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Methods: Following Preferred reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines, a comprehensive search was conducted across PubMed, Scopus, Web
of Science, Cochrane Library, and Google Scholar for studies published between 2015 and
2025, structured according to the patient or problem, intervention or exposure, comparison or
control (PICO) framework. Eligible studies were English-language randomized controlled trials
(RCTs) in pediatric dentistry. Of 136 identified records, 29 duplicates were removed, leaving
107 for screening. Ultimately, 5 RCTs involving 447 children aged 4-12 years met the inclusion
criteria. The analyzed outcomes included pain reduction—assessed through faces pain scale-
revised (FPS-R), Wong-Baker faces pain rating scale (WBFPRS), face, legs, activity, cry, and
consolability (FLACC), Wong-Baker, sounds, eyes, and motor (SEM) scales, and heart rate—and
adverse events.

Results: Mucoadhesive patches consistently demonstrated superior pain reduction compared
with the control groups (P<0.001). Children treated with these patches reported significantly
lower pain scores than those receiving gels or placebo, with improvements across both
subjective and objective measures. No systemic adverse events, such as local anesthetic systemic
toxicity (LAST) or methemoglobinemia, were observed, though poor patch adhesion was noted
in two studies. This systematic review has some limitations, mainly due to heterogeneity in
study design, interventions, and outcome measures, including variations in anesthetic type,
application time, and pain assessment methods.
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Introduction

espite continuous progress in dental care

and pain control techniques, dental anxiety

remains a major challenge for clinicians and

patients alike [1]. Local anesthetics are the

most commonly used method for managing
pain during dental procedures; however, needle phobia
persists as a significant concern among both children
and adults [1-3]. This fear frequently leads to poor co-
operation, complicating both anesthetic administration
and the overall treatment process [2-5]. To reduce the
discomfort associated with injections, topical anesthetics
are commonly applied before needle insertion [4, 6].

Delivering medications through the oral mucosa offers
a convenient and non-invasive route of administration.
However, this method is challenged by factors such as
the constant presence of saliva, which can dilute the
drug, and the inherent barrier function of mucosal tis-
sue, which limits drug absorption and permeability.
Mucoadhesive formulations that adhere to the mucosal
surface can enhance absorption by maintaining higher
local drug concentrations at the application site [7]. The
use of biopolymers as delivery matrices provides a con-
trolled-release mechanism for therapeutic agents and
can be formulated into hydrogels, mucoadhesive films,
or patches [8]. These mucoadhesive polymers attach
firmly to oral tissues. As the polymer matrix gradually
degrades, it enables sustained, controlled drug release
over time [9].

In 1996, the U.S. Food and Drug Administration (FDA)
approved DentiPatch™, the first transoral lidocaine de-
livery system designed to provide topical anesthesia
and minimize discomfort during dental injections and
soft-tissue procedures. Each patch contains 41.6 mg of
lidocaine within a 2 cm? adhesive matrix, coated with a
polyester backing, and provides effective anesthesia in
approximately 2.5 minutes, according to the manufac-
turer. Clinical trials have verified its safety and efficacy
in both adult and pediatric populations, although some
studies have reported issues related to inadequate ad-
hesion to the mucosal surface [8].

Accordingly, this systematic review aims to assess the
effectiveness and safety of mucoadhesive anesthetic
systems compared with conventional local anesthetics
in pediatric dentistry.
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Materials and Methods
Protocol and registration

This study followed the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) guide-
lines. The literature search strategy was developed
according to the problem, intervention or exposure,
comparison or control (PICO) framework, defining:
Population (P), children undergoing dental procedures;
intervention (1), application of topical mucoadhesive
anesthetic agents; comparison (C), conventional topi-
cal anesthetic agents; and outcome (O), effectiveness
of anesthesia.

Children requiring local anesthetic injections were
included in the selected studies. In the intervention
groups, mucoadhesive topical anesthetics were applied
to the mucosal area before the injection. In contrast,
control groups received traditional topical agents such
as EMLA, benzocaine, or lidocaine before anesthetic ad-
ministration.

