs LA (d) presence or absence of pain using mandibular infiltration vs IANB (e) Comparing pain intensity using TA
vs placebo (f) Presence or absence of pain using TA vs placebo.

Meta-analysis was conducted using StataMP software, version 17.0 (StataCorp, College Station, Texas). Restricted
maximum-likelihood random effect model (REML), Mean difference (MD) with 95% confidence interval, and log odds
ratio (OR) with 95% Cl| were calculated were calculated.

Results Initially, 1452 articles were retrieved. Sixteen RCTs were finally included for reviewing and summarizing. Nine
articles with a total of 867 patients were included for quantitative meta-analysis. The differences in pain intensity
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ducted in order to draw stronger conclusions.

Keywords Anesthetics, Pain, Rubber dams, Children

scores were not significant in any comparison groups (group a: [MD =-0.04 (95% Cl= —0.56,0.47), P=0.87, 12=0.00%)],
group b: [IMD=0.25 (95% Cl=-0.08, 0.58), P=0.14, I>=0.00%], group c [MD =-0.48 (95% Cl=-1.41,045), P=0.31, |
2=0.00%], group d: [MD=-0.67 (95% Cl=-3.17,1.83), P=0.60, | 2=0.00%], group e: [MD=-0.46 (95% Cl=-1.08, 0.15),
P=0.14,12=90.67%], and group f: IMD=0.61 (95% Cl=-0.01, 1.23), P=0.06, | 2=41.20%)]. Eight studies were judged
as having some concern for risk of bias and the remaining studies were considered as low risk for bias. The certainty of
evidence was considered medium for all comparison groups.

Discussion In the present meta-analysis, a considerable difference was obtained between the included studies
regarding intervention methods and pain assessment tools and the analysis was performed in groups with small
numbers of the studies. Owing to the mentioned variabilities and the small number of studies, the results of the
analysis should be interpreted with caution. The indistinguishability of the manifestations of pain/discomfort from
fear/anxiety, particularly in children, should also be considered while using the results of the present study.

Within the limitations of the current study, no significant differences were found between the proposed methods for
reducing pain and discomfort associated with rubber dam clamp placement in children and adolescents. A larger
number of more homogenous studies regarding intervention methods and pain assessment tools need to be con-

Trial registration This study was registered in PROSPERO (ID number: CRD42021274835) and research deputy of
Mashhad University of Medical Sciences with ID number 4000838 (https://research.mums.ac.ir/).

Introduction

Operatory field isolation in dentistry is defined as
when the operatory field is shielded from oral fluids
such as blood, saliva and gingival crevicular fluids and
soft tissues such as lips, gingiva, and tongue. There are
some goals to achieve with the isolation, leading to the
improvement of both patient’s and operator’s comfort
and safety [1-3]. Most children do not cooperate well
with the process of dental treatment, so establishing
and maintaining the isolation is far more challenging
for pediatric patients [2]. Different methods have been
introduced and explored for operatory field isolation
[4—6]. Most commonly used forms of isolation in pedi-
atric patients include: use of fluid absorbents (such as
cotton rolls, absorbent papers, gauze or throat shields),
rubber dam, saliva ejector, and administration of drugs
[2].

Rubber dam is a widely used efficient method of
tooth isolation [6-8] and has particularly received
most interest during the Covid-19 pandemic, reducing
the risk of infection [9, 10]. The technique that is com-
monly used for rubber dam placement is using stainless
steel clamps. The clamp ideally comes into contact with
the cervical area of the chosen tooth at four points,
usually resulting in gingival retraction [6, 11]. It should
be noted that, although there is not too much pres-
sure applied to the gingival tissue, the process can still
cause discomfort particularly in children [12]. Studies
have declared that around 64 to 80% of children com-
plain about pain and discomfort associated with rubber
dam clamp placement which can cause higher levels of

dental anxiety, negatively affect the acceptance of the
treatment, and cause challenges to the dentist regard-
ing patient’s behavior control [13].

