
REVIEW

Clinical Oral Investigations          (2025) 29:375 
https://doi.org/10.1007/s00784-025-06451-w

Extended author information available on the last page of the article

Abstract
Objective  This systematic review and meta-analysis compared the clinical performance of direct restorations using conven-
tional or bulk-fill resin composites (RC) with self-adhesive RCs in permanent teeth, regardless of cavity type or adhesive 
strategy employed. PICOS question was “Do direct restorations using self-adhesive RC exhibit clinical performance compa-
rable to that of conventional or bulk-fill RCs?”
Methods  Search strategy was applied across Medline/PubMed, Web of Science, Scopus, Embase, LILACS, The Cochrane 
Library, Base, Google Scholar, and OpenGray databases on January 17th, 2024 and updated on May 5th, 2025. Random-
ized clinical trials that evaluated the clinical performance of direct restorations with self-adhesive RC compared to conven-
tional or bulk-fill RC in permanent teeth were included. Risk of bias was assessed using the RoB 2 tool. All analyses were 
performed using RevMan 5 with Risk Difference (RD) and corresponding 95% confidence intervals (CIs). Random-effects 
models and the Mantel-Haenszel method were applied.
Results  1206 articles were identified. 12 studies (15 reports) were included in qualitative and quantitative analyzes. A total 
of 356 participants aged 6 to 79 years received 794 restorations, of which 396 were performed with conventional or bulk-
fill RCs and 398 with self-adhesive RCs. The follow-up period ranged from immediately after restoration (baseline) to 60 
months. Meta-analyses revealed that no significant differences were found between the RCs across all the evaluated out-
comes: marginal staining (P ≥ 0.13), color stability (P ≥ 0.27), fracture/retention (P ≥ 0.45), and marginal adaptation (P ≥ 0.08) 
regardless of the follow-up periods. For wear, postoperative sensitivity, and recurrence of caries, erosion, or abrasion, effects 
estimates were not possible. From 12 included studies, 6 of them showed a high overall risk of bias. Certainty of evidence 
was considered low or very low across all the evaluated criteria mainly due to imprecision and risk of bias.
Conclusion  The low certainty of evidence suggests that self-adhesive RC direct restorations demonstrate clinical perfor-
mance similar to conventional or bulk-fill RCs across all cavity types over a follow-up period of 6 to 48 months.

Clinical significance
This systematic review and meta-analysis indicates that self-adhesive resin composites are a clinically viable material 
for direct restorations, as they exhibit comparable performance to conventional or bulk-fill resin composites over a 6- to 
48-month follow-up period.

Keywords  Self-adhesive resin composite · Dental restoration · Systematic review · Clinical performance

Received: 19 March 2025 / Accepted: 30 June 2025
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2025

Clinical performance of self-adhesive resin composite direct 
restorations in permanent teeth: a systematic review and meta-
analysis

João Felipe Besegato1 · Andrea Freire1 · Joissi Ferarri Zaniboni2 · Guilherme Loubet Melo1 · Aryvelto Miranda Silva3

1 3

https://doi.org/10.1007/s00784-025-06451-w
http://crossmark.crossref.org/dialog/?doi=10.1007/s00784-025-06451-w&domain=pdf&date_stamp=2025-7-7


Clinical Oral Investigations          (2025) 29:375 

Introduction

Resin composite (RC) is widely used for direct restorations 
due to its clinical versatility and adequate physical, mechan-
ical, biological, and esthetic properties [1, 2]. However, RC 
direct restoration is a technique-dependent and sensitive 
procedure, where the operator’s skill plays a significant role 
in the clinical success and longevity [3]. Key challenges 
undergoing the restorative procedure include proper acid 
etching, dentin moisture control, complete solvent removal, 
correct adhesive system application, and the formation of a 
stable and homogeneous hybrid layer. These factors are cru-
cial for achieving optimal adhesion between RC and tooth 
structure [1, 4–7].

To reduce technique sensitivity and clinical time, self-
adhesive RCs have been developed. These materials 
eliminate the need for an adhesive system application as 
a separate step, thereby simplifying the restorative proce-
dure [8]. This innovation is enabled by the incorporation of 
acidic monomers– such as 10-Methacryloyloxydecyl Dihy-
drogen Phosphate (10-MDP), glycerol phosphate dimeth-
acrylate (GPDM), carboxylic methacrylates (4-MET), and 
bis(methacryloyloxyethyl) phosphate (BMEP)– which 
allow for self-etching of the dental substrate. Addition-
ally, hydrophilic monomers like hydroxyethyl methacrylate 
(HEMA) improve resin infiltration and surface wettabil-
ity, enhancing adhesion to dentin. The bonding mechanism 
of self-adhesive RCs involves both chemical interactions, 
through the bonding of acidic monomers to hydroxyapatite, 
and micromechanical retention, as the resin penetrates the 
collagen fibrils and dentin smear layer [9].

The first commercially available self-adhesive RC, Ver-
tise Flow (Kerr), combined phosphate ester methacrylate 
and GPDM as functional monomers [10]. These materials 
are available in various viscosities, with higher filler content 
resulting in increased viscosity, improved mechanical prop-
erties, and greater wear resistance. Conversely, low-viscos-
ity (flowable) RCs offer superior cavity adaptation and are 
particularly useful for small restorations [11]. Self-adhesive 
RCs are also available in bulk-fill formulations, which differ 
from conventional RCs by allowing single-increment place-
ment of up to 4–5 mm due to increased translucency and 
enhanced depth of cure [12–14].

Despite their advantages, the clinical performance of 
self-adhesive RCs remains questionable. Limitations in 
bond strength and microleakage compared to conventional 
RCs is reported [15]. A systematic review found that con-
ventional flowable RCs applied with an etch-and-rinse 
adhesive system showed superior marginal adaptation com-
pared to self-adhesive flowable RCs [16]. Additionally, 
bulk-fill self-adhesive RCs have shown inferior esthetic 
outcomes, including reduced surface gloss, color stability, 

translucency, and increased marginal discoloration [13, 
14, 17]. Some studies have also reported mild, reversible 
alterations in the dentin-pulp complex following placement 
of self-adhesive RCs [18]. Postoperative sensitivity– par-
ticularly within the first 15 days– has been reported, though 
symptoms typically resolve over time [6]. Nonetheless, 
clinical studies indicate that the overall performance of self-
adhesive RCs is comparable to conventional RCs, support-
ing their use as a viable alternative for direct restorations in 
permanent teeth [9, 13, 14, 16, 19].

Overall, modern RCs exhibit appropriate mechanical 
and biological properties for clinical use. However, in situ-
ation involving high occlusal stress, restorations may be 
more prone to fractures and wear over time [1]. Therefore, 
restorative materials must demonstrate long-term durabil-
ity. While in vitro studies offer valuable information on 
physical and mechanical properties, clinical trials remain 
essential for assessing long-term performance under intra-
oral conditions [20]. Thus, evaluating the clinical behavior 
of self-adhesive RCs is crucial to guide dental clinicians in 
selecting materials that provide reliable esthetic, functional, 
and biological outcomes for safe and effective patient care.

This systematic review and meta-analysis compared the 
clinical performance of direct restorations using self-adhe-
sive RCs with conventional or bulk-fill RCs in permanent 
teeth, regardless of cavity type or adhesive strategy used.

Materials and methods

Protocol and registration

This systematic review was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [21] and following 
the recommendations provided in the Cochrane Handbook 
for Systematic Reviews of Interventions. The study proto-
col was registered in the International Prospective Register 
of Systematic Reviews (PROSPERO) under the registration 
number CRD42024502834.

Eligibility criteria

The PICOS (Population, Intervention, Comparison, Out-
come, Study Design) framework was used to formulate the 
research question: “Do direct restorations with self-adhe-
sive resin composites exhibit superior clinical performance 
compared to conventional or bulk-fill resin composites?”

The components of the PICOS question were defined as 
follows: Population (P): Patients requiring direct RC res-
torations in permanent teeth, regardless of cavity location; 
Intervention (I): Direct restorations using self-adhesive RC; 
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Comparison (C): Direct restorations using conventional or 
bulk-fill RC, regardless of the adhesive strategy used; Out-
come (O): Clinical performance evaluated using the cri-
teria established by the World Dental Federation (FDI) or 
the United States Public Health Service (USPHS); Study 
Design (S): Randomized clinical trials (RCTs).

The exclusion criteria included non-randomized clinical 
trials, observational studies, case reports, pilot studies, labo-
ratory and animal studies, conference abstracts and consen-
sus papers. Additionally, studies evaluating primary teeth, 
self-adhesive resin cements, and RC used for pit and fissure 
sealants or orthodontic bracket bonding were excluded.

Databases and search strategy

A comprehensive literature search was conducted across 
the following databases: PubMed, Web of Science, Scopus, 
Embase, The Cochrane Library, and LILACS. Gray litera-
ture was also searched using Google Scholar, BASE, and 
OpenGray. The search was independently performed by two 
reviewers (JFB and AF) without restrictions on language or 
publication year.

Search strategies were developed using keywords rel-
evant to the research question. The final search strategy was 
exported, and duplicates were removed using the reference 
management tool Rayyan QCRI.

Table 1 shows the search strategy applied to each data-
base and the total number of studies retrieved before dupli-
cate removal.

Article selection process

References retrieved through the search strategy across dif-
ferent databases were managed using Rayyan QCRI. After 
removing duplicates, two independent reviewers (JFB and 
AF) screened the titles and abstracts of each study to select 
those meeting the inclusion and exclusion criteria for full-
text review. The selected studies were then read in full to 
determine their eligibility for inclusion in qualitative and 
quantitative analyses. In cases of disagreements between the 
primary reviewers (JFB and AF), a third reviewer (JFZ) was 
consulted, and consensus was reached through discussion. 
Reasons for excluding studies after full-text review were 
documented.

Data collection process

Data extraction from the included studies was performed by 
three authors (JFB, AF, and GLM) using an Excel spread-
sheet specifically designed for this review. Any discrepan-
cies in data collection were resolved through consensus. 
Extracted data included: author/year; country; journal; study 

design; type of self-adhesive and conventional or bulk-fill 
RC; number of patients and cavities evaluated; cavity type; 
follow-up periods; method of operative field isolation; cur-
ing time and irradiance of the light-curing unit; criteria for 
clinical performance evaluation; study conclusions; deci-
sion regarding inclusion in the meta-analysis; and other rel-
evant observations.

Clinical performance was assessed based on failures 
related to esthetic (marginal staining, color stability), func-
tional (fracture/retention, marginal adaptation, wear) and 
biological outcomes (postoperative sensitivity, recurrence 
of caries, erosion, and abrasion).

All included studies clinically evaluated the restorations 
using either the FDI or USPHS criteria. The FDI system 
assesses the quality of direct and indirect restorations using 
5 grades (1 to 5) for each criterion. Scores from 1 to 3 indi-
cated clinically acceptable restorations, while scores of 4 
and 5 reflect clinically unacceptable situations, indicating 
the need for repair (score 4) or replacement (score 5).

In contrast, the USPHS criteria classify restorations as 
Alpha, Bravo or Charlie for each criterion. Alpha indicates 
a clinically acceptable restorations, Bravo denotes a restora-
tion that is clinically unacceptable but reparable (excluding 
secondary caries), and Charlie indicates a restoration that 
requires replacement.

Given the differing scoring approaches, the data were uni-
fied into a binary outcome for meta-analysis. Restorations 
scored as 4 and 5 (FDI) or as Bravo or Charlie (USPHS) 
were considered as failures, while those scored as 1, 2, 3, or 
Alpha were considered successful.

Meta-analysis

Data extracted from eligible studies were dichotomous. The 
effect measure used to summarize the results was the Risk 
Difference (RD) with corresponding 95% confidence inter-
vals (CIs). Random-effects models and the Mantel-Haenszel 
method were applied. Heterogeneity was assessed using 
Cochran’s Q test and I² statistics. Subgroup analyses were 
conducted based on different follow-up periods, and sensi-
tivity analyses were performed to explore potential sources 
of high heterogeneity when identified. All analyses were 
performed using RevMan 5 (Review Manager version 5.4.1, 
The Cochrane Collaboration, Copenhagen, Denmark).

Risk of bias and certainty of evidence assessment

Two independent reviewers (JFB and AF) evaluated the 
risk of bias using the Revised Cochrane Risk-of-Bias Tool 
for Randomized Trials (RoB 2). The five domains assessed 
were: bias arising from the randomization process; devia-
tions from intended interventions; missing outcome data; 
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Database Search strategy Results
PubMed #1 (“composite resins“[MeSH Terms] OR resin composite restoration OR composite resin restoration OR direct resin 

composite restoration OR direct composite resin restoration OR restoration OR dental caries OR tooth decay OR dental 
decay OR caries OR carious)
#2 (“self adhesive” OR “self bond*” OR self-adhesive restorative material OR self-adhesive flowable composite OR 
self-adhering flowable composite OR self-adhering flowable resin composite OR self-bonding resin composite OR self-
bonding composite OR self-adhesive bulk-fill composite OR self-adhesive bulkfill composite)
#3 (secondary caries OR postoperative sensitivity OR retention OR marginal discoloration OR marginal staining OR 
marginal adaptation OR anatomic form OR anatomical form OR anatomic contour OR surface texture OR surface luster 
OR surface lustre OR surface staining OR color match OR fracture)
#4 (“clinical trial” OR “randomized clinical trial” OR randomized split-mouth design controlled study OR “randomized 
controlled trial” OR “controlled clinical trial” OR “RCT” OR “clinical study”)
#1 AND #2 AND #3 AND #4

536

Web of 
Science

#1 TS= (composite resin OR resin composite restoration OR composite resin restoration OR direct resin composite 
restoration OR direct composite resin restoration OR restoration OR dental caries OR tooth decay OR dental decay OR 
caries OR carious)
#2 TS= (self-adhesive OR self-adhesive restorative material OR self-adhesive flowable composite OR self-adhering 
flowable composite OR self-adhering flowable resin composite OR self-bonding resin composite OR self-bonding com-
posite OR self-adhesive bulk-fill composite OR self-adhesive bulkfill composite)
#3 TS= (secondary caries OR postoperative sensitivity OR retention OR marginal discoloration OR marginal staining 
OR marginal adaptation OR anatomic form OR anatomical form OR anatomic contour OR surface texture OR surface 
luster OR surface lustre OR surface staining OR color match OR fracture)
#4 TS=(clinical trial OR randomized clinical trial OR randomized split-mouth design controlled study OR randomized 
controlled trial OR controlled clinical trial OR RCT OR clinical study)
#1 AND #2 AND #3 AND #4

203

The 
Cochrane 
Library

IDSearchHits
#1MeSH descriptor: [Composite Resins] explode all trees2553
#2(composite resin restoration): ti, ab, kw1846
#3(direct composite resin restoration): ti, ab, kw236
#4(restoration): ti, ab, kw10921
#5(dental caries): ti, ab, kw7853
#6(tooth decay): ti, ab, kw635
#7(dental decay): ti, ab, kw617
#8(caries): ti, ab, kw9607
#9(carious): ti, ab, kw2599
#10#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #920,008
#11(self-adhesive restorative material): ti, ab, kw26
#12(self-adhesive flowable composite): ti, ab, kw16
#13(self-adhering flowable composite): ti, ab, kw24
#14(self-adhering flowable resin composite): ti, ab, kw19
#15(self-adhesive bulkfill composite): ti, ab, kw12
#16#11 OR #12 OR #13 OR #14 OR #1569
#17(secondary caries): ti, ab, kw2735
#18(postoperative sensitivity): ti, ab, kw3803
#19(retention): ti, ab, kw28318
#20(marginal discoloration): ti, ab, kw608
#21(marginal staining): ti, ab, kw276
#22(marginal adaptation): ti, ab, kw1189
#23(anatomic form): ti, ab, kw535
#24(anatomical form): ti, ab, kw809
#25(anatomic contour): ti, ab, kw49
#26(surface texture): ti, ab, kw413
#27(surface luster): ti, ab, kw61
#28(surface staining): ti, ab, kw1749
#29(color match): ti, ab, kw505
#30(fracture): ti, ab, kw24422
#31#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR 
#3,061,318
#32#10 AND #16 AND #3130

30

Table 1  Search strategy conducted in each database
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of evidence for risk of bias and inconsistency, respectively. 
Additionally, overlapping confidence intervals crossing the 
line of null effect and a sample size < 300 resulted in down-
grading for imprecision [23].

Results

Identification and selection of studies

The database searches yielded a total of 1498 articles, dis-
tributed as follows: Medline/PubMed (n = 536), Web of Sci-
ence (n = 203), Scopus (n = 27), Embase (n = 406), LILACS 
(n = 4), The Cochrane Library (n = 30), Base (n = 143), 
Google Scholar (n = 100), and OpenGray (n = 49). After 

measurement of the outcome; selection of the reported 
result.

The certainty of the evidence was assessed using the 
GRADE (Grading of Recommendations Assessment, 
Development, and Evaluation) approach through the online 
tool GradePRO (https://gdt.gradepro.org/). For randomized 
clinical trials, GRADE begins with high-certainty evidence, 
considering five factors that may downgrade the level of 
certainty: risk of bias, inconsistency, indirect evidence, 
imprecision, and publication bias [22]. Each criterion was 
categorized as “no limitation,” “serious limitation,” or “very 
serious limitation,” leading to evidence being rated as high, 
moderate, low, or very low certainty.

Uncertain or high risk of bias and imprecise effect esti-
mates or high heterogeneity led to downgrading the certainty 

Database Search strategy Results
SCOPUS #1 (TITLE-ABS-KEY (composite resin OR resin composite restoration OR composite resin restoration OR direct resin 

composite restoration OR direct composite resin restoration OR restoration OR dental caries OR tooth decay OR dental 
decay OR caries OR carious))
#2 (TITLE-ABS-KEY “self-adhesive” OR “self-adhesive restorative material” OR “self-adhesive flowable composite” 
OR “self-adhering flowable composite” OR “self-adhering flowable resin composite” OR “self-bonding resin compos-
ite” OR “self-bonding composite” OR “self-adhesive bulk-fill composite”)
#3 (TITLE-ABS-KEY (“secondary caries” OR “postoperative sensitivity” OR retention OR “marginal discoloration” 
OR “marginal staining” OR “marginal adaptation” OR “anatomic form” OR “anatomical form” OR “anatomic contour” 
OR “surface texture” OR “surface luster” OR “surface lustre” OR “surface staining” OR “color match” OR fracture))
#4 (TITLE-ABS-KEY (“clinical trial” OR “randomized clinical trial” OR “randomized split-mouth design controlled 
study” OR “randomized controlled trial” OR “controlled clinical trial” OR “RCT” OR “clinical study”))
#1 AND #2 AND #3 AND #4

27

LILACS 
(BVS)

(“composite resins” OR “resin composite restoration” OR “composite resin restoration” OR “direct resin composite 
restoration” OR “direct composite resin restoration” OR “restoration” OR “dental caries” OR “tooth decay” OR “dental 
decay” OR “caries” OR “carious”)
AND
(“self adhesive” OR “self bonding” OR “self-adhesive restorative material” OR “self-adhesive flowable composite” OR 
“self-adhering flowable composite” OR “self-adhering flowable resin composite” OR “self-bonding resin composite” 
OR “self-bonding composite” OR “self-adhesive bulk-fill composite” OR “self-adhesive bulkfill composite”)
AND
(“secondary caries” OR “postoperative sensitivity” OR “retention” OR “marginal discoloration” OR “marginal staining” 
OR “marginal adaptation” OR “anatomic form” OR “anatomical form” OR “anatomic contour” OR “surface texture” 
OR “surface luster” OR “surface lustre” OR “surface staining” OR “color match” OR “fracture”) AND
(“clinical trial” OR “randomized clinical trial” OR “randomized split-mouth design controlled study” OR “randomized 
controlled trial” OR “controlled clinical trial” OR “RCT” OR “clinical study”)

4

EMBASE #1 ‘resin’/exp OR ‘resin’ OR ‘resin composite restoration’ OR ‘composite resin restoration’ OR ‘direct resin composite 
restoration’ OR ‘direct composite resin restoration’ OR ‘restoration’ OR ‘dental caries’ OR ‘tooth decay’ OR ‘dental 
decay’ OR ‘caries’ OR ‘carious’
#2 ‘self adhesive’ OR ‘self bonding’ OR ‘self-adhesive restorative material’ OR ‘self-adhesive flowable composite’ OR 
‘self-adhering flowable composite’ OR ‘self-adhering flowable resin composite’ OR ‘self-bonding resin composite’ OR 
‘self-bonding composite’ OR ‘self-adhesive bulk-fill composite’ OR ‘self-adhesive bulkfill composite’
#3 ‘secondary caries’ OR ‘postoperative sensitivity’ OR ‘retention’ OR ‘marginal discoloration’ OR ‘marginal staining’ 
OR ‘marginal adaptation’ OR ‘anatomic form’ OR ‘anatomical form’ OR ‘anatomic contour’ OR ‘surface texture’ OR 
‘surface luster’ OR ‘surface lustre’ OR ‘surface staining’ OR ‘color match’ OR ‘fracture’
#4 ‘clinical trial’ OR ‘randomized clinical trial’ OR ‘randomized split-mouth design controlled study’ OR ‘randomized 
controlled trial’ OR ‘controlled clinical trial’ OR ‘rct’ OR ‘clinical study’
#1 AND #2 AND #3

406

Google 
Scholar

“resin” AND “self adhesive” AND “clinical trial” filetype: pdf 100

Open Gray “resin” AND “self adhesive” 49
Base resin composite AND self adhesive AND clinical trial 143
*All searches were conducted on January 17th, 2024 and updated on May 5th, 2025

Table 1  (continued) 
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Characteristics of included studies

A total of 12 studies (15 reports) [9, 13, 14, 19, 20, 27–36] 
were included in both qualitative and quantitative analyses, 
all of which were randomized clinical trials (RCTs). Table 3 
summarizes the characteristics of the included studies after 
full-text review.

The earliest study was published in 2015, while the most 
recent ones were from 2025. Regarding authors’ country of 
origin, 10 studies were conducted by researchers from Asia 
and/or Africa, and one study originated from Europe. Addi-
tionally, three studies had authors from multiple countries.

removing duplicates, 741 articles remained for title and 
abstract screening. Among these, 18 articles were selected 
for full-text review (Fig. 1).

Following full-text assessment, three studies were 
excluded for the following reasons: did not present all data 
in the article, as results were displayed using line graphs, 
making data extraction and analysis impossible [24]; self-
adhesive RC were associated with an adhesive system [25]; 
lack of reported total restorations at each follow-up, hinder-
ing data extraction [26] (Table 2).

Table 2  Excluded studies (and their reasons) after full-text review
Ref# Study Title Reasons for exclusion
24 Kalola et 

al., 2022
Comparative clinical evaluation of a self-adhering flowable composite with 
conventional flowable composite in Class I cavity: An in vivo study

Insufficient data: outcomes displayed in 
charts hindered data extraction.

25 Peskersoy et 
al., 2022

The effect of flowable composite resins on periodontal health, cytokine 
levels, and immunoglobulins

Study design: the study evaluated the 
self-adhesive resin composite associated 
with an adhesive system.

26 Maj et al., 
2020

A comparative clinical study of the self-adhering flowable composite resin 
Vertise Flow and the traditional flowable composite resin Premise Flowable

Insufficient data: study did not report the 
total number of restorations at each fol-
low-up period, hindering data extraction

Fig. 1  Flowchart describing the identification, screening, and inclusion processes
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In total, 794 cavities were evaluated, with 396 restored 
using conventional or bulk-fill RC and 398 restored using 
self-adhesive RC in 356 participants aged 6 to 79 years. The 
follow-up period ranged from baseline (immediately after 
restoration) to 60 months (5 years).

Five studies evaluated Class I restorations [9, 19, 27–30]. 
Two studies assessed Class II restorations [13, 14, 31, 36]. 
Two studies included both Class I and II restorations [32, 
33]. Three studies analyzed Class V restorations [20, 34, 
35].

The majority of studies [9, 27, 30–35] performed the 
restorative procedure exclusively under rubber dam isola-
tion, while three studies used relative isolation [19, 20, 28]. 
The remaining studies applied relative isolation only when 
rubber dam placement was not feasible [13, 14, 29, 36].

The most frequently evaluated self-adhesive RC was 
Vertise™ Flow (Kerr) [9, 19, 29, 30] and Surefil One™ 
(Dentsply Sirona) [31–33, 35], while Fusio™ Liquid Dentin 
(Pentron) was evaluated in three studies [20, 27, 34]. Con-
stic (DMG) was investigated in a single study [28]. Three 
reports did not disclose the brand, since they used experi-
mental RCs [13, 14, 36].

For the control group, conventional RC were used in 
eight studies [9, 19, 20, 28–30, 34, 36], while bulk-fill RC 
were used in seven studies [13, 14, 27, 31–33, 36]. In terms 
of viscosity, nine were high-viscosity RC [13, 14, 20, 27, 
31–33, 35, 36] and six were low-viscosity (flowable) RC [9, 
19, 28–30, 34].

Regarding light-curing time and irradiance, only eight 
studies reported both parameters, with curing times rang-
ing from 20 to 40 s and irradiance values between 800 and 
1250 mW/cm². One study did not provide any information 
on light-curing time or irradiance [34].

All RCTs followed manufacturer recommendations for 
applying restorative materials to ensure standardization 
of the clinical procedure and prevent technique-related 
discrepancies.

For the clinical performance assessment, seven reports 
used the FDI criteria [13, 14, 19, 20, 31, 32, 36] while eight 
reports used the USPHS criteria [9, 27–30, 33–35].

Meta-analysis

Failures were observed in both conventional or bulk-fill RC 
and self-adhesive RC over time. These failures were catego-
rized into three distinct groups: aesthetic failures (marginal 
staining and color stability); functional failures (fracture/
retention, marginal adaptation, and wear); biological fail-
ures (postoperative sensitivity and recurrence of caries, ero-
sion, and abrasion).
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months (risk difference: 0.09; 95% CI: -0.37–0.54; I2 = 88%; 
Chi2 = 8.69; P = 0.70).

Effects estimates were not possible for 1 week, 24-, 36-, 
48-, and 60-month follow-up periods due to no failures for 
both materials.

Fracture/retention outcome

No significant differences were observed between the mate-
rials (P > 0.45) at 24-month (risk difference: 0.03; 95% 
CI: -0.05–0.12; I2 = 0%; Chi2 = 0.01; P = 0.45) and at 48 
months (risk difference: -0.02; 95% CI: -0.09–0.05; I2 = 0%; 
Chi2 = 0.28; P = 0.59) (Fig. 4).

Effects estimates were not possible for 1 week, 6-, 12-, 
18-, 36-, and 60-month follow-up periods due to no failures 
for both materials.

Marginal adaptation outcome

Regarding marginal adaptation, no significant differences 
were observed between the materials at 6-month (risk dif-
ference: 0.43; 95% CI: -0.05–0.91; I2 = 94%; Chi2 = 17.93; 
P = 0.08) and at 24-month follow-up periods (risk dif-
ference: 0.03; 95% CI: -0.05–0.12; I2 = 0%; Chi2 = 0.01; 
P = 0.45) (Fig. 5).

Overall, the meta-analysis showed that no significant dif-
ference was found between cavities restored with conven-
tional/bulk-fill RC or self-adhesive RC (P ≥ 0.08).

Marginal staining outcome

No significant differences between materials over time were 
observed at 6 months (risk difference: 0.11; 95% CI: -0.03–
0.25; I2 = 61%; Chi2 = 5.17; P = 0.13), 12 months (risk dif-
ference: 0.12; 95% CI: -0.10–0.33; I2 = 89%; Chi2 = 37.64; 
P = 00.29), and 18 months (risk difference: 0.07; 95% CI: 
-0.39–0.53; I2 = 87%; Chi2 = 7.58; P = 0.78) (Fig. 2).

Effects estimates were not possible for 1 week, 24-, 36-, 
48-, and 60-month follow-up periods due to the absence of 
in both materials.

Color stability outcome

No significant differences were found between the materi-
als regardless of the follow-up periods (P ≥ 0 0.27) (Fig. 3). 
The results for each follow-up period were as follows: 6 
months (risk difference: 0.07; 95% CI: -0.06–0.20; I2 = 77%; 
Chi2 = 13.12; P = 0.30), 12 months (risk difference: 0.18; 
95% CI: -0.14–0.49; I2 = 88%; Chi2 = 17.27; P = 0.27), 18 

Fig. 2  Forest plot for marginal staining outcome
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Wear outcome

Effect estimates could not be calculated due to an insuffi-
cient number of studies reporting failures related to wear for 
either material, regardless of follow-up period.

Effects estimates were not possible for 1 week, 12-, 18-, 
36-, 48-, and 60-month follow-up periods due to no failures 
for both materials.

Fig. 4  Forest plot for fracture/retention outcome

 

Fig. 3  Forest plot for color stability outcome
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Risk of bias and certainty of evidence

The overall risk of bias revealed that from 12 RCTs, 6 
showed high risk for the analyzed outcomes [13, 14, 20, 
27–29, 33, 36]. High risk of bias was more frequently in the 
domain related to missing outcome data [27–29], while low 
risk of bias was more common in the domains of random-
ization process and deviations from intended interventions 
(Figs. 6 and 7).

Six studies demonstrated low risk of bias across all 
domains [9, 19, 30–32, 35]. However, one RCT was clas-
sified as having uncertain risk of bias in four out of the five 
domains analyzed [34] (Fig. 7).

Postoperative sensitivity outcome

No events of postoperative sensitivity were reported for 
either material, precluding the estimation of effect sizes for 
this outcome.