To identify and compare relevant studies on mucoad-
hesive topical anesthesia, two independent reviewers
conducted a comprehensive search of English-language
articles published between January 1, 2015, and Sep-
tember 15, 2025, across major databases, including
PubMed, Scopus, Web of Science, and the Cochrane
Library. Search terms were initially refined using the
Medical Subject Headings (MeSH) database, and final
keywords included pediatric dentistry, dental patch,
topical patch, oral patch, and children. Additionally, a
manual search was conducted on Google Scholar using
the same keywords to ensure comprehensive coverage
of the literature. Last search date: (August 1, September
15, 2025).

Search strategy

The search strategy used the following keywords and
operators: (“Pediatric dentistry” [Title/Abstract] Or “pe-
diatric dentistry” [MeSH Terms]) AND (“dental patch”
[Title/Abstract] OR “topical patch” [Title/Abstract] OR
“oral patch” [Title/Abstract]) AND (“children” [Title/
Abstract]) AND (“2015/01/01” [PDAT]: “2025/09/15”
[PDAT]) AND English [language].

Eligibility criteria

Randomized controlled trials (RCTs) published in Eng-
lish that involved the application of mucoadhesive topi-
cal anesthesia before local anesthetic injection were
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included in this review. To maintain strict adherence to
the PICO framework, only pediatric dentistry studies
were prioritized.

The exclusion criteria comprised non-randomized or
non-controlled clinical studies, comparative studies
without randomization, technical reports, case stud-
ies, narrative and systematic reviews, in vitro research,
non-English publications, and studies lacking full-text
availability.

Initially, all retrieved articles were imported into
Mendeley Desktop software, version 1.19.8 to identify
and remove duplicates. Following deduplication, the
remaining studies were independently screened by at
least 2 reviewers. Based on the inclusion and exclusion
criteria, irrelevant studies were excluded. Subsequently,
data evaluation and extraction were performed for the
eligible studies, and the information was systematically
recorded in Microsoft Excel (Figure 1).

The extracted data included the author name, year of
publication, sample characteristics, type of topical anes-
thetic used, intervention details, duration of anesthetic
application, type of injectable anesthetic, needle gauge,
assessment scales, and reported outcomes (Table 1).

Data synthesis

Due to heterogeneity in patch types, application du-
rations, and assessment scales, a qualitative synthesis
was performed, as meta-analysis was not feasible. This
systematic review integrates findings from 5 RCTs pub-
lished between 2015 and 2025 that assess the effective-
ness of mucoadhesive patch systems compared with
conventional gel or injection-based methods for topical
anesthesia in pediatric dentistry, with an emphasis on
pain reduction during dental procedures. The included
studies involved children aged 4—12 years, with sample
sizes ranging from 32 to 150 participants.

The interventions comprised benzocaine gel patches
[10], lidocaine denti-patches [11], EMLA cream with dif-
ferent delivery systems [12, 13], and a novel lidocaine-
prilocaine patch [14]. Pain outcomes were evaluated us-
ing various subjective scales (e.g. face pain scale-revised
[FPS-R], Wong-Baker, Wong-Baker faces pain rating
scale [WBFPRS]) and objective measures (e.g. sounds,
eyes, and motor [SEM], face, legs, activity, cry, and
consolability], heart rate changes [FLACC]). Application
times ranged from 30 seconds to 10 minutes, depend-
ing on the formulation.
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Across all included studies, patch-based interventions
consistently demonstrated superior pain reduction com-
pared to controls. Osman et al. reported significantly low-
er median FPS-R scores with benzocaine patches (4 vs 6,
P=0.0001) and reduced SEM scores (P=0.001). Shehab et
al. [11] observed a marked decrease in pain intensity with
lidocaine Denti-Patches compared with gel (P<0.0001 at
both maxillary and mandibular sites). Babakurd and Az-
zawi [13] noted significant reductions in heart rate dur-
ing anesthetic application and probing when using EMLA
combined with microneedles or DMSO (P<0.05), while
Babakurd et al. [12] reported lower FLACC and Wong-
Baker scores for both EMLA and EMLA-microneedle sys-
tems (P=0.000), with no statistically significant difference
between the two (P=1.00 for FLACC; P=0.091 for Wong-
Baker). Ferrazzano et al. found that the experimental
lidocaine-prilocaine patch achieved the lowest mean WB-
FPRS (1.42+0.28) and FLACC (1.56+0.21) scores, outper-
forming both gel and placebo groups (P<0.001).