Preventing pain caused by placement of rubber dam
clamps is less of an issue when performing non-conserv-
ative treatments (e.g., pulp therapy, extensive restora-
tions) that are typically accompanied by local anesthetics.
But, in preventative and conservative treatments (e.g.,
minimally invasive restorations, sealant placement) that
are typically performed without using local anesthesia, it
is of high importance to establish the operation field iso-
lation with less discomfort. Therefore, researchers have
proposed and evaluated various methods to decrease the
amount of pain and discomfort associated with clamp
placement [14]. At the time of this review, there are no
studies systematically summarizing this information,
therefore, the objective of the current study is to evalu-
ate the efficacy of the methods for reducing pain and dis-
comfort associated with rubber dam clamp placement in
children and adolescents.

Methods and materials

This article was completed according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [15]. The study proto-
col was registered in PROSPERO with the ID number
CRD42021274835.

Review question
The PICO (population, intervention, comparison, out-
come) approach was used to formulate the clinical
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question as follows: “What is the effectiveness of inter-
ventions used alone or in combination with local anes-
thesia to reduce pain and discomfort related to rubber
dam clamp placement in children and adolescents (under
18)?’; identifying:

P _ Children and adolescents (under 18).

I _ Different interventions used alone or in combina-
tion with local anesthesia.

C _ Among different interventions.

O _ Reducing pain and discomfort related to rubber
dam clamp.

Eligibility criteria

Eligible studies had to be randomized clinical tri-
als (RCTs) related to procedures that needed rubber
dam placement that were published in English. Stud-
ies with sufficient homogenous data for meta-analysis
were grouped according to their assessment scales and
interventions.

Inclusion criteria were as follows:

a) At least two pharmacological/non-pharmacological
methods (alone or in combination with local anes-
thesia) have been compared to reduce the pain and/
or discomfort associated with rubber dam clamp
placement.

b) The study’s population were children and/or adoles-
cents up to 18 years old.

¢) Pain and/or discomfort related to clamp placement
has been assessed.

Exclusion criteria were as follows:

a) If the evaluated method was applied with any of the
following three situations: prescription of analge-
sic drugs (narcotic/non-narcotic), under sedation or
general anesthesia.

b) If other innovative methods of isolation rather than
conventional latex rubber dam and clamp were
assessed.

Table 1 Databases and search strings
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¢) Non-randomized and quasi-randomized studies.

Search strategy, data collection, and risk of bias
assessment

The electronic search was conducted through the six
following databases: MEDLINE (via PubMed), SCO-
PUS, Web of Science, Cochrane, EMBASE, and Pro-
Quest Dissertations & Theses Database Global until
September 6%, 2022 by one experienced researcher
(A.S) (Table 1). Reference articles were managed by
using EndNote 20 (Clarivate, Philadelphia, PA, USA). A
manual search was performed for the reference lists of
all eligible studies for additional eligible studies.

Two independent reviewers (E.A and F.K) screened
the title and abstract of each record, and extracted the
following data for each eligible study: first author, year
of publication, country of origin, trial design, patients’
age and gender, intended dental treatment, initial child
behavior, previous dental history, intervention, com-
parison, tooth type and eruption status, assessment
scales, and primary results. Any disagreement between
the two reviewers, was resolved by the supervisor
(S.S). Authors were contacted to provide raw data if
necessary.

A Cochrane risk of bias-2 (RoB-2) risk assess-
ment tool was applied [16]. All included studies were
assessed independently by the two reviewing authors
(E.A and FK) who were not blinded to identifying
details of articles. Considering the design of the stud-
ies, intention-to-treat (ITT) or per-protocol (PP) analy-
ses were conducted. The RoB-2 scale is organized into
five domains: randomization process, deviation from
intended intervention, missing outcome data, measure-
ment of outcome, and selection of reported result.

Certainty of evidence for each group was assessed
using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) evidence profile
[17] and was classified as “very low”, “low”, “moderate’,
and “high” based on identified risk of bias, inconsist-
ency, indirectness, imprecision, and publication bias.