Recurrence of caries, erosion, and abrasion outcome

No failures related to recurrence of caries, erosion, and 
abrasion were reported, regardless of follow-up periods. 
Thus, effect estimates could not be calculated.

Fig. 6  Risk of bias assessment for included studies according to the Revised Cochrane risk-of-bias tool for randomized trials (RoB 2)

 

Fig. 5  Forest plot for marginal adaptation outcome
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In general, the FDI criterion evaluates restorations based 
on 16 parameters, while the USPHS evaluates them based 
on 8. However, not all parameters are mandatory in either 
criterion, and some can be selected depending on the study’s 
needs [37]. For this review, the 7 most relevant and signifi-
cant parameters were selected to assess the clinical perfor-
mance of a restoration: marginal staining, color stability, 
fracture/retention, marginal adaptation, wear, postoperative 
sensitivity, and recurrence of caries, erosion, and abrasion. 
Failures in these parameters can predict adhesive failure 
between the restorative material and the tooth structure, sig-
nificantly compromising restoration quality and potentially 
indicating its replacement [20].

Although RCTs require methodological rigor and sub-
stantial time and financial investment, the follow-up period 
is relevant to infer the longevity of materials/treatments. In 
this systematic review, only two studies exceeded the 3-year 
follow-up period, with 5 years of follow-up [19, 36], which 
should be considered a limitation. These studies exhibited 
similar clinical performance between self-adhesive and con-
ventional RCs after 60 months of follow-up in Class I and II 
cavities, corroborating with previous studies [9, 27–30, 32].

Tooth-related factors, including cavity type, size, loca-
tion, and the number of restored surfaces, play a crucial role 
in the longevity of RC restorations [38, 39]. In our review, 
most failures involving self-adhesive RC were associated 
with class V cavities [20, 34, 35], inferring that cavity design 
and location may affect restoration survival. Moreover, cav-
ity margins located within dentin exhibited a higher failure 
rate compared to those within enamel [20, 35]. These clini-
cal failures may be attributed to the lack of macroretention 
in class V cavities, the structural characteristics of dentin, 
and weak bonding resulting from the hydrolytic instabil-
ity of the functional monomer (4-MET) and the inherently 
lower etching capacity of self-adhesive RC [20, 27]. Thus, 
the overall performance of self-adhesive RC restorations 
may be improved when placed in cavities exhibiting favor-
able macromechanical retention like class I cavities [27].

In our review, the vast majority of studies evaluated 
retentive cavities (Class I (O), and small Class II cavities) 
[13, 14, 19, 27–33, 36], which hinders the validation of self-
adhesive RC bonding to tooth structure, since restorative 
materials without enamel and dentin bonding characteristics 
show adequate retention in these types of cavities [40]. A 
considerable number of failures were reported when self-
adhesive RCs were placed in non-retentive cavities [20, 34, 
35]. El-Shazly et al. [35] observed clinical signs of degrada-
tion and failure after a one-year follow-up, likely due to the 
formation of a weak and unstable adhesive interface, which 
is more susceptible to gap formation, marginal staining, 
loss of retention, reduced surface luster, and lower resis-
tance to abrasion [15]. Therefore, more studies assessing 

Table 4 displays the analysis of the certainty of evidence 
according to the GRADE tool for each outcome, follow-up 
periods and their explanations. Overall, the certainty of evi-
dence was considered low or very low for all outcomes. The 
main factors lowering the certainty level were imprecision 
and risk of bias.

Discussion

The results of this systematic review and meta-analysis 
showed that the clinical performance of self-adhesive RC 
restorations was comparable to conventional or bulk-fill RC 
restorations, regardless of the follow-up period or evaluated 
criteria.

Among the criteria used to clinically assess the per-
formance and effectiveness of a restorative treatment, the 
FDI (World Dental Federation) and USPHS (United States 
Public Health Service) criteria are the most commonly 
employed. However, the FDI criterion is recognized for its 
sensitivity in detecting restoration failures, making it more 
suitable than the USPHS criterion and appropriate for use in 
current studies [37].

Fig. 7  Percentage of risk of bias for included studies in each domain 
according to the author’s judgment
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Outcomes № of participants
(studies)

Certainty of the evidence
(GRADE)

Marginal Staining
follow-up: 1 weeks

173
(3 RCTs)

⨁⨁◯◯
Lowa

Marginal Staining
follow-up: 6 months

672
(11 RCTs)

⨁⨁◯◯
Lowb

Marginal Staining
follow-up: 12 months

497
(9 RCTs)

⨁⨁◯◯
Lowb

Marginal Staining
follow-up: 18 months

80
(2 RCTs)

⨁◯◯◯
Very lowc, d

Marginal Staining
follow-up: 24 months

319
(6 RCTs)

⨁⨁◯◯
Lowa, e

Marginal Staining
follow-up: 36 months

108
(2 RCTs)

⨁⨁◯◯
Lowd, f

Marginal Staining
follow-up: 48 months

100
(2 RCTs)

⨁⨁◯◯
Lowb, e

Marginal Staining
follow-up: 60 months

96
(2 RCTs)

⨁⨁◯◯
Lowb, e

Color Stability
follow-up: 1 weeks

173
(3 RCTs)

⨁⨁◯◯
Lowb, e

Color Stability
follow-up: 6 months

610
(10 RCTs)

⨁⨁◯◯
Lowb, e

Color Stability
follow-up: 12 months

439
(8 RCTs)

⨁⨁◯◯
Lowb, e

Color Stability
follow-up: 18 months

80
(2 RCTs)

⨁◯◯◯
Very lowc, d

Color Stability
follow-up: 24 months

265
(5 RCTs)

⨁⨁◯◯
Lowa, e

Color Stability
follow-up: 36 months

108
(2 RCTs)

⨁⨁◯◯
Lowb, d

Color Stability
follow-up: 48 months

101
(2 RCTs)

⨁⨁◯◯
Lowb, e

Color Stability
follow-up: 60 months

96
(2 RCTs)

⨁⨁◯◯
Lowb, e

Fractutes/retention
follow-up: 1 weeks

173
(3 RCTs)

⨁⨁◯◯
Lowb, e

Fractures/retention
follow-up: 6 months

699
(11 RCTs)

⨁◯◯◯
Very lowa, g,h

Fractures/retention
follow-up: 12 months

497
(9 RCTs)

⨁⨁◯◯
Lowb, e

Fractures/retention
follow-up: 18 months

80
(2 RCTs)

⨁⨁◯◯
Lowc, e

Fractures/retention
follow-up: 24 months

319
(6 RCTs)

⨁⨁◯◯
Lowa, e

Fractures/retention
follow-up: 36 months

108
(2 RCTs)

⨁⨁◯◯
Lowa, e

Fractures/retention
follow-up: 48 months

101
(2 RCTs)

⨁⨁◯◯
Lowa, e

Fractures/retention
follow-up: 60 months

96
(2 RCTs)

⨁⨁◯◯
Lowa, e

Marginal adaptation
follow-up: 1 weeks

173
(3 RCTs)

⨁⨁◯◯
Lowb, e

Marginal adaptation
follow-up: 6 months

699
(11 RCTs)

⨁⨁◯◯
Lowa, e

Marginal adaptation
follow-up: 12 months

498
(9 RCTs)

⨁⨁◯◯
Lowa, e

Marginal adaptation
follow-up: 18 months

80
(2 RCTs)

⨁◯◯◯
Very lowc, e,i

Table 4  GRADE (Grading of recommendations assessment, development and Evaluation) summary of the included studies

1 3

Page 13 of 17    375 



Clinical Oral Investigations          (2025) 29:375 

acrylic acid monomer) are vulnerable to hydrolysis due to 
additional water absorption at the interface between the 
resin matrix and filler particle, which may increase its deg-
radation in the oral environment [9, 13, 14, 27, 32].

The functional monomer present in self-adhesive RCs 
can directly affect the longevity of the restoration. The 
MDP monomer [28] tends to promote adequate long-term 
clinical performance, strong chemical bond with hydroxy-
apatite [41], insufficient demineralization [42] and forms 
long and hydrophobic chains [43]. In contrast, the 4-META 
and GPDM monomers have worse chemical bonding to 

non-retentive cavities are needed to confirm the appropriate 
bonding of self-adhesive RC.

Clinical studies observed failures of self-adhesive RCs 
in terms of marginal adaptation and marginal discoloration 
over time compared to baseline results immediately after 
restoration placement. This outcome can be explained by 
the fact that low-viscosity self-adhesive RCs (Vertise™ 
Flow with GPDM monomer, Fusio™ Liquid Dentin with 
4-MET monomer, Constic with MDP monomer, SABF 
bulk fill with phosphoric-acid functionalized methacrylate, 
and Surefil One™ with bifunctional acrylate (BADEP) and 

Outcomes № of participants
(studies)

Certainty of the evidence
(GRADE)

Marginal adaptation
follow-up: 24 months

319
(6 RCTs)

⨁⨁◯◯
Lowa, e

Marginal adaptation
follow-up: 36 months

108
(2 RCTs)

⨁◯◯◯
Very lowa, e,f

Marginal adaptation
follow-up: 48 months

99
(2 RCTs)

⨁⨁◯◯
Lowa, e

Marginal adaptation
follow-up: 60 months

95
(2 RCTs)

⨁⨁◯◯
Lowa, e

Wear
follow-up: 6 months

177
(3 RCTs)

⨁⨁◯◯
Lowa, e

Wear
follow-up: 12 months

124
(2 RCTs)

⨁⨁◯◯
Lowa, e

Post-operative sensitivity
follow-up: 1 weeks

231
(2 RCTs)

⨁⨁◯◯
Lowa, e

Post-operative sensitivity 
follow-up: 6 months

370
(7 RCTs)

⨁⨁◯◯
Lowa, e

Post-operative sensitivity 
follow-up: 12 months

335
(6 RCTs)

⨁⨁◯◯
Lowa, e

Post-operative sensitivity 
follow-up: 24 months

251
(5 RCTs)

⨁⨁◯◯
Lowa, e

Post-operative sensitivity 
follow-up: 36 months

108
(2 RCTs)

⨁⨁◯◯
Lowa, e

Post-operative sensitivity 
follow-up: 48 months

99
(2 RCTs)

⨁⨁◯◯
Lowa, e

Post-operative sensitivity 
follow-up: 60 months

95
(2 RCTs)

⨁⨁◯◯
Lowa, e

Recurrence of caries, erosion, abrasion
follow-up: 6 months

528
(8 RCTs)

⨁⨁◯◯
Lowa, e

Recurrence of caries, erosion, abrasion
follow-up: 12 months

389
(7 RCTs)

⨁⨁◯◯
Lowa, e

Recurrence of caries, erosion, abrasion
follow-up: 24 months

251
(5 RCTs)

⨁⨁◯◯
Lowa, e

Recurrence of caries, erosion, abrasion
follow-up: 36 months

108
(2 RCTs)

⨁◯◯◯
Very lowa, e,f

Recurrence of caries, erosion, abrasion
follow-up: 48 months

99
(2 RCTs)

⨁⨁◯◯
Lowa, e

Recurrence of caries, erosion, abrasion
follow-up: 60 months

93
(2 RCTs)

⨁⨁◯◯
Lowa, e

Explanations: (a) Some studies are at high risk of bias; (b) The majority of the studies are at unclear or high risk of bias; (c) All studies are at 
unclear or high risk of bias; (d) Evidence is limited by the scarcity of studies; (e) The 95%CI crosses the threshold of the minimally important 
difference; (f) Effect estimates are not similar; (g) High heterogeneity; (h) Wide 95% confidence interval; (i) High heterogeneity and effect 
estimates are not similar

Table 4  (continued) 
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anterior or cervical areas, would be valuable to better assess 
bonding efficacy in the absence of macromechanical reten-
tion. Moreover, investigating patient-reported outcomes 
such as sensitivity and aesthetic satisfaction could further 
strengthen the clinical relevance of such studies.

Conclusion

Within the limitations of this systematic review and meta-
analysis, we concluded that the clinical performance of 
direct restorations placed with self-adhesive RCs is compa-
rable to that of conventional or bulk-fill RCs, regardless of 
follow-up duration (6 to 48 months), cavity type or location, 
and outcome assessed. However, both materials showed 
degradation or failure over time. The certainty of evidence 
was considered low or very low for most evaluated crite-
ria, indicating the need for well-designed long-term clinical 
studies to validate these findings.
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Resumo
Introdução: Péssimas condições de saúde bucal vêm sendo apontadas como prejudiciais às pessoas 
acometidas pela hanseníase, pois contribuem para a piora do quadro clínico desses indivíduos.  
Objetivo: Este trabalho objetiva avaliar as condições de saúde bucal dos indivíduos atendidos por 
um serviço especializado no município de Sobral, no Ceará, e comparar dois grupos (com e sem 
reação hansênica) quanto às condições orais. Método: Trata-se de um estudo transversal realizado no 
Ambulatório de Hanseníase do município de Sobral, no Ceará, com 56 pacientes em tratamento. Foram 
realizados um levantamento epidemiológico em saúde bucal e uma entrevista que coletaram informações 
sobre condições de saúde bucal, dados socioeconômicos, utilização dos serviços odontológicos e 
percepção entre doença e saúde bucal. Para a análise estatística entre os grupos, foi realizada uma análise 
bivariada, seguida por uma análise multivariada. Resultados: Houve predomínio de sexo masculino, 
baixa escolaridade e diagnóstico multibacilar. Apesar da relação estatisticamente significante entre 
reação hansênica e cárie dentária, necessidade de exodontia e/ou endodontia, sangramento gengival, 
cálculo dentário e bolsa periodontal, apenas esta última apresentou associação significativa (p = 0,019) 
na análise multivariada. Conclusão: Os participantes deste estudo apresentaram precárias condições 
de saúde bucal, sendo piores naqueles com reações hansênicas. 

Palavras-chave: hanseníase; saúde bucal; odontologia em saúde pública.

Abstract
Background: Poor oral health conditions are being considered as harmful for people affected by Hansen’s 
disease, since they contribute to worsening the clinical condition of these individuals.  Objective: This 
study aims to evaluate the oral health conditions of individuals attended by a specialized service in the 
city of Sobral, Ceará, and to compare two groups (with and without Hansen’s disease reaction) regarding 
oral conditions. Method: A cross-sectional study was carried out at the Ambulatório de Hanseníase in 
the city of Sobral, Ceará, Brazil, with 56 patients being treated. An epidemiological survey was conducted 
on oral health and an interview that collected information on oral health conditions, socioeconomic 
data, use of dental services and perception between the disease and oral health. For the statistical 
analysis between the groups, a bivariate analysis was performed, followed by a multivariate analysis. 
Results: Predominance was the male gender, low level of schooling and multibacillary diagnosis. 
Despite the statistically significant relationship between presence of Hansen’s disease reaction and the 
presence of dental caries, need for exodontia and / or endodontics, gingival bleeding, dental calculus and 
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periodontal pocket, only the latter had a significant association (p = 0.019) in the multivariate analysis. 
Conclusion: The participants of this study presented poor oral health conditions, being worse in those 
who presented Hansen’s disease reactions. 

Keywords: leprosy; oral health; public health dentistry.

INTRODUÇÃO
Segundo o Ministério da Saúde1, hanseníase é uma doença crônica granulomatosa 

proveniente de infecção causada pelo Mycobacterium leprae. Esse bacilo afeta a pele e as células 
dos nervos periféricos, resultando em lesões cutâneas e neuropatia2.

O estigma sobre a doença3-5 faz com que o preconceito contra os pacientes acometidos 
pela hanseníase aumente à medida que os sinais e sintomas se tornam mais evidentes tanto 
para o indivíduo infectado quanto para a sociedade. As formas multibacilares da doença são 
mais susceptíveis a desenvolver sequelas e/ou reações advindas da hanseníase, o que torna mais 
notória a infecção pelo bacilo de Hansen e, consequentemente, o aumento da discriminação3,5.

Quando não tratada precocemente, a hanseníase pode levar a sequelas neurológicas, 
oftalmológicas e motoras4. As deficiências físicas ocasionadas pelo comprometimento 
neurológico periférico, que podem afetar os indivíduos antes, no decorrer ou depois do 
tratamento, são mais frequentes nas formas mais graves da doença6.

Apesar de os episódios reacionais poderem aparecer em qualquer uma das formas 
clínicas, são mais raros nos casos mais brandos da doença7. Estima-se que 25-30% das 
pessoas com hanseníase desenvolvem reações ou dano neural em algum momento, sendo 
desencadeada, principalmente, por processos infecciosos, infestações, distúrbios hormonais 
e fatores emocionais8.

Embora poucos estudos tenham encontrado relação das infecções odontológicas com a 
presença de reações hansênicas, processos infecciosos em cavidade oral, assim como em todo 
o corpo, podem estimular ações do sistema imunológico, o que favorece o aparecimento de 
reações em pacientes acometidos pelo bacilo de Hansen9-11.

O diagnóstico precoce, o tratamento oportuno para todos os casos diagnosticados, 
a prevenção e o tratamento de incapacidades, bem como a vigilância dos contatos 
domiciliares, são propostas para o controle da hanseníase no Brasil de acordo com o manual 
técnico‑operacional das Diretrizes para Vigilância, Atenção e Eliminação da Hanseníase como 
Problema de Saúde Pública, normatizado pela Portaria nº 149, de fevereiro de 201612,13. Para isso, 
uma abordagem mais integral deve ser realizada, considerando como relevantes o momento 
do diagnóstico, o período de tratamento com a poliquimioterapia (PQT) e o período de 
pós‑alta da PQT, de acordo com questões como deficiência, limitação de atividade e restrição 
de participação social10.

Em 2016, o Brasil perdeu em números de casos novos apenas para a Índia, registrando 
25.218 ocorrências, atingindo uma taxa de detecção de 12,2/100 mil habitantes e fazendo 
com que o país fosse classificado como de alta carga para a doença. O país vem registrando 
queda no número de casos novos registrados ao longo do tempo por causa, principalmente, 
das estratégias do Ministério da Saúde quanto à abordagem da doença no Programa Saúde 
na Escola dos municípios com taxa de detecção elevada, não só para identificar casos entre as 
crianças, mas para informar os estudantes e mobilizar o conjunto das famílias14,15.

No Ceará, a taxa de detecção em 2017 foi de 18,7 novos casos a cada 100 mil habitantes, 
padrão considerado alto pelo Ministério da Saúde, segundo definido pelo manual 
técnico‑operacional das Diretrizes para Vigilância, Atenção e Eliminação da Hanseníase como 
Problema de Saúde Pública12,13. O município de Sobral, situado na região noroeste do Estado do 
Ceará, apresenta elevadas taxas de detecção de hanseníase e foi considerado hiperendêmico 
por muitos anos, com taxas superiores a 40 casos novos a cada 100 mil habitantes. Em 2017, 
apresentou taxa de detecção de 38,7 / 100 mil habitantes, sendo classificado no parâmetro 
muito alto14,16,17.

Este estudo tem o objetivo de avaliar as condições de saúde bucal de indivíduos 
acometidos por sequelas de hanseníase e reações hansênicas atendidos no Ambulatório de 
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Hanseníase de Sobral, no Ceará, comparando os dois grupos quanto às doenças bucais e ao 
uso dos serviços odontológicos.

A crescente associação entre saúde bucal e reação hansênica tem tornado relevantes 
os estudos com essa temática. Além disso, a região geográfica de realização desta pesquisa 
é considerada hiperendêmica para a hanseníase e não possui um protocolo definido para o 
atendimento odontológico desses pacientes, o que pode favorecer a implementação de ações 
de vigilância em saúde bucal na região.

MÉTODO
Trata-se de um estudo transversal analítico, conduzido no Ambulatório de Hanseníase 

localizado no município de Sobral, no Ceará. Os sujeitos da pesquisa corresponderam a 
56 pacientes diagnosticados com hanseníase e que, no período de coleta de dados desta 
pesquisa (setembro a dezembro de 2014), apresentavam alguma sequela advinda da hanseníase 
ou algum tipo de reação hansênica e estavam em tratamento no serviço especializado, 
independentemente do tempo de contato com o serviço de referência.

A microrregião de Sobral contém 24 municípios da 11ª CRES (Coordenadoria Regional 
de Saúde) e um contingente populacional de quase 600 mil habitantes18. O Ambulatório 
de Hanseníase localizado no município de Sobral é o principal centro de referência aos 
pacientes com hanseníase da região, possuindo serviço médico e de fisioterapia especializados 
principalmente aos indivíduos que apresentam condições mais graves da doença, como reações 
e/ou sequelas de hanseníase.

Foram consideradas sequelas de hanseníase qualquer deforminadade/incapacidade que 
dificultasse a realização de atividades do dia a dia e que foram consequências da infecção 
pelo bacilo de Hansen, como mãos em garra, pé caído, entre outras. As reações hansênicas, 
por outro lado, poderiam ser do tipo 1 ou 2. Ambas as condições foram diagnosticadas por 
uma médica especialista e uma fisioterapeuta em conjunto. Com base nessas condições, os 
pacientes foram alocados em dois grupos para que fosse possível a comparação das condições 
de saúde bucal com o uso dos serviços odontológicos entre eles.

Foram excluídos da pesquisa aqueles que estavam realizando tratamento simultâneo 
para reações hansênicas e sequelas de hanseníase por causa da dificuldade de enquadramento 
em um dos grupos. Como critério de inclusão, visando reduzir viés de seleção, foi adotada a 
presença de pelo menos um dente em cavidade oral para que se pudesse avaliar a presença 
de infecção oral.

A coleta de dados ocorreu no Ambulatório de Hanseníase, após a consulta médica e/ou 
fisioterápica para tratamento do agravo da hanseníase. A coleta consistiu em duas etapas: 
levantamento epidemiológico e entrevista com base em um roteiro estruturado.

O levantamento epidemiológico foi fundamentado na metodologia do Projeto Saúde 
Bucal Brasil (SB Brasil). Foi investigada a presença de cárie dentária a partir do índice CPO-D 
(número de dentes cariados, perdidos e restaurados) e ceo-d (número de dentes cariados, 
indicados para exodontia e restaurados), doença periodontal a partir do índice IPC (índice 
periodontal comunitário, no qual são avaliados o sangramento gengival, a presença de cálculo 
dentário e a bolsa periodontal) e PIP (indicativo de perda de inserção periodontal) e índice de 
uso e necessidade de prótese dentária. Para o exame odontológico, foram utilizados o espelho 
plano bucal e a sonda periodontal, ambos esterilizados, e o procedimento foi realizado sob 
luz natural e com examinador e paciente sentados, conforme preconizado pela Organização 
Mundial de Saúde (OMS)19.

As seguintes informações foram coletadas: dados socioeconômicos (idade, sexo, 
escolaridade, renda familiar e emprego), condições de saúde (desde outros agravos à saúde 
que poderiam ocasionar respostas do sistema imunológico até condições que alteravam 
níveis hormonais, como puberdade e gestação), uso dos serviços odontológicos (se já foi ao 
dentista alguma vez na vida, última vez que procurou o serviço odontológico, tipo de serviço 
odontológico utilizado, se realizou e concluiu o tratamento nos últimos 12 meses), percepção 
do paciente em relação à doença, presença de reações hansênicas e classificação operacional.
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A coleta de dados foi realizada por um residente de Odontologia da Residência 
Multiprofissional em Saúde da Família do município de Sobral, devidamente capacitado e 
calibrado.

As variáveis foram expressas na forma de frequências absolutas. Para avaliar a existência de 
associação entre condições socioeconômicas, utilização do serviço odontológico e condições 
de saúde bucal (variáveis independentes) com a presença de reação hansênica (variável 
dependente), foram empregados o teste do qui-quadrado de Pearson (x2) e o teste exato de 
Fisher. Nas análises, foi considerado o nível de significância de 5%. As informações obtidas 
foram analisadas pelo programa Statistical Package for the Social Sciences (SPSS), versão 20.

A Comissão Científica do município de Sobral autorizou a realização da pesquisa, sendo 
esta posteriormente aprovada pelo Comitê de Ética em Pesquisa da Universa Estadual Vale 
do Acaraú (CEP/UVA – processo nº 793.452, de 10 de setembro de 2014). Foram respeitados 
todos os princípios éticos da Resolução nº 466/2012, e todos os pacientes assinaram o Termo 
de Consentimento Livre e Esclarecido (TCLE).

RESULTADOS
Participaram da pesquisa 56 indivíduos que estavam em tratamento no Ambulatório 

de Hanseníase de Sobral no período de setembro a dezembro de 2014, em que 50% eram 
pacientes acometidos por sequelas de hanseníase e os outros 50% estavam em tratamento para 
reações hansênicas. Além disso, 66% haviam concluído o tratamento poliquimioterápico para 
a hanseníase. A classificação operacional multibacilar correspondeu a 85,7% dos participantes. 
Um percentual de 38,3% apontou que estava passando ou passou recentemente por alguma 
das condições de saúde investigadas, dos quais 81,8% afirmaram ter hipertensão e/ou diabetes. 
Puberdade, gravidez, puerpério/amamentação e cirurgia recente não foram relatadas pelos 
participantes da pesquisa.

Na Tabela 1, são representados os dados socioeconômicos, o uso dos serviços 
odontológicos e a percepção dos pacientes em relação à doença. Dos participantes da pesquisa, 
67,9% eram do sexo masculino. A faixa etária de adulto jovem e adulto (de 20 a 59 anos) 
representou a maior parcela dos indivíduos, com 69,6%, bem como aqueles que declararam 
possuir até 7 anos de estudo, com 60,7%, e renda familiar de até 1 salário mínimo, com 35,7%, 
sendo o valor máximo desta de 2,5 salários mínimos.

Tabela 1. Distribuição dos pacientes com hanseníase segundo perfil socioeconômico, utilização dos serviços 
odontológicos e compreensão da doença em relação à saúde bucal, Sobral, 2014

VARIÁVEL n %

Sexo

Masculino 38 67,9

Feminino 18 32,1

Idade

Até 9 anos 1 1,8

10-19 anos 4 7,1

20-59 anos 39 69,6

60 anos ou mais 12 21,4

Escolaridade

Até 7 anos 39 69,6

8 anos ou mais 17 30,4

n: número de pessoas
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VARIÁVEL n %

Trabalha

Sim 34 60,7

Não 22 39,3

Renda familiar

Até 1 salário mínimo 20 35,7

Acima de 1 salário mínimo 36 64,3

Classificação operacional

Paucibacilar 8 14,3

Multibacilar 48 85,7

Ida ao dentista alguma vez na vida

Sim 49 87,5

Não 7 12,5

Última vez que foi ao dentista

Menos de 1 ano 23 46,9

1 ano ou mais 26 53,1

Onde foi ao dentista pela última vez

Serviço público 30 61,2

Serviço privado 19 38,8

Hanseníase traz prejuízo para a saúde bucal

Sim 16 28,6

Não 38 67,9

Não soube responder 2 3,6

Dificuldade para realizar higiene bucal

Sim 15 26,8

Não 41 73,2

Orientação para procurar o serviço odontológico

Sim 22 39,3

Não 34 60,7

Conclusão de tratamento odontológico nos últimos 12 meses

Sim 11 47,8

Não 12 52,2

Última visita ao dentista

Antes do tratamento da hanseníase 20 35,7

Durante ou após o tratamento da hanseníase 29 51,8

Nunca foi ao dentista 7 12,5

n: número de pessoas

Tabela 1. Continuação...
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Um percentual de 12,5% relatou nunca ter ido ao dentista em algum momento da vida. 
Dos que frequentaram o dentista pelo menos uma vez na vida, 61,2% procuraram o serviço 
público. Com relação à última vez que foram ao serviço odontológico, 46,9% disseram ter ido 
há menos de um ano.

Ademais, 67,9% relataram não perceber algum prejuízo à saúde bucal advindo da 
hanseníase. No entanto, 26,8% dos indivíduos apontaram ter dificuldades para realizar a higiene 
oral, normalmente em razão das sequelas deixadas pela doença nos membros superiores.

Ainda, 60,7% afirmaram que não houve orientação para a procura do serviço odontológico 
no início do tratamento para a hanseníase, e 51,8% procuraram o dentista pela última 
vez durante a realização ou após o término do tratamento farmacológico da hanseníase. 
Dos indivíduos que realizaram tratamento odontológico nos últimos 12 meses, 47,8% 
conseguiram fazer tratamento completo.

Na Tabela 2, constam a média do índice CPO-D e seus componentes segundo a faixa 
etária. Verificou-se o aumento do índice com a idade: enquanto o CPO-D foi de 4,00 na faixa 
etária de 10 a 19 anos, alcançou 18,08 para aqueles com idade maior ou igual a 60 anos. 
A exceção foi uma criança de 6 anos que relatou nunca ter ido ao dentista e apresentou índice 
de ceo-d igual a 13, correspondendo exclusivamente ao componente cariado. De 10 a 19 anos, 
o componente “dente restaurado” foi o que prevaleceu, enquanto, nas idades mais elevadas, 
o componente “dente perdido” foi o predominante.

Tabela 2. Média do índice CPO-D e proporção de seus componentes segundo faixa etária, Sobral, 2014

Faixa etária n Cariado 
(SD)

Restaurado 
com cárie 

(SD)

Restaurado 
sem cárie 

(SD)

Perdido 
(SD) CPOD (SD)

10-19 anos 4 1,25 (1,5) 0 3,75 (2,8) 0,25 (0,5) 4,00 (3,2)

20-59 anos 39 2,95 (4,3) 0,10 (0,3) 1,31 (2,7) 8,05 (7,4) 9,46 (7,0)

60 anos ou mais 12 2,08 (2,9) 0 0,50 (1,7) 17,58 (7,1) 18.08 (6,8)

n: número de pessoas; SD: desvio padrão

Na Tabela 3, constam os resultados relacionados à condição do periodonto. Na faixa etária 
de 10 a 19 anos, metade apresentou sangramento gengival à sondagem, com presença de 
cálculo dentário. Nas demais faixas etárias, a existência de cálculo foi a condição periodontal 
mais prevalente, seguida de sangramento gengival e bolsa periodontal.