While results consistently favored mucoadhesive
patches, heterogeneity across formulation types, ap-
plication durations, and pain assessment scales limited
the feasibility of direct comparisons. Importantly, no
systemic adverse events (e.g. local anesthetic systemic
toxicity [LAST], methemoglobinemia) were reported
across trials; however, local issues such as poor patch
adhesion were noted in some studies [10, 11].

The collective findings indicate that mucoadhesive
patch systems—particularly microneedle-enhanced
variants—significantly improve anesthetic efficacy, es-
pecially for palatal injections in children. Given the vari-
ability in outcome reporting (e.g. median values with-
out standard deviations) and methodological diversity,
a quantitative meta-analysis using standardized mean
differences (SMD) could be feasible with imputed SDs
(e.g. via the Hozo method). Nonetheless, possible het-
erogeneity (likely 1°>>50%) and potential risk of bias ne-
cessitate sensitivity analyses to ensure the robustness
and reliability of the conclusions. However, a meta-anal-
ysis was not performed due to heterogeneity among
studies. Individual study results were reported using the
original summary measures.

Risk of bias assessment

Risk of bias was assessed independently by two re-
viewers using the Cochrane risk-of-bias 2 (RoB 2) tool
[15]. The evaluation was conducted at the outcome
level for the primary outcome (pain reduction) and the
secondary outcomes (heart rate, adverse events). The
six domains of RoB 2 were evaluated as follows:

Yadolahi B, Mucoadhesive Patches for Pediatric Dental Anesthesia. J Pediatr Rev. 2026; 14(1):29-36.




Journal of Pediatrics Review

Number 42

25, Volume 14, Iss

10J0W pue ‘saAd ‘spunos :|A|3S ‘9|eas Sunjes uled sadey sdeg-Suopn :SHd4GM ‘9[eds uled 93e4 :Sd4 ‘Aljigejosuod pue ‘A1d ‘Ananoe ‘s3s) ‘9oe4 :)DJV 14 :SuonelARIgqqy