Database

Search string

MEDLINE (via PubMed)

Other databases (EMBASE, Web of Science (All databases), SCOPUS,

“(Clamp OR "Rubber Dams"[Mesh] OR (rubber dam*)) AND (gingiva* OR
gum OR "Gingiva"[Mesh] OR dent* OR teeth OR tooth OR "Tooth"[Mesh])
AND (pain OR "Pain"[Mesh] OR discomfort)”

(Clamp OR (rubber dam*)) AND (gingiva* OR gum OR dent* OR teeth OR

Cochrane Central register of Controlled Trials (CENTRAL), Cochrane Database tooth) AND (pain OR discomfort

of Systematic Reviews, and ProQuest Dissertations & Theses Database
Global)
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Data analysis

Meta-analysis was conducted using StataMP soft-
ware, version 17.0 (StataCorp, College Station, Texas)
and was performed according to the restricted max-
imum-likelihood random effect model (REML) irre-
spective of heterogeneity status of included studies.
Both intensity and incidence of pain were consid-
ered as the outcomes of this review. Mean difference
(MD) and its corresponding 95% confidence interval
(95% CI) were calculated for the former outcome.
For a study to be eligible for the meta-analysis of this
outcome, the mean and standard deviation for pain
intensity as well as sample size must be available. For
the latter outcome, log odds ratio (OR) and its cor-
responding 95% CI were calculated. Again for a study
to be eligible for the meta-analysis, the number of
subjects with and without pain experience during
clamp placement must be available. Statistical anal-
yses were only performed for those groups of stud-
ies with similar assessment scales and interventions.
Heterogeneity between the estimates was evaluated
by Cochrane’s test (I test) and I?>50% was consid-
ered as high heterogeneity.
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Results

Study selection and data retrieval

Of the 1452 articles identified in the initial search, 16
studies fulfilled the inclusion criteria and were eligible for
analyses [12, 13, 18-31], of which nine reported sufficient
data for meta-analysis in six different groups (Fig. 1) [13,
20, 22, 26-28, 31].

Overall, 867 children and adolescents aged 4—17.4 years
were included in the analysis. The included studies were
published between 1989 [30] and 2022 [19]. Nine of the
included articles described split-mouth studies [12, 13,
18, 24, 26-29, 31], three reported crossover studies [19,
20, 22], one combined both split-mouth and crossover
designs [30], and three were parallel studies [21, 23, 25].

As regards the type of anesthesia, local anesthesia (LA) was
used in 10 of the included studies (Table 2) and topical anes-
thesia (TA) was used in six studies (Table 3). Variable dental
treatments were reported in the selected studies, with rubber
dam application as a part of them, such as sealant placement,
restorative treatments, pulpotomy, and pulpectomy.

Included RCTs were performed on different types of
teeth. Five studies were performed on permanent molars
[12, 13, 24, 30, 31], four studies were performed on

[ Identification of studies via datab. and regi [ Identification of studies via other methods }
Records identified from:
c Databases (n = 1425)
8 - MEDLINE/ PubMed Records removed before i .
8 Central (n = 426) .| screening: Records identified from:
£ Web of Science (n =238) ”|  Duplicate records removed Citation searching (n = 1)
S SCOPUS: (n=157) (n=659) etc.
= Embase: (n=393)
Cochrane CENTRAL:
(n=211)
Registers (n = 27)
ProQuest: (n=27)
- !
Records screened »| Records excluded™
(n=793) "l (n=764)
Reports sought for retrieval | Reports not retrieved Reports sought for retrieval
@ (n=31) "l (n=2) (n=0)
=
: ! }
O
]
Reports assessed for eligibility .| Reports excluded: Reports assessed for eligibility
(n=29) ”| Contemporaneous LA (n =5) (n=0)
Analgesics (n =3)
Sedation/ general anesthesia (n
=4)
Other isolation methods (n =1)
—
T Studies included in review
3 (n=16)
S Reports of included studies
= (n=0)

Fig. 1 Flow diagram of the study process according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)

statement
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primary molars [20, 21, 25, 28], two studies included both
primary and permanent molars [18, 27], one study was
performed on primary canines [26], one study was per-
formed on permanent molars and premolars [29]. Tooth
type was not exactly mentioned in 3 studies [19, 22, 23].