Tabela 3. Frequência de indivíduos segundo o sextante com pior condição periodontal e faixa etária, Sobral, 
2014*

Faixa etária n
Sangramento Cálculo Bolsa periodontal

n % n % n %

10-19 anos 4 2 50 2 50 0 0

20-59 anos 39 29 74,3 36 92,3 21 53,8

60 anos ou mais 12 9 75 10 83,3 5 41,6

*Um mesmo indivíduo pode apresentar mais de uma condição periodontal; n: número de pessoas

Com relação ao uso e à necessidade de prótese dentária, verificou-se que 75% dos 
pacientes não faziam uso de prótese superior, apesar de 46,4% necessitarem de algum tipo de 
prótese na arcada superior, sendo 5,4% de prótese total (PT) e 41% de prótese parcial removível 
(PPR). Dos 25% que faziam uso de prótese superior, 7,1% eram PT, 16,1%, PPR, e 1,8%, ponte 
fixa. Quanto à prótese inferior, 92,9% não faziam uso, porém 73,2% possuíam a necessidade 
dela, sendo 3,6% de PT e 69,7% de PPR. Dos 7,2% em uso de prótese inferior, todos eram de 
prótese parcial removível.
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Na Tabela 4, em análise não ajustada, não houve associação estatisticamente significativa 
entre presença de reação hansênica e condições de saúde, estresse, sexo, renda familiar, 
escolaridade e última vez que procurou um cirurgião-dentista. Já em relação às condições 
de saúde bucal, presença de pelo menos um dente com cárie (p = 0,007), necessidade de 
exodontia/endodontia em pelo menos um dente (p = 0,004), presença de pelo menos 
um sextante com sangramento gengival (p = 0,024), cálculo dentário (p = 0,002) e bolsa 
periodontal (p = 0,001) apresentaram associação estatística significativa com a presença de 
reação hansênica.

Tabela 4. Distribuição dos pacientes com reação hansênica segundo variáveis sociodemográficas, uso de 
serviço odontológico e condições de saúde bucal, Sobral, 2014

Variável

Reação hansênica Não ajustada Ajustada

Sim Não
p RP (IC) p RP (IC)

n % n %

Sexo

Masculino 18 47,4 20 52,6
0,55 1,17 

(0,68-1,99) - -
Feminino 10 55,6 8 44,4

Renda

Até 1 salário mínimo 7 35,0 13 65,0
0,12 0,6 

(0,31-1,15) - -
Mais que 1 salário mínimo 21 58,3 15 41,7

Escolaridade

Até 7 anos 18 46,2 21 53,8
0,36 1,27 

(0,75-2,14) - -
8 anos ou mais 10 58,8 7 41,2

Última vez que procurou 
um cirurgião-dentista

Antes do tratamento da 
hanseníase 10 50,0 10 50,0

0,71 0,89 
(0,49-1,62) - -

No decorrer ou depois do 
tratamento da hanseníase 13 44,8 16 55,2

Estresse

Sim 6 66,7 3 33,3 0,21* 1,42 
(0,81-2,47) - -

Não 22 46,8 25 53,2

Condições de saúde

Sim 10 45,5 12 54,5 0,591 0,85 
(0,49-1,49) - -

Não 18 52,9 16 47,1

Cárie

Sim 22 68,8 10 31,2
0,007 2,75 

(1,32-5,71) 0,085 2,06 
(0,90-4,70)Não 6 25,0 18 75,0

*Teste exato de Fisher; n: número de pessoas; p: valor de p; RP (IC): razão de prevalência (intervalo de confiança)
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Na análise ajustada do mesmo modelo, todas as variáveis relacionadas às condições de 
saúde, com exceção de sangramento e cálculo dentário (utilizado o teste de Fisher por causa 
da pequena amostra), apresentaram relação estatisticamente significante, porém apenas a 
presença de bolsa periodontal permaneceu com associação significativa (p = 0,019).

DISCUSSÃO
Os pacientes que participaram do estudo estavam em tratamento no Ambulatório de 

Hanseníase de Sobral para reações ou sequelas advindas da hanseníase. A pequena amostra 
de 56 indivíduos pode ser justificada pela dificuldade de enquadramento deles em apenas 
um dos grupos: com ou sem reação hansênica, bem como pelo número total de pacientes 
desdentados que foram excluídos da pesquisa. Além disso, o curto período de coleta de dados 
e a pequena demanda de pacientes novos no serviço (os mesmos pacientes retornavam várias 
vezes para continuidade das sessões de fisioterapia e/ou reavaliações médicas) contribuíram 
para o baixo número de pacientes avaliados.

Estudos apontam que as reações e as sequelas podem ser detectadas antes, no decorrer ou 
depois do tratamento poliquimioterápico da doença7,8. Como a medicação para o tratamento 
da hanseníase tem início logo após o diagnóstico por um profissional habilitado, o que era 
condição essencial para a inclusão nesta pesquisa, então todos os pacientes deste estudo 
haviam iniciado e/ou concluído o tratamento poliquimioterápico.

Dos indivíduos participantes, a maioria foi acometida pelas formas mais graves da doença, 
o que condiz com a literatura quando aponta que os pacientes mais propícios a desenvolver 
reações e/ou apresentar alguma sequela da hanseníase são aqueles que apresentam a forma 
multibacilar, pois possuem alto teor bacilífero2,20,21.

Alguns estudos também encontraram uma maior frequência do sexo masculino nos 
pacientes infectados pelo Mycobacterium leprae9,21. O percentual de homens aumenta quando 
se trata das formas mais graves de hanseníase2. A explicação de os homens serem os mais 
acometidos pelas formas mais graves da doença se dá pela dificuldade histórica de reconhecer 

Variável

Reação hansênica Não ajustada Ajustada

Sim Não
p RP (IC) p RP (IC)

n % n %

Necessidade de exodontia 
e/ou endodontia

Sim 15 75,0 5 25,0
0,004 2,07 

(1,25-3,43) 0,626 0,87 
(0,49-1,52)Não 13 36,1 23 63,9

Sangramento

Sim 25 62.5 15 37,5
0,024* 3,33 

(1,16-9,50) - -
Não 3 18,8 13 81,2

Cálculo

Sim 28 58,3 20 41,7
0,002* 2,40 

(1,71-3,35) - -
Não 0 0,0 8 100,0

Bolsa periodontal

Sim 20 79,6 6 23,1
0,001 2,88 

(1,53-5,41) 0,019 2,33 
(1,14-4,75)Não 8 26,7 22 73,3

*Teste exato de Fisher; n: número de pessoas; p: valor de p; RP (IC): razão de prevalência (intervalo de confiança)

Tabela 4. Continuação...
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suas necessidades, cultivando o pensamento mágico que rejeita a possibilidade de adoecer. 
A Política Nacional de Atenção Integral à Saúde do Homem afirma que eles adentram no 
sistema de saúde por meio da atenção especializada, o que leva ao agravo da morbidade pelo 
retardamento da atenção, gerando maior custo ao SUS22.

A faixa etária mais prevalente nesta pesquisa foi a de adulto jovem e adulto (20 a 59 anos). 
Outros estudos também encontraram a idade adulta como a mais prevalente11,23. Capelo e 
Pagliuca24 verificaram que há uma maior tendência das formas multibacilares com o avançar da 
idade e que a maior parcela dos pacientes com hanseníase está na faixa etária economicamente 
ativa, o que pode dificultar o diagnóstico, tratamento e acompanhamento desses indivíduos 
a fim de reduzir o aparecimento de sequelas e as reações advindas da hanseníase24.

A baixa renda familiar e a escolaridade deficiente são evidências constantes nas pesquisas 
que abordam pacientes com hanseníase. Estudos apontam uma prevalência de 65 a 69,6% de 
pacientes com escolaridade inferior a 8 anos. Quanto à renda familiar, a quantia de até 2 salários 
mínimos está presente entre 73,8 a 89% das famílias que possuem pelo menos um indivíduo 
acometido pelo Mycobacterium leprae9,11,14.

No que se refere à percepção de possíveis prejuízos à cavidade oral advindos da 
hanseníase, quase 68% dos pacientes disseram não perceber relação, valor que se aproximou 
de outros estudos que tiveram percentual variando de 64 a 76%11,25. Um estudo realizado por 
Almeida et. al. observou uma associação entre a necessidade de tratamento odontológico e a 
escolaridade do paciente, em que um maior grau de escolaridade favoreceu a percepção da 
pessoa quanto à necessidade de tratamento9. A baixa escolaridade pode justificar, portanto, 
a não percepção de possíveis prejuízos à cavidade oral por não conferir a devida importância 
à saúde bucal.

Uma pesquisa realizada em Fortaleza abordando pacientes com hanseníase verificou 
que 98% realizaram tratamento odontológico pelo menos uma vez na vida25. Neste estudo, o 
percentual de pacientes que frequentaram um dentista em algum momento da vida ficou em 
torno de 87,5%, número que se aproxima de outro estudo também realizado no município 
de Sobral, cujo número ficou em aproximadamente 89%11. Dados do Suplemento de Saúde 
da Pesquisa Nacional por Amostra de Domicílios (PNAD) de 2003 mostram que 28 milhões de 
brasileiros (15,9% da população) nunca foram ao dentista e que o percentual era maior nas 
áreas rurais, no sexo masculino e na população com até 1 salário mínimo18. Apesar do número 
crescente de equipes de saúde bucal (ESB) no país, o acesso aos serviços odontológicos ainda 
é algo deficiente19. Além disso, o desconhecimento da relação entre hanseníase e saúde bucal 
pelos cirurgiões-dentistas é um fator relevante para a falta de inclusão desses pacientes nas 
ações e assistências odontológicas. Almeida e colaboradores25) observaram em seus estudos 
que mais de 64% dos odontólogos nunca suspeitaram de algum caso da doença e que mais 
de 70% deles afirmaram desconhecer a relação entre hanseníase e saúde bucal.

Estudos realizados com pacientes diagnosticados com hanseníase encontraram 
valores aproximados sobre dificuldade de higienizar a cavidade oral por causa de problemas 
relacionados à hanseníase (valores variando de 13 a 15,3%)25. Neste estudo, foi verificado 
percentual mais elevado (26,8%), que pode ser justificado em razão de os sujeitos da pesquisa 
serem pacientes acometidos por formas mais graves da doença e em tratamento de problemas 
advindos da hanseníase (reações e sequelas hansênicas). Para Costa et al.26, entre os motivos 
que podem dificultar a higiene estão as reações que comprometem a saúde sistêmica do 
paciente, tornando mais difíceis os hábitos de higienização corporal, incluindo a bucal, e as 
sequelas da doença, por exemplo, as mãos em garra e amputações de dedos, que podem 
interferir diretamente na saúde da boca26.

Com relação à última vez que procurou o serviço saúde bucal, pouco mais da metade 
afirmou ter procurado o serviço durante ou após o tratamento da hanseníase, o que leva a crer 
que o fato de buscarem tratamento odontológico se deva à presença de focos de infecção em 
cavidade oral que podem ter levado ao agravamento da doença. Estudo realizado no mesmo 
município encontrou resultado diferente, relatando um percentual de 61,5% para aqueles 
que procuraram o serviço odontológico pela última vez antes do tratamento da hanseníase, 
encontrando associação estatisticamente significativa entre essa variável e a presença de 
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reações hansênicas11. Na pesquisa realizada por Filgueira e colaboradores, a procura do serviço 
antes pode ter reduzido os focos de infecção oral, levando ao não aparecimento de reações.

Apesar de a hanseníase ser uma das prioridades do Ministério da Saúde no Brasil e estar 
entre as doenças negligenciadas e em eliminação que devem ser priorizadas pelos serviços 
de saúde, a Odontologia ainda deixa a desejar no acesso aos serviços de saúde bucal pelos 
pacientes com hanseníase. Além disso, é rara a continuidade do tratamento odontológico, 
fato que pode ser tanto pela falta de abertura da Odontologia na priorização desses pacientes 
quanto pela resistência destes a realizar o tratamento odontológico27.

Com o objetivo de superar o modelo biomédico de atenção às doenças, a Política Nacional 
de Saúde Bucal propõe duas formas de inserção transversal da saúde bucal nos diferentes 
programas integrais de saúde: por linhas de cuidado e por condição de vida. Esta última 
compreende saúde da mulher, saúde do trabalhador, portadores de necessidades especiais, 
hipertensos, diabéticos, entre outros. A hanseníase, sendo uma doença negligenciada e em 
eliminação, é considerada como uma das prioridades pelo Ministério da Saúde e deve ser, 
portanto, um dos focos de atenção à saúde bucal por condição de vida, visto que precárias 
condições bucais vêm sendo apontadas como uma das causas para a piora da qualidade de 
vida dos pacientes acometidos pela hanseníase28.

Pacientes com hanseníase apresentam condições precárias de saúde bucal10. Os dados de 
cárie dentária, uso e necessidade de prótese dental em portadores de hanseníase apresentaram 
semelhanças com os resultados encontrados em outros estudos tanto na população geral19 
quanto na população hansênica11. As pesquisas verificaram aumento do CPO-D com o avançar 
da idade e elevada perda dentária na população idosa.

Quanto à condição periodontal, foram encontradas semelhanças com a população geral 
indicada pelo estudo SB Brasil. Ambos apontaram o cálculo dental como o mais prevalente 
dentre as condições do periodonto: enquanto, no SB Brasil, o percentual variou de 24 a 64,1%19, 
esta pesquisa encontrou percentagem que variou de 50 a 92,3%.

A condição de saúde bucal precária dos pacientes com hanseníase foi relatada em alguns 
estudos que defenderam a priorização dos indivíduos acometidos pelo bacilo de Hansen na 
atenção odontológica, de modo que o encaminhamento ao cirurgião-dentista (CD) deve ser 
realizado tão logo ocorra a confirmação diagnóstica. Todavia, as pesquisas também ressaltaram 
que a ampliação das ações do cirurgião-dentista depende da integração aos programas de 
capacitação9,10. Atualmente, existe uma tendência a se modificar o fazer da Odontologia 
dentro do SUS por meio de mudanças nas grades curriculares das universidades, inserção dos 
acadêmicos de Odontologia dentro de programas como o pró-pet-saúde, além dos programas 
de pós-graduação como as residências multiprofissionais em saúde da família, saúde coletiva 
e saúde pública, que visam à formação de cirurgiões-dentistas aptos a desenvolver trabalhos 
em equipes multiprofissionais, ampliando a integralidade e melhorando a qualidade dos 
serviços públicos de saúde.

Apesar da maior tendência da ocorrência de reações hansênicas quando há presença 
de infecções dentoalveolares, somente a presença de bolsa periodontal apresentou-se 
significantemente associada. Souza et al.29 acompanharam pacientes com hanseníase por três 
anos e verificaram associação estatisticamente significativa entre doença periodontal e surto 
reacional hansênico29.

A literatura aponta processos infecciosos, infecções, distúrbios hormonais e fatores 
emocionais como fatores desencadeantes de episódios reacionais7,8, pois ocasionam uma 
queda no sistema imunológico. A maioria dos pacientes que citaram estar passando por um 
período de estresse também estava sendo acometida por reações hansênicas, porém não se 
conseguiu estabelecer associação significativa. Tal fato pode ser explicado por essa condição 
ser autocitada pelos próprios pacientes, e alguns sujeitos da pesquisa podem ter omitido a 
condição, o que pode ser uma limitação do estudo.

Não foi encontrada relação significante também com problemas de saúde e presença de 
episódios reacionais. Apesar de 39,3% relatarem algum problema de saúde como hipertensão 
e diabetes, todos apontaram fazer uso de medicação, o que pode compensar os desequilíbrios 
advindos dos problemas de saúde e, consequentemente, não influenciar o aparecimento das 



Cad. Saúde Colet., 2020;28(1):44-5554

Saúde bucal e reações hansênicas

reações hansênicas. Além disso, a condição de saúde foi autorrelatada pelos próprios sujeitos 
da pesquisa, pois não foi realizada análise de prontuário, fato que representa uma limitação do 
estudo. Futuras pesquisas podem realizar aferição da pressão arterial e glicemia no momento 
da pesquisa para avaliar se existe algum problema de saúde ainda desconhecido pelo paciente 
acometido pelo Mycobacterium leprae.

Os pacientes acometidos pelo bacilo de Hansen em tratamento no Ambulatório de 
Hanseníase de Sobral apresentaram precárias condições de saúde bucal. Aqueles que tiveram 
reações hansênicas possuíam condições orais piores do que aqueles que realizavam tratamento 
apenas para sequelas, o que aponta que problemas bucais, principalmente a presença de 
bolsa periodontal, podem estar associados com o aparecimento de reações. Outros fatores, no 
entanto, como condições de saúde, estresse, renda e escolaridade não apresentaram associação 
com reação, mas podem ter efeito cumulativo com os problemas bucais para o aparecimento 
de episódios reacionais.

Os resultados apontam para uma real necessidade desses pacientes de realizar 
tratamento odontológico a fim de reduzir os focos de infecção em cavidade oral, diminuindo 
o aparecimento dos episódios reacionais e, consequentemente, melhorando as condições de 
vida desses indivíduos, além de evitar uma maior demanda nos serviços de atenção secundária 
especializados em hanseníase. O cuidado deve ser longitudinal e de forma integral, visto que 
mesmo aqueles que receberam alta da terapia medicamentosa podem ser acometidos tanto por 
sequelas quanto por reações hansênicas, sendo de extrema importância o acompanhamento 
de todos os profissionais da Estratégia Saúde da Família.
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Abstract

Lipid nanocarrier containing eugenol for denture 
hygiene: evaluation of efficacy against Candida 
biofilms

Eugenol has demonstrated efficacy against Candida spp., which is highly prevalent in denture wearers. However, the 
low water solubility and high volatility limit its application. The encapsulation in nanostructured lipid carriers (NLCs) may be 
a viable approach for developing new sanitizing agents for denture hygiene. Objective: To develop a sanitizing dispersion 
for denture hygiene using nanostructured lipid carriers (NLCs) containing eugenol and to evaluate the efficacy against 
Candida spp. biofilms. Methodology: The formulation was prepared using the ultrasonication method and characterized 
in terms of particle size (PS), polydispersity index (PDI), zeta potential (ZP), and encapsulation efficiency (EE). The 
minimum inhibitory concentration (MIC) was determined by the broth microdilution method and the antifungal activity 
was evaluated by four treatment groups (nanostructured formulation containing eugenol (NFE), free eugenol (FE), saline 
solution (SS), and the drug-free formulation NFW after eight hours of immersion in biofilms of two Candida species 
(Candida albicans and Candida glabrata) adhered to polymethyl methacrylate resin specimens. Results: The nanoparticles 
of NFE showed a particle size of 199.5±2.55 nanometers (nm) as measured by DLS, high homogeneity (0.07±0.02), an 
EE of 83.07±0.23, and a negative ZP (-25.86±0.65). The MICs of FE for Candida albicans and Candida glabrata were up 
to 10 times (64 µg/mL) and eight times (128 µg/mL) higher, respectively, than the MICs of NFE (6 µg/mL and 16 µg/
mL). The biofilms of these microorganisms showed a significant reduction after immersion in NFE compared to the other 
tested groups (FE, NBF, and SS) (P<0.0001). Conclusion: The NFE demonstrated fungicidal activity against the isolated 
strains and significantly reduced Candida biofilms, thus showing promising performance for the sanitization of dentures 
over eight hours. 

Keywords: Eugenol. Nanotechnology. Biofilms. Candida. Acrylic resins.
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Introduction

Candida spp. species are responsible for a 

significant portion of fungal infections in humans.1 The 

most prevalent and pathogenic are Candida albicans 

(C. albicans) and Candida glabrata (C. glabrata), 

which can trigger infections that compromise 

individuals’ health.2,3 The pathogen negatively 

impacts users of removable dentures (RD), as it 

readily adheres to acrylic surfaces. Additionally, 

the fungus shows polymorphic characteristics, 

which contribute to the emergence of inflammatory 

processes in the oral cavity, such as oral candidiasis 

and prosthetic stomatitis.4-6

The hygiene of components of dentures is 

important for the prevention of oral fungal diseases. 

The chemical-mechanical method is the most 

recommended for cleaning and disinfecting dentures.7 

The most used chemical substances include sodium 

hypochlorite (SH), chlorhexidine digluconate (CHX), 

and alkaline peroxides (AP). However, the continued 

use of these substances can damage the structures 

of the dentures, alter their chemical and physical 

properties, and result in high costs.8 -11

In this context, the use of new and effective 

natural products with antibiofilm activity against 

Candida is becoming increasingly promising.12 There 

is proven efficacy of eugenol, the main phenolic 

component of clove essential oil (70-90%), against 

Candida strains. However, it is volatile and has limited 

solubility and dose-dependent toxicity.13,14

Nanostructured lipid carriers (NLCs) are part 

of a binary pharmaceutical system composed of 

solid and liquid lipids that enable the retention of 

lipophilic actives, protecting them from degradation 

and improving their bioavailability due to their ability 

to modulate release.15,16 The use of such systems 

makes isolated compounds such as eugenol even 

more promising for the development of antifungal 

sanitizing products.17

To date, no l ipid nanocarrier containing 

encapsulated eugenol has been developed as a viable 

alternative for the hygiene of removable dentures 

(RDs). Therefore, this study aimed to develop a 

nanostructured lipid carrier dispersion containing 

eugenol, characterize it, and evaluate the activity 

against Candida biofilms adhered to an acrylic 

material used in RDs.  

Methodology

Experimental design
This is an in vitro laboratory study. The formulation 

was developed, characterized, and tested to assess its 

potential antifungal effect on isolates and biofilms of 

two species of Candida (C. albicans and C. glabrata) 

that adhered to the surfaces of specimens of a 

heat-cured acrylic resin (RAT). These were polished 

and sterilized before the experiment. The number 

of specimens that were used in the study was 

determined based on a pilot study and a sample size 

of three or more was found to provide a good degree 

of reproducibility.

Preparation of the nanostructured formulation 
containing eugenol (NFE) and nanostructured 
formulation without eugenol (NFW)

The emulsi f icat ion method fol lowed by 

ultrasonication was used.18 The formulation consisted 

of a solid lipid (carnauba wax (Lot: 0210701/2022)), 

liquid lipid (oleic acid (Synth, Diadema, Brazil)), 

aqueous surfactant solution (poloxamer 407® 

prepared at 5% (ChemSpecs, São Paulo, Brazil)) 

and eugenol (Biodinâmica, Ibiporã, Brazil)) at 

concentrations of 7%, 3%, 89.7% and 0.3%, 

respectively. All the components, except eugenol, 

were heated to 95 ºC (10 ºC above the melting point 

of the solid lipid (85 ºC)).18 Homogenization was then 

performed using a macro ultrasonic probe sonicator 

(Eco-sonics, Indaiatuba, Brazil) set to a frequency of 

20 kHz, an amplitude of 80 µm, and a power level of 

70% for 10 minutes. Subsequently, the concentration 

of eugenol in the formulation was quantified via UV-

VIS spectroscopy. The NFW was prepared following 

the same parameters as the NFE but without the 

incorporation of eugenol. 

Characterization of the NFE

Particle size (PS), polydispersity index (PDI), and zeta 
potential (ZP) 

The particle size (TP) and polydispersity index 

(PDI) were determined using the dynamic light 

scattering (DLS) technique, while the zeta potential 

(PZ) was measured via electrophoretic light 

scattering. The analyses were conducted using the 

Zetasizer NanoZS90 (Malvern Panalytical, Gondomar, 

Portugal) with a fixed detection angle of 90º, a 

resolution of 0.6 nanometers (nm), and sensitivity 
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across a wide range of sizes (0.6 nm to 6 µm). The 

measurements were performed at a temperature of 

25 ºC, with a measurement time of 60 to 120 seconds 

for each analysis.  Deionized water was used as the 

solvent for sample dilution. Measurements were 

performed in triplicate. 
   
Encapsulation efficiency (EE) of eugenol

The method used by Vijayakumar, et al.19 

(2017) and Lopes, et al.20 (2017) was employed to 

determine the drug encapsulation efficiency (EE). 

To verify the amount of free eugenol (EL), the NFE 

was centrifuged using an ultracentrifugation filter 

(Millipore, Darmstadt, Germany). Subsequently, the 

quantification of EL was performed using a UV-VIS 

spectrophotometer (Shimadzu, Kyoto, Japan) at 

a wavelength of  wavelength of 291.4 nm (first-

order derivative). The content (ET) was determined 

by reading the second dilution in the UV-VIS 

spectrophotometer. The analysis was conducted 

in triplicate. The amount of encapsulated active 

ingredient was determined using the formula: EE = 

(ET - EL) / ET × 100.

Evaluation of morphology by atomic force 
microscope (AFM)

The formulations containing eugenol (NFE) and 

without eugenol (NFW) were prepared by depositing 

a volume of 20 μL of the diluted nanoformulation at 

a ratio of 1:100 (in ultrapure water) onto a freshly 

cleaved mica surface at room temperature. After a 

drying period of 24 hours, analysis was performed 

using a TT-AFM model (Workshop, United States) in 

tapping mode, with silicon probes (TAP300-G, Ted 

Pella) and a resonance frequency of approximately 

240 kHz. The images (512×512 pixels) were analyzed 

using Gwyddion 2.60 software, and the average size 

of the nanoparticles was expressed as the mean ± 

standard deviation (SD).²¹

In vitro release kinetics
The release drug substance was investigated 

using Franz diffusion cells, with a diffusion area of 

1.15 cm². The receptor medium was prepared using 

a phosphate buffer solution and ethyl alcohol (Êxodo 

científica, Sumaré, Brazil) (8:2, pH 7.4),22 and a 

dialysis membrane (Spectra/Por® Dialysis Membrane, 

MWCO 3500, Spectrum Laboratories Inc., USA) was 

used to separate the donor compartment from the 

receptor compartment and was prepared via an 

initial hydration using distilled water at 25 ºC for 

30 minutes. Subsequently, the medium was rinsed 

to ensure the complete removal of impurities. The 

membrane was then immersed in a receptor medium 

for 24 hours prior to the start of the experiment to 

minimize variations during diffusion.

Two groups were prepared: test solutions (NFE 

(0.5 g)) and free eugenol solution (0.5 g). Six 

Franz cells were prepared, each containing 14 mL 

of the receptor medium for triplicate analysis. The 

temperature of the release medium was controlled at 

37±0.5°C, and the magnetic stirring speed (SPLabor, 

São Paulo, Brazil) was set at 300 rpm. At time 

intervals of 0, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h, 10 h, 

and 24 h, 3 mL of the release medium was collected 

from each cell. The amount of released eugenol was 

quantified by reading the samples using a UV-VIS 

spectrophotometer.

Antifungal activity of NFE
    
Determination of the minimum inhibitory concentration 
(MIC) and the minimum fungicidal concentration (MFC).

The microorganisms that were used are part of 

the microbiological collection of the Microbiology 

Research Laboratory at the Federal University of 

Piauí, where they are maintained on solid culture 

medium Sabouraud Dextrose Agar/Chloramphenicol 

Neogen (Kasvi, São José dos Pinhais, Brazil) at 8 ºC. 

The standard strains C. albicans ATCC 10231 and C. 

glabrata ATCC 2001 were inoculated and incubated 

in an oven at 37 °C in Brain Heart Infusion (BHI) 

medium (Kasvi, São José dos Pinhais, Brazil) at 3%. 

The optical density of the fungal suspensions was 

adjusted to be equivalent to 0.5 on the McFarland 

scale, corresponding to an approximate concentration 

of 1×10⁶ to 5×10⁶ colony-forming units (CFU)/mL. 

The adjustment was made using a spectrophotometer 

(Bel Photonics SP – 2000 UV, Piracicaba, Brazil), with 

absorbance measured at a wavelength of 530 nm.

The determination of the minimum inhibitory 

concentration (MIC) was evaluated using the broth 

microdilution method according to Leal, et al.23 

(2019). The determination of the minimum fungicidal 

concentration (MFC) was performed using the broth 

microdilution method, confirmed by the absence 

of growth on solid Sabouraud Dextrose Agar. To 

differentiate fungicidal from fungistatic activity, the 

MFC was equal to or up to four times greater than the 

minimum inhibitory concentration (MIC). The values 
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were compared between free eugenol and the test 

formulations, with and without eugenol, ensuring 

methodological rigor and reproducibility. Analyses 

were conducted in triplicate, and the results were 

expressed as the geometric mean.

Pre-formed Candida biofilms

Preparing and randomizing the specimens

The test specimens were fabricated with a 

thickness of 2 mm and a diameter of 12 mm in a 

circular shape using thermopolymerizable polymethyl 

methacrylate (PMMA) acrylic resin (Vipicril Plus 

clear, Florianópolis, Brazil). The finishing surface 

was performed with a polisher (Arotec, Cotia, Brazil) 

that was adapted with abrasive sanding discs (Sait, 

Guarulhos, Brazil) (grit sizes 600 and 1200). Polishing 

was conducted using acrylic polishers (brown, green, 

and yellow abrasive points (Exa-Technique, São 

Paulo, Brazil)). Simple randomization was used to 

allocate the test specimens into their respective pre-

established groups. As a result, a randomly generated 

sequence was employed, using a table of random 

numbers corresponding to the groups.

Determining the treatment groups
Four comparison groups were used to evaluate 

the anti-biofilm activity of C. albicans and C. glabrata 

in 32 test specimens. Table 1 describes the sample 

division according to the treatment groups.

Biofilm formation methodology and treatment 
application

Standard strains of C. albicans ATCC 10231 and C. 

glabrata ATCC 2001 were used. Sabouraud Dextrose 

Agar with Chloramphenicol (Difco Laboratories) 

was used to reactivate and maintain the strains. 

To promote biofilm growth, 30 mL of Yeast Peptone 

Dextrose (YPD) broth was used, containing yeast 

extract (10 g/L; Isofar, Duque de Caxias, Brazil), 

dextrose (20 g/L; Dinâmica, Indaiatuba, Brazil), and 

peptone (20 g/L; Becton Dickinson, East Rutherford, 

United States). All media were prepared following the 

manufacturer’s descriptions.

For biofilm formation, yeast-like cells were 

seeded in Sabouraud Dextrose Agar (SDA) (Difco 

Laboratories) and inoculated into 30 mL of Yeast 

Peptone Dextrose (YPD) broth. They were incubated 

at 37°C for 18 hours in a BOD incubator (7Lab, Rio 

de Janeiro, Brazil). Then, part of the suspension was 

transferred to a sterile YPD medium to readjust the 

cell concentration to 106 cells/mL, according to an 

optical density (OD) of 2.0 on the McFarland scale.

In the adhesion phase evaluation, 0.5 mL of the 

standardized cell suspension was transferred to a 

24-well plate (Kasvi, São José dos Pinhais, Brazil) 

containing an acrylic resin specimen at the bottom 

of each well. Initial adhesion was conducted by 

incubating the plate in the incubator for six hours 

at a temperature of 37°C. After this period, the 

contaminated suspension was removed, and a new 

aliquot of 0.5 mL of YPD medium was added to each 

well, which remained for an additional 18 hours under 

the same conditions. After this period, the medium 

was again removed, and 0.5 mL of each treatment 

was added to each well. The plate was then incubated 

at 37°C for eight hours.

To assess the antifungal activity of the treatments, 

the specimens were transferred to a new plate with 

wells containing 0.5 mL of saline solution after 24 

hours of biofilm development. Biofilm was removed 

from the solution by rigorous pipetting. Approximately 

500 µL of the obtained suspension was transferred 

to sterile Eppendorf (Kasvi, São José dos Pinhais, 

Brazil). From this suspension, 100 µL were aliquoted 

to perform serial dilutions (10⁻¹ to 10⁻⁷) in Eppendorf 

tubes containing 900 µL of 0.9% saline solution. Each 

dilution was plated on ASD agar in quadruplicate 

and incubated for 48 hours at 37°C for subsequent 

Lipid nanocarrier containing eugenol for denture hygiene: evaluation of efficacy against Candida biofilms

Groups     Treatments      Number of specimens

C. albicans C. glabrata

Intervention NFE 4 4

Intervention without active ingredient NFW 4 4

Positive control FE 0.3% 4 4

Negative control SS 0,9% 4 4

Total 4 32

NFE (Nanostructured formulation containing eugenol); NFW (Nanostructured formulation without eugenol); FE (Free eugenol); SS (saline 
solution).

Table 1- Division of the specimens for the application of the treatment groups.
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counting of colony-forming units (CFUs). 

Sterility and contamination control
All experimental procedures were conducted in a 

controlled environment, using laminar flow hoods and 

pre-disinfected surfaces. Materials and reagents were 

sterilized by autoclaving. Stringent aseptic techniques 

were employed, including the use of appropriate 

personal protective equipment.

Statistical analysis
The assumptions of variance equality and normal 

distribution of errors were checked for all tested 

response variables. The original CFU data were 

transformed into base 10 logarithms. The Graphpad 

Prism 9.02 software (Graphpad, La Jolla, CA, USA) 

was used for statistical analysis. The SHAPIRO-

WILK’s test was conducted to assess the normality 

of the data distribution. Since the data showed a 

normal distribution, an analysis of variance (ANOVA) 

was applied, followed by Tukey’s test for multiple 

comparisons. These tests were chosen because they 

satisfy the statistical assumptions of the transformed 

data and provide robust and reliable analyses for 

comparing variables between groups. This approach 

is consistent with widely accepted statistical analysis 

used in experimental studies. The significance level 

was set at 5%.

Results

Characterization of the NFE

TP, IPD, PZ, and EE

The nanoparticles of NFE and NFW showed 

nanometric size, high homogeneity, and negative EE 

and ZP (Table 2). There were no significant changes 

in the parameters in the presence of the drug in the 

formulation (P>0.05).

Morphology determination by AFM
Figure 1 shows nanoparticles can be observed 

using Atomic Force Microscopy (AFM). The images 

reveal spherical nanoparticles in both analyzed 

samples, consistent with the extracted profile. The 

average size for NFW was 21.04±7.92 nm, whereas 

for NFE was 13.91±2.79 nm (Figure 2).

In vitro eugenol release kinetics
The cumulative amounts released (over 24 hours) 

from NFE and the free eugenol solution were 44.21% 

and 61.11%, respectively (Table 3). NFE showed 

a controlled release profile throughout the entire 

kinetic profile. The concentrations of the released 

free eugenol were significantly higher (P<0.05) at 

all collection points from the free eugenol solution 

compared to the concentrations that were released 

from NFE (Figure 3).

Microbiological analysis of CIM and CFM
The MICs of eugenol against the C. albicans and C. 

glabrata strains were 64 and 128 μg/mL, respectively. 

NFE reduced the values MIC by 10 and eight times (6 

and 16 μg/mL, respectively). In addition, the MFCs 

were equal to the MIC values for both Candida strains 

in both solutions. The NFE showed fungicidal action 

against both test strains at the MIC values (Table 3).

Antifungal activity of NFE on Candida biofilms
Quantitative analysis of biofilm by viable cell count 

(expressed as colony forming units (CFU)) revealed 

that the NFE showed the highest antimicrobial activity, 

with a significant reduction of biofilms compared to 

the other groups (p<0.0001) (Figure 4 (1 and 2)). 

Free eugenol (FE), even at the same concentration as 

the NFE (0.3%), showed inferior efficacy against the 

biofilms of C. albicans and C. glabrata (p<0.0001). 

The NFW and the saline solution (SS) showed no 

significant difference in reducing biofilms (p>0.999) 

Parameters NFE NFW

Mean ± SD Mean ± SD

PS (nm) 199.5±2.55 198.16±3.70

PDI 0.07±0.02 0.09±0.04

ZP (mV) - 25.86±0.65 -24.33±0.23

EE (%) 83.07± 0.23 -

Legend: mV (millivolt); nm (nanometers); SD (standard deviation); NFE (Nanostructured formulation containing eugenol); NFW 
(Nanostructured formulation without eugenol); PS (Particle size); PDI (Polydispersity index); ZP (Zeta potential); EE (Encapsulation 
efficiency).

Table 2- Physico-chemical characterization of the formulations (NFE and NFW).
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(Figure 4 (1 and 2)).

Discussion

A power of 70% and a stirring time of 10 minutes 

were selected to maximize emulsification efficiency 

and system stability, while preserving the integrity 

of the active component and ensuring compatibility, 

as reported by Fang and Bhandari24 (2010), Silva, 

et al.25 (2011), and Bolequi, et al.26 (2016). The 

nanoparticles of the FNE showed nanometric 

sizes (199.5±2.55 nm as analyzed using the 

Zetasizer (Table 2) and 13.91±2.79 nm using atomic 

force microscopy (AFM) (Figure 1)). Particles are 

considered nanoparticles when their size falls within 

Formulations Candida species (μg/mL)

MIC MFC MFC/MIC Inhibitory effect

NFW C. albicans ATCC 10231 ≥1024 ≥1024 - No activity

C. glabrata ATCC 2001 ≥1024 ≥1024 - No activity

Eugenol C. albicans ATCC 10231 64 64 01:01 Fungicide

C. glabrata ATCC 2001 128 128 01:01 Fungicide

NFE C. albicans ATCC 10231 6 6 01:01 Fungicide

C. glabrata ATCC 2001 16 16 01:01 Fungicide

Table 3- Inhibitory effect of nanostructured formulations (NFE and NFW) and eugenol against Candida strains.

µV- microvolt ; 3D topography images (A and C) and 2D amplitude images (B and D). NFW (A and B); NFE (C and D). Scale = 2 µm 
(micrometer).

Figure 1- AFM images.

*p<0.0001 after Mann-Whitney test. NFE (Nanostructured 
formulation containing eugenol); NFW (Nanostructured formulation 
without eugenol); nm (nanometer).

Figure 2- Nanoparticle size graph from AFM analysis.

Lipid nanocarrier containing eugenol for denture hygiene: evaluation of efficacy against Candida biofilms
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the nanometric scale, ranging from 1 nm to 1000 

nm. The main advantage is that physicochemical 

and functional properties improve as they transition 

to the nanoscale.27 Additionally, the reduction in 

average diameter can enhance the stability of lipid 

nanoparticles, facilitating efficient target delivery and 

preventing rapid drug elimination.28

There was a reduction in particle size in the atomic 

force microscopy (AFM) readings compared to the 

Zetasizer measurements. This can be explained by 

the differences in the methods and precision levels 

of the analysis. The Zetasizer technique measures 

dynamic light scattering, which is used to calculate 

the average diameter rather than the size of the 

particles.29,30 In contrast, AFM evaluates three-

dimensional information in real-time about lipid 

systems, with a resolution close to one nanometer.31,32 

Therefore, it provides a more accurate nanometric 

analysis of the nanoparticles.

The polydispersity index (PDI) refers to the degree 

of non-uniformity in a particle size distribution.33 

The PDI value ranges from 0.0 (for a perfectly 

homogeneous sample regarding particle size) 

to 1.0 (for a highly heterogeneous sample with 

multiple particle size populations). Values that 

are less than or equal to 0.2 are generally more 

acceptable for optimizing nanoparticles containing 

polymers. According to Tamjidi, et al.32 (2013), 

values above 0.5 indicate a very broad particle size 

distribution, characterizing high instability that leads 

to unpredictable behavior and reduces the efficacy 

of the bioactive system. In this study, monodisperse 

nanoparticles were obtained (0.07±0.02; Table 2), 

indicating acceptable stability.

ZP values above +30 mV or below -30 mV are 

considered ideal for colloidal dispersions to maintain 

good stability.34,35 This study’s results showed a 

negative ZP of -25.86±0.65 (Table 2). Although these 

values are below the average threshold, dispersion 

can remain stable. This stability can be attributed to 

the presence of the steric stabilizer Poloxamer 407. 

Surfactants such as Poloxamer, when adsorbed onto 

the particle surface, alter the particle’s shear plane.36 

Its polymeric chain promotes particle repulsion 

(entropic forces), maintaining a considerable distance 

between them.

The high encapsulation efficiency obtained 

(83.07%±0.23, Table 2) can be attributed to the 

presence of the liquid lipid in the formulation, as it 

allows for the imperfect formation of the lipid matrix 

and, consequently, enhances the drug entrapment.37 

Eugenol shows high solubility in the oily phase, which 

can also be a contributing factor to the improved 

encapsulation efficiency.38 Studies indicate that active 

substances with high lipid solubility tend to show 

*P<0.05 after two-way ANOVA test. NFE (Nanostructured 
formulation containing eugenol).

Figure 3- In vitro release profile of eugenol encapsulated in 
nano-structured lipid carriers and free eugenol solution.

One-way ANOVA and Tukey test: NFE vs. NFW (P˂0.0001); NFE vs. SS(P˂0.0001); NFE vs. FE (P˂0.0001); NFW vs. SS (P˃0.999) 
NFW vs. FE (P˂0.0001); FE vs. SS (P˂0.0001). NFE (Nanostructured formulation containing eugenol); NFW (Nanostructured formulation 
without eugenol); FE (Free eugenol); SS (saline solution).

Figure 4- Activity of the test solutions on C. albicans and C. glabrata biofilms.
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relatively high encapsulation efficiencies, typically 

above 80%.39

The NFE showed a controlled release profile with a 

cumulative amount of eugenol of 44.21% in 24 hours. 

This was expected due to the system’s ability to 

encapsulate an active ingredient within a disordered 

lipid matrix, which hinders rapid release.37,40 The 

type of stabilizer can also influence release control. 

Sulfactants such as poloxamer 407, which was used 

in this study, contribute to a slower degradation of 

the system due to their steric effect.41

NFE and FE demonstrated fungicidal activity 

against isolated Candida strains (Table 3) and in 

Candida biofilms (C. albicans and C. glabrata) (Figure 

4). Several studies have confirmed the antifungal 

action of eugenol against this microorganism 

species.12, 17,42,43 Regarding the action mechanism, 

this active compound can bind to the Candida 

membrane and decrease ergosterol biosynthesis due 

to its ability to interact with the fungal membrane 

and damage its cell wall.44 Additionally, eugenol can 

increase levels of lipid peroxidation and reactive 

oxygen species, thereby inducing oxidative stress 

that leads to increased permeability of the fungal 

cell membrane.45,46 This drug substance may also 

interact with adhesive proteins, such as ALS, resulting 

in a considerable decrease in the fungus’s adhesion 

capacity and promoting the disruption of formed 

biofilms (C.albicans).3

The MIC (6 µg/mL) and MFC (6 µg/mL) of NFE 

against C. albicans strains were reduced by up to 

10 times compared to the concentrations of FE 

(MIC (64 µg/mL) and MFC (64 µg/mL)) (Table 3). 

In addition, there was a significant reduction in pre-

formed biofilms after application of NFE for eight 

hours compared to FE, even though both contained 

the same concentration (0.3%). These results can 

be justified by the presentation of FNE particles 

at the nanoscale (13.91 nm), which enables an 

increased surface area of contact and consequently 

enhances the chances of the nano-encapsulated 

active ingredient coming into contact with the fungal 

cell wall in the medium.18 Furthermore, the system 

is capable of controlling eugenol release, thereby 

increasing its activity and enabling targeted action 

against the microorganism.47,48

Nanoencapsulation promotes specific molecular 

interactions that enhance the antifungal mechanisms 

of eugenol. For instance, encapsulation facilitates 

the incorporation of eugenol into the fungal cell 

membrane, strengthening its binding to ergosterol 

and compromising fungal membrane integrity.45

Additionally, the targeted delivery of encapsulated 

eugenol enhances its interaction with ALS adhesive 

proteins, significantly reducing adhesion and 

disrupting the biofilm structure.49 These mechanisms 

explain the superior efficacy of the NFE compared to 

free eugenol, even at equivalent concentrations, in 

combating Candida biofilms.

Limitations of the study 
Most tests were conducted in controlled laboratory 

settings (in vitro), which may not fully replicate 

the actual conditions of the oral cavity, such as 

the presence of saliva, pH variations, temperature 

fluctuations, and the complete oral microbiome. 

Although the tests demonstrated the efficacy of 

the NFE, it is crucial to assess its long-term effects. 

Prolonged use of the formulation over months or 

years may reveal factors such as microbial resistance 

or potential cumulative effects on acrylic materials.

The comparison was made using biofilms that 

were formed on specimens of heat-polymerized 

acrylic resin, which simulate dental prostheses. 

However, these conditions may not accurately reflect 

biofilm formation on real dentures used by patients, 

as they are influenced by individual factors such as 

oral hygiene, diet, and overall health. Furthermore, 

the formulation compatibility with different types of 

denture materials — not only acrylic resin — and 

metallic components, such as cobalt-chromium 

or titanium clasps in partial dentures, is yet to be 

investigated. Different materials may show varying 

reactions to formulation. These limitations highlight 

areas for future research and underscore that, despite 

the promising results, the practical application and 

generalizability of the findings require validation in 

a broader context.

Conclusions 

The nano-structured formulation loaded with 

eugenol was successfully developed and showed 

characterization parameters within acceptable 

values. Furthermore, it showed fungicidal activity 

against isolated Candida strains and significantly 

reduced the biofilms of Candida (C. albicans and 
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C. glabrata). The NFE, containing 0.3% eugenol, 

demonstrated superior performance compared to free 

eugenol (FE) at the same concentration. Therefore, 

lipid nanocarriers (LNCs) demonstrated significant 

potential for administering eugenol in the hygiene of 

dental prostheses, offering promising prospects for 

future applications in dentistry
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Abstract
Background: Peri-implantitis, an inflammatory condition occurring in the sup-
portive tissues, is triggered by a dysbiotic biofilm that grows on implant and/or
abutment surfaces. Consequently, the entire surface becomes a notorious cul-
prit, fostering bacterial adhesion thatmight lead to progressive loss of supporting
bone. To combat peri-implantitis, research groupsworldwide have diligently pur-
sued the development of new antimicrobial coatings. However, for the successful
development of coating materials, it is crucial to clarify their intended function.
In this review, we propose a clear classification of coating strategies aimed at
either preventing or treating peri-implantitis.
Methods:We first delve deep within the concepts of prevention and treatment,
as well as the physicochemical properties and biological requirements of each
dental implant component for interacting with host tissue cells, to unravel and
guide materials and technique complexity according to each purpose.
Results: From a preventive standpoint, the goal is to impede disease initiation.
This requires coating materials that can withstand the hostile oral environment
indefinitely. In the treatment category, where the disease is already established,
the coating material should act directly at the infected site. Furthermore, the
physicochemical properties of the new antimicrobial coating must respect the
properties required by each part of the implant to not compromise the interaction
of the bone-biomaterial and soft tissue-biomaterial interfaces.
Conclusion: Despite considerable efforts in designing antimicrobial coatings,
commercial success has remained elusive thus far. This underscores the need
to consider essential components to facilitate the construction, validation, and
eventual clinical potential of antimicrobial coatings for future marketing.
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Plain language summary
In this review, we have raised an essential point about the importance of
considering both biological and chemical challenges in the development of
antimicrobial coatings for preventing and treating peri-implantitis. From a pre-
ventive perspective, these coatings need to be designed to withstand the complex
environment of the oral cavity while maintaining their integrity and function-
ality. This requires coatings that can resist changes in environmental factors.
Conversely, in the treatment category, material coatings need to be respon-
sive to either internal or external stimuli to activate the release of therapeutic
agents. These coatings must be capable of switching on or off depending on the
intensity of stimuli, allowing for targeted drug delivery to combat infection or
inflammation.

1 INTRODUCTION

Peri-implantitis is an inflammatory condition initiated by
a dysbiotic biofilm that forms on implant and/or abutment
surfaces.1,2 During the inflammatory process, the chemical
signaling cascade through the production of proinflam-
matory cytokines, promotes the activation of osteoclasts
and, consequently, increased bone resorption.1–3 The per-
sistent inflammation disrupts the equilibrium between
bone formation and resorption, leading to bone loss and
jeopardizing the bone-implant interface.1–3 However, peri-
implantitis advances evenmore rapidly than periodontitis,
probably, due to notable histological differences, such as
the absence of a periodontal ligament, as well as the orien-
tation of connective tissue fibers around implants, which
makes them less effective in resisting infection.4–7 With-
out timely intervention, this condition continues to erode
bone structure, ultimately leading to implant instability
and failure.1,2
Traditional treatmentmethods for peri-implantitis, such

as mechanical debridement, antiseptics, antibiotics, and
surgical procedures, often fail to fully address peri-
implantitis.8–10 Mechanical approaches may leave residual
biofilm, systemic antibiotics raise concerns about resis-
tance, and surgical options can be invasive with inconsis-
tent outcomes.8–10 These challenges have led to interest in
alternative strategies, including local drug delivery systems
and advanced surface modifications. As the inflammatory
process in peri-implantitis is often triggered by biofilm
adhesion on the implant/abutment surface, the entire
surface becomes a notorious culprit, facilitating bacterial
adhesion, given the ubiquitous presence of bacteria in
the oral cavity.6,7,11 This persistent biofilm creates a resis-
tant microenvironment, compromising the surrounding
bone and soft tissues.6,7 In response, research efforts have
focused on developing surfaces designed either to prevent

bacterial adhesion or to assist in treating the disease once
it has been established.12,13
Many studies have explored new coatings for den-

tal implants, increasingly focused on bioactive coatings,
antimicrobial surfaces, and stimuli-responsive materials
that activate in response to inflammation.12, 14–20 However,
some of them often neglect critical questions regarding the
specific area targeted (see Figure S1 in the online Jour-
nal of Periodontology) and the coating’s intended purpose,
whether for prevention or treatment of disease. For the
successful development of coating material, it is crucial
to clearly define the purpose for which it will be applied.
In this context, we propose a new classification to eluci-
date biomaterial coating strategies used for preventing and
treating peri-implantitis. From a prophylactic standpoint,
the objective is always to prevent disease initiation. This
necessitates that the material coating resists nonspecific
interactions with cells, proteins, and other biomolecules
present in the oral environment. Furthermore, in terms
of prevention, strategies can be directed toward promot-
ing biological sealing (an indirect approach) on abutments
and/or deterring bacterial adhesion on overall surfaces,
including both the implant itself and the abutment (a
direct approach). In the treatment category, where the dis-
ease is already established, the material coating should
possess direct action at the infected site.

2 COATING STRATEGIES TO
PREVENT PERI-IMPLANTITIS

According to a medical dictionary, the term “prevention”
refers to the proactive measures taken to avert a disease or
condition before it occurs. Thismeans that overall coatings
as a strategy to prevent peri-implantitis should resist degra-
dation, potentially delaying or preventing disease onset,
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PEREIRA et al. 3

F IGURE 1 Representational illustration of each dental implant component, focusing on the abutment surface as the target substrate
within coating development for soft tissue integration. Schematic differences of soft tissue and collagen fibers between non-coated-abutment
surface (left) and coated-abutment surface (right). Peri-implanter connective tissue achieves tight adhesion to the coated via the biological
interaction between collagen fibers running in a perpendicular and circular orientation in the connective tissue and the biological film on the
abutment surface. Differently, peri-implant soft tissue fails to attach to the abutment implant surface due to the parallel instead of
perpendicular orientation of collagen fibers running in the connective tissue.

even in patients with risk factors. For direct translation
of the coating materials toward realistic applications, it is
appropriate to highlight that patients considered risk fac-
tors for peri-implantitis would be potential candidates to
receive a veneered dental implant to prevent the onset of
the disease.

2.1 Indirect strategies on abutment
surfaces for soft tissue integration

Despite the biocompatibility largely explained by the sta-
ble oxide layer at the Ti surface, titanium remains bioinert
and does not actively promote soft tissue adhesion.21–23
Consequently, the weak interaction between soft tissue
cells and titanium may facilitate the rapid progression
of the inflammatory response, fibrous tissue formation,
bone loss, and ultimately, implant failure.23–25 Indirect
strategies involve coating materials developed for soft tis-
sue integration on abutment surfaces (Figure 1), given
that abutments are in constant contact with soft tissue.
While biological sealing does not entirely prevent peri-
implantitis from appearing, it promotes a tighter seal
between the implant and surrounding soft tissue to reduce
the progression of inflammatory responses triggered by
bacterial presence.26,27 Although it does not eliminate the
risk of peri-implantitis, it may enhance tissue health and

resilience, contributing indirectly to the long-term success
of dental implants.26–30
To achieve a biological seal on abutment surfaces, bio-

logical coatings can be applied to mimic dental properties
without altering the roughness, since it is essential for
abutment to have smoother andmore regular surfaces.31–35
The materials and techniques used for this proposal
must be capable of providing coatings that are resis-
tant to the hostility of the oral cavity and capable of
stimulating hemidesmosome proteins to adhere to the
film and/or redirect collagen fibers when fibroblast cells
are exposed to the material. To this end, the biological
coating can be constructed based on non-responsive poly-
mers through the immobilization of substances such as
proteins/peptides (such as collagen), glycoproteins in gen-
eral (such as laminin-332), cationic polysaccharides (such
as chitosan) and even synthetic/natural polymers. For
instance, a recent study36 developed a bioinspired peptide
coating on titanium to prevent subgingival biofilm expan-
sion by forming a long-lasting permucosal seal between
soft tissue and abutment surfaces. This coating not only
increased cell proliferation but also promoted the for-
mation of hemidesmosomes by keratinocytes, showing
promise for inducing a permucosal seal around dental
implants. Another study35 developed a lactoferrin-derived
amyloid coating on titanium surfaces, demonstrating in
vitro and in vivo evidence of soft tissue integration
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4 PEREIRA et al.

F IGURE 2 Representational illustration of each dental implant component, focusing on both abutment and implant surfaces as target
substrates within the antimicrobial coating field. Schematic differences of biofilm formation between non-coated abutment/implant surface
(left) and coated abutment/implant surface (right). LbL, layer-by-layer.

capacity and antibacterial activity. The coating, rich in
amino and carboxyl groups, is bound to integrins on cell
membranes, promoting cell proliferation and enhancing
soft tissue sealing capability on titanium surfaces. This
coating also stimulated junctional epithelium formation
adjacent to metal surfaces and generated an integral soft
tissue seal in rat models.
Strategies for enhancing soft tissue seals may also com-

bine surface modification with biological coating. Two
studies37,38 evaluated soft tissue integration on abutment
surfaces with topography modifications with and without
bioactivation through argon plasma. These studies found
favorable effects of plasma treatment on connective tissue,
likely due to increased surface energy, enhanced wettabil-
ity, and reduced biofilm accumulation and inflammation.
However, the physical changes induced by plasma treat-
ment are reversible, limiting its long-term effectiveness.

2.2 Direct strategies on
abutment/implant surfaces to prevent
bacterial adhesion and biofilm formation

Unlike indirect strategies aimed at promoting biological
sealing, direct strategies focus on the surface’s ability to
repel or kill bacteria upon contact, acting as antifouling
surfaces with the potential to prevent bacterial attachment
or inactivate bacteria via direct contact39,40 (Figure 2).

Therefore, within the prevention category and direct strat-
egy, both implant and abutment surfaces could be coated.

2.2.1 Direct strategies on abutment surfaces
to prevent bacterial adhesion and biofilm
formation

The method chosen for building antimicrobial coatings
must preserve the original physical and topographic fea-
tures required for abutment components without com-
promising their biomechanical properties. This means
that aggressive techniques capable of modifying abutment
structures should be avoided. Since bacterial adhesion is
the reversible first stage of biofilm formation, antibio-
fouling coatings can be designed to create unfavorable
topography and chemistry surfaces to prevent microbial
settlement and attachment.41,42
Antifouling polymers, which resist nonspecific inter-

actions between cells, proteins, and other biomolecules
and surfaces, are considered promising materials.43 Typ-
ically, these polymers have hydrophilic properties with
polar or charged moieties that interact strongly with water
molecules. Hydrophilic polymers form a hydrated layer
on the surface through hydrogen bonding with water
molecules, creating a physical barrier that reduces nonspe-
cific interactions with proteins or bacteria, leading to steric
repulsion.44–49 The strength of surface hydration depends
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PEREIRA et al. 5

on surface chemistry, molecular weight of polymers, pack-
ing density, film thickness, and chain conformation.47–49
Major hydrophilic polymer classes include poly(ethylene
glycol) (PEG), polyzwitterions, poly(oxazoline)s, and other
nonionic hydrophilic polymers. To ensure long-term sta-
bility and fouling resistance, the antifouling polymer must
be firmly anchored onto the abutment surface, preferably
through covalent bonding.
Several studies have demonstrated the efficacy of PEG

coatings in preventing bacterial colonization on medical
devices.47,50–52 For example, PEG-functionalized materi-
als inhibited bacterial adhesion and biofilm formation due
to hydration and steric hindrance effects. However, PEG
degradation in the presence of oxygen44,53 might limit its
long-term utility.44,54,55 Another study engineered a sta-
ble cell membrane coating based on CD47 receptors from
red blood cell membranes, demonstrating natural antibio-
fouling and macrophage immunoregulatory properties for
orthopedic and dental implant devices. While antifouling
coatings based onhydration layers offer promising antibac-
terial properties, they may be affected by changes in tem-
perature, pH, and salinity, requiring periodic component
replacement.56,57

2.2.2 Direct strategies on implant surfaces

Unlike abutments, surface roughness is one of the most
crucial properties of implant surfaces as it promotes
osseointegration.58 Surface roughness enhances the sur-
face area of the implant material, facilitating greater initial
matrix deposition and earlier bone ingrowth.59 However,
roughness also poses a significant risk by potentially favor-
ing bacteria attachment.4,60,61 Regardless of the reasons
favoring biofilm formation on rough surfaces,62 the chal-
lenge lies in developing antimicrobial surfaces that main-
tain the natural physicochemical properties necessary for
improving osseointegration and host response.63
From a clinical perspective, the significant impact of

surface roughness on biofilm formation underscores the
challenge of creating antimicrobial surfaces to prevent
peri-implantitis while maintaining the necessary rough-
ness values for implant surfaces. In this regard, surface
modifications at the nanotopographical level have been
investigated to interfere with bacterial attachment and
prevent infection.63 Nanopillar topographies, inspired by
nature, have gained attention following studies demon-
strating the surface bactericidal activity of cicadas’ wings
covered by nanopillars against Pseudomonas aeruginosa
within minutes of contact.64 Although the exact effect
of topographical scale on bacterial attachment remains
incompletely understood, several studies have indicated
that topographical elements ranging from nanometers

to micrometers can exert some control over bacterial
attachment.14,19,65–68 The mechanical bactericidal mecha-
nism is associatedwith the physical capacity of nanopillars
to kill bacteria by rupturing or deforming bacterial cell
membranes, resulting in flattened cell morphology.64,66
Similar bactericidal effects have been observed in natural
topographical features such as dragonfly wings.64 A pro-
posed “ripping” model suggests that bacterial membranes
are “ripped” by the shear forces caused by the movement
of cells adhered to uneven nanopillars.69
Antimicrobial surfaces using charge-switchable coat-

ings offer an innovative approach to surface modification
for Ti implants. Covalent grafting is a particularly note-
worthy technique in this context, as it enables the stable
immobilization of positive charges on implant surfaces
through various chemical reactions.70 For example, oxi-
dized Ti surfaces have been grafted with poly(sodium
styrene sulfonate) groups via covalent bonding using rad-
ical polymerization, resulting in antimicrobial coating
surfaces. Studies have shown that these coatings can
inhibit the adhesion of bacteria such as Staphylococcus
aureus by >90% and promote enhanced bone formation
compared with non-grafted Ti surfaces.71 However, one of
themain challenges associatedwith thismethod is control-
ling the reaction conditions, including the concentration of
the silane and reaction time.
In an interesting study, researchers successfully demon-

strated the alkalinization of Ti using plasma electrolytic
oxidation (PEO), followed by signaling with aminopropy-
ltriethoxysilane (APTES) using plasma electrolytic oxi-
dation (PEO) as a tattoo. PEO, created by high-voltage
microdischarges, introduces -OH functional groups to Ti,
resulting in high-quality coatings suitable for implant
applications in terms of adhesion, topography, struc-
ture, and chemistry. In this specific case, PEO provided
the -OH functional groups necessary for the bonding
of aminosilane, which have the potential to positively
charge the surface of materials. The outcomes of this study
revealed improved electrochemical behavior, greater resis-
tance to corrosion, and a bactericidal effect of APTES
groups against both Gram-positive Staphylococcus aureus
and Gram-negative Escherichia coli. Additionally, the new
coating surface exhibited favorable results in terms of pro-
tein adsorption and cytocompatibility with preosteoblastic
cells.72

3 COATING STRATEGIES TO TREAT
PERI-IMPLANTITIS

In the context of peri-implantitis treatment, the focus
shifts to direct action at the infected site. Treatment
aims to either cure or slow down the progression of the
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6 PEREIRA et al.

F IGURE 3 Representational illustration of each dental implant component, focusing on both abutment and implant surfaces as target
substrate within smart coating field. Schematic differences of biofilm formation between non-coated abutment/implant surface (left) and
coated abutment/implant surface (right), underlining two different approaches to drug release: from abutment (through smart/responsive
coating) and implant (under visible light activation).

medical condition. However, curing peri-implantitis,
defined as restoring health or normality to the affected
area, remains questionable due to the complex and poorly
understood nature of the disease. Coating strategies for
treatment must be capable of immediate action against the
infection and inflammatory process and can be applied
to both abutment and implant surfaces. These coatings,
known as smart coatings, are designed to be responsive
to internal or external stimuli such as temperature, light,
pressure, pH, or biological factors. By incorporating
materials that can detect and respond to these stimuli,
smart coatings can effectively combat peri-implantitis
by adapting to changing conditions at the implant site
(Figure 3).

3.1 Smart systems strategies on
abutment implant surfaces

Smart systems for treating peri-implantitis involve the
controlled release of antimicrobial agents and/or sub-
stances that stimulate receptors responsible for releasing
osteoclast-activating cytokines.35,73–77 The term “Smart”
was introduced for the first time in 2004 to describe
overall biomaterials that responded to specific cellular
signals.78 The concept initially applied to biomaterials
was extended to define the behavior of specific coatings
capable of sensing their environment and making an
appropriate response to that stimulus. These systems are
designed to incorporate drugs and respond to external
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PEREIRA et al. 7

stimuli to regulate their release over time. Typically
constructed using natural and/or synthetic polymers,79
smart coatings are primarily applied to abutment surfaces
due to the flexibility of working with screw-in components
that allow for replacement when needed. At this stage
of the disease, where biological sealing is absent, coating
abutment surfaces pose no clinical issues to be avoided.
Layer-by-layer (LbL) system are intelligent strategies for

controlling the release of loaded drugs.70,73,77,80 In essence,
this technique is based on electrostatic attractions between
positively charged polymers, as the cationic layer, and
anionic polymers, as the anionic counterpart, during mul-
tilayer construction. The wide range of polymers capable
of assembling the coating systemmakes it evenmore inter-
esting: synthetic polymers (natural polymers, DNA, RNA,
proteins, peptides, polysaccharides),81,82 macromolecular
assemblies (polymeric micelles),83 (metal-) nanoparticles,
and liposomes.84 For the coating function as a drug
delivery system, several drugs might be incorporated into
nanometer scale coatings. Importantly, the intermolecular
strength between drug and LbL will determine whether
the drug releasewill occur in a controlledmanner. A recent
study by He et al. (2020)85 demonstrated the creation of
a smart coating through a simple LbL method without
cross-linkers. The coated titanium substrate exhibited
excellent antibacterial activity against both Staphylococcus
aureus and Escherichia coli, with sustained release of gen-
tamicin for up to 11 days following an initial burst release
in the first 24 h. However, challenges arise during drug
incorporation due to the hydrophobic nature of polymers
and the hydrophilic property of antibiotics. To confront
this scenario, the formation of inclusion complexes
through the synthesis between a drug and amphiphilic
molecule emerges as a possible solution to retain drug
within the LbL coating and control drug release overtime.
In a recent study,77 the authors improved the hydrophilic-
ity of tetracycline (TC) and its capacity to entrap into
the hydrophobic LbL coating, through a complexation
between tetracycline and anionic beta cyclodextrin (BCD)
molecules before antibiotic incorporation. This approach
resulted in a constant release of TCBCD over the first
15 days, followed by a relatively steady and low release
for up to 30 days, particularly pronounced in acidic pH
conditions simulating an inflammatory process. Impor-
tantly, the sustained release of TCBCD exhibited strong
antibacterial activity against Staphylococcus aureus, with
more than a 5-log reduction in bacterial growth compared
with commercial titanium substrates. Remarkably, the
antibacterial activity of the system was maintained for up
to 30 days regardless of the pH condition.77
Another approach to achieving antimicrobial coatings

for treatment purposes is through chemical crosslinking.
This process involves the use of natural and/or syn-
thetic crosslinkers to form linkages within or between

molecules in a polymer network, resulting in stronger
covalent bonding or weaker interactions.86 Crosslinking
can enhance the biomechanical stability of materials
under physiological conditions, leading to long-lasting
antimicrobial effects.87,88 In a recent study, quaternary
ammonium carboxymethyl chitosan (QCMC) and col-
lagen were chemically crosslinked with hydroxyapatite
using poly dopamine as a binding agent to impart long-
lasting, multi-antibacterial properties to implants.89 Mod-
ified crosslinking LbL techniques were employed to form
stable amide bonds, enabling the slow continuous release
of QCMC for over 45 days. This approach holds significant
promise for developing practical implant materials to treat
implant-related infections.89

3.2 Smart strategies on implant surfaces

Another treatment-focused system directed at the implant
surface involves the construction of a responsive antimi-
crobial coating activated by external stimuli. This approach
would enable the coating to acquire its desired function
only when the implant surface is exposed due to bone
resorption resulting from the inflammatory response.90
However, it is crucial for titanium coatings to remain
stable and non-degradable during the early phases after
implantation. Therefore, both the materials and the meth-
ods applied must be thoroughly investigated to fabricate
resilient and bioactive coatings.
An innovative solution involves creating a smart coat-

ing on implant surfaces using methods that incorporate
doping elements to reduce the band gap of TiO2 and
enhance Ti photoactivity under visible light. In a recent
study,90 researchers doped TiO2 coatings with nitrogen
and bismuth via plasma electrolytic oxidation to develop
an antimicrobial surface activated by visible light. While
this research did not demonstrate significant biofilm
reduction, the concept of creating dental implant sur-
faces capable of releasing ROS when activated by visible
light, without harming tissue, holds promise for treat-
ing peri-implantitis. Clinically, these implants could be
recommended for patients at risk of peri-implantitis. In
such cases, antimicrobial activitywould be targeted toward
patients with risk factors once the implant is exposed due
to peri-implantitis progression and bone resorption.

4 CONCLUSION: ADVANCING
CONCEPTUALIZATION TO EMERGE
WITH ANTIMICROBIAL COATING
CREATION

In this review, we have raised an essential point about the
importance of considering both biological and chemical
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challenges in the development of antimicrobial coatings
for preventing and treating peri-implantitis. From a chem-
ical perspective, these coatings need to be designed to
withstand the complex environment of the oral cavity
while maintaining their integrity and functionality. In
the prevention category, coatings must maintain their
properties consistently to preserve the biological seal and
prevent the formation of biofilms. This requires coatings
that can resist changes in external signals and environ-
mental factors. Conversely, in the treatment category,
smart coatings need to be responsive to specific signals
to activate the release of therapeutic agents. These coat-
ings must be capable of switching on or off depending
on the presence or absence of external stimuli, allow-
ing for targeted drug delivery to combat infection or
inflammation.
While significant efforts have been devoted to devel-

oping antimicrobial coatings, their commercial success
has been limited thus far. This underscores the complex-
ity of the task at hand and the need for comprehensive
approaches that consider various factors, including mate-
rial properties, coating technology, validation methods,
and clinical potential. By addressing these components
systematically, researchers can enhance the likelihood
of developing effective antimicrobial coatings for either
preventing or treating peri-implantitis.
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A R T I C L E  I N F O
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A B S T R A C T

The aim of this was to analyze the association between sleep bruxism (SB) in children and their parents/ 
guardians. A systematic review (registered in PROSPERO: CRD42023445486) was conducted using PubMed, 
Web of Science, Embase, and Scopus databases, as well as reference lists and gray literature, up to March 2025. 
Observational studies assessing SB in children and their parents/guardians were included, with no restrictions on 
date of publication or language. Risk of bias (RoB) was assessed using the Joanna Briggs Institute checklist and 
Newcastle-ottawa (NOS). Meta-analyses, subgroup analyses, sensitivity analyses, and meta-regression analyses 
were performed (p<0.05). Certainty of the evidence was also assessed. A total of 7,818 articles were retrieved, of 
which 15 met the eligibility criteria and were included in the qualitative analysis, while 14 were considered for 
meta-analysis. The majority exhibited a low RoB (66.7%). Children whose parents or guardians have SB are 3.23 
times more likely to exhibit SB compared to those whose parents or guardians do not have SB (95% CI [confi
dence interval]: 2.41–4.32). In subgroup analyses, significant association was observed between SB in children 
and their fathers and/or mothers (odds ratio [OR]: 3.78; 95% CI: 2.87–4.97). Additionally, for possible (OR: 
2.75; 95% CI: 1.79–4.24) and probable (OR: 3.90; 95% CI: 2.70–5.63) SB, as well as low (OR: 2.50; 95% CI: 
1.71–3.65) and high/moderate (OR: 4.78; 95% CI: 3.76–6.08) RoB. The certainty of the evidence was assessed to 
be very low. There is an association between the occurrence of SB in children and their parents/guardians.

1. Introduction

Sleep bruxism (SB) is a repetitive activity of the masticatory muscles 

characterized by the involuntary grinding or clenching of teeth that 
occurs during sleep, which may be rhythmic (phasic) or non-rhythmic 
(tonic) [1,2]. The presence of SB in children, in addition to 
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Petrônio Portella, Bloco 5, Bairro Ininga, 64049-550, Teresina, Piauí, Brazil.

E-mail addresses: cacildacb@hotmail.com, cacildacbl@ufpi.edu.br (C.C.B. Lima). 

Contents lists available at ScienceDirect

Sleep Medicine

journal homepage: www.elsevier.com/locate/sleep

https://doi.org/10.1016/j.sleep.2025.106662
Received 19 April 2025; Received in revised form 27 May 2025; Accepted 30 June 2025  

Sleep Medicine 133 (2025) 106662 

Available online 1 July 2025 
1389-9457/© 2025 Elsevier B.V. All rights are reserved, including those for text and data mining, AI training, and similar technologies. 

https://orcid.org/0000-0003-1874-8677
https://orcid.org/0000-0003-1874-8677
https://orcid.org/0000-0002-1398-135X
https://orcid.org/0000-0002-1398-135X
https://orcid.org/0000-0002-9044-9025
https://orcid.org/0000-0002-9044-9025
https://orcid.org/0000-0002-7641-6331
https://orcid.org/0000-0002-7641-6331
https://orcid.org/0000-0002-4112-1533
https://orcid.org/0000-0002-4112-1533
https://orcid.org/0000-0002-3945-1752
https://orcid.org/0000-0002-3945-1752
https://orcid.org/0000-0002-2977-6035
https://orcid.org/0000-0002-2977-6035
mailto:cacildacb@hotmail.com
mailto:cacildacbl@ufpi.edu.br
www.sciencedirect.com/science/journal/13899457
https://www.elsevier.com/locate/sleep
https://doi.org/10.1016/j.sleep.2025.106662
https://doi.org/10.1016/j.sleep.2025.106662
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sleep.2025.106662&domain=pdf


contributing to temporomandibular disorders, is associated with reports 
of headaches, tooth wear, and breathing difficulties, thereby interfering 
with the quality of life of both children and their families [3,4]. There is 
no consensus on which clinical dental management should be performed 
in children because the etiology of SB is not well understood [1,5–8].

The etiology of SB is multifactorial and may be systemic, psycho
logical, hereditary, or related to other sleep disorders [9–11]. Socio
demographic factors associated with genetic factors may modulate the 
occurrence of SB in children, demonstrating the need for studies that 
investigate this relationship for better understanding [12]. Studies 
investigating the occurrence of SB in the family reinforce the genetic 
issue as a factor associated with SB in children [12–14].

The prevalence of SB in children and adolescents ranges from 3.5% 
to 49.6% and tends to decline with age [9]. In the absence of a family 
history of SB, the prevalence of SB in children is 22.5%. However, in 
cases where the family history of SB is present, this prevalence increases 
to 57.8% [15]. Furthermore, a similar pattern is observed when both 
parents/guardians exhibit SB, increasing its prevalence in children to 
87.5% [16]. These numbers may be underestimated as many paren
ts/guardians, due to lack of knowledge, may not recognize episodes of 
SB and most diagnoses are made based on self-reports [17].

Therefore, this systematic review aimed to examine the association 
between SB in children and their parents or guardians. The study hy
pothesis is that children whose parents/guardians have SB have higher 
chances to also have SB than children whose parents/guardians do not 
have the condition. In this way, aim to provide evidence for a better 
understanding of the role of genetic and hereditary factors in the etiol
ogy of SB.

2. Methods

2.1. Study design and protocol

A systematic review was developed to answer the question: “Do 
children whose parents/guardians have SB have a greater chance of 
having SB compared to children whose parents/guardians do not have 
the condition?”. The protocol was registered in the International Pro
spective Register (PROSPERO – CRD42023445486). This review is re
ported in accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Statement (PRISMA) [18].

2.2. Eligibility criteria

The eligibility criteria were chosen in accordance with the acronym 
PECOS. 

• Population (P): Children aged 0–12 years;
• Exposure (E): parents/guardians with SB;
• Comparison (C): parents/guardians without SB;
• Outcome (O): occurrence of SB in children;
• Study type (S): Observational studies (cross-sectional, case-control, 

and cohort).

Observational studies that evaluated SB both in children and their 
parents/guardians whose diagnosis was based on possible SB, through 
self-report/positive report in a questionnaire/interview were included; 
in probable SB, through positive clinical examination associated or not 
with self-report/positive report; or definitive SB, through positive 
instrumental evaluation (audio and video devices, such as poly
somnography, electromyography) with or without self-report/positive 
report and/or positive clinical [1]. Studies in which the diagnosis of 
SB did not follow the previously mentioned classification were grouped 
according to the definitions provided in the included studies, consid
ering only the definitions of the current classification due to the meth
odological variations of the studies.

Studies were excluded that (a) they did not investigate SB in children 

and parents/guardians simultaneously; (b) did not have a comparison 
group; (c) did not specify the SB diagnostic method; (d) did not differ
entiate between SB and awake bruxism; (f) whose participants, children 
and parents/guardians, had disabilities/syndromes or used some sys
temic medication; (g) laboratory studies, editorials, case report, review. 
Studies with incomplete data or those generated doubts, the authors 
were contacted by email and if no answers were obtained, they were 
excluded.

2.3. Search strategy

The databases used were PubMed (National Library of Medicine), 
Scopus (Elsevier), Embase (Elsevier), and Web of Science (Clarivate 
Analytics). The search strategies used are available in Appendix A
(supplementary data). No restrictions were imposed on the year of 
publication or language. The searches were carried out in March 2025.

A manual search was conducted in three journals that publish on the 
topic (Journal of Oral Rehabilitation, Journal of Sleep Research, and 
Journal of Dental Research), from February 2019 to March 2025. 
Furthermore, searches were conducted through the reference lists of the 
studies and reviews on the topic, initially selected after in full reading, 
obtained during the literature review stage [5,9,11–17,19–23].

Gray literature was searched, in Open Gray and Google Scholar, 
limited to the first 300 articles presented in order of relevance [24]. In 
these databases, adaptations of the previously reported search were 
conducted using the search terms “sleep bruxism” AND “children” AND 
‘father” AND “mother” both separately and in combination. Initially, the 
objective was to conduct a search in PROQUEST, however, this was not 
feasible due to restricted access from our institutions to this database at 
the time of the data collection.

2.4. Study selection

After carrying out the searches, the reference management software 
EndNote Web® (version X7; Clarivate Analytics) was used to organize 
references and exclude duplicates. Subsequently, the references were 
imported into the software Rayyan® (Rayyan Systems, Inc.).

The study selection process included two stages. In the first stage, 
two researchers (F.C.S.J. and A.Q.S.), independently selected the articles 
based on the titles and abstracts of all references located (inter-examiner 
kappa: 0.83). In the second stage, relevant articles with insufficient data 
in the title or abstract were read in full, independently (inter-examiner 
kappa: 0.95). When disagreements arose in any of these phases, a 
consensus meeting was convened, and if the discrepancy persisted, a 
third researcher was consulted (C.C.B.L.).

The flowchart of the search and article selection strategy is shown in 
Fig. 1.

2.5. Data extraction

Data collection was performed by two researchers (F.C.S.J. and A.Q. 
S.) independently, supervised by a third researcher in case of disagree
ments (C.C.B.L.).

The following data were extracted from eligible articles and recorded 
in a spreadsheet of Microsoft Excel® (version 2104, EUA): (1) study 
identification: name of the first author, location/country of corre
sponding authors, year of publication, journal title, language of publi
cation, type of study, and country where the study was conducted; (2) 
sample: type of sample, number of included children, number of bio
logical parents, number of non-biological parents, number of guardians, 
sex distribution (in each group), and age group; (3) results: prevalence of 
children with SB (in each group), prevalence of children without SB (in 
each group), prevalence of parents/guardians with SB (in each group), 
prevalence of parents/guardians without SB (in each group); parameters 
used for the diagnosis of SB; (4) main results of the study (including any 
adjustments such model adjustment variables, footnotes, as well as 
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subgroup analyses); (5) declaration of conflicts of interest; and (6) re
ported financing.

In case of doubts or insufficient data, the authors were contacted via 
email to obtain further information.

2.6. Critical evaluation of included studies

Two researchers (F.C.S.J. and A.Q.S.) independently assessed the risk 
of bias in the selected studies. The quality and risk of bias assessment 
were conducted using the Joanna Briggs Institute (JBI) checklist for 
cross-sectional studies [25]. This tool consists of eight items, each with 
four response options: ’Yes’ (indicating no risk of bias), ‘No’ (indicating 
a high risk of bias), ‘Not clear’ (indicating risk of bias not clear), and ‘Not 
applicable’ [25]. Studies were classified as low (more than 70% of items 
with “yes” answers), moderate (between 50% and 69% “yes”) and high 
risk of bias (less than 49% “yes”) [26]. The Newcastle-Ottawa Scale 
(NOS) was used to assessment the quality and risk of bias the 
case-control study. Using the NOS, eight items were assessed across 
three domains: (a) group selection, (b) comparability and (c) investi
gation of exposure. For each item in the domain a maximum of one star 
was assigned, with the exception of the comparability domain, which 
was assigned two stars [27], classifying studies above six star as low risk 
of bias [28].

2.7. Evidence synthesis and statistical analysis

Qualitative and quantitative analyses were performed. To analyze 
the presence of SB in children and parents/guardians, both studies that 
assessed the condition dichotomously (presence or absence) and those 
that assessed SB frequencies in both children and parents/guardians 
were considered, with the condition being considered present, as well as 
the diagnosis of SB at any frequency and/or period of time [29]. Data on 
associations between children having SB and parents/guardians having 
the same condition were included in the meta-analyses.

Three subgroup analyses were performed. In the first, the subgroups 

were: (1.) presence of SB only in fathers and/or mothers and (2.) pres
ence of SB in parents and guardians. In the second, the SB diagnostic 
criteria reported in the studies included in the meta-analysis were 
considered: (1.) report of SB in children (possible SB) and (2.) clinical 
examination of the presence of dental wear associated or not with the 
report (probable SB). And third, analysis by risk of bias was carried out: 
(1.) studies with low risk of bias and (2.) studies with moderate and high 
risk of bias.

Odds ratio (OR) and their respective 95% confidence intervals (IC) 
were calculated for each study. The Q test evaluated heterogeneity and 
quantified by I2. Due to the high heterogeneity, a random-effects model 
was applied to all analyses [30]. RevMan® software (Cochrane Collab
oration, version 5.0, United Kingdom) was used to perform these ana
lyses. The significance level was set at 5% for all analyses (p < 0.05).

Furthermore, to evaluate the effect of each study on the pooled es
timate, sensitivity analysis was performed for all meta-analyses. To 
assess the risk of publication bias among the studies included in the 
meta-analysis, the Egger [31] and Begg [32] tests were performed. The 
assessment of the certainty of the evidence of each meta-analysis was 
performed using the scale Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) [33]. The criteria for lowering the 
certainty of the evidence were: analysis of risk of bias, inconsistency, 
indirectness, imprecision, and publication bias. To enhance the certainty 
of the evidence, the magnitude of the effect, potential confounding 
variables that might underestimate the intervention effect, and the 
dose-response gradient were analyzed [33].

3. Results

3.1. Study selection

After duplicate removal, a total of 7,818 articles were identified. Of 
these, only 17 met the eligibility criteria. Two articles were considered 
eligibility [34,35], identified through reference lists. Nineteen authors 
were contacted because of missing data, answered by only two authors. 

Fig. 1. Flowchart of the study selection process.
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Four studies were excluded, after contact by email, as they did not have 
sufficient data to answer the question of this review [36–38] or the study 
did not differentiate the diagnosis of SB or awake bruxism [19]. 
Therefore, 15 studies were included in this systematic review (Fig. 1).

3.2. Study characteristics

The characteristics of the included studies are presented in Table 1. 
Fourteen studies were classified as cross-sectional. The study of Sampaio 
et al. 2018 [12] applied a different classification from those performed 
by the authors of this review. The studies were carried out in six coun
tries (Brazil, Turkey, Iran, Saudi Arabia, Spain, and China), with the 
majority in Brazil (53.3%), published from 2004 to 2024, with a total of 
17,251 children and parents/guardians (Table 1).

Assessment of the association of SB in children and their parents/ 
guardians was carried out in 14 of the 15 articles included [10,12,13,15,
16,21,34,35,39–43]. One article did not report the direct association in 
the text but presents data on the association measure [17]. Significant 
associations between the child and the parent/guardian having SB was 
observed in 10 studies [10,12,13,15,16,21,35,40–42], however, in four 
studies there was no such association [34,39,43,44].

Eight studies reported the participation of only fathers and/or 
mother [12,15,16,40–44] and observed that there is an association be
tween fathers and/or mothers and children having SB, except in two 
study [43,44] which was not significant (Table 1).

The diagnosis of SB in nine studies was made through report/self- 
report using questionnaires [10,13,16,17,34,35,39,40,43] and six 
through report/self-report using a questionnaire associated with the 
clinical examination [12,15,21,41,42,44] (Table 1).

3.3. Risk of bias in each study

The risk of bias for each study included in the qualitative analysis is 
presented in Figs. 2 and 3. The majority of articles (66.7%) presented a 
low risk of bias [12,15,17,21,34,35,39,40,43,44] (Figs. 2 and 3).

3.4. Summary of results

3.4.1. Global meta-analysis of the association between parents/guardians 
and their children having SB

To evaluate the association between parents/guardians having SB 
and their children, a meta-analysis was conducted with 14 studies [10,
12,13,15,16,21,34,35,39–44]. It was not possible to perform a 
meta-analysis with one study due to insufficient data [17]. Children 
whose parents/guardians had SB are 3.23 times more chance to have SB 
compared to parents/guardians who do not have SB (OR: 3.23; 95% CI: 
2.41–4.32; p < 0.0001; I2 = 72%; random-effect model) (Fig. 4).

3.4.2. Analysis of subgroups based on kinship, diagnostic criteria, and risk 
of bias

In the subgroup analysis of kinship, the significance of the findings 
was maintained only when the presence of SB was assessed exclusively 
in fathers and/or mothers and their children (OR: 3.78; 95% CI: 
2.87–4.97; p < 0.001; I2 = 63%; random-effect model) (Table 2). For the 
subgroup analysis based on diagnostic criteria, the significance of the 
findings remained significant for both possible SB (OR: 2.75; 95% CI: 
1.79–4.24; p < 0.001; I2 = 75%; random-effect model) and probable SB 
in children (OR: 3.90; 95% CI: 2.70–5.63; p < 0.001; I2 = 61%; random- 
effect model) (Table 2). However, no significant differences were 
observed in the heterogeneity of estimates of this subgroup (I2 = 31.4%; 
p = 0.23) (Table 2).

In the subgroup analysis according to the risk of bias, the significance 
of the findings remained significant in studies both low risk of bias (OR: 
2.50; 95% CI: 1.71–3.65; p < 0.001; I2 = 68%; random-effect model) or 
with a high/moderate risk of bias (OR: 4.78; 95% CI: 3.76–6.08; p <
0.001; I2 = 14%; random-effect model) (Table 2). The difference test 

between the subgroups indicated a difference between the heterogeneity 
of the estimates of this analyzed subgroup (I2 = 87.5%; p = 0.005) 
(Table 2).

3.4.3. Sensitivity analysis
The sensitivity analysis demonstrated that the exclusion of a study 

did not change the significance of the results obtained in the meta- 
analysis. However, a lower OR was observed when removing the 
study of Chen et al. (2004) [41] (OR: 3.01; 95% CI: 2.27–3.98), while an 
increase was noted when removing the study by Clementino et al. 
(2017) [34] (OR: 3.62; 95% CI: 2.85–4.59) (Table 3).

3.5. Publication bias

When assessing the risk of publication bias among the 14 studies 
included in the meta-analysis, both Egger [31] (t = − 0.44, df = 12, p =
0.6656) and Begg [32] (z = − 1.04, p = 0.2883) tests indicated no 
publication bias among the studies. However, the distribution of studies 
in the funnel plot was quite heterogeneous (Fig. 5).

3.6. Meta-regression of studies

Meta-regression was performed due to the moderate heterogeneity 
(I2 = 72%) of the studies. In the meta-regression a high R2 was detected 
(67.45%), which may partially explain the main results. In addition, the 
risk of bias may be attributed for such heterogeneity (p = 0.023) 
(Table 4).

3.7. Certainty of evidence

The certainty of evidence was very low in the analysis of the asso
ciation between the occurrence of SB in children and their parents/ 
guardians (Table 5).

4. Discussion

This is the first systematic review that aimed to determine the as
sociation between the occurrence of SB in children and SB in parents/ 
guardians. Children whose parents/guardians had SB had three times 
more chance to have SB compared to parents/guardians who do not 
have SB, according to the global meta-analysis. However, in the sub
group analysis this association only remains when the parents also have 
SB, indicated a genetic/hereditary relationship with the condition. 
These results are consistent with previous studies involving family 
members, such as parents and twins, as well as genetic polymorphisms 
[45,46]. Primary studies evaluating the presence of SB in children and 
their family members indicate that the prevalence of SB in children in
creases when at least one parent exhibits SB [14–16].

In this context, these findings suggest the heritability of SB, or at least 
the heritability of the habits that lead to SB being partially genetically 
determined [45,47,48]. Since the etiology of SB is multifactorial, envi
ronmental and emotional factors also modulate the occurrence of SB 
[12,22], as family characteristics and social behaviors can affect the 
child’s emotional state [1,17,44]. However, in this systematic review 
the influence of these factors was not studied. Furthermore, paren
ts/guardians with SB are more attentive to their children’s behavior 
during sleep, as they may know the signs and symptoms of this condition 
[17].

Studies that evaluate the genetic polymorphism associated with 
sleep bruxism indicate that some serotonin 5-HT2A receptor genes 
(rs6313, rs2770304 and rs4941573) and the single nucleotide C allele 
are related to SB [49]. Furthermore, genetic polymorphism in the 
ACTN3 gene (rs678397, rs1671064 and rs1815739) and masseter 
muscle fiber genotype may contribute to the etiology in children [50] 
and be a risk factor for SB [51]. However, there are still no studies that 
evaluate the association of these genetic polymorphisms between 
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Table 1 
General characteristics and main results of the included studies.

Author (year), 
country

Study 
type

n, age 
(years)

Diagnosis of SB Children 
with and 
without SB n 
and (%)

Guardians with 
and without SB n 
and (%)

Parents with 
and without 
SB n and (%)

Parents/ 
guardians 
with e 
without SB n 
and (%)

Main Results

Alves et al. (2019) 
Brazil

Cross- 
sectional

103 
7.36 
years 
(±2.34)

Children: 
Questionnaire on SB 
reporting according to 
AASM 
Parents/guardians: 
Questionnaire on self- 
reported SB according to 
AASM

- With SB:
26(25.2%)
- Without 

SB:
77 (74.8%)

- With SB: Not 
reported

- Without SB: 
Not reported

- With SB: 
Not 
reported

- Without 
SB: Not 
reported

- With SB:
17 (16.5%)
- Without SB:
86 (83.5%)

23.1% of children with SB 
had parents/guardians 
with SB. There was no 
association between the 
child having SB and the 
parents/guardians having 
the same condition (p =
0.361).

Chen et al. (2004) †
China

Cross- 
sectional

774 
3–6 years

Children: 
Questionnaire on 
reports of teeth grinding 
during sleep and clinical 
examination 
Parents/guardians: 
Questionnaire on self- 
reported teeth grinding 
during sleep

- With SB: 
299 
(38.6%)

- Without 
SB: 475 
(61.4%)

- With SB:
0 individuals†
- Without SB:
0 individuals †

- With SB: 
156 (20%)

- Without 
SB: 623 
(80%)

- With SB: 
156 (20%)

- Without SB: 
623 (80%)

Of the 156 parents with 
SB, in 115 (73%) the 
condition was present in 
both parents and their 
children. There was an 
association between 
parents and children 
having SB (p < 0.001).

Clementino et al. 
(2017) 
Brazil

Cross- 
sectional

148 
3–12 
years

Children: 
Questionnaire on SB 
reporting according to 
AASM 
Parents/guardians: 
SB Self-Report 
Questionnaire

- With SB: 
48 (32.4%)

- Without 
SB: 47 
(67.6%)

Not reported Not reported - With SB: 21 
(15%)

- Without SB: 
119 (85%)

Of the 21 parents/ 
guardians who had SB, 10 
(47.6%) of their children 
also had the condition. 
There was no association 
between SB from parents/ 
guardians and children (p 
= 0.109).

Hafiz et al. (2021) †
Saudi Arabia

Cross- 
sectional

1,499 
6–10 
years

Children: 
Questionnaire on SB 
reporting according to 
AASM 
Parents/guardians: 
Questionnaire on SB 
reporting according to 
AASM

- With SB: 
685 
(45.7%)

- Without 
SB: 814 
(54.3%)

- With SB:
0 individuals†
- Without SB:
0 individuals†

- With SB: 
253 (8.5%)

- Without 
SB: 2,745 
(91.5%)

- With SB: 
253(8.5%)

- Without SB: 
2,745 
(91.5%)

Of the 253 fathers and 
mothers with SB, 166 
(65%) had the condition 
and so did their children. 
SB in children was 
associated with the 
presence of SB in fathers 
and mothers (p < 0.001).

Jahanimoghadam 
et al. (2023) †
Iran

Cross- 
sectional

600 
6–12 
years

Children: 
Questionnaire on SB 
reporting and clinical 
examination 
Parents/guardians: 
SB Self-Report 
Questionnaire

- With SB: 
84 (14.2%)

- Without 
SB: 503 
(85.7%)

- With SB: 
0 individuals †

- Without SB:
0 individuals†

- With SB: 
65 (11%)

- Without 
SB: 524 
(89%)

- With SB: 65 
(11%)

- Without SB: 
524 (89%)

Children with a family 
history of SB had a 2.93 
higher prevalence of 
having the same condition 
(RP = 2.93; 95% CI =
1.57–5.48).

Martínez et al. 
(2024) †
Spain

Case- 
control

104 
8–9 years

Children: 
Questionnaire on SB 
reporting and clinical 
examination 
Parents/guardians: 
SB Self-Report 
Questionnaire

- With SB: 
52 (50%)

- Without 
SB: 52 
(50%)

- With SB: 
0 individuals †

- Without SB:
0 individuals†

- With SB: 
58 (55.7%)

- Without 
SB: 46 
(44.3%)

- With SB: 58 
(55.7%)

- Without SB: 
46 (44.3%)

Sixty-two percent of 
parents with SB had 
children who also 
exhibited the condition. 
However, in the adjusted 
model, the association 
with family history was 
not significant.

Prado et al. (2019) 
Brazil

Cross- 
sectional

1,325 
1–12 
years

Children: 
Questionnaire on SB 
reporting according to 
AASM 
Parents/guardians: 
Self-report 
questionnaire according 
to AASM criteria

- With SB: 
293 (24%)

- Without 
SB: 926 
(76%)

Not reported Not reported - With SB: 
188 
(15.4%)

- Without SB: 
1,032 
(84.6%)

The prevalence of SB in 
children was 24%. 
Parents/guardians with 
possible SB have a greater 
chance of their child 
having SB (OR = 3.11; 
95% CI = 2.09–4.74; p <
0.001)

Ramos et al. (2021) 
Brazil

Cross- 
sectional

862 
5 years

Children: 
Clinical examination of 
tooth wear due to 
attrition associated or 
not with reports of teeth 
grinding during sleep 
(questionnaire) 
Parents/guardians: 
SB Self-Report 
Questionnaire

- With SB: 
307 
(35.6%)

- Without 
SB: 555 
(64.3%)

Not reported Not reported - With SB: 81 
(9.4%)

- Without SB: 
781 
(90.6%)

Children with parents/ 
guardians who had SB had 
a 1.65 higher prevalence of 
having SB than children 
whose parents did not 
have this condition (RP: 
1.65; 95% CI: 1.35–2.10; p 
< 0.001)

Sampaio et al. 
(2018) †
Brazil

Cross- 
sectional

60 
6–10 
years

Children: 
Clinical examination to 
evaluate wear facets, 
associated or not with 

- With SB: 
24 (40%)

- With SB:
0 individuals†
- Without SB:
0 individuals†

- With SB: 
20 (33.3%)

- With SB: 20 
(33.3%)

- Without SB: 
40 (66.7%)

Children whose mothers 
have SB are 3.5 (OR: 3.5; 
95% CI: 1.14–10.74) times 
more likely to have SB.

(continued on next page)

F.C. Santos-Júnior et al.                                                                                                                                                                                                                       Sleep Medicine 133 (2025) 106662 

5 



parents/guardians and their children.
In the subgroup analysis according to the diagnostic criteria, the 

association of SB in parents/guardians and children was significant 
when SB was diagnosed either by clinical examination associated or not 
with the report, or only by the child’s report of the condition. However, 
a difference was observed in the value of the estimation measures, in 
which the OR for probable SB was greater than that for possible SB. The 
assessment of SB through report/self-report, despite being a tool widely 
used in research and clinical practice, is subjected to memory bias and/ 
or lack of knowledge on the part of parents/guardians resulting in 

underestimation of results [17,34,39,40,52], in addition to being more 
suitable for evaluating only the presence and frequency of SB [53]. 
However, when associated with clinical examination, in addition to 
dental wear [12,21,41,42], criteria such as muscle pain and headache, 
palpation of the masseter muscles, temporal [15] to confirm the diag
nosis of SB, which reduces the possibility of underestimating the results 
[1]. The lack of standardized and valid tools for assessing SB in children 
contributes to the underestimation of results, in addition to making 
comparisons between the studies analyzed difficult.

Standardized tools for the assessment of bruxism, such as the 

Table 1 (continued )

Author (year), 
country 

Study 
type 

n, age 
(years) 

Diagnosis of SB Children 
with and 
without SB n 
and (%) 

Guardians with 
and without SB n 
and (%) 

Parents with 
and without 
SB n and (%) 

Parents/ 
guardians 
with e 
without SB n 
and (%) 

Main Results

reports of SB 
Mothers: 
Clinical examination to 
evaluate wear facets, 
associated or not with 
self-report of SB

- Without 
SB: 36 
(60%)

- Without 
SB: 40 
(66.7%)

Seraj et al. (2010) †
Iran

Cross- 
sectional

600 
4–12 
years 
(mean 
7.4 ±
2.4)

Children: 
SB Reporting 
Questionnaire 
Parents/guardians: 
SB Self-Report 
Questionnaire

- With SB: 
157 
(26.2%)

- Without 
SB: 443 
(73.8%)

- With SB:
0 individuals†
- Without SB:
0 individuals†

- With SB: 
96 (16%)

- Without 
SB: 504 
(84%)

- With SB: 96 
(16%)

- Without SB: 
504 (84%)

Association between 
family history of SB and 
occurrence of the 
condition in children (p <
0.001), with SB prevalence 
being 20.8% in children 
without a family history of 
SB; 51.1% paternal history 
of SB; 51.2% maternal 
history of SB, and 87.5% 
with both parents with SB.

Serra-Negra et al. 
(2016), Brazil

Cross- 
sectional

111 
4–15 
years 
(mean 
8.28 ±
2.35)

Children: 
Questionnaire on 
reports of teeth grinding 
during sleep 
Parents/guardians: 
SB Self-Report 
Questionnaire

- With SB: 
41 (44.5%)

- Without 
SB: 51 
(55.5%)

Not reported Not reported - With SB: 31 
(33.6%)

- Without SB: 
61 (66.4%)

71% of children with SB 
also had parents/ 
guardians with SB (OR: 
4.83; 95% CI: 1.46–15.94; 
p < 0.001).

Serra-Negra et al. 
(2013), Brazil

Cross- 
sectional

221 
5–11 
years

Children: 
Questionnaire on SB 
reporting according to 
AASM 
Parents/guardians: 
SB Reporting 
Questionnaire

- With SB: 
106 (48%)

- Without 
SB: 115 
(52%)

Not reported - With SB: 
252 (58%)

- Without 
SB: 181 
(42%)

Not reported The prevalence of SB was 
48% in children, 40.2% in 
fathers and 76.6% in 
mothers. SB in the child 
was associated with SB in 
the father (p < 0.001) and 
mother (p = 0.042).

Tavares-Silva et al. 
(2016), Brazil

Cross- 
sectional

134 
(mean 
7.4 ±
3.3)

Children: 
Questionnaire on SB 
reporting according to 
AASM 
Parents/guardians: 
SB Self-Report 
Questionnaire

- With SB: 
31 (23.1%)

- Without 
SB: 103 
(76.9%)

Not reported Not reported - With SB: 16 
(11.9%)

- Without SB: 
118 
(88.1%)

There was an association 
between SB in the child 
and their parents/ 
guardians (p = 0.002).

US, US. (2021) †, 
Turkey

Cross- 
sectional

200 
6–12 
years

Children: 
Questionnaire on 
reporting SB according 
to ICDS associated with 
clinical examination of 
tooth wear 
Parents/guardians: 
Questionnaire on self- 
report of SB as per ICDS

- With SB: 
160 (32%)

- Without 
SB: 340 
(68%)

- With SB:
0 individuals†
- Without SB:
0 individuals†

- With SB: 
(27%)

- Without 
SB: (73%)

Not reported The prevalence of SB in 
children if there was no SB 
in the family was 22.5%, 
and 57.8% if they had 
someone in the family with 
SB. Children who had a 
family member with SB 
were four times more 
likely to have SB (OR: 
4.07; 95% CI: 2.45–6.78).

Yazıcıoğlu, Ray 
(2021) †
Turkey

Cross- 
sectional

96 
7–11 
years

Children: 
Questionnaire on SB 
reporting according to 
AASM 
Parents/guardians: 
SB Self-Report 
Questionnaire

- With SB: 
48 (50%)

- Without 
SB: 48 
(50%)

- With SB:
0 individuals†
- Without SB:
0 individuals†

- With SB: 
(21.8%)

- Without 
SB: 
(78.6%)

- With SB: 
(21.8%)

- Without SB: 
(78.6%)

28.1% of children with SB 
had fathers and/or 
mothers with SB. There 
was no association 
between the child having 
SB and the parents having 
the same condition (p >
0.05).

Legend – SB: Sleep Bruxism; p: p-value; CI: Confidence Interval; OR: Odds Ratio; †: study in which only parents participated. PR: prevalence ratio; ICDS: International 
Classification of Sleep Disorder. AASM: American Academy of Sleep Medicine.
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Standardized Tool for the Assessment of Bruxism (STAB), may be useful 
and accurate for diagnosing the condition. Still in the testing and vali
dation phase, this tool, in addition to evaluating the state and conse
quences of bruxism, collects risk factors, etiological factors and 
comorbid conditions through the association of the patient’s or 

guardian’s report with clinical examination and instrumental approach, 
reducing the chances of underestimating the diagnosis of the condition 
in the evaluated patient [54]. Regarding the analysis according to the 
risk of bias of the studies, the association between the child having SB 
and the parents/guardians was observed in both studies with low and 

Fig. 2. Risk of bias analysis: Authors’ judgment on each risk of bias item for the included studies using Joanna Briggs Institute criteria.

Fig. 3. Risk of bias analysis: Authors’ judgment on each risk of bias item for the included study using Newcasting-Ottawa.
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high/moderate risk of bias. The high estimate may have occurred due to 
the cross-sectional design of these studies, as well as due to the lower 
number of parent/guardian events without SB when compared to the 
low risk of bias. The inclusion of well-designed studies with a low risk of 
bias contributes to the evidence generated from them.

Sensitivity analysis demonstrated that the removal of two studies 
[34,41] has a different impact on the estimated association between 
parents/guardians and the child presenting SB. However, all of them 
were still significantly associated. The increase in the estimate, with the 
removal of the study from Clementino et al., 2017 [34], happened due to 
the observed association losing significance in the study’s adjusted 
model. In the study by Chen et al., 2004 [41], the decrease in the esti
mate may have occurred due to the greater number of events (child 
having SB when the parent/guardian has the same condition), in addi
tion to the authors considering both parents to have SB for the analysis. 
To explain the high heterogeneity of the studies, meta-regression was 
performed with the variables evaluated in each. However, only the risk 
of bias variable was significant, partly influencing the high heteroge
neity. This corroborates the results mentioned previously, in which the 
inclusion of studies with high/moderate risk of bias overestimated the 
association. The certainty of evidence regarding the association between 

Fig. 4. Forest plot of the global meta-analysis of the association of sleep bruxism (SB) among parents/guardians and their children.

Table 2 
Meta-analyses of subgroups, including kinship, diagnostic criteria, risk of bias 
and the association of sleep bruxism with their children.

Subgroups N studies 
included/N of 
studies included 
in subgroup 
analysis

OR (95% CI) – 
Random-Effect 
Model

I2 (p- 
value)

Test for 
Subgroup 
Difference: I2/ 
p-value

Kinship
Parents 14/9a 3.78 

(2.87–4.97)
63% 
(0.005)

32.3%/0.22

Parents and 
guardians

14/5b 2.20 
(0.97–5.02)

78% 
(0.001)

Diagnostic Criteria
Possible 14/8c 2.75 

(1.79–4.24)
75% 
(0.0003)

31.4%/0.23

Probable 14/6d 3.90 
(2.70–5.63)

61% 
(0.03)

Risk of bias
Low 14/9e 2.50 

(1.71–3.65)
68% 
(0.001)

87.5%/0.005

High/ 
moderate

14/5f 4.78 
(3.76–6.08)

14% 
(0.33)

a [10,12,15,16,40–44].
b [13,21,34,35,39].
c [10,13,16,34,35,39,40,43].
d [12,15,21,41,42,44].
e [12,15,21,34,35,39,40,43,44].
f [10,13,16,41,42].

Table 3 
Sensitivity analysis - Influence of each study on the association of sleep bruxism 
between parents/guardians and children.

Sleep Bruxism Association

Study OR (95% CI) Heterogeneity I2-p-value

Alves et al., 2019 3.31 (2.45–4.47) 74% – p < 0.001
Chen et al., 2004 3.01 (2.27–3.98) 64% – p < 0.001
Clementino et al., 2017 3.62 (2.85–4.59) 57% – p = 0.006
Hafiz et al., 2021 3.32 (2.42–4.56) 70% – p < 0.001
Jahanimoghadam et al., 2023 3.19 (2.33–4.38) 74% – p < 0.001
Martínez et al., 2024 3.23 (2.37–4.40) 74% – p < 0.001
Ramos et al., 2021 3.32 (2.43–4.54) 73% – p < 0.001
Sampaio et al., 2018 3.21 (2.37–4.35) 74% – p < 0.001
Seraj et al., 2010 3.11 (2.27–4.28) 73% – p < 0.001
Serra-Negra et al., 2013 3.14 (2.28–4.34) 74% – p < 0.001
Serra-Negra et al., 2016 3.13 (2.31–4.24) 74% – p < 0.001
Tavares-Silva et al., 2016 3.14 (2.32–4.25) 74% – p < 0.001
Us, Us 2021 3.10 (2.26–4.25) 73% – p < 0.001
Yazıcıoğlu, Ray 2021 3.30 (2.43–4.49) 74% – p < 0.001

OR: Odds Ratio; 95% CI: 95% Confidence Interval.

Fig. 5. Funnel plot of the 14 studies included in the meta-analysis.

Table 4 
Meta-regression of the variables of the evaluated subgroups.

Variable Estimation (EP) R2 adjusted p-value I2

Kinship 0.34 (0.28) 67.45% 0.224 45.73%
Diagnosis 0.33 (0.23) 0.149
Risk of bias 0.54 (0.24) 0.023

EP: standard error
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SB in children and SB in parents or guardians was rated as very low. This 
was primarily due to the predominance of observational studies with 
moderate to high risk of bias and considerable heterogeneity, largely 
attributed to methodological differences among the included studies.

This systematic review has the limitations of the cross-sectional 
design of most of the primary studies included, which limits the estab
lishment of a causal relationship between the outcome and the event 
studied. Furthermore, the high methodological variability and hetero
geneity of the studies, as well as the lack of information, even after 
contact by email, about the biological relationship of parents/guardians, 
also limited some analyses of this review. Only two authors responded, 
one did not collect data on the biological relationship between parents 
and guardians [21], and the other provided data regarding the biological 
parents, which were used in the analyses included in this review [44].

Therefore, it is suggested that the development of well-designed 
longitudinal studies, use as diagnostic criteria for SB, clinical examina
tion associated with the questionnaire or, when possible, an instru
mental approach, such as polysomnography and electromyography, 
both in children and their parents/guardians, are warranted. It is 
necessary to use standardized and validated questionnaires, in addition 
to collecting information about the relationship between parents or 
guardians and whether they are biological or non-biological relatives.

The results of this systematic review with meta-analysis help to un
derstand the etiology of SB. Understanding that the relationship be
tween fathers and/or mothers having SB and how it can modulate the 
occurrence of SB in their children can awaken more interest in the sci
entific community on this topic. Since most studies included in this re
view primarily aimed to assess parents’/guardians’ knowledge about 
sleep bruxism, the association between parental/guardian sleep bruxism 
and that of the child was observed as a secondary finding. Better un
derstanding the etiology of sleep bruxism will help to incorporate 
questions into the anamnesis about the presence of SB in fathers and/or 
mothers, for a more cautious clinical look at the possible presence of the 
condition in the child, assisting pediatric dentists in early diagnosing 
this condition, in addition to establishing more effective treatment and/ 
or management aimed, mainly, at modulating other etiological factors.

5. Conclusion

There is an association between parents/guardians having sleep 
bruxism and children also having the condition, indicating a possible 
genetic/hereditary contribution to the etiology of sleep bruxism. How
ever, the results should be analyzed with caution due to the very low 
certainty of the evidence.
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Hublin C, Kato T, Klasser G, Koutris M, Lavigne GJ, Paesani D, Peroz I, Svensson P, 
Wetselaar P, Lobbezoo F. Standardised tool for the assessment of bruxism. J Oral 
Rehabil 2024 Jan;51(1):29–58. https://doi.org/10.1111/joor.13411.

F.C. Santos-Júnior et al.                                                                                                                                                                                                                       Sleep Medicine 133 (2025) 106662 

11 

https://doi.org/10.5935/1984-0063.20190083
http://refhub.elsevier.com/S1389-9457(25)00337-5/sref40
http://refhub.elsevier.com/S1389-9457(25)00337-5/sref40
http://refhub.elsevier.com/S1389-9457(25)00337-5/sref40
http://refhub.elsevier.com/S1389-9457(25)00337-5/sref41
http://refhub.elsevier.com/S1389-9457(25)00337-5/sref41
http://refhub.elsevier.com/S1389-9457(25)00337-5/sref41
https://doi.org/10.1590/pboci.2023.020
https://doi.org/10.1590/pboci.2023.020
https://doi.org/10.11607/ofph.3011
https://doi.org/10.11607/ofph.3011
https://doi.org/10.1111/ipd.13152
https://doi.org/10.1111/ipd.13152
https://doi.org/10.1111/joor.12177
https://doi.org/10.1111/joor.12177
https://doi.org/10.1111/joor.13042
https://doi.org/10.1111/joor.13042
https://doi.org/10.1017/thg.2012.54
https://doi.org/10.3389/froh.2023.1166091
https://doi.org/10.3389/froh.2023.1166091
https://doi.org/10.1590/1678-7757-2021-0262
https://doi.org/10.1590/1678-7757-2021-0262
http://refhub.elsevier.com/S1389-9457(25)00337-5/sref50
http://refhub.elsevier.com/S1389-9457(25)00337-5/sref50
http://refhub.elsevier.com/S1389-9457(25)00337-5/sref50
http://refhub.elsevier.com/S1389-9457(25)00337-5/sref50
https://doi.org/10.1111/odi.14075
https://doi.org/10.1111/joor.13603
https://doi.org/10.1016/j.jpor.2016.01.001
https://doi.org/10.1016/j.jpor.2016.01.001
https://doi.org/10.1111/joor.13411


1

Vol.:(0123456789)

Scientific Reports |         (2024) 14:8215  | https://doi.org/10.1038/s41598-024-58445-5

www.nature.com/scientificreports

Polysacharide of Agaricus blazei 
gel mitigates bone necrosis 
in model of the jaws related 
to bisphosphonate via Wnt 
signaling
Vanessa Costa de Sousa 1, Fátima Regina Nunes Sousa 2, Raquel Felipe Vasconcelos 3, 
Gisele Angelino Barreto 1, Conceição S. Martins 4, Nilson Romero Dias 4, Sislana Costa 4, 
Maria Jennifer Chaves Bernardino 4, George de Almeida Silva 5, Nadine Linhares 6, 
Delane Gondim 4, Mirna Marques 7, Helliada Chaves 8, Karuza Alves 4, Renata Leitão 4, 
Gerly A. C. Brito 4, Maria Elenir Nobre Pinho Ribeiro 5 & Paula Goes 10,9*

To investigate de effect of PAb gel on the bone tissue of rats submitted to Bisphosphonate-related 
osteonecrosis of the jaws (BRONJ). Initially, 54 animals were submitted to BRONJ model by 
Zoledronic Acid (ZA) (0.1 mg/kg 3x/wk for 9 wk, ip), followed by the 1st upper left molar extraction 
at the 8th wk. After tooth removal, the animals were divided into 3 groups, ZA that received placebo 
gel or PAb gel that received 1% PAb gel, inside the dental alveolus. The control Group (CONTROL) 
received 0.1 mg/kg of 0.9% saline and then placebo gel. Three weeks after tooth extraction, the 
animals were euthanized, and maxillae were colleted for macroscopic, radiographic, histological and 
Raman spectomery assays. Additionally, GSK3b, beta-catenin, and Runx2 mRNA expressions were 
determined. Blood samples were collected for the analysis of Bone-specific alkaline phosphatase 
(BALP) levels. PAb gel improved mucosal healing, increased the number of viable osteocytes, while 
it reduced the number of empty lacunae, as well as the amount of bone sequestration. Furthermore, 
PAb gel positively influenced the number and functionality of osteoblasts by stimulating Wnt 
signaling, thereby inducing bone remodeling. Additionally, PAb gel contributed to improved bone 
quality, as evidenced by an increase in bone mineral content, a decrease in bone solubility, and an 
enhancement in the quality of collagen, particularly type I collagen. PAb gel mitigated bone necrosis 
by stimulating of bone remodeling through Wnt signaling and concurrently improved bone quality. 
PAb gel emerges as a promising pharmacological tool for aiding in BRONJ therapy or potentially 
preventing the development of BRONJ.

Keywords  BRONJ, Beta-glucan, Osteoblast, Wnt signaling, Bone remodeling, Bone quality

Medication-related osteonecrosis of the jaw (MRONJ) is a rare yet severe condition that can affect the upper or 
lower jaw1. The American Association of Oral and Maxillofacial Surgeons (AAOMS) introduced this term to 
encompass the increasing number of osteonecrosis cases involving the maxilla and mandible that are associated 

OPEN

1Post Graduation of Morphological Science, Department of Morphology, Medical School, Federal University of 
Ceará, Fortaleza, CE, Brazil. 2Medical School, Federal University of Piauí, Picos, CE, Brazil. 3Federal Institute of 
Ceará, Fortaleza, CE, Brazil. 4Department of Morphology, Medical School, Federal University of Ceará, Fortaleza, 
CE, Brazil. 5Department of Chemistry, Federal University of Ceará, Fortaleza, CE, Brazil. 6Post Graduation of 
Dentistry, School of Dentistry, Federal University of Ceará, Fortaleza, CE, Brazil. 7Faculty of Medical School, 
Federal University of Ceará, Sobral, CE, Brazil. 8School of Dentistry, Federal University of Ceará, Sobral, CE, 
Brazil. 9Department of Pathology and Legal Medicine, Medical School, Federal University of Ceará, Fortaleza, CE, 
Brazil. 10Lab of Medical Immunology, Department of Pathology and Legal Medicine, Faculty of Medicine, Federal 
University of Ceará, Rua Coronel Nunes de Melo, 1315, Rodolfo Teófilo, Fortaleza, CE 60430‑270, Brazil. *email: 
paulagpinheiro@yahoo.com.br

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-58445-5&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |         (2024) 14:8215  | https://doi.org/10.1038/s41598-024-58445-5

www.nature.com/scientificreports/

with other antiresorptive and antiangiogenic therapies2. Among the different types of MRONJ, bisphosphonate-
related osteonecrosis of the jaw (BRONJ) has demonstrated a higher prevalence rate3, ranging from 1.6 to 14.8% 
when intravenous bisphosphonates were used followed by tooth extraction4.

The pathophysiology of BRONJ is complex and multifactorial. Although clinicians and researchers have 
engaged in extensive discussions about the etiological factors of BRONJ, several key factors contribute to the 
development of this condition, including bone remodeling inhibition, inflammation or infection, angiogenesis 
inhibition, innate or acquired immune dysfunction, and genetic predisposition2. When examining bone 
remodeling in more detail, it is well-established that osteoclast inhibition plays a central role in this process. 
However, the involvement of osteoblasts and osteocytes in BRONJ is not as thoroughly explored5. Our research 
group has recently demonstrated a reduction in osteoblast numbers in a rat BRONJ model, linked to the 
inhibition of Wnt signaling6. As a result, therapeutic strategies that target osteoblastogenesis could offer a 
promising approach to managing BRONJ.

The primary objective of BRONJ therapy is to prevent the onset of the disease by optimizing dental health and 
avoiding dentoalveolar surgical procedures. Additionally, international professional societies have recommended 
the use of drug holidays, although strong evidence supporting their effectiveness is lacking. Once the disease is 
established, the use of chlorhexidine and systemic antibiotics has been proposed, but it does not always lead to 
complete resolution and has limited long-term effectiveness. Furthermore, the removal of necrotic bone through 
surgical procedures is typically recommended, particularly in more advanced stages of the disease. Adjunct 
therapies, such as hyperbaric oxygen or ozone therapy, as well as the use of vitamin E and pentoxifylline, have 
been studied. However, highly effective treatment protocols are yet to be determined2.

The urge of effective therapeutical approaches for BRONJ has stimulated the development of new biomaterials. 
Agaricus blazei (Ab) is a mushroom of the Basidomycota family that grows freely in Brazil. Ab has mainly 
been used by the local population as a food ingredient, but also as a medicine against a wide range of diseases, 
in particular infection and cancer7. The fruiting body of Ab is rich in β-glucans, characterized by chains of 
D-glucose linked by β-type glycosidic bonds, being β- (1–3) linked backbone with (1–6) linked side branches8. 
Biologically, this polysaccharide has shown immunomodulating effects9,10. On bone tissue, beta-glucan has 
shown antiresorptive effects in experimental periodontitis model11,12 and positive effects on bone regeneration 
and metabolism10,13. However, no study has ever investigated the effect of the polysaccharide beta-glucan derived 
from Agaricus blazei (PAb), neither topically nor systemically, on BRONJ.

In the context of addressing the need for effective therapeutic approaches for BRONJ, there has been a 
growing interest in the development of new biomaterials. Agaricus blazei (Ab) is a mushroom belonging to 
the Basidiomycota family and is commonly found in Brazil. While Ab has traditionally been used as a food 
ingredient by the local population, it has also been employed as a remedy for a wide range of diseases, particularly 
for infections and cancer7. The fruiting body of Ab is rich in β-glucans, which are characterized by chains of 
D-glucose linked by β-type glycosidic bonds, with a β-(1–3) linked backbone and (1–6) linked side branches8. 
Biologically, this polysaccharide has demonstrated immunomodulatory effects9,10. On bone tissue, beta-glucan 
has shown antiresorptive effects in experimental periodontitis models11,12 and has had positive effects on bone 
regeneration and metabolism10,13. However, to date, no study has investigated the effects of the polysaccharide 
beta-glucan derived from Agaricus blazei (PAb), whether administered topically or systemically, on BRONJ.

Hence, given the promising and beneficial effects that PAb has demonstrated on bone metabolism, and 
considering that BRONJ is primarily linked to the inhibition of bone remodeling, we have hypothesized that PAb 
gel can stimulate bone formation and alleviate BRONJ in rats. This emphasizes the application of β-glucans as a 
biocompatible strategy and a potential candidate for the management of bone-related diseases.

Materials and methods
Study design and ethical aspects
This was a pre-clinical randomized and blinded study. The experiments were only initiated after approval by the 
Institutional Ethics Committee for Animal Research Federal University of Ceará (UFC) (number 4411060619).

All methods were performed in accordance with the relevant guidelines and regulations described in ARRIVE 
guidelines.

Animals and experimental groups
For this study, 54 female Wistar rats (12 weeks old,  ± 200 g) (Rattus novergicus) were used. The sample size of 6 
animals per group was determined in order to provide a power calculation of 80%, and significant level of p < 0.05, 
considering bone necrosis, defined by the percentage of empty lacunae of osteocytes (> 50% in 05 fields/slide) 
and presence of bone sequestration as the primary outcome variable6,14.

Throughout the whole experiment the animals were kept in cages (n = 3 animals/cage) at temperature-
controlled rooms, with free food and water. After two weeks of acclimation to the laboratory environment, the 
animals were divided in a blind and randomized manner. Randomization was performed by computer software, 
considering the weight of the animals. Three experimental groups were established as follows:

•	 Control group: where the animals received 0.1 mg/kg 0.9% saline solution 3x/wk intraperitoneally (ip) for 
09 weeks and then placebo gel in the dental alveolus;

•	 Zoledronic acid (ZA) group: the animals were submitted to bisphosphonate-related osteonecrosis of the jaws 
(BRONJ) model, and then placebo gel in the dental alveolus;

•	 Polyssacharide of Agaricus blazei (PAb) gel group: the animals were submitted to BRONJ model, and then 
received 1.0% PAb gel in the dental alveolus;
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The gels used in this study (placebo and 1.0% PAb) were inserted in the dental socket, after tooth extraction 
using a hypodermic needle (25 × 0.8 mm) previously prepared, pre-crooked and without bevel, in a single 
administration15.

The study was divided into 3 sets of experiments: in the 1st set, the collected maxillae were used for macro 
and microscopic analyses. In the 2nd set the maxillae were used for radiographic and micro-Raman spectroscopy 
and the 3st for PCR in time real. All analyses were performed by an experienced examiner unaware of the groups.

BRONJ‑like model
It was used a BRONJ-like rat model previous reported by de Sousa Ferreira et al.6. The animals received 0.1 mg/
kg of Zoledronic Acid (Cristália, Itapira, SP, Brazil) intraperitoneally (ip) 3x/wk for 9 weeks6,16. On the 8th 
week (49th experimental day—D49/W8), all animals, previously anesthesized with ketamine and xylazine ip., 
were submitted to the extraction of 1st upper left molar [Refs.6,16 with modifications]. Three weeks after tooth 
extraction the animals were euthanized by overdose of anesthetics (Fig. 1).

Preparation of Agaricus blazei‑glucan polysaccharides (PAb) gel
Initially, 2.0 ml of a diluted graphene oxide (GOx) solution at a concentration of 0.75 mg/mL was prepared, then 
placed in an ultrasound bath for 5 min, undergoing a stirring fast and strong process. Following it was performed 
the incorporation of the active ingredient: it was added 20.0 mg of Agaricus blazei -glucan polysaccharides 
(PAb) register Sisgen number AC29F45 to GOx solution to the GOx solution. The gels were stirred overnight 
at room temperature, then 50.0 mg of Hydroxypropylmethylcellulose (HPMC) were added to the previously 
prepared suspension, obtaining the hydrogel (2.5% w/v of HPMC) according to the gel to be produced. Finally, 
a process of intense agitation was successfully carried out, followed by cooling at 5 °C for 3 days to obtain 
a homogeneous phase of polymer, solvent and drug. The gels were prepared after investigating the physical 
properties, specificity, viscosity, kinetics and stability of the drug, in the following concentrations: 1.0% Agaricus 
blazei -glucan polysaccharides Gel (1.0% w/v PAb)17.

Macroscopic analysis
After euthanasia, detailed visual inspection of the maxillae was performed. Macroscopically, it was evaluated the 
presence or absence of bone exposure, as well as the oral mucosa continuity solution in the extraction region6. 
Data was presented in frequency.

Radiographic density analysis
For radiographic density analysis maxillae were radiographed by Digora® (Soredex, Finland), and then evaluated 
with Image J 1.31 software (ImageJ 1.32j, National Institute of Health, USA). A region of interest (ROI) consisting 
of 128 pixels was selected in the extraction site (considering as the upper limit the cervical of the second molar 
extending in the apical direction). The grayscale differences of both areas were considered radiographic density 
values. The analysis of the radiographic density of the ROI was performed using the histogram tool from Image 
J® software, using 256 shades of gray scale, where zero indicates black and 255 white. Data were expressed in 
arbitrary shades of gray18.

Histopathological analysis
After macroscopic and radiographic analyses, maxillae were demineralized in 10% EDTA buffered solution. 
After 30 days of decalcification, the specimens were embedded in paraffin. Serial sections of 4 µm thickness, 
representing the area around the alveolar socket, obtained in a mesiodistal direction, were stained with 

Figure 1.   Experimental study design. Animals were divided into 3 groups, control, ZA and PAb gel groups. 
In the Control group, the animals were not submitted to BRONJ. They received a saline solution, and tooth 
extraction was carried out (D49/S8) and a placebo gel was placed on the dental socket. In the ZA group, the 
animals received AZ (0.1 mg/kg-i.p.), and the tooth extraction was carried out (D49/S8). In PAb group, the 
animals were submitted to BRONJ model, and immediately after tooth extraction, the animals received 1.0% of 
PAb gel the dental socket in. All gels were administered in a single application. The animals were followed until 
the day of euthanasia (D77/S11). ZA   zoledronic acid, PAb  polyssacharide of Agaricus blazei, w week, d day, 
EXO   exodontia.
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hematoxylin and eosin (HE) for histopathological and histomorphometric analysis. The histopathological analysis 
was performed, at 100 × magnification and the presence of bone sequestration was evaluated using scores where 
0 indicates absence and 1 indicates6,19. These parameters were presented as median and extreme values.

Cells counts were also performed. Ten fields of HE stained slide, adjacent to the extraction site, were captured 
at 400 × magnification. In the same field, the number of osteocytes and empty lacuna/bone surface were counted 
as well as the number of osteoblast/bone perimeter (N.Ob./B.Pm.) using Image J® software (NIH, Bethesda, MD, 
USA) using the cell contain command20. The results were expressed as mean ± S.E.M.

Another section of the previously obtained paraffin block was collected for picrosirius red staining. The slides 
were analysed under a normal and polarized light filter. The quantitative estimation of collagen birefringence, as 
yellow–red for type I collagen and green for type III collagen21, was determined from digital images of 6 fields 
of each section (from 6 specimens per group), at 200× magnification, using ImageJ® software, according to de 
Sousa Ferreira et al.6. Data was presented as the mean percentage ± S.E.M. of collagen content per group. The 
counts were performed using Image J 1.51 j8 software (NIH, Bethesda, MD, USA) and the data expressed as 
mean ± S.E.M.6,19. Data is presented as mean percentage ± S.E.M.6,14.

Raman microspectroscopy
Micro Raman spectrometry was used to evaluate bone composition and remodeling. For that, samples were 
placed in a Micro-Raman spectrophotometer (XploRATM, Horiba JobinYvon, Paris, France) coupled to a 
Confocal microscope (model XploRATM, manufactured by Horiba JobinYvon). Three spectra of each sample 
were collected. For the standardization acquisitions were carried out in two distinct points, inside and outside the 
dental alveolus6,14. The data were obtained by a LabSpec 6 software data acquisition command system (Horiba, 
JobinYvon, Paris, France) and analyzed by the Origin 9 program (Originlab© Corporation, One Roundhouse 
Plaza, Northampton, MA 01060, USA). For a better understanding the change on bone tissue the ratio of the 
bands was calculated, as follows:

(1)	 Mineral-to-matrix ratio (MTMR) (~ 960 cm–1/1454 cm–1): indicates the amount of bone mineralization;
(2)	 Carbonated-to-phosphate ratio (CTPR) (~ 1070 cm–1/ ~ 960 cm–1): indicates “B-type” carbonate substitution 

and it is related to bone solubility.
(3)	 Mineral maturity ratio (~ 1030 cm−1/ ~ 1020 cm−1): reflects proportion of apatitic domain compared with 

non-apatitic surface domain and it is related to bone aging22.
(4)	 Collagen crosslinks ratio (1660 cm−1/1690 cm−1): measures secondary structures of collagen indicating 

deterioration of collagen structural integrity23.
(5)	 HA carbonate/amide I (~ 1070 cm−1/ ~ 1667 cm−1): used for remodeling evaluation14,24.

RNA isolation and quantitative PCR
In another set of experiments, after euthanasia, the maxillae were collected, the gingival tissue removed, and 
the bone tissue was macerated in liquid nitrogen using Trizol (Thermo Fischer-Waltham, Massachusetts, USA). 
The extracted mRNA was quantified using Nanodrop (Thermo Fischer-Waltham, Massachusetts, USA) and then 
transcribed using Superscript II (Invitrogen). Subsequently, the RT-PCR assay was carried out using SYBR_green 
as a reference (ABI 7500 Fast; Applied Biosystems). The PCR condition was 50 °C for 2 min and 90 °C for 
10 min, then 40 cycles at 95 °C for 15 s and 60 °C for 1 min, where the RT-PCR system at 7900HT from Applied 
Biosystems. To calculate the results obtained, the threshold cycle method25 was used, where they were presented 
as relative fold increase related to beta-actin. Primer sequences were as following: ß-actina s: TGA​GCT​GAC​
CAG​TTC​CCT​CT, ß-catenin as: AAG​CTC​GCT​CCT​GTG​AGT​TC; Runx2 s: CCT​TCC​CTC​CGA​GAC​CCT​AA, 
Runx2 as: ATG​GCT​GCT​CCC​TTC​TGA​AC; GSK3b s: AGA​AGA​GCC​ATC​ATG​TCG​GG; GSK3b as: CCA​AAA​
GCT​GAA​GGC​TGC​TG.

Determination of bone formation
Before euthanasia, 3 ml of blood samples were obtained from the abdominal aorta from all animals, previously 
anesthetized. The samples were distributed in tubes with clot accelerator for biochemical parameters and sent 
to Laboratory of Clinical and Toxicological Analysis (LACT) of the of the Federal University of Ceará (UFC). 
Serum levels of Bone Alkaline Phosphatase (BALP) for analysis of bone formation. Data was presented was 
expressed as mean ± S.E.M.

Statistical analysis
The normality of the data was verified through the Shapiro–Wilk test. Parametric data were presented as 
mean ± standart error of the mean (S.E.M) after ANOVA followed by Tukey test. Non-parametric data were 
presented as Median (extreme values) after Kruskal Wallis and Dunn’s Tests. In all situations, the significance level 
of p < 0.05 was adopted. The software used for all analyzes was IBM® SPSS® statistics 20 and charts constructed 
using GraphPad Prism® version 6.0.

Ethics approval
Approval was obtained from the ethics committee of Animal Research Federal University of Ceará (UFC) 
(number 4411060619).
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Results
PAb gel protected bone tissue of rats submitted to BRONJ
The model of BRONJ was effective, once the animals treated with ZA and submitted to tooth extraction presented 
a significant reduction of viable osteocytes (-52%) (Fig. 2A,C) with a 6 time increase in empty lacuna (Fig. 2B,C) 
compared to control. Bone sequestration was also seen in ZA group (Table 1). PAb gel, in the other hand, reversed 
these findings (p < 0.05), considered hallmarks of osteonecrosis.

PAb gel mitigated BRONJ‑like lesion in rats
BRONJ-like lesions were evaluated by macroscopic and radiographic analyses. Macroscopically, BRONJ was 
marked by exposure of necrotic bone without mucosal healing (Fig. 3A). Radiographically, it was seen a reduction 
in the radiographic density in the site of extraction (p < 0.05) compared to control (Fig. 3B and C). Meanwhile, 
PAb gel promoted mucosal healing and reduced necrotic lesion in maxillary bone (Fig. 3A). The treatment also 

Figure 2.   PAb gel protected bone tissue. (A) Number of viable osteocytes/mm2 (N.Ocy./B.Ar.); (B) Number 
of empty lacunae/mm2 (N.EL/B.Ar.); (C) Histological aspect of hemimaxillae. Bars represent the mean ± SEM 
of 6 animals per group. (*) indicates a significant difference when compared to the Control group. (#) 
indicates a significant difference when compared to the ZA group. Hematoxylin and Eosin (H&E). (200 × and 
400 × magnification). Black arrows indicate empty gaps. Ep epithelium, CT connective tissue, B bone, BS bone 
sequestration. ANOVA and Tukey.

Table 1.   Histopathological analysis of PAb on the presence of bone sequestration/bone necrosis. Values 
are resented in Median (extreme values) of 6 animals per group. Kruskal–Wallis test followed by Dunn. ZA 
zoledronic acid, PAb polyssacharide of Agaricus blazei. *Indicates difference when compared to the control. 
# Indicates difference when compared to ZA group (P < 0.05). Data expressed as absolute frequency (percentage 
frequency).

Bone sequestration/bone necrosis CONTROL ZA PAb gel

(0) missing 05 (83%) 01(17%) 04 (67%)

(1) present 01 (17%) 05 (83%) 02 (33%)#

Median (extreme values) 0 (0–1) 2 (0–1)* 0 (0–1)#



6

Vol:.(1234567890)

Scientific Reports |         (2024) 14:8215  | https://doi.org/10.1038/s41598-024-58445-5

www.nature.com/scientificreports/

increased, by 34%, the radiographic density in the area of dental alveolus when compared to ZA group (p < 0.05) 
(Fig. 3B and C).

PAb gels stimulated osteoblasts through Wnt signaling
Considering that delayed bone remodeling contributes do osteonecrosis and that osteoblasts plays a role on this 
process, we have decided to investigated if PAb gel would positively improve this cell activity somehow. Initiialy, 
we showed that ZA significantly reduced osteoblast count (Fig. 4A and C) and function (Fig. 4B) compared to 
control. However, when PAb gel was used it was seen a significant increase in both osteoblast number (Fig. 3A 
and C) and in BALP serum levels, a marker of osteoblast activity (Fig. 4B).

In order to understand the mechanism underlying the benefitial effect of Pab on osteoblast we performed 
the analysis on the expression of GSK3b and beta-catenin, main players of Wnt signaling, an important pathway 
related to osteoblastogenesis (Fig. 4D and E). As expected, ZA increased expression on GSK3b mRNA and 
decreased beta-catenin mRNA expression. Despite the negative impact on Wnt signaling, no significant reduction 
in the expression of Runx2, a marker of osteoblasts (Fig. 4F). On the contrary, PAb gel to stimulate Wnt signaling, 
due to the decrease in GSK3b mRNA expression coupled with a significant increased on beta-catenin mRNA 
expression. A marked increase in Runx2 mRNA expression was seen in the animals with BRONJ treated with 
PAb gel confirming the findings from histomorphometric analysis.

PAb gels improve bone quality in BRONJ model
Bone quality was assessed by collagen analysis and Raman spectrometry. The animals receiving ZA and 
subjected to tooth extraction presented a significant decrease (by 52%) in the amount of total collagen when 
compared to Control (Fig. 5A and B). This reduction was marked by the decrease on type I collagen on ZA 
group (37%) (p > 0.05) (Fig. 5C) (p < 0.05). No difference was observed regarding type III (Fig. 5D) (p > 0.05). 
In the order hand, the treatment with PAb gel increased the total amount of collagen, specially type I collagen, 
and significantly decreased type III collagen when compared to ZA group, corroborating our previous findings 
on osteoblast analysis.

On Raman spectrometry, it was seen that ZA reduced the amount of bone mineralization, seen by MTMR 
ratio. Maxillary bones, of animals from ZA group, showed higher CTPR, indicating increased solubility. These 
bones also presented increased mineral maturity ratio, compatible to older bones. Collagen crosslink ratio was 
significantly higher in ZA group, corroborating collagen analyses, previously described. BRONJ was reduced 
bone remodeling (HA carbonate/amide I ratio) suggested by the reduction on osteoblast cell count. PAb gel 
reversed all the findings caused by BRONJ on bone tissue (Table 2).

Figure 3.   Pab gel mitigated BRONJ-like lesions. (A) Distribution of animals considering the macroscopic 
aspect of bone exposure and mucosal healing in hemimaxillae. Bars represent the mean ± SEM of 12 animals 
per group. (B) Radiographic density (RD) of the hemimaxillae; (C) Macroscopic and radiographic aspects 
of hemimaxilla. (*) indicates a significant difference when compared to the Control group. (#) indicates a 
significant difference when compared to the ZA group. Yellow arrows indicate radiographic density in the 
extraction site. ANOVA and Tukey.
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Discussion
This study demonstrated that the BRONJ model in rats exhibited characteristics such as the exposure of necrotic 
bone without mucosal healing and, notably, a decrease in the number of viable osteocytes with an increase in 
empty lacunae6,16,26,27, mirroring the features of BRONJ lesions in humans28. The BRONJ model also had a 
detrimental impact on osteoblast count and function by inhibiting Wnt signaling, thus confirming reduced bone 
remodeling. Moreover, ZA (zoledronic acid) led to a reduction in total collagen, especially type I collagen in bone 
tissue, as supported by collagen degradation observed in Raman spectrometry. The bone tissue subjected to the 
BRONJ model also exhibited reduced mineral content and increased solubility, resembling the characteristics 
of aged bone. Importantly, the use of PAb (polysaccharide from Agaricus blazei) counteracted all the findings 
observed in the ZA group. To the best of our knowledge, this is the first instance of reporting the local effect of 
a polysaccharide from Agaricus blazei in a BRONJ model in rats.

It was seen that, PAb gel protected bone subjected to the BRONJ model, reducing bone exposure and 
increasing the count of viable osteocyte cells. Bone necrosis is a hallmark of MRONJ. While osteocyte death 
occurs as a natural part of the skeletal life cycle, the suppression of bone resorption by bisphosphonates (BPs) 
has been suggested to lead to the accumulation of dead osteocytes. Prolonged exposure to BPs may also reach 
cytotoxic levels for osteocytes. These accumulated necrotic osteocytes release high levels of Damage-associated 
molecular patterns (DAMPs), further promoting inflammation that results in damage to oral soft and hard 
tissues29. Considering the effects of beta-glucan on bone tissue, a model of steroid-induced avascular necrosis of 
the femoral head in rabbits has shown that this polysaccharide reduced empty lacunae and decreased osteocyte 
apoptosis. This was marked by a decrease in the expression of pro-apoptotic regulators Bax and Caspase-3, as well 

Figure 4.   PAb gel stimulate osteoblastogenesis through Wnt signaling. (A) Number of osteoblast/bone 
perimeter (N.Ob./B.Pm.); (B) Serum levels of Bone-specific Alkaline Phosphatase (BALP); (C) Histological 
aspect of hemimaxillae; mRNA expression of (D) GSK3b; (E) Beta-catenin; (F) Runx2. Bars represent the 
mean ± SEM of 6 animals per group. (*) indicates a significant difference when compared to the Control 
group. (#) indicates a significant difference when compared to the ZA group. Hematoxylin and Eosin 
(H&E). (200 × magnification). ANOVA and Tukey.
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as an increase in the expression of the anti-apoptotic regulator Bcl-2. These findings suggest that Bax, Bcl-2, and 
Caspase-3 are involved in the anti-apoptotic effects of this polysaccharide30, which aligns with our own findings.

Here, we have demonstrated that PAb increased the number of osteoblast cells and enhanced their function 
by stimulating the Wnt pathway, as evidenced by increased levels of β-catenin and Runx2. Previous research 
has indicated that extracts from Agaricus blazei can promote the expression of genes associated with osteoblast 
activity and bone formation31. While the impact of bisphosphonates (BPs) on bone remodeling delay is linked 
to the development of BRONJ, their effect on osteoblasts is less explored5. High doses of BPs have been reported 
to arrest the osteoblast cell cycle and induce apoptosis, consequently reducing osteoblast lineage proliferation5. 
Our previous research has also demonstrated the detrimental effect of BRONJ on osteoblasts and the Wnt 
pathway6,32,33. However, the intriguing effect of PAb gel on osteoblasts observed in this study can be attributed 

Figure 5.   PAb gel improves bone quality. (A) Histological aspect of Picrosirius red stained hemimaxillae under 
normal light and polarized light; (B) Percentage of total collagen content on bone tissue; (C) Percentage of 
type I collagen on bone tissue; (D) Percentage of type III collagen on bone tissue. Bars represent mean ± SEM 
of 6 animals per group. Yellow–red indicates type I collagen and green indicates type III collagen. Yellow–red 
indicates type I collagen and green indicates type III collagen. (*) indicates difference when compared to the 
Control. (#) indicates difference when compared to ZA group. 200 × magnification. ANOVA and Tukey.

Table 2.   Effect of ATV on Raman spectroscopy parameters for bone substrates. Values are presented as 
mean ± SEM. ZA zoledronic acid, PAb polyssacharide from Agaricus blazei, MTMR mineral-to-matrix ratio, 
CTPR carbonate-to-phosphate ratio, HA hydroxyapatite. *Indicates difference when compared to the Control 
group (P < 0.05). # Indicates difference when compared to ZA group (P < 0.05). ANOVA and Tukey.

Ratio CONTROL ZA PAb gel

MTMR 2.576 ± 0.453 0.502 ± 0.049* 2.073 ± 0.266#

CTPR 0.825 ± 0.136 1.694 ± 0.206* 0.464 ± 0.090#

Mineral maturity 1.697 ± 0.345 3.522 ± 0.703* 1.215 ± 0.055#

Collagen crosslinks 1.420 ± 0.940 3.640 ± 1.040* 0.70 ± 0.400#

HA carbonate/amide I 1.098 ± 0.080 0.420 ± 0.050* 1.060 ± 0.065#



9

Vol.:(0123456789)

Scientific Reports |         (2024) 14:8215  | https://doi.org/10.1038/s41598-024-58445-5

www.nature.com/scientificreports/

to its ability to enhance osteoblast adhesion, growth, and proliferation34. Mushroom beta-glucan has also been 
found to stimulate Wnt/beta-catenin signaling in wound and healing models35. In bone tissue, beta-glucan has 
been shown to reduce osteoclast numbers and concentrations of inflammatory markers like IL-1β and TNF-α4, 
as well as downregulate RANKL and upregulate osteoprotegerin (OPG)36,37. The reduction in the proliferation 
and activity of osteoclasts induced by beta-glucans undoubtedly supports osteoblast function, as evidenced by 
the increase in BALP levels13, which aligns with our own results. Collectively, these findings demonstrate that 
PAb gel has the potential to restore bone remodeling, which is often reduced during the use of ZA.

In addition to the quantity of bone, the quality of this tissue is of paramount importance. PAb gel not only 
improved the quantity but also the quality of collagen. Collagen, as the primary component of the extracellular 
matrix38, serves as a structural framework in tissues during the healing process, influencing cell proliferation 
and migration39. Type III collagen plays a crucial role in the initial stages of the healing process, where it is 
synthesized by fibroblasts in the granulation tissue40. As the wound matures and closes, type III collagen is broken 
down, and the synthesis of type I collagen increases40. Soundia et al.41 demonstrated that necrotic bone exhibits 
disorganization in the collagen network with a predominance of type III collagen. The effects of beta-glucan 
on collagen have been previously demonstrated in wound and healing models, wherein it enhances collagen 
deposition and organization42. The improved quality of collagen after using PAb gel was further confirmed by 
assessing the collagen crosslink ratio through Raman spectrometry. Lower values of this ratio indicate a lesser 
degree of structural deterioration in collagen, making it a valuable tool for evaluating collagen quality and 
structural integrity in bone23.

In this study, the improvement in bone quality after PAb use was further verified through Raman spectrometry, 
as it led to an increase in mineral content and a reduction in fragility, resulting in a more resilient and robust bone 
tissue. The increase in mineral-to-matrix ratio (MTMR) indicates a higher mineral content in the bone tissue, 
directly enhancing bone strength and making it more resistant to fractures42. A higher carbonate-to-phosphate 
ratio (CTPR) signifies that phosphate positions in the apatitic lattice, which are susceptible to ionic substitution, 
often referred to as "B-type" carbonate substitution, are associated with reduced bone solubility. Lastly, mineral 
maturity reflects the progressive transformation of non-apatitic domains into well-crystallized apatite, and it 
can be influenced by alterations in bone remodeling, such as the use of bisphosphonates (BPs), which tends to 
increase mineral maturity22. While Raman spectroscopy is widely used in various fields, including the detection 
of tumors in biology and medicine, its application in discriminating BRONJ has been reported only infrequently. 
Our findings are consistent with some authors43 and contradicted by others44, highlighting the need for additional 
studies to more comprehensively evaluate BRONJ lesions using Raman spectrometry.

Despite the beneficial effect of PAb gel in treating BRONJ, it is important to note that this study has certain 
limitations. The role of Wnt signaling warrants further in-depth investigation, and in vitro assays must be 
conducted to determine how PAb interacts with osteoblasts. Given the multifactorial etiology of BRONJ, 
additional aspects such as the potential anti-inflammatory, antimicrobial, and angiogenic effects of PAb should 
be examined in the near future.

Conclusion
In conclusion, the findings of this study suggest that the PAb gel derived from Agaricus blazei may have a 
mitigating effect on bone necrosis in the model of Bisphosphonate-Related Osteonecrosis of the Jaw (BRONJ). 
This study underscores the potential of PAb as a pharmacological tool to support or prevent BRONJ therapy. 
Nevertheless, further investigations, including clinical trials, are essential to validate its efficacy and safety in 
patients.

Data availability
The datasets generated and/or analysed during the current study are available in the Open Science Framework 
repository, at Identifier: https://​doi.​org/​10.​17605/​OSF.​IO/​3MA5K.
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Is adenotonsillar hypertrophy associated
with dentofacial morphology? A
systematic review and meta-analyses

Tingting Zhao,a,b,c,d Min Wang,e Peter Ngan,f Zhendong Tao,a Xueqian Yu,g Fang Hua,a,c,d,h,i,j and Hong Hea,b,c,d

Wuhan and Guangzhou, China, and Morgantown, WVa, and Manchester, United Kingdom

Introduction:As a common cause of upper airway obstruction in children, adenotonsillar hypertrophy (ATH) has
been hypothesized to adversely affect dentofacial development and morphology. This systematic review aimed
to summarize the existing evidence regarding the association between ATH and dentofacial characteristics of
children. Methods: Four databases (PubMed, Embase, Web of Science, and VIP Chinese Journal Database)
were searched from inception to November 1, 2024, for cross-sectional studies that compared the dental or
craniofacial characteristics of children with and without adenoid hypertrophy (AH) and/or tonsillar hypertrophy
(TH). The Newcastle-Ottawa Scale for Cross-Sectional Studies was used to assess the methodologic quality
of included studies. Meta-analyses were performed with the random-effects model. Results: Thirty-six studies
were included in this review. According to meta-analyses, the mandibular plane angle (SN-MP: mean difference
[MD] 5 2.20� [95% confidence interval {CI} 1.47-2.92]; P\0.00001), articular angle (ArGoMe: MD, 1.23� [95%
CI, 0.68-1.79]; P\0.0001) were significantly greater in children with AH and/or TH. No significant differences
were found between the ANB angle between the 2 groups (MD, 0.31� [95% CI, �0.35 to 0.61]; P 5 0.59).
However, the SNA (MD, �0.30� [95% CI, �0.53 to �0.06]; P 5 0.01) and SNB angle (MD, �0.78� [95% CI,
�1.33 to �0.24]; P 5 0.005) were found to be significantly smaller in children with AH and/or TH. Regarding
dental characteristics, the rate of Angle Class II and III malocclusions (relative risk 5 1.29 [95% CI, 1.
14-1.45]; P \0.0001) and open bite (relative risk 5 1.65 [95% CI, 1.21-2.25]; P 5 0.001) were found to be
higher in the AH and/or TH children. In addition, the width between the maxillary first molars (MD, �1.34 mm
[95% CI, �2.12 to �0.56]; P 5 0.0008) was found to be smaller both in AH and TH children. Conclusions:
On the basis of evidence of low to very low certainty, children with ATH tend to exhibit craniofacial characteristics
such as sagittal maxillary and mandibular retrognathia and an increased mandibular plane angle. In addition,
children with ATH children appear to have a higher prevalence of Class II and III malocclusions, open bite,
and a narrower maxillary arch width compared with their non-ATH counterparts. However, these findings
must be interpreted with caution because of the limited quality and consistency of the available evidence.
The statistically significant differences identified in this review are relatively small when compared with
population deviations, raising questions about their clinical significance. Further high-quality studies with
standardized methodologies are needed to confirm these associations and clarify their clinical relevance. (Am
J Orthod Dentofacial Orthop 2025;-:---)
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INTRODUCTION

Tonsils and adenoids are integral components of
the pharyngeal lymphatic loop, which plays a vital
role in the development of the immune system and

serve as defense against infections.1 The palatine tonsils
are situated in the tonsillar fossa between the palato-
glossal arch and the pharyngopalatine arch, whereas
the adenoid is located at the junction of the roof and
the posterior wall of the nasopharynx. Generally, tonsils
and adenoids undergo rapid postnatal development and
subsequently atrophy aged between 12 and 14 years.2-4

The prevalence of adenoid hypertrophy (AH) among
children receiving specialized otolaryngology
evaluations can reach as high as 42%-70%,5 whereas
the prevalence of tonsillar hypertrophy (TH) varied
from 11% to 35% in children, depending on the popu-
lation and diagnostic criteria used.6,7 In addition, ac-
cording to a previous study, the prevalence of TH in
children receiving orthodontic treatment can be as
high as 66.3%.8

The common diagnostic methods for AH and/or TH
include nasopharyngoscopy, oral examination and
cephalometric analysis. Nasopharyngoscopy is regarded
as the gold standard for diagnosing AH and is widely
employed in otolaryngology.9 Oral examination offers
a noninvasive approach to diagnosing TH by evaluating
the percentage of oropharyngeal airway occupied by
tonsils in coronal planes.10 In orthodontic and orthog-
nathic practices, the routine use of lateral cephalograms
provides a simple and cost-effective means to gauge
sagittal upper airway obstruction.11

Adenotonsillar hypertrophy (ATH) has conventionally
been regarded as the predominant risk factor for pediat-
ric obstructive sleep apnea, which can adversely affect
children’s growth and development, cognitive abilities,
and cardiovascular health.12 The existence of AH and/
or TH can also lead to dysphonia and lower quality of
life.13-18 ATH is a common cause of upper airway
obstruction in children. It has been shown to cause
open mouth breathing resulting in morphologic and
functional alterations in maxillofacial muscles,
ultimately giving rise to abnormal maxillofacial
development.19 Sousa et al20 found that the lower pos-
terior facial height was higher in children with ATH than
in those with isolated AH. Baroni et al21 analyzed cranio-
facial features of children with ATH and observed a more
anterior mandibular position in subjects with TH vs AH.
Osiatuma et al.22 reported reduced maxillary arch di-
mensions in the adenoid hypertrophy group compared
with the control group. Furthermore, Hultcrantz et al23

noticed a significant decrease in the number of children
with open bite after tonsillectomy.

Although many studies have explored the relationship
between ATH and maxillofacial morphology, the lack of
evidence synthesis on the specific dentofacial characteris-
tics of children with ATH remains. Therefore, the objective
of this systematic review and meta-analysis is to synthe-
size existing evidence regarding the association between
ATH and dentofacial characteristics in children.

MATERIAL AND METHODS

Protocol and registration

The protocol of this review was prospectively regis-
tered in the International Register of Systematic Review
(PROSPERO; No. CRD42021291990). This review report
was written in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines.24

Eligibility criteria

Types of studies. We included cross-sectional studies
comparing the dental and/or craniofacial characteristics
between children with and without AH and/or TH.

Types of participants. We included studies making
comparison between children (aged\18 years) with AH
and/or TH (the hypertrophy group [HG]) and those
without ATH (the control group [CG]). Studies using
cephalometric assessments, oral examination or nasopha-
ryngeal endoscopy as the diagnostic tool for AH and/or
TH were considered acceptable. Studies in which .30%
of participants had craniofacial syndrome, metabolic dis-
orders, orthodontic or orthognathic treatment history,
adenotonsillectomy history, or were excluded.

Types of outcome measures. We included studies
using cephalometric measurements or photographs to
assess craniofacial morphology and clinical examina-
tions or plaster casts to evaluate dental characteristics.
The primary outcomes were SN-MP (for craniofacial
morphology) and overjet (for occlusion), whereas the
secondary outcomes included cephalometric variables
(ANB, SNA, SNB, SN-GoGn, ArGoMe, FH-OP, ArGo,
FMA, SUM, U1-SN, L1-MP, and U1-L1) and dental char-
acteristics measured by clinical examinations (propor-
tion of Class II and III malocclusions, arch width,
overbite, open bite, crossbite, and arch length).

Language. No restrictions on language were applied
for the electronic searches.

Information sources, search strategy, and study
selection

Systematic searches were conducted in 4 databases
including PubMed, Embase, Web of Science and VIP
Chinese Journal Database from inception to November
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1, 2024. The detailed strategy was initially developed for
PubMed and subsequently adapted for the other 3 data-
bases (Supplementary Table I). A supplementary manual
search was also performed by examining the reference
lists of eligible studies and relevant reviews.

The titles and abstracts of the retrieved records
were screened and the full texts of potentially eligible
studies were obtained for further evaluation by 2 re-
viewers (T.Z. and M.W.), independently and in dupli-
cate. Collaborative discussions were organized with
coauthors to address discrepancies. The reason for
exclusion was meticulously documented for each
study. In addition, we attempted to contact corre-
sponding authors for supplementary information as
required.

Data items and collection

Two authors (T.Z. and M.W.) extracted and recorded
the following information independently and in dupli-
cate: (1) general information (title, author, year, and
country), (2) study characteristics (study design and
sample size), (3) participant characteristics (age, sex,
measurement tools, diagnostic criteria, and degree of
AH and/or TH), and (4) data results (primary and second-
ary outcome indicators). For those graduated data that
provided only the grading of AH and/or TH, we con-
verted the graduated data into 2-category data.

Any disagreement was resolved by discussion with
the other authors.

Quality assessment

The methodologic quality of the included studies was
appraised using the Newcastle-Ottawa Scale of cross-
sectional studies, which employs a “STAR system” con-
cerning 3 perspectives: selection, comparability, and
outcome.25 The scale operates on a 0-10 star rating sys-
tem, with higher values denoting superior quality. On
the basis of the final score, the quality of studies were
classified as unsatisfactory (1-4), satisfactory (5-6),
good (7-8), or very good (9-10) in quality.26 The quality
assessment was independently conducted by 2 authors
(T.Z. and M.W,), with any differences resolved through
consultation with the other authors.

Assessment of publication bias

Funnel plots were used to check for possible publica-
tion bias in which at least 10 studies were included.27

Publication bias was assessed by visual inspection of
the funnel plot and by Egger’s regression asymmetry
test.

Data synthesis

RevMan (version 5.4, Nordic Cochrane Centre, Co-
chrane Collaboration, Copenhagen, Denmark) was
used to perform the statistical analyses. A meta-
analysis was performed when data of the same results
from $2 studies were identified. The chi-square test
and I2 statistic were used to test the heterogeneity
across studies. Considering the large variability
commonly observed in relevant studies, it was deter-
mined a priori that the random-effects model be
used for meta-analyses. For dichotomous outcomes,
effect measures were computed as risk ratio (RR)
with 95% confidence intervals (CI) values, whereas
continuous outcomes were analyzed using mean dif-
ference (MD) with 95% CI values.

Subgroup and sensitivity analyses

In instances of substantial heterogeneity (I2$50% or
P\0.100), we tried to explore the sources of heteroge-
neity with subgroup analysis or sensitivity analysis. We
decided to undertake a subgroup analysis according to
the type of AH and/or TH: TH, AH, and ATH.

To ensure the robustness of the results, we con-
ducted sensitivity analyses on primary outcomes, eval-
uating the influence of AH and/or TH by excluding
studies with a high risk of bias. Given the heterogene-
ity in diagnostic criteria for AH and TH, additional
sensitivity analyses were conducted. For AH, only
studies using endoscopy with a physician-confirmed
diagnosis were included; for TH, only studies with
clinical assessments by dentists or physicians were
considered. The meta-analysis was performed again
using these refined diagnostic criteria. If the sensitivity
analysis identified specific factors significantly
affecting the review’s conclusions, we would explore
plausible causes of uncertainty and interpret the re-
sults more carefully.

Certainty assessment

The certainty of the evidence was assessed using the
grading of recommendations, assessment, development,
and evaluations tool (GRADE), which considers factors
that may either lower (risk of bias, inconsistency, indi-
rectness, imprecision, and publication bias) or raise
(large effect, dose response, and plausible confounding)
the evidence quality.28,29 The initial level of evidence for
cross-sectional studies was classified as low. On the basis
of the above assessments, certainty is ultimately desig-
nated as high, moderate, low, or very low for each
main outcome. GRADEpro Guideline Development
Tool was used to create summary of findings tables.
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RESULTS

Study selection and characteristics

We identified 9042 records from electronic data-
bases. After the removal of 2783 duplicates, 6259 re-
cords remained. During the screening of titles and
abstracts, we removed 6177 irrelevant records. Then
we retrieved and screened the full text of the remaining
80 articles based on the inclusion and exclusion criteria.
Forty-two articles were excluded after screening the full

text and the reasons for exclusion were described in
Supplementary Table II. Finally, 36 studies (38 articles)
that met our eligibility criteria were included in this re-
view, of which 31 studies were included in the meta-
analyses. The study selection process is depicted in
Figure 1.

The characteristics of the included studies7,20-22,30-63

are listed in Table I. The sample population of all the
included studies was 8132, among which the AH

Fig 1. The flowchart illustrating the systematic search and studies selection.
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Table I. Characteristics of included studies

No. Study Country

Sample size/gender/age (y)

Diagnostic criteria of AH Diagnostic criteria of TH
Measurement of

outcome indicators OutcomesStudy Control
1 Tarvonen and

Koski30
FI 39/22M;17F/

7.0-8.0
37/14M;23F/
7.00-7.99

GII or GIII per Linder-Aronson
method

– Lateral cephalogram U1-palatal, L-MP, U1-L1

2 Behlfelt
et al31,32

DE 73/33M;40F/
10.1 (mean)

73/33M;40F/
10.1 (mean)

– Judged by 2 otologists Lateral skull
radiographs and
plaster models

Ils-NSL, Ili-ML, Ils-Ili, arch
width, crossbite, ML-SL,
ANB, SNA,SNB

3 Kawashima
et al33

FI 15/10M;5F/4.67
6 0.81

54/23M;31F/NA – The ratio of the tonsils to the
oropharynx as measured
transversally between the
anterior pillars; .75% visible
(GIII)

Lateral cephalogram FH-ML, ArGoMe, U1-FH, L1-
MP, U1-L1, overjet,
overbite

4 Valera et al34 BR 44/NA/57.3 6

11.6M
29/NA/62.4 6

10.8M
Cohen and Konak’s method Classification of Brodsky and

Koch; greater than GII
Orthodontic casts

and lateral
cephalometric

SN-GoGn, SNA, SNB, ANB,
arch width, overjet

5 Sousa et al20 BR ATH: 57/NA/NA AH: 59/NA/NA Cohen and Konak’s method: the
air column was smaller than the
thickness of the soft palate;
nasoendoscopy: adenoid
was .50% of choana

Brodsky and Kock scale; GIII and
GIV

Clinical examination
and cephalometric
analysis

SN-GoGn, SNB, ANB,
ArGoMe, ArGo

6 Juliano et al35 BR 15/9M;6F/10.3
6 1.4

12/9M;3F/9.5 6

1.8
Nasofibroscopic evaluation
according to Cassano’s
method: $75% obstruction

Nasofibroscopic evaluation:
$75% obstruction

Lateral cephalometric MP-HP, SNA, SNB, ANB

7 Baroni et al21 IT AH: 20/NA/NA
TG: 20/NA/NA
ATH: 20/NA/NA

20/NA/NA Lateral cephalogram; AS
was .50% of TNAS

Lateral cephalogram; TS
was .50% of TOAS

Lateral cephalogram SN-GoGn, SNB, ANB,ArGoMe,
FH-OP, ArGo,overbite,
overjet

8 Zhang et al36 CN 30/18M;12F/
3.0-12.0

28/17M;11F/
3.0-12.0

Lateral cephalogram; A/N .0.71 – Lateral cephalogram SN-MP, SNA, SNB,ANB, ArGo

9 Diouf et al37,38 SN 12/NA/6.0-12.0 68/NA/6.0-12.0 Cohen and Kunak’s method, the
width of the air space is less
than that of the velum

Brodsky and Koch Plaster casts and
lateral
cephalogram

Open bite, Angle
classification, SNA, SNB,
ANB

10 Feres et al39 BR 58/NA/NA 42/NA/NA Flexible nasofiberendoscopic
examination; measured
choanal obstruction $66.7%

– Lateral cephalogram SN-GoGn, SNA, SNB,ANB

11 Franco et al40 BR AH: 42/NA/NA
TH: 26/NA/NA
ATH: 45/NA/NA

113/NA/6.4 6

1.2
Clinical and endoscopic ENT
examination; nasopharynx
obstruction .80%

Clinical and endoscopic ENT
examination; Brodsky and
Kock scale GIII and GIV

Lateral cephalometry SN-GoGn, SNB, ANB

12 Kim et al41 KR 846/524M;322F/
5.9 6 2.4

237/157M;80F/
6.6 6 2.8

Oropharyngeal endoscopy and
lateral cephalometry; the ratio
of the adenoid thickness to the
nasopharyngeal airway
width .50%

Oropharyngeal endoscopy and
lateral cephalometry; Friedman
staging system: GIII or GIV

Clinical examination Angle classification
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Table I. Continued

No. Study Country

Sample size/gender/age (y)

Diagnostic criteria of AH Diagnostic criteria of TH
Measurement of

outcome indicators OutcomesStudy Control

13 �Sidlauskien _e
et al43

LI 74/NA/NA 20/NA/NA Anterior and posterior rhinoscopy
and pharyngoscopy; GII and
GIII, when up to two-thirds of
the choana was compromised

Anterior and posterior rhinoscopy
and pharyngoscopy; GII-GIV,
when there was\50% of
normal space between tonsillar
pillars

Study model and
cephalometric
radiograph

SN-MP, SNA, SNB, ANB, U1-
ANS, L1-MP, overjet,
overbite

14 Osiatuma
et al43

NI 90/NA/3-12 90/NA/3-12 Diagnosed clinically and
radiographically with
hypertrophied adenoids

– Dental casts Arch width

15 Koca et al44 TR 12/NA/NA 175/NA/NA Flexible fiberoptic
nasopharyngolaryngoscopy

– Photographs g-sn, tra-anm

16 Ardehali et al45 IR 104/66M;38F/
NA

71/NA/NA Radiographic method of Cohen
and Konak

– Lateral cephalometric SNA, SNB, ArGoMe

17 Osiatuma
et al22

NG 90/55M;35F/3-
12

90/38M;52F/3-
12

Only reported clinically and
radiographically judged

– Dental casts Arch width

18 Anderson
et al46

KR 236/111M;125F/
5-12

143/62M;81F/5-
12

Lateral x-ray film of the neck or a
flexible fiberoptic
endoscopeGIII (75%-100% of
hypertrophy)

Oral examination, GIII (75%-
100% of hypertrophy)

Lateral cephalogram SN-MP, SNA, SNB, ANB,
ArGoMe

19 Diouf et al47 SN 42/NA/NA 44/NA/NA Cohen and Konak’s method and
Holmberg and Linder-Aronson
method

– Dental plaster casts Angle classification, arch
width, overjet, overbite,
open bite

20 Yap et al48 AU 10/8M;2F/11.85
6 3.29 (range
7-14)

9/7M;2F/9.56 6

2.14 (range 8-
17)

Only reported hypertrophy Oral examination TH$3 based on
a standardized scale of 0-4

Extraoral
photographs and
dental model

Angle classification, overjet,
overbite, crossbite

21 Poddębniak &
Zielnik-
Jurkiewicz49

PL 93/57M;36F/7-
12

143/71M;72F/7-
12

.75% in endoscopic examination – General dental and
orthodontic
examination

Open bite

22 Xu et al50 CN 40/NA/12-14 40/NA/12-14 A/N measured in the median
sagittal plane of CBCT A/
N .0.6

No obvious hypertrophy CBCT MP-HP, SNA, SNB, ANB,
ArGoMe, ArGo, U1-SN, L1-
MP

23 Perez et al51 CL 2/NA/6-11 33/NA/6-11 Cohen and Konak’s method Brodsky’s tonsil grading scale
(total of 5 grades)

Dental model Angle classification

24 Festa et al52 IT AH: 52/NA/NA
TH: 22/NA/NA

CG1: 169/NA/NA
CG2: 199/NA/NA

Nasal endoscopy, 4 grades, the
ratio of adenoids occupying the
choanal area

Oral examination, Brodsky and
Koch

Dental examination Angle classification

25 Wang et al53 CN 38/24M;14F/
7.53 6 2.14

35/20M;15F/
7.54 6 2.38

The electronic
nasopharyngoscope, with the
adenoid size occupying 50% of
the posterior nostril

– Lateral cephalogram GoGn-SN, SNA, SNB, ANB,
U1-NA, L1-NB

26 Zhang & Liu54 CN 52/29M;23F/
8.15 6 1.96
(range 5-12)

50/26M;24F/
7.86 6 2.04
(range 3-12)

A/N value of $0.71 – Lateral cephalometric Angle classification
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Table I. Continued

No. Study Country

Sample size/gender/age (y)

Diagnostic criteria of AH Diagnostic criteria of TH
Measurement of

outcome indicators OutcomesStudy Control

27 Li et al55 CN 56/34M;22F/
6.36 6 1.41

42/23M;19F/
6.76 6 1.54

The A/N ratio of x-ray lateral
cephalogram $0:71, and
adenoid blockage of posterior
nostril .51% by
nasopharyngeal-fiberscope

– Lateral cephalometric MP-HP, SNA, SNB,
ANB,ArGoMe, ArGo

28 Tong et al56 CN 29/NA/NA 684/NA/NA – Oral examinations,Friedman’s
method

Dental and
orthodontic
examination

Angle classification and lateral
facial profile

29 Oku et al57 JP 20/7M;13M/9.38
6 1.29

20/7M;13M/9.04
6 1.08

– Oral examination, tonsils
extending more than three-
quarters of the way to the
midline

CBCT SNA, SNB, ANB, maxillary and
mandibular arch width

30 Huang et al58 CN AH: 126/
56M;70F/
11.73 6 2.51

TH: 59/
21M;38F/
12.47 6 2.72

ATH: 69/
33M;36F/
11.07 6 3.35

212/61M;151F/
12.92 6 2.34

Baroni’s method, Ad/Np ratio
of .0.5, and Tn/Op ratio
of\0.5

Baroni’s method, Tn/Op ratio
of .0.5, and Ad/Np ratio
of\0.5

Cephalometric
examination

SN-MP, SNA, SNB, ANB

31 Kuskonmaz
et al59

IT 1/NA/6-16 103/NA/6-16 – Brodsky and Koch’s classification Dental casts Angle classification

32 Tse et al60 CN 426/237M;189F/
12

91/49M;42F/12 Fujioka’s methods, At/Nd
of .0.62

– Lateral cephalometric
radiograph

SN-MP, SNA, SNB, ANB

33 Lan et al61 CN 192/69F;123M/
1-12

196/84F;112M/
1-12

According to A/N .0.71 in MRI – Facial measurement Facial convex angle, total
facial convex angle,
nasolabial angle

34 Huang et al63 CN 634/NA/6-15 308/NA/6-15 AS/TNAS ratio .0.5 TS/TOAS ratio .0.5 Lateral cephalogram SN-MP, ANB, SNA, SNB,
Angle classification

35 Zhao et al7 CN 486/250F;236M/
6-12

112/72F;40M/6-
12

Fujioka’s and Baroni’s
method: .50%

Fujioka’s and Baroni’s
method: .50%

Lateral cephalogram SN-MP, ANB, SNA, SNB,
ArGoMe, U1-SN, L1-MP,
U1-L1

36 Eslami &
Alipour62

IR 54/NA/5-7 66/NA/5-7 .75% of the nasopharynx in
lateral neck radiography

– Photographs NFA, NMA, ULD, LLD

FI, Findland; M, male; F, female; GII, grade II; GIII, grade III; DE, Germany; NA, not available; BR, Brazil; GIV, grade IV; ENT, ear, nose, and throat; IT, Italy; AS, adenoid size; TNAS, total naso-
pharyngeal airway space; TS, tonsil size; TOAS, total oropharyngeal airway spance; CN, China; A/N, adenoids/nasapharynx; SN, Senegal; KR, South Korea; LI, Lithuania; NI, Nigeria; TR, Turkey; IR,
Iran;AU, Australia; PL, Poland; CBCT, cone-beam computed tomography; CL, Chile; JP, Japan;Ad, adenoid; Np, nasopharynx; Tn, tonsil; Op, oropharynx;At, nasopharyngeal soft tissue thicknesses
of adenoid; Nd, nasopharyngeal depth; MRI, magnetic resonance imaging.
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and/or TH was 3854 and CG was 4278. These studies
were from 16 countries: China (n 5 11), Brazil (n 5
5), Italy (n5 3), Senegal (n5 2), Finland (n5 2), Nigeria
(n5 2), South Korea (n5 2), Iran (n5 2), Germany (n5
1), Australia (n 5 1), Chile (n 5 1), Japan (n 5 1),
Lithuania (n 5 1), Poland (n 5 1), and Turkey (n 5 1).
Lateral cephalometric analyses were performed in 21
studies, dental measurements were used in 14 studies,
both photograph analysis and CBCT was used in 2
studies respectively. The samples for 2 articles written
by Behlfelt et al31,32 are the same, as well as 2 articles
written by Diouf et al37,38; thus, these 2 articles are re-
garded as the same study.

Variation in the categorization of exposure factors
was noted across the studies. In terms of obstruction
sites, 16 studies22,30,36,39,43-45,47,49,50,53-55,60-62 only
mentioned AH but the tonsil status was unknown,
whereas 5 studies32,33,48,56,57,59 only mentioned TH
but the adenoid status was unknown. In 5
studies,34,35,41,42,46 obstruction was attributed to com-
bined AH and TH. However, for the remaining 10
studies,7,20,21,31,32,37,38,40,51,52,58,63 obstruction was
attributed to isolated AH or isolated TH. Concerning
the diagnostic criteria for ATH, a range of methods
were applied. Six studies20,34,37,38,45,47,51 used Cohen
and Konak’s method to determine AH, whereas 3
studies30,31,47 employed Linder-Aronson’s method for
the same purpose. Meanwhile, 12
studies20,35,39-42,44,46,49,52,53,55 used endoscopic otorhi-
nolaryngology examination for assessing AH. In the
instance of TH, 15 studies20,33,34,37,40–42,46,48,51,52,56-59

relied on Brodsky and Koch’s method for assessment, 5
studies7,21,32,58,63 used lateral cephalogram, whereas 1
study31 did not specify the particular method that used
for assessment.

Quality assessment

The results of quality assessment of the included
studies are shown in Table II. On the basis of the
Newcastle-Ottawa Scale scores, the quality of the
included studies ranged from unsatisfactory to very
good. 9 studies were rated as unsatisfactory, 14 studies
achieved a satisfactory rating, 11 studies were classified
as good, 2 studies were classified as very good quality.

Results of syntheses

Craniofacial growth in the vertical dimension. Fifteen
studies reported the outcomes of the SN-MP angle,
among which 11 demonstrated satisfactory to very
good quality ratings in the quality assessment. Meta-
analysis showed the HG had a significantly increased
angle of SN-MP in all subgroups (SN-MP: MD, 2.20�

[95% CI, 1.47-2.92]; P \0.00001) (Fig 2; Table III).
No publication bias was identified by visual assessment
of the funnel plot (Supplementary Fig 1, A). Egger’s
test shows no significant publication biases among
studies investigating the SN-MP (P 5 0.271). After
excluding 5 low-quality studies, the MD for the SN-
MP angle was 1.98� (95% CI, 1.17-2.79; P\0.00001)
(Supplementary Fig 2, A). Further exclusion of 7 studies
with differing methodologic classification criteria
yielded an MD of 2.86� (95% CI, 1.72-4.00; P 5
0.006) (Supplementary Fig 3, A). The removal of these
datasets did not result in statistically significant changes
to the overall effect of the SN-MP, indicating the stabil-
ity of the findings.

No significant difference in ramal height (ArGo) be-
tween the HG and CG based on 2 good quality and 3 un-
satisfactory quality studies (P 5 0.68) (Table III;
Supplementary Fig 4, A). Eight studies reported the out-
comes of ArGoMe, among which 6 demonstrated satis-
factory to good quality ratings in the quality
assessment. A significantly higher ArGoMe angle was
found in the HG (ArGoMe: MD, 1.23� [95% CI, 0.68-
1.79]; P\0.0001) (Table III; Supplementary Fig 4, B).
The removal of these datasets from 5 low-quality studies
did not result in statistically significant changes to the
overall effect of the ArGo and ArGoMe (Supplementary
Fig 2, M and N).

Craniofacial growth in the sagittal dimension. Four-
teen studies reported on the outcomes of ANB angle,
among which 10 demonstrated satisfactory to very
good quality ratings in the quality assessment. The dif-
ference in ANB angle between the 2 groups was not sta-
tistically significant in any subgroup (ANB: MD, 0.31�

[95% CI,�0.35 to 0.61]; P5 0.59) (Fig 3; Table III). Af-
ter the exclusion of 4 low-quality studies, the overall ef-
fect remained nonsignificant. However, when further
restricting the analysis to studies with consistent meth-
odological criteria, a statistically significant higher ANB
angle was found in the HG (MD, 0.91� [95% CI, 0.44-
1.37]; P 5 0.002) (Supplementary Figs 2, B and 3, B).

Ten studies with satisfactory or good quality reported
on the SNA. Meta-analysis showed a significantly lower
SNA angle in the HG (SNA: MD, �0.30� [95% CI, �0.53
to �0.06]; P 5 0.01), as well as in the ATH subgroup
(Table III; Supplementary Fig 4, C). Fifteen studies re-
ported on the SNB angle, among which 10 demonstrated
satisfactory to very good quality ratings in the quality
assessment. The SNB angle showed a significant
decrease in the HG compared with the CG (SNB: MD,
�0.78� [95% CI, �1.33 to �0.24]; P 5 0.005) as well
as in the AH subgroup (Table III; Supplementary Fig 4,
D). The funnel plots for ANB, SNA and SNB exhibited
roughly symmetrical distribution (Supplementary Fig 1,
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Table II. Risk of bias–Newcastle-Ottawa Scale of cross-sectional studies*

No. Study

Selection Comparability Outcome

Scores
(10+)

Representativeness
of the sample (1+)

Sample
size
(1+)

Nonrespondents
(1+)

Ascertainment of
the exposure (risk

factor) (2+)

Based on
design and

analysis (2+)

Assessment
of the

outcome
(2+)

Statistical
test (1+)

1 Tarvonen
and Koski30

+ * + ++ ** +* + 6+

2 Behlfelt
et al31,32

* * + ++ +* +* + 6+

3 Kawashima
et al33

* * + ++ +* ** + 5+

4 Valera et al34 * * + ++ ** ** + 4+
5 Sousa et al20 * * + ++ ** ** * 3+
6 Juliano

et al35
+ * + +* ++ ++ + 8+

7 Baroni et al21 * * + ++ ++ +* + 7+
8 Zhang et al36 * * + ** ++ ** * 3+
9 Diouf

et al37,38
* * + ++ ** +* + 5+

10 Feres et al39 * * + ++ ** ++ + 6+
11 Franco et al40 + + + ++ ++ +* + 9+
12 Kim et al41 + * + ++ +* ** + 6+
13 �Sidlauskien_e

et al43
* + + ++ ** +* + 6+

14 Osiatuma
et al43

* + + ** ** ** + 3+

15 Koca et al44 * * + ++ ** ** + 4+
16 Ardehali

et al45
* * + ++ ** +* + 5+

17 Osiatuma
et al22

* + + ++ ++ +* + 8+

18 Anderson
et al46

* * + ++ ++ +* + 7+

19 Diouf et al47 * * + ++ ** ** + 4+
20 Yap et al48 + * + ++ +* +* + 7+
21 Poddębniak

& Zielnik-
Jurkiewicz49

+ * + ++ ** ** + 5+

22 Xu et al50 * * + +* ** ** + 3+
23 Perez et al51 * * + ++ ** +* + 5+
24 Festa et al52 + * + ++ ** ** + 5+
25 Wang et al53 * * + +* +* ** + 4+
26 Zhang &

Liu54
* * + +* ++ +* + 6+

27 Li et al55 * * + ++ ++ ** + 6+
28 Tong et al56 + * + ++ +* +* + 7+
29 Oku et al57 * + + ++ +* +* + 7+
30 Huang et al58 * * + ++ ++ +* + 7+
31 Kuskonmaz

et al59
* + + ++ +* +* + 7+

32 Tse et al60 + * + ++ ++ ++ + 9+
33 Lan et al61 + + * ++ ++ +* + 8+
34 Huang et al63 * * + ++ ++ +* + 7+
35 Zhao et al7 * * + ++ +* ** + 5+
36 Eslami &

Alipour62
* * * +* +* ** + 3+

*The shaded stars indicate the score for that item, while the unshaded stars represent items that did not receive a score.
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B-D) Egger’s test shows no significant publication biases
among studies investigating the ANB (P5 0.529). Sensi-
tivity analysis confirmed the robustness of these results,
as the exclusion of lower-quality studies did not sub-
stantially alter the effect estimates (Supplementary Fig
2, K and L).

Craniofacial growth in the transverse dimension. Five
studies evaluated the maxillary arch width by measuring
the intermolar distance between the maxillary left and
right first molars. Among these, 2 studies were rated as
good quality, 1 as satisfactory, and 2 as unsatisfactory.
The result showed a significantly smaller maxillary arch
width in the HG compared with the CG (intermaxillary
first molar width: MD, �1.34 mm [95% CI, �2.12 to

�0.56]; P 5 0.0008) (Fig 4, A; Table III). The exclusion
of lower-quality studies did not substantially alter the
effect estimates (Supplementary Fig 2, C). After the
exclusion of studies with inconsistent methodologic
classification criteria, only 2 studies exploring the trans-
verse difference remained eligible for analysis. The
pooled results from the 2 studies demonstrated no sta-
tistically significant difference in transverse dimension
development between children with ATH and non-ATH
children (Supplementary Fig 3, C).

Four studies evaluated the mandibular arch width,
measured as the intermolar distance between the
mandibular left and right first molars. Of these studies,
2 were rated as good quality: 1 as satisfactory and 1 as

Fig 2. MDs in craniofacial vertical outcomes in children with and without ATH: SN-MP angle.
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Table III. Pooled differences in continuous variables of craniofacial and dental outcomes in children with and without
ATH

Group No. of studies No. