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Abstract

Background: Pain associated with anesthesia in pediatric dentistry poses significant
challenges, often leading to poor treatment compliance and dental anxiety. The effec-
tiveness of various pre-emptive analgesic interventions remains uncertain. Therefore,
this network meta-analysis aimed to systematically compare the relative effectiveness of
interventions for reducing injection pain during local anesthesia in pediatric dentistry and
to rank their efficacy. The findings are expected to guide the selection of optimal clinical
strategies. Methods: We searched PubMed, Cochrane, Embase, and Web of Science
from database inception up to 12 August 2025, for English-language studies. The risk of
bias was assessed using the Cochrane Risk of Bias Assessment Tool 2.0. The GeMTC
package in R version 4.4.2 was utilized to perform the network meta-analysis. Results:
Forty-five studies involving 3124 patients were included. The effects of interventions
on subjective and objective pain, heart rate, and oxygen saturation were statistically
analyzed. The network meta-analysis revealed that acupressure was most effective
in controlling objective pain (SMD (standardized mean difference) —3.01, 95% Crl
(credible interval) —5.66, —0.35), whereas the combination of cold stimulation, vibration,
and benzocaine gel was most effective in controlling subjective pain (SMD —3.71, 95%
Crl -6.87, —0.63), and Cold stimulation was most effective in reducing HR (Heart Rate)
(MD (Mean Difference) —12.59, 95% Crl —20.74, —4.45). No statistically significant
differences were observed concerning oxygen saturation. Conclusion: Acupressure,
the combination of cold stimulation, vibration, and benzocaine gel, and cold stimulation
were the optimal strategies for reducing objective pain, subjective pain, and HR in
local anesthesia in pediatric dentistry, respectively. Further international, multicenter,
prospective randomized controlled trials using standardized objective/subjective pain
assessment scales are required to more comprehensively evaluate the efficacy of
different interventions. The PROSPERO Registration: The study protocol was
registered with PROSPERO (International Prospective Register of Systematic Reviews)
(CRD420251126987).
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1. Introduction

Pain control is crucial for successful procedures in pediatric
dentistry. Dental anxiety and fear are significant barriers
to treatment compliance and tolerance and are among the
primary causes of difficulties in behavior guidance [1]. Den-
tal anxiety in children can further lead to reduced treatment
compliance and tolerance, and extended duration and cycles of
treatment. Additionally, it may affect long-term cooperation
with oral treatments. Effective pain control helps establish
doctor-patient trust and alleviates fear and anxiety during cur-
rent and subsequent visits, thereby enhancing compliance [2].
Therefore, local anesthesia and pain management are essential

for providing comfortable dental treatment to children [3].
However, pain associated with local anesthetic injections is
also a major contributor to dental fear and anxiety in children
[4]. Therefore, pain control before local anesthetic injection is
crucial in pediatric dentistry.

Many methods have been proposed to relieve injection
pain, including topical anesthesia, cold stimulation, vibration,
sweetening agents, and laser techniques. Topical anesthesia
has been widely advocated as an effective method for relieving
injection pain [5]. With recent advances in clinical techniques
and devices, multiple studies and reviews have investigated
the efficacy of interventions (e.g., cold stimulation, vibration
therapy, sweetening agents, and laser techniques) for relieving
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injection pain during local anesthesia in pediatric dentistry
[6, 7]. Some studies have reported interventions that are
more effective than topical anesthesia [8, 9]. Ninawe et al.
[8] reported that cold stimulation was more effective than
topical anesthesia for reducing injection pain in children.
Bollepalli ef al. [9] compared laser and local anesthetic spray
pretreatment and found the former to be more effective in
reducing injection pain. Furthermore, the efficacy of local
anesthesia in reducing injection pain has been compared
across various pain control interventions except for topical
anesthesia. Vafaei et al. [10] compared cold stimulation and
vibration for pain relief at the injection site. Goyal et al. [11]
compared electrical stimulation with cold stimulation at the
injection site. Overall, various pain control strategies are
available for reducing injection pain during local anesthesia
in pediatric dentistry; however, their relative efficacy remains
uncertain.

To date, the efficacy of these pain control strategies in
pediatric dentistry has not been comprehensively evaluated
using a network meta-analysis (NMA). Although some inter-
ventions have been recognized as effective, the optimal inter-
vention remains controversial, leading to uncertainty regarding
their clinical application. Therefore, high-quality evidence is
urgently needed to establish the relative ranking of various
analgesic methods and provide a scientific basis for clinical
decision-making. In this way, pediatric patients’ experience
can be improved, and the standardized development of pe-
diatric analgesia can be advanced. Moreover, a systematic
review of available evidence will deepen our understanding of
current techniques, help identify the optimal clinical strategy,
and determine areas requiring further research. By integrating
evidence-based data, we conducted this network meta-analysis
to compare the efficacy of different interventions for reducing
injection pain during local anesthesia. The findings will not
only optimize pain management in pediatric dentistry but also
provide an important foundation for future research.

Notably, the effects of pharmacological interventions have
been extensively reviewed in previous meta-analyses. Their
routine use in children is often limited due to potential sys-
temic side effects, safety concerns, and regulatory restrictions.
Therefore, pharmacological interventions (e.g., sedatives and
general anesthesia) were not included in this NMA. In contrast,
physical interventions are non-invasive, easy to administer,
and generally more acceptable to both children and their par-
ents as adjunctive strategies.

2. Methods

This study was conducted in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) extension for Network Meta-Analyses (PRISMA-
NMA) guidelines [12]. The study protocol was registered
with PROSPERO (CRD420251126987). The checklist was
completed and is provided in Supplementary material 1.

2.1 Search strategy

We searched PubMed, Cochrane, Embase, and Web of Science
from database inception through 12 August 2025. The search
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strategy combined Medical Subject Headings (MeSH) terms
(Pediatrics, Child, Dental care, Dental procedure, Anaesthesia,
and Randomized controlled trial) and free-text keywords. In
addition, the reference lists of relevant articles and grey liter-
ature were manually searched to identify other eligible studies
(Supplementary material 2).

2.2 Eligibility criteria

Inclusion criteria: (1) Population: pediatric patients (<18
years) requiring local anesthesia for dental treatment; (2) Inter-
vention: interventions for reducing injection pain during local
anesthesia. Comparison: placebo; (3) Study design: RCTs
(Randomized Controlled Trials); and (4) Outcome: Subjective
pain scales (Wong-Baker FACES Pain Rating Scale, and Visual
Analog Scale (VAS)), objective pain scales (Sound-Eye-Motor
Scale (SEM), and Face, Legs, Activity, Cry, and Consolability
Scale (FLACC)), heart rate (HR), and oxygen saturation.

Exclusion criteria: (1) Animal or cell experiments, study
protocols, case reports, letters, editorials, reviews, and con-
ference papers; (2) studies with missing data or major data
errors; (3) duplicate publications; (4) unavailable full text; and
(5) studies involving overlapping participants.

2.3 Screening and data extraction

All retrieved studies were imported into EndNote. After du-
plicate publications were removed, titles and abstracts were
screened independently by two investigators (Jiarong He and
Pengfei Wang). Potentially eligible studies were subsequently
assessed through full-text review. Disagreements were re-
solved by discussion or consultation with a third investigator
(Ruomei Li). A spreadsheet was developed to extract data,
including first author, country, year of publication, interven-
tions and comparators, participant characteristics, and outcome
metrics.

Notably, this study focused exclusively on physical inter-
ventions for alleviating injection pain during local anesthesia
in pediatric dentistry and did not involve pharmacological
sedation methods, such as inhalation, oral administration, in-
tranasal, or intravenous sedation.