Risk of bias assessment

The results of the risk of bias assessment of the included
studies are summarized in Fig. 2 (ITT) and Fig. 3 (PP).
Three studies were judged as having some concern for
risk of bias, [22, 26, 29] and the remaining studies were
considered as low risk for bias. The reasons leading to
some concern for risk of bias in the three mentioned
studies are as follows: Two studies had some concern
in terms of randomization process [22, 26] in which
data was not available for all, or nearly all, participants
randomized. In two studies, there was no information
about whether the allocation sequence was concealed
until the interventions were implemented [22, 29].

Wambier et al., 2018
Wambier et al., 2018

01 D2 D3 D4 DS
©0 060606
000606
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Two studies were considered to have deviations from
intended intervention as the operators, participants,
or outcome assessors [26, 29] were not or could not be
blinded to the interventions which could potentially
influence assessment of the outcome. One study even
reported elimination of seven participants from the
study due to their because behavior which prevented
reasonable pain evaluation [26]. As children demon-
strating more negative behavior might have experi-
enced more pain and discomfort, the missing outcome
data can bias the result. Also in one study [26], previ-
ous dental history was not mentioned which can be a
potentially confounding factor.

Some concern for bias was also observed in studies
considered as low risk of bias, however there were not
considerable in terms of importance or in number. In one
study [29], there was some concern regarding the base-
line differences between intervention groups as it was
stated in the article that the baseline Frankle ratings [33]

Overall

e e Low risk
e ! Some concerns

. High risk

Fig. 2 RoB-2 Summary for included studies (PP). (+) denotes low risk or bias; (-) denotes high risk of bias; and (!) denotes moderate risk of bias. PP:

intention to treat

Garrocho-Rangel et al., 2018
Alamoudi et al., 2016
Mitrakul et al., 2015
Coudert et al., 2014
Yilmaz et al., 2011
Yassen et al., 2010

Yoon & Chussid, 2010
Lim & Julliard, 2004
Stecker et al., 2002
Baghdadi et al., 1999
teDu et al., 1993
Abdulhameed et al., 1989
Oulis et al., 1996
Zaidman et al., 2022

0000 -0--0-0-0--
00000 -00-000006:
00000000 -00-006:

g

. Low risk

! Some concerns

High risk

D1 Randomisation process

D2 Deviations from the intended interventions
D3 Missing outcome data

Measurement of the outcome

D5 Selection of the reported result

0000 - - 00000 -0 -

00000000000000-

00000-00-000-00
g

Fig. 3 RoB-2 Summary for included studies (PP). (+) denotes low risk or bias; (-) denotes high risk of bias; and (!) denotes moderate risk of bias. PP:

per-protocol
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had little variations and therefore no statistical analysis
was performed.

Certainty of evidence

According to the GRADE approach, the certainty of evi-
dence was considered as “medium” in all meta-analysis
groups. Regarding that only RCTs were included in this
study, the initial certainty of all groups were rated as
high and was downgraded in the suspicion of risk of bias,
inconsistency, indirectness, imprecision, and publication
bias. The main reason for downgrading the evidence was
due to imprecision (small sample size and wide confi-
dence intervals).