MB3INBY SIIAIDIPA JO [puinof

(T00°0>d) €9°0FTL ¥

‘ST'TF6E Y :0990e|d . yored
— T auu —7 98uel
SV0¥89'Z ZL0FCTE uu&mﬂ%ﬁé N mmmwmwwtﬁ ulw G- 198 0gaceid/ja8 - ansaypeoonw o'vS Amwwﬂqm.mv (0g@2ed) [yr]
9D TZ'0%9S'T SHAHaM wc_m.oo_o:o ’ [ewuawiadx3  %QT duledojud ues S2/(r98)sL/sL (y20T) ‘|e 19 ouezzelsay
J0V14 ‘8T°0FCr'T : : +940T auled0p!
SYd4aM :yd1ed
Jjed |eJo
a8ueyd (%) (YN 2dA3) uon uon 10 M_momhob_cc
¢ods ou {(50'0>d) OSING  ?0ds ‘(wda) 4N ) : ulw g ) . y N 11—/ d8uey 05/5¢ [€T] (S520T) panxjeqeg
23[ul [erejed 23[ul pJepuels 1o OSINA+(%S)
/NI YHm 31es pesy 9jes pJeay o o °
V13
(4axeg-Suopn) (01-0)
1600=d (DOV1H) 00T=d | 0c'gi0m (papa3u }1) 2ul uona3(ul Yozed (17—, 38uel) 21l
: —ydauid .
) z_>_4.f<|4_>_m SA VA /(s3110823ed 4N ydauida+%z ulw g _ﬂ.Ecou\E% ) m_wwwcob 118 62-T59°6 e 754 (202) ‘e 1 Panyjeqeg
“(000°0=d) N+V1IN3 £0) 3ov1d auled0pI] uels vIng 1W+(%S) V1IN
8 V1A < [0U0D :TL
2J0UaJaj 3ull ?\ONv
-JIp YdJe ou {(3|qipuew (z1-€) W3S ) ; (%) o .
'8 EJIXEW “T000-0>d) “(:6-0) Sdd N ;MMMM%%N ulw 0T-§ 58 3urea0pr ,_M%Muw:mv N 716 33uey 05/0S (171 (ST0T) "2 32 qeyays
Jouadns yoled 1e20p! 1esop!
(T00°0=d) 4omo| auu
. : . (c1-€) Was (%072) (%8T) yozed (89 a8uey)
N3S(T000°0=d)9:PD | N -ydauida+%z s0€ 69 o [43k43 [ot] (0z07) "2 18 UBWSO
SA b UBIPAW Y-Sd4 :Ydted (01-0) ¥-Sd4 auiea0pn |98 suieoozuag |98 auledozuag 8'078'9 UedIN
98ney eIsayisauy awi (1012
sawodnQ A3 $9|eas ule N - 013UO; adA] yoje %) dews. A) 3 A) soyan
o Asy SR o el T [013u0) L Yored (%) sjewad (A) 33y B (A) soyany

S9IpPNIS Papn|du| o souslaIeIRYD 'T dlqeL

Yadolahi B, Mucoadhesive Patches for Pediatric Dental Anesthesia. J Pediatr Rev. 2026; 14(1):29-36.




Journal of Pediatrics Review

January 2025, Volume 14, Issue 1, Number 42

Table 2. RoB 2 for included RCTs

Random Sequence Allocation Blinding of Partici-  Blinding of Out- Incomplete Selective

i Generation Concealment  pants & Personnel come Assessment  Outcome Data Reporting el
[10] v X X v v v X
[11] X X X v v v X
(12] v X X* X v v X
[13] v X X* X v v X*
[14] v X X v v v X

Note: v': Low risk, X: Some concerns, X *: High risk.

1) Random sequence generation, 2) allocation con-
cealment, 3) blinding of participants and personnel, 4)
blinding of outcome assessment, 5) incomplete out-
come data, and 6) selective reporting.

Each domain was rated as low risk, some concerns,
or high risk, with an overall judgment derived using the
RoB 2 algorithm. Disagreements were resolved by con-
sensus or a third reviewer.

Osman et al. [10] and Ferrazzano et al. [14] were both
rated as having “some concerns” due to incomplete
operator blinding, despite adequate blinding of chil-
dren and assessors in Osman et al. [10] and of children,
assessors, and caregivers in Ferrazzano et al. [14] This
partial blinding may have introduced performance or
detection bias. Shehab et al. [11] were also categorized
as having “some concerns,” primarily because of insuffi-
cient detail regarding randomization concealment and
limited blinding (assessor only), potentially leading to
allocation bias.

In contrast, Babakurd and Azzawi [13] rated “high risk”
due to the lack of blinding for both clinicians and par-
ticipants, which increases the likelihood of performance
bias, despite the study’s use of appropriate statistical
analyses. Similarly, Babakurd et al. [12] judged to have
“some concerns” since only the data analyst was blind-
ed, with no blinding of operators or children, thereby in-
creasing the potential for biased outcome assessment.

All studies demonstrated a low risk of bias in the do-
mains of missing outcome data and selective reporting,
indicating complete data collection and adherence to
predefined study protocols. While randomization pro-
cedures were generally appropriate, insufficient report-
ing of allocation concealment in three trials contribut-
ed to a moderate overall risk.

Journal of Pediatrics Review

Given these findings, the overall risk of bias for the in-
cluded studies is moderate, with one study [13] at high
risk. Consequently, the results should be interpreted
with caution, and it is recommended to perform sen-
sitivity analyses excluding the high-risk study to assess
the robustness of the pooled outcomes. Future investi-
gations should aim to implement double-blind designs
and provide comprehensive descriptions of randomiza-
tion and allocation procedures to enhance methodolog-
ical rigor and minimize bias (Table 2).

Results

This systematic descriptive review integrates findings
from 5 RCTs conducted between 2015 and 2025 that
assessed the efficacy of mucoadhesive patch systems
compared with traditional gel or injection methods for
topical anesthesia in pediatric dentistry, with a primary
focus on pain reduction during dental procedures. The
included studies encompassed 447 children aged 4-12
years, with sample sizes ranging from 32 to 150 partici-
pants, and were conducted in diverse geographical set-
tings, including Egypt, Saudi Arabia, Syria, and Italy.

The evaluated interventions included benzocaine gel
patches [10], lidocaine Denti-patches [11], EMLA cream
with delivery systems [12, 13], and a novel lidocaine-
prilocaine patch [14]. Application times ranged from
30 seconds to 10 minutes, while pain assessment was
conducted using both subjective scales (FPS-R, Wong-
Baker, WBFPRS) and objective indicators (SEM, FLACC,
heart rate changes in beats per minute).

Across all studies, mucoadhesive patch interventions
significantly reduced pain compared to controls. Os-
man et al. [10] reported a median FPS-R score of 4 for
the benzocaine patch versus 6 for the gel (P=0.0001),
along with lower SEM scores (P=0.001). Shehab et al.
[11] demonstrated that lidocaine Denti-patches were
markedly more effective than 4% lidocaine gel, with
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Figure 1. PRISMA 2020 flow diagram

P<0.0001 for both maxillary and mandibular injections.
Babakurd and Azzawi (2025) observed significant reduc-
tions in heart rate with EMLA combined with micronee-
dles or DMSO during both the application and probing
stages (P<0.05), though oxygen saturation remained
unchanged [13]. Similarly, Babakurd et al. (2024) found
lower FLACC and Wong-Baker scores with both EMLA
and EMLA-microneedle systems (P=0.000), with no sig-
nificant differences between the two (P=1.00 for FLACC;
P=0.091 for Wong-Baker) [12]. Ferrazzano et al. [14]
recorded the lowest mean WBFPRS (1.42+0.28) and
FLACC (1.56£0.21) scores with the experimental patch,
outperforming both gel (2.12+0.72; 2.68+0.45) and pla-
cebo (4.39+1.25; 4.71+0.63) (P<0.001) [10-14].

No systemic adverse events (e.g. LAST or methemoglo-
binemia) were reported across any of the studies. How-

Journal of Pediatrics Review
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ever, local issues such as poor patch adhesion were ob-
served in the studies by Osman et al. and Shehab et al.
[10, 11] The analgesic efficacy of mucoadhesive patches
was particularly notable in palatal injections, where mi-
croneedle-enhanced systems further improved EMLA's
penetration and performance.

Mucoadhesive patches consistently provided superi-
or pain control compared to traditional gels or placebo.
Palatal injections benefited most from microneedle-
enhanced systems, improving penetration and anal-
gesic efficacy. Nevertheless, heterogeneity in formula-
tion types, application durations, and pain assessment
scales hindered direct comparison across studies.
Moreover, inconsistencies in data reporting, such as
median scores reported without standard deviations,
limit the precision of effect estimation. While evidence
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consistently supports the superior pain control of mu-
coadhesive patches compared with traditional meth-
ods, the magnitude of benefit varies across studies,
underscoring the need for standardized protocols and
outcome measures in future research to validate and
strengthen these findings.