2.4 Quality assessment

Two investigators (Jiarong He and Pengfei Wang) indepen-
dently assessed the included studies for risk of bias (RoB) using
the Cochrane Risk of Bias Assessment Tool 2.0 (RoB2) from
random sequence generation, allocation concealment, blind-
ing, incomplete data, and selective reporting. Each domain
was assessed as “high risk”, “some concern”, or “low risk”.
A study was considered to have a low RoB if all domains were
assessed as low risk or if only one domain was assessed as
having some concern; it was considered to have a high RoB if
all four or more domains were assessed as having some concern
or if any domain was assessed as high risk; it was considered
to have moderate RoB in other cases. Disagreements were
resolved by consultation with a third investigator (Ruomei Li).
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2.5 Statistical analysis

All outcome metrics were continuous variables and were an-
alyzed using mean difference (MD) and standardized mean
difference (SMD), with 95% credible intervals (Crl) calcu-
lated. We created a Bayesian NMA model using the Markov
Chain Monte Carlo (MCMC) method, followed by iterative
simulations to estimate the relative efficacy of different in-
terventions. To obtain the posterior distribution, the test had
a model chain value of 4, an annealing value of 10,000, an
iteration value of 50,000, and a step size of 10 with an initial
value of 2.5. Three fundamental assumptions (transitivity,
homogeneity, and consistency) should be satisfied for NMA.
We conducted heterogeneity tests using the mtc:anohe function
in the GeMTC package. An overall /? value of < 50%
was considered to indicate acceptable heterogeneity among
the included studies, thereby satisfying the homogeneity as-
sumption. The node splitting method was used to assess
consistency (using the mtc.nodesplit function in the GeMTC
package). A p-value > 0.05 indicated consistency between
direct and indirect comparisons, satisfying the consistency
assumption. Convergence of results was assessed by cal-
culating the potential scale reduction factor (PSRF), and a
value of 1 < PSRF < 1.05 indicated successful convergence.
We constructed a network diagram, with nodes representing
different interventions and lines representing direct head-to-
head comparisons between interventions. The surface under
the cumulative ranking curve (SUCRA) was generated to rank
all interventions. Potential publication bias was assessed using
funnel plots. R version 4.5.2 and STATA version 18.0 (Stata-
Corp LLC, College Station, TX, USA) were used for statistical
analyses.

For pain outcomes, subjective and objective pain scales were
analyzed separately and were not pooled. Subjective pain was
assessed using self-reported instruments, such as the Wong-
Baker FACES Pain Rating Scale and VAS, whereas objective
pain was assessed using observer-rated behavioral measures
such as the SEM and FLACC. Since each pain outcome was
measured using different validated instruments, SMDs were
calculated for subjective and objective pain outcomes [13].
Before data pooling, the direction of all scales was checked
and standardized so that higher scores consistently indicated
greater pain intensity. Therefore, a negative SMD value indi-
cated a greater reduction in pain intensity. Given the expected
clinical and methodological variations across trials, random-
effects NMA models were used for both subjective and objec-
tive pain outcomes. The transitivity assumption was evaluated
conceptually by comparing the distribution of potential effect
modifiers across treatment comparisons, including age range,
type of dental procedure and local anesthetics, intervention
characteristics, comparator type, pain assessment instrument,
study design, and RoB [14].

3. Results

3.1 Search results

We initially searched 3990 records from databases, of which
1877 duplicate records were removed. Subsequently, 2039
studies were excluded after reading titles and abstracts. The

full texts of the remaining studies were reviewed, and six
studies were excluded because their full texts were unavailable.
Finally, 45 eligible studies were included in the network meta-
analysis (Fig. 1).

3.2 Basic characteristics and quality
assessment of the included studies

The included studies originated from nine countries (one from
the United States, one from Egypt, 26 from India, seven from
Iran, one from Italy, one from Jordan, two from Saudi Arabia,
one from Syria, and five from Turkey), and involved 3124
patients. Male participants accounted for 52.58%, and female
participants accounted for 47.42%. The age of participants
ranged from 4 to 16 years (Supplementary Table 1, Ref. [8—
11, 15-55]).

Most studies were assessed as having an overall low RoB.
However, 13 studies were classified as having some moderate
concern regarding RoB due to the absence of blinding. Al-
though blinding of personnel was challenging due to the nature
of interventions, the absence of blinding could compromise
the objectivity of some outcome measurements, potentially
introducing measurement bias. Additionally, four studies were
classified as having moderate RoB due to the absence of
intention-to-treat analysis. These studies failed to include all
randomized participants or did not follow the initial allocation,
which may have underestimated the impact of missing data on
the results, thereby affecting the reliability of the conclusions

(Fig. 2).