Qualitative analysis and quantitative synthesis

of the results

Nine of the selected studies reported sufficient homog-
enous data for meta-analysis [13, 20, 22, 26-28, 31].
The RCTs were grouped into six categories according to
type of interventions (LA, audiovisual (AV) distraction,
behavior management (BM), electronic dental anesthe-
sia (EDA), mandibular infiltration, inferior alveolar nerve
block (IANB), TA), outcome (intensity or incidence of
pain), and assessment tool (face — legs — activity — cry
— consolability (FLACC), color scale, sounds — motor —
ocular changes, and faces pain scale (FPS)):

(a): Comparing pain intensity using (LA+AV) vs
(LA+BM) — FLACC scale

Two studies compared pain intensity while using LA
associated with AV distraction, vs LA associated with
BM [20, 22]. One study was judged to be at low risk for
bias [20] and the other one was judged to have “some
concern” for bias [22]. Both studies were crossover
RCTs conducted on 5-8-year-olds. Results were sepa-
rately reported for two independent groups in one study
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according to the sequence of interventions, [22], thus the
data was analyzed in three groups/datasets (Fig. 4). The
pooled results showed no significant difference of pain
intensity regarding clamp placement [MD=-0.04 (95%
CI=-0.56,0.47), P=0.87, 1*=0.00%].

(b): Comparing pain intensity using EDA vs LA —

color scale.

Two studies compared pain intensity using EDA and
LA [18, 27]. Both studies were split-mouth RCTs con-
ducted on 6-12-year-olds and were judged to be at low
risk for bias. The pooled results showed no significant
difference of pain intensity regarding clamp placement
[MD=0.25 (95% CI=-0.08, 0.58), P=0.14, 1>=0.00%]
(Fig. 5).

(c): Comparing pain incidence using EDA vs LA —
color scale

Incidence of pain while using EDA vs LA was assessed
in the same studies mentioned in part (b) [18, 27]. The
pooled results showed no significant difference in pain
incidence regarding clamp placement [OR=-0.48 (95%
CI=-141, 0.45), P=0.31,12=0.00%] (Fig. 6).

(d): Comparing pain incidence using mandibular
infiltration vs IANB — sounds, motor, and ocular

changes

Two studies compared the incidence of pain while
using mandibular infiltration vs IANB [26, 28]. Both
studies were split-mouth RCTs. One was conducted on
3-9-year-olds and was judged to have “some concern” for
bias [26] and the other one was conducted on 6-9-year-
olds with low risk for bias [28]. The pooled results
revealed no significant difference in pain incidence
regarding clamp placement [OR=-0.67 (95% CI=-3.17,
1.83), P=0.60, I 2=0.00%] (Fig. 7).

LA+AV distraction LA+BM Mean difference  Weight
Study N Mean SD N Mean SD with 95% CI (%)
Garrocho-Rangel et al. 2018 36 1.78 293 36 1.36 145 —— 0.42[-0.65, 1.49] 23.47
Mitrakul et al., 2015 (group 2) 21 81 133 21 129 145 —l— -0.48[-1.32, 0.36] 37.80
Mitrakul et al., 2015 (group 1) 21 1.1 148 21 1 1.26 —— 0.10[-0.73, 0.93] 38.73
Overall - -0.04 [ -0.56, 0.47]
Heterogeneity: 7° = 0.00, I> = 0.00%, H* = 1.00
Testof 6,=6,: Q(2) = 1.87, p=0.39
Testof 6 =0:z=-0.17,p =0.87

R

Random-effects REML model

Fig. 4 Forest plot Comparing pain intensity using (LA+AV) vs (LA+BM) — FLACC scale; LA: Local Anesthesia, AV: Audiovisual, BM: Behavior
Management, N: Number, SD: Standard Deviation, Cl: Confidence Interval, REML: restricted maximum-likelihood
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EDA LA Mean difference  Weight
Study N Mean SD N Mean SD with 95% CI (%)
Baghdadi et al., 1999 24 6 91 25 4 7 1 0.20[-0.25, 0.65] 53.43
teDu et al., 1993 27 148 94 27 1.18 .88 ] 0.30[-0.19, 0.79] 46.57
Overall —~ll— 0.25[-0.08, 0.58]
Heterogeneity: 7° = 0.00, I* = 0.00%, H* = 1.00
Test of 6,=6;: Q(1) =0.09, p=0.77
Testof0=0:z=1.46,p=0.14
-5 0 5 1