Discussion

The consistent superiority of mucoadhesive patch
systems over conventional gel or injection methods
for topical anesthesia in pediatric dentistry, as dem-
onstrated by 5 RCTs from 2015 to 2025, underscores
their promising potential to improve pain management
during dental procedures. These findings are highly
relevant to pediatric dentists (enabling calmer proce-
dures), parents (no systemic adverse events, only rare
adhesion issues), and policy makers (justifying inclusion
in standard pediatric dental kits), supporting immediate
clinical adoption while emphasizing the need for future
double-blind trials.

A major observation is that mucoadhesive patches
provided significant pain reduction across diverse for-
mulations and varying application durations (30 sec-
onds to 10 minutes). Osman et al. [10] and Shehab et
al. [11] demonstrated superior analgesic effects with
benzocaine and lidocaine patches compared to gels
(P=0.001, P<0.0001, respectively). Similarly, Ferrazzano
et al. [14] reported lower WBFPRS and FLACC scores
with an experimental patch compared with gel and pla-
cebo (P<0.001). Two studies by Babakurd et al. (2024,
2025) confirmed the analgesic potential of EMLA-based
systems, either alone or combined with microneedles,
showing significant reductions in pain and physiological
parameters such as heart rate (P<0.05) [12, 13]. Interest-
ingly, Babakurd et al. observed no significant difference
between EMLA alone and EMLA-microneedle systems
(P=1.00 for FLACC; P=0.091 for Wong-Baker), whereas
Babakurd et al. found microneedle application to pro-
vide additional benefits [12, 13].

The enhanced performance of patch systems may be
attributed to their ability to bypass the anatomical re-
sistance of keratinized palatal mucosa, which typically
limits anesthetic absorption. EMLA’s lipophilic nature
and higher pH improve diffusion and tissue penetra-
tion [12]. However, the diversity in active ingredients
(benzocaine, lidocaine, prilocaine), delivery methods
(microneedles, DMSO), and outcome measures (FPS-R,
SEM, FLACC, Wong-Baker, heart rate) complicates direct
comparisons. Importantly, no systemic adverse events
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were reported, though local adhesion issues [10, 11] in-
dicate areas for technical refinement.

These results position mucoadhesive patch systems
as a promising standard for pediatric palatal anesthe-
sia, with potential to improve cooperation and long-
term dental experiences. Nevertheless, methodological
variability and inconsistent data reporting (e.g. means
without standard deviations) limit precise effect-size
estimation. Future research should aim to standard-
ize formulations, application protocols, and outcome
measures, while exploring the broader adoption of mi-
croneedle technology as it becomes more commercially
available.

This systematic review has several limitations. Het-
erogeneity exists in study designs, interventions, and
outcome measures, including differences in active in-
gredients, application durations (30 seconds to 10 min-
utes), and subjective versus objective pain assessment
tools. Risk of bias varies: Babakurd and Azzawi (2025)
is rated high due to lack of clinician and child blinding,
potentially inflating performance bias [13], while Os-
man et al. [10] Shehab et al. [11] Ferrazzano et al. [14]
and Babakurd et al. studies had some concerns due to
incomplete operator blinding or insufficient details on
randomization concealment [12]. The focus on coopera-
tive children aged 4-12 with specific dental needs (e.g.
extractions) limits generalizability to broader pediatric
populations, including those with behavioral or sys-
temic challenges. Additionally, a lack of reported needle
gauge and inconsistent reporting on injectable anesthet-
ic characteristics (e.g. epinephrine concentration) com-
plicates comparisons of procedural pain. Implementing
sensitivity analyses that exclude high-bias studies, along
with standardized protocols in future trials, could help
mitigate these limitations and strengthen evidence for
clinical practice.

Conclusion

This systematic review of 5 RCTs conducted between
2015 and 2025 demonstrates that mucoadhesive patch
systems, including benzocaine, lidocaine, and EMLA
with microneedles, effectively reduce pain during pedi-
atric dental procedures.
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