3.3 NMA results

In the network diagram, each node indicated an intervention,
and its size was positively correlated with the number of studies
on this intervention. A larger size indicated a greater number of
included studies.The lines indicated studies comparing inter-
ventions, and their thickness reflected the number of studies. A
thicker line indicated a greater number of comparative studies
(Fig. 3). The difference in deviance information criterion
(ADIC) was <5 across all outcomes, indicating good overall
model fitness (Table 1). The node splitting method was used
to assess consistency within closed loops. The p values for
all outcome measures were > 0.05, indicating no evidence of
local inconsistency. Successful convergence of results was
confirmed (PSRF = 1) (Supplementary Fig. 1).

3.4 Primary outcomes
3.4.1 Subjective pain scale

Forty-five studies reported subjective pain outcomes. The
NMA revealed that laser and the combination of cold stimu-
lation,vibration, and benzocaine gel significantly relieved sub-
jective injection pain in local anesthesia in children (combina-
tion of cold stimulation/vibration/benzocaine gel vs. placebo:
SMD —-3.71, 95% Crl —6.87, —0.63; laser vs. placebo: SMD
—2.96, 95% Crl —5.67, —0.27) (Supplementary Table 2).

The combination of cold stimulation,vibration, and benzo-
caine gel had the highest SUCRA value (90.04%), followed by
laser (83.86%), and peppermint oil (78.07%). Therefore, the
combination of cold stimulation,vibration, and benzocaine gel
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FIGURE 1. PRISMA flowchart of search and screening.

was most effective in reducing subjective injection pain during
local anesthesia in children (Fig. 4A).

3.4.2 Objective pain scale

Forty-five studies reported objective pain outcomes. The
NMA revealed that acupressure significantly reduced
objective injection pain during local anesthesia in children
(acupressure vs. placebo: SMD —3.01, 95% Crl —5.66, —0.35)
(Supplementary Table 3).

Acupressure had the highest SUCRA value (87.14%), fol-
lowed by the combination of lignocaine/prilocaine (82.23%),
and the combination of cold stimulation,vibration, and ben-
zocaine gel (78.84%). Therefore, acupressure was ranked as
the most effective intervention for reducing objective injection
pain during local anesthesia in children (Fig. 4B).

3.5 Secondary outcomes

Identification of studies via databases and registers J
§ Recg;?:blgiggﬂ(ﬁd:fggb) Record's r_emoved before
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(n =2039)
v
o 3‘3507'13) sought for retrieval — | Reports not retrieved (n = 6)
(=
3]
A \4
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(n = 68) Inappropriate interventions
(n=3)
Research protocols (n = 5)
Invalid data (n = 11)
Outcome indicators not
matched (n = 4)
—
\4
9
= Studies included in review
E (n =45)

3.5.1 HR

HR was reported in sixteen studies. The NMA revealed
that cold stimulation, vibration, laser, and acupressure all
significantly reduced HR during local anaesthesia injection
in children (cold stimulation vs. placebo: MD —12.59, 95%
Crl —20.74, —4.45; vibration vs. placebo: MD —7.74, 95%
Crl —11.28, —4.2; laser vs. placebo: MD —7.5, 95% Crl
—14.59, —0.43; acupressure vs. placebo: MD —9.5, 95% Crl
—15.03, —3.98). However, procaine gel significantly increased
HR during local anesthetic injection in children (procaine gel
vs. placebo: MD 5.22, 95% Crl 0.91, 9.56) (Supplementary
Table 4).

Cold stimulation had the highest SUCRA value (96.58%),
followed by acupressure (86.65%) and laser (81.21%). There-
fore, cold stimulation was most effective in reducing HR
during local anaesthetic injection in children (Fig. 4C).
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FIGURE 2. Quality assessment results.

3.5.2 Oxygen saturation

Oxygen saturation was reported in four studies. The NMA
revealed no significant differences among interventions in oxy-
gen saturation (Table 2).

We observed substantial overlap in the SUCRA plot for
oxygen saturation (Fig. 4D), confirming a lack of statistical
significance.

3.6 Publication bias

The comparison-adjusted funnel plots were symmetric, indi-
cating no publication bias (Fig. 5).
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4. Discussion

This NMA revealed that acupressure, the combination of cold
stimulation,vibration, and benzocaine gel, and cold stimu-
lation may be the optimal strategies for reducing objective
pain, subjective pain, and HR dring local anesthesia in pe-
diatric dentistry, respectively. Moreover, the combination of
cold stimulation, vibration, and benzocaine gel demonstrated
a greater reduction in objective and subjective pain compared
with any individual interventions. No statistically significant
improvements were observed in oxygen saturation with any of
the evaluated interventions.
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FIGURE 3. Network diagram. (A) Pain (subjective scale); (B) Pain (objective scale); (C) HR; (D) Oxygen saturation. Note:
The abbreviation “Cold sti/Vibration/Ben gel” stands for “the combination of cold stimulation/vibration/benzocaine gel”.

TABLE 1. Convergence of Bayesian NMA model and overall heterogeneity.

Dbar pD DIC ADIC I?
Consistency Ume Consistency Ume
Subjective pain 58.67807 56.52378 115.31214 115.20185 0.11029 5% 5%
Objective pain 46.41668 44.96574 91.38242 91.59986 0.21744 3% 3%
Heart Rate 50.92943 32.95283 83.88226 80.17074 3.71152 27% 18%
Blood Oxygen 11.13005 11.03370 22.16375 22.09801 0.06574 10% 10%

Dbar: posterior mean of the residual deviance; pD: effective number of parameters, DIC: deviance information criterion.

TABLE 2. League table for oxygen saturation.

Placebo
0.39 (-3.75, 4.53)
0.73 (=2.63, 4.05)

Lignocaine gel
Lignocaine gel

Electrical stim- 0.34 (-2.12,2.8)

ulation

Cold 1.35(=3.07,5.83) 0.96 (-0.63,2.61)
stimulation

Laser 0.61 (—4.18,5.45) 0.23(-2.25,2.7)
Cold stimula- 0.44 (-2.94,3.81) 0.05(—4.06, 4.16)
tion/Vibration

Electrical stimulation Cold stimulation

0.62 (—2.31, 3.6)

—0.11 (-3.6, 3.38)
~0.29 (-3.59, 3.04)

—0.73 (-3.72,2.21)
~0.91 (~5.34, 3.49)

Laser

~0.17 (—4.95, 4.63)

The data in the table are the MD (95% Crl) of the intervention in the row compared to that in the column. A larger positive MD
represents higher oxygen saturation, and 0 represents no difference between the two interventions.
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Objective pain scales are often used by healthcare providers
or observers to indirectly quantify pain intensity by assessing
observable physiological indicators and behaviors, without
relying on the patient’s subjective description. The objective
pain scales included in this study were SEM and FLACC.
The SEM is based on verbal/vocal responses to sound stimuli,
ocular responses, and limb movements. The FLACC scale
is a standardized behavioral pain assessment tool used by

healthcare providers. It quantifies pain intensity during local
anesthesia by fully observing facial expression, leg movement,
activity, crying, and consolability.

Our analysis revealed that acupressure was superior in re-
ducing objective pain during local anesthetic injection, and
the combination of lignocaine/prilocaine and the combination
of cold stimulation, vibration, and benzocaine gel were also
effective. Acupressure has been applied in dental analgesia