Random-effects REML model

Fig. 5 Forest plot comparing pain intensity using EDA vs LA — color scale; EDA: Electronic Dental Anesthesia, LA: Local Anesthesia, N: Number, SD:

Standard Deviation, Cl: Confidence Interval, REML: restricted maximum-likelihood
EDA LA Odds ratio Weight
Study Pain- Pain+ Pain- Pain+ with 95% CI (%)
Baghdadi et al., 1999 14 10 17 8 ] -0.42[-1.59, 0.75] 63.59
teDu et al., 1993 3 24 22 L] -0.60[-2.14, 0.95] 36.41
Overall —— -0.48 [-1.41, 0.45]
Heterogeneity: 1 = 0.00, I* = 0.00%, H> = 1.00
Test of ;= 6;: Q(1) = 0.03, p=0.85
Testof 6=0:z=-1.02, p=0.31
2 1 0 1

Random-effects REML model

Fig. 6 Forest plot Comparing presence or absence of pain using EDA vs LA — color scale; EDA: Electronic Dental Anesthesia, LA: Local Anesthesia, N:
Number, SD: Standard Deviation, Cl: Confidence Interval, REML: restricted maximum-likelihood

(e):

Comparing pain intensity using TA vs placebo —
EPS

Two studies compared pain intensity while using
TA vs placebo [12, 31]. Both studies were split-mouth
RCTs judged as low risk of bias. One was conducted on
8-12-year-olds [31] and the other on 6-12-year-olds
[12]. The pooled results revealed no significant difference
of pain intensity regarding clamp placement [MD =-0.46
(95% CI=-1.08, 0.15), P=0.14, 1 2=90.67%] (Fig. 8).

(f): Comparing pain incidence using TA vs placebo —
FPS

Two studies compared the incidence of pain while using
TA vs placebo [13, 31]. Both studies were split-mouth

RCTs conducted on 8-12-year-olds and judged as low
risk for bias. The pooled results showed no significant
difference of pain incidence regarding clamp placement
[OR=0.61 (95% CI=-0.01, 1.23), P=0.06, I 2=41.20%]
(Fig. 9).

Local anesthesia

Researchers in one of the reviewed studies used vir-
tual reality (VR) goggles as a distraction method for
reducing pain and discomfort during routine dental
treatments; and the results were assessed using Wong-
Baker FACES Pain Rating Scale and MBPS (facial
expression, crying, and movement) parameters. They
reported significantly lower pain intensity of clamp
placement while using VR goggles [17]. Researchers
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Mandibular infiltration IANB Odds ratio Weight
Study Pain- Pain+ Pain- Pain+ with 95% CI (%)
Yassen et al., 2010 35 1 36 ] -1.13[-4.36, 2.11] 59.58
Oulis et al., 1996 152 0 152 0 L 0.00[-3.93, 3.93] 40.42

Overall

Heterogeneity: ©* = 0.00, I” = 0.00%, H* = 1.00
Testof 6,=6;: Q(1) =0.19, p = 0.66

Testof 6 =0:z=-0.53, p=0.60

-0.67[-3.17, 1.83]

Random-effects REML model

Fig. 7 Forest plot Comparing presence or absence of pain using mandibular infiltration vs IANB — sounds, motor, and ocular changes; IANB: Inferior
Alveolar Nerve Block, Cl: Confidence Interval, REML: restricted maximume-likelihood

TA Placebo Mean difference  Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Wambier et al., 2018 82 9 182 17 13 B -0.80[-1.15, -0.45] 46.40

Lim et al., 2004 31 47 27 31 64 24

Overall

Heterogeneity: ©* = 0.18, I = 90.67%, H* = 10.72
Test of 6, = 6; Q(1) = 10.72, p = 0.00
Testof6=0:z=-1.47,p=0.14

Random-effects REML model

—- -0.17[-0.30, -0.04] 53.60
e —— 46 [ -1.08, 0.15]