for many years. Usichenko ef al. [56] reported in 2016 that
bilateral acupuncture at Hegu (LI4) acupoint maintained HR
at a lower level during dental treatment compared with no
acupuncture. The mechanism of acupuncture in pain relief
involves blocking pain signaling to the spinal cord or brain
(based on the gate control theory), and promoting the genera-
tion of analgesic substances (e.g., endorphins and enkephalins)
[57]. Acupuncture may reduce the need for analgesic med-
ications, thereby avoiding associated side effects. However,
it may also trigger adverse events, including poor hygiene-
induced infections, headaches, hypotension, vertigo, palpita-
tions, muscle spasms, soreness, and fatigue. Additionally,
acupuncture is invasive, which may exacerbate anxiety in
children [58]. Therefore, laser acupuncture has been ex-
plored. Laser acupuncture uses a low-level laser to stimulate
traditional acupoints. This technique is not only painless
but also non-invasive, atraumatic, and easy to perform, with
no risk of cross-infection [59]. Sandhyarani et al. [60]
(2021) reported that low-level laser at the Hegu point (LI4)
before local anesthetic injection significantly relieves pain
sensations. However, clinical studies on laser acupuncture
remain limited, with only two included in this review [31, 35].
These studies used various assessment scales (FLACC, FPS,
SEM, and Wong-Baker) and different outcome metrics, and
they originated mostly from the Asia-Pacific region. There-
fore, additional high-quality, large-sample, multicenter RCTs
should be conducted in the future to determine the statistical
and clinical significance of laser acupuncture compared with
other interventions for alleviating pain in local anesthesia.
Accordingly, these findings should be interpreted with caution.

Subjective pain scales are designed to quantify the nature
and intensity of pain based on patients’ subjective perceptions,
experiences, and descriptions. They are grounded in a core
medical principle: Pain is a subjective experience, and the pa-
tient is the most authoritative in reporting pain sensations. The
subjective pain scales included in this study were the Wong-
Baker FACES Pain Rating Scale and VAS. In the Wong-Baker
scale, pediatric patients select corresponding facial expressions
for scoring. In the VAS, patients mark a point on a fixed-
length line to convert their internal, abstract pain sensations
into a measurable linear distance value, thereby quantifying
pain intensity.

The combination of cold stimulation, vibration, and ben-
zocaine gel was ranked as the most effective intervention
for reducing subjective pain during local anesthesia, whereas
laser and peppermint oil were also effective. Cold stimulation
and vibration are thought to reduce pain through the gate
control theory of pain. Specifically, pain signals transmitted
from the peripheral nervous system to the central nervous
system are regulated by a “gate” in the spinal dorsal horn.
The afferent A-§ fibers conveying acute pain and the slower
C fibers are blocked by the motor nerves (A-S fibers) that
rapidly transmit non-noxious stimuli. Therefore, vibration as
a counter-stimulus during anesthetic injection can prioritize
perception of the vibration in the brain over the injection pain
[61]. Furthermore, sustained cold stimulation can activate
C fibers, potentially further blocking pain signaling via A-§
fibers [62].

Cold stimulation, vibration, and topical anesthesia are
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widely used to alleviate pain during local anesthesia in
pediatric dentistry.  Numerous studies have investigated
cold stimulation, vibration, benzocaine gel, and combination
of these interventions; however, their conclusions remain
inconsistent. Sahithi et al. [16] argued that the combination
of cold stimulation and vibration was more effective than
counterstimulation in relieving pain. In contrast, Ponnan et
al. [32] concluded that counterstimulation outperformed the
combination of cold stimulation and vibration. Meanwhile,
the combination of cold stimulation and vibration has also
been compared with topical anesthesia, but no statistically
significant result was found [53]. These studies used different
pain assessment scales and study methods, which may account
for the inconsistent conclusions.

Self-reporting is considered the gold standard for pain as-
sessment in children [63, 64]. Among all available self-report
methods, pictures are preferred by children [65, 66]. There-
fore, the Wong-Baker Scale is utilized to assess pain in children
in numerous studies. It has been reported that children with
anxiety tend to select faces expressing discomfort to reflect
pain even when experiencing no pain. However, the Wong-
Baker Scale often overestimates the pain level [63]. Pain is a
highly individualized, multidimensional experience involving
sensory, cognitive, emotional, and sociocultural factors. Al-
though pain is the primary concern reported by patients, no
standard value of pain intensity can be obtained by an objective
“pain meter”. Different scales have their limitations. The
Pieces of Hurt tool [67] demonstrates only modest reliability
and validity in preschool children aged 3—4 years. The Faces
Pain Scale has demonstrated good psychometric properties
and feasibility, however, evidence regarding its interpretability
remainslimited, and the evidence regarding acceptability to
children is mixed [68]. The VAS demonstrates good accept-
ability, responsivity, and validity for most children aged 8
years and older [69]. However, interpretation of VAS pain
score may be challenging [70]. In conclusion, no single scale
is optimal for evaluating all types of pain, as each instrument
captures only specific dimensions of pain. The assessment
results may be substantially influenced by the patient’s age,
cognitive level, cultural background, language ability, and
emotional state [06]. Moreover, they cannot directly compare
pain between different individuals. Therefore, objective and
subjective scales should be combined to assess pain.

Changes in heart rate (HR) during local anesthetic injection
in pediatric dentistry primarily reflect psychological fear and
physiological stress, and may indirectly reflect the effects of
different interventions in relieving pain during local anesthesia
[18]. However, HR is also affected by the psychology and
anxiety of children. Therefore, HR was used as a secondary
outcome in this study. Consistent with the findings from
objective and subjective pain scales, our results indicated that
cold stimulation effectively reduced HR during local anesthetic
injection in children, and acupressure and laser interventions
also demonstratedstatistically significant effects.

Although SMDs may allow us to pool pain outcomes mea-
sured with different scales, their interpretation is less intuitive
than MDs derived from a single measurement scale, and the re-
sults may be influenced by between-participant heterogeneity
across studies. Therefore, the relative rankings of pain control
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strategies should be interpreted cautiously.

The included studies originated from nine countries, how-
ever, only one study was conducted in Africa, one in Europe,
and one in the North America. Almost all other studies were
from Asia, which may have introduced geographical limita-
tions and potential regional bias. Therefore, the results should
be interpreted carefully, and more international, multicenter,
large-sample prospective RCTs using standardized objective
and subjective pain assessments are required to further evaluate
the efficacy of different interventions.

Although all included studies involved pediatric popula-
tions, participant ages varied considerably, ranging from 6
to 18 years, which may have contributed to heterogeneity.
However, due to limitations in the available data, subgroup
analyses according to age groups could not be performed.
Future studies are expected to conduct more detailed analyses
across different age groups to better address this concern.

This NMA is the first study to comprehensively compare the
clinical efficacy of multiple physical interventions for relieving
injection pain during local anesthesia in pediatric dentistry.

This NMA suggested that acupressure was the most ef-
fective intervention for reducing objective pain. However,
this finding should be interpreted with caution because the
number of high-quality related studies evaluating acupressure
was limited.

The effect of acupressure, despite its top ranking in this
analysis, should be interpreted with caution and is not readily
generalizable to routine practice. Clinicians should have ap-
propriateknowledge and training regarding acupuncture tech-
niques before considering its applicationin pediatric patients.

The combination of cold stimulation,vibration, and benzo-
caine gel demonstrated a definite and robust effect on reduc-
ing both objective and subjective pain, as well as improving
HR. This intervention offers a more readily applicable and
evidence-supported strategy in the management of fear and
anxiety in children during local anesthesia.

In this NMA, 45 studies were included, with diverse in-
terventions and assessment scales, which may still influence
the interpretability of results. Most included studies orig-
inated from the Asia-Pacific region, possibly introducing a
geographic bias. In the future, more international, multicen-
ter, large-sample prospective RCTs using standardized objec-
tive/subjective pain assessment scales are required to assess the
efficacy of different interventions.

5. Conclusion

This study investigated physical interventions for reducing in-
jection pain, including objective and subjective pain, HR, and
oxygen saturation during local anesthetic injection in pediatric
dentistry. Acupressure, the combination of cold stimulation,
vibration, and benzocaine gel, and cold stimulation ranked
highest for reducing objective pain, subjective pain, and HR,
respectively. However, these findings should be interpreted
with caution because the efficacy of several interventions was
supported by limited evidence, and the included studies var-
ied in pain assessment scales and geographic distribution.
Therefore, additional multicenter, large-sample prospective
RCTs are required to validate these findings and establish their

clinical applicability.
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