Fig. 8 Forest plot Comparing pain intensity using TA vs placebo — FPS; TA: Topical Anesthesia, N: Number, SD: Standard Deviation, Cl: Confidence

Interval, REML: restricted maximum-likelihood

in one of the selected studies compared three meth-
ods of IANB using a computer-controlled local anes-
thesia delivery system (CCLAD), traditional IANB,
and infiltration local anesthesia using CCLAD. They
used a sound, eye, motor (SEM) scale as a pain assess-
ment tool and reported no significant difference [21].
Investigators in another study compared the effect of
two different LA solutions (i.e. Articaine vs Prilicaine)
[25]. They also reported no significant difference dur-
ing clamp placement. One study compared the effect
of different frequencies of peripheral electrical stimu-
lation (PES) on pain reduction during sealant place-
ment and reported a significantly lower increase in the
heart rate using PES compared with sham stimulation
[30]. However, the differences in subjects’ or investiga-
tor’s visual analogue scale (VAS) scores between elec-
trical and sham stimulation as well as the effectiveness
of electrical stimulation between the five frequencies
were not significant.

Topical anesthesia

One of the included studies compared the effect of
lidocaine cream with placebo cream, using VAS. They
reported a significantly greater reduction of pain while
using lidocaine cream [23]. Investigators in one of the
selected studies compared Oraqix (2.5% lidocaine, 2.5%
prilocaine) gel with benzocaine gel, using FPS. They
reported no significant overall difference between the
two groups. However, Oraqix showed significantly less
pain in 9-to-12- year-old children [24]. Another included
study compared the effect of lidocaine mucosal adhesive
patch with Hurricaine Dry Handle Swab (0.25 mg of 20%
benzocaine). VAS revealed no significant difference of
pain reduction regarding clamp placement [29].

Discussion

To the best of our knowledge, this is the first system-
atic review and meta-analysis to assess the efficacy of
interventions for reducing pain and discomfort related
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TA Placebo Odds ratio Weight
Study Pain- Pain+ Pain- Pain+ with 95% CI (%)
Wambier et al,. 2018 63 18 59 22 B 0.27[-0.45, 0.98] 46.28
Wambier et al., 2018 54 28 36 46 ] 0.90[ 0.27, 1.53] 53.72
Overall —— 0.61[-0.01, 1.23]
Heterogeneity: ©° = 0.08, I> = 41.20%, H> = 1.70
Testof 6,=6;: Q(1)=1.70, p=0.19
Testof 6=0:z=1.92, p=0.06
5 0 5 1 15

Random-effects REML model

Fig. 9 Forest plot Presence or absence of pain using TA vs placebo - FPS; TA: Topical Anesthesia, Cl: Confidence Interval, REML: restricted

maximum-likelihood

to rubber dam clamp placement in children. In the cur-
rent study, data from 16 RCTs were assessed. The meta-
analysis demonstrated that there were no significant
differences between proposed interventions ((LA+AV),
(LA+BM), EDA, LA, mandibular infiltration, IANB, TA,
and placebo)) regarding incidence and intensity of pain
associated with clamp placement in children. The current
review targeted pain regarding rubber dam clamp place-
ment which can be utilized as part of different dental
procedures. The selected studies included conservative
procedures such as preventive restorations and sealant
placement without LA, to more invasive procedures such
as pulpotomy or pulpectomy of vital inflamed dental pulp
where LA is inevitable. The perceived pain associated
with clamp placement is certainly affected by the use of
LA.

The current study aimed to assess the efficacy of
interventions for reducing pain and discomfort. How-
ever, dental fear, dental anxiety, and pain are strongly
related concepts and their manifestations should be
distinguished, especially in children [20]. Some of the
included studies reported physiological changes such as
increasing heart rate as indications of anxiety besides
subjective and/or objective indices of pain [25]. Thus,
variables regarded as anxiety indices in the articles
were not included in the study. Pain and discomfort are
also two concepts that cannot be easily distinguished
and some literature use the words interchangeably [30].
Therefore, both pain and discomfort were used for key-
word search over databases and studies reporting dis-
comfort associated with dental procedures were also
included in the review [17].

Among several methods developed for tooth isolation,
rubber dam, cotton rolls, and Isolite are most studied
[34]. Recent studies have shown little or no advantage in

success rate of restorative treatments using rubber dam
rather than cotton rolls or Isolite [34, 35]. However, rub-
ber dam is a widely used method of tooth isolation which
is considered by many as the standard of care or the most
efficient method of tooth isolation [6—8] and has particu-
larly received interest during the Covid-19 pandemic,
reducing the risk of infection [9, 10]. A rubber dam is
usually held in place by using clamps. Several types of
rubber dam clamps have been also developed and mar-
keted, and the most commonly used are stainless steel
clamps [11]. Thus, in order to include more homogenous
studies, articles introducing methods of tooth isolation
other than the common rubber dam and stainless steel
clamps were excluded from the review [36].

The literature has declared that previous dental expe-
rience is highly related to the pain perception of child
patients [37]. Presence or absence of previous dental
experience was noticed in some of the included studies
[19, 20, 22, 27, 28], while others did not mention this fac-
tor as inclusion/exclusion criteria. Versloot et al. assessed
the effect of age, injection site, child’s dental history, den-
tal anxiety and local anesthetic receptor site on pain per-
ception in children. They reported that children’s level of
dental anxiety was the most influencing factor on pain
level for younger children and having previous dental
experience was the most influencing factor in older chil-
dren [37].

A child’s uncooperativeness clearly interferes with
assessing the manifestations of dental pain for the den-
tist and makes unreliable the results of self-reported pain
scales such as VAS and color scale. The cooperative-
ness of included patients was noted by the researchers
in the selected studies. The included studies mentioned
the patients as being cooperative or scored 3 or 4 on the
Frankl scale [33] except two articles, one of which did not
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mention the level of cooperativeness [30] and the other
one reported different Frankl scale ratings in the abstract
and the methods Sect. [20]. Status of tooth eruption is
determinative in discomfort associated with clamp place-
ment. However, the eruption status was not mentioned
in most of the selected studies. Special types of clamps
are developed for partially erupted teeth, however, the
clamps are used for subgingival placement which can
cause pain [38, 39].

A noteworthy feature of the studies included in
this review was the considerable difference among
the studies regarding intervention methods and pain
assessment tools, leading to significant heterogene-
ity which may affect the final outcome of the study.
Also, some concern was identified for risk of bias for
eight of the included studies and a medium certainty
of evidence identified was identified in all comparison
groups, which may affect the confidence of the results.
Another limitation of the current review is the small
number of the studies in each group. Owing to the
mentioned variabilities and the small number of stud-
ies, the results of the analysis should be interpreted
with caution. The indistinguishability of the manifes-
tations of pain/discomfort from fear/anxiety, particu-
larly in children, should also be considered while using
the results of the present study.

Besides the mentioned limitations, the current sys-
tematic review has several strengths. The main strength
of this study is that it is the first systematic review on
this topic. The study included only RCTs, thus it can be
regarded as high-level evidence. Having a focused clinical
research question, conducting a comprehensive literature
search in a number of large and reliable databases, and
using RoB-2 which is a validated and reliable risk assess-
ment tool are other strengths of this study.

Owing to the small number of studies in each analyti-
cal group, future more RCTs are required to confirm the
results. Standardization of the study features such as pain
assessment tools is warranted for future RCTs in order
to minimize the heterogeneity in studies. Future high-
quality studies on novel methods of tooth isolation other
than conventional latex rubber dam and clamp is also
recommended.

Conclusion

Within the limitations of the current study, no significant
difference was found between the proposed methods
for reducing pain and discomfort associated with rub-
ber dam clamp placement in children and adolescents.
A larger number of more homogenous studies regarding
intervention methods and pain assessment tools needs to
be conducted in order to draw stronger conclusions.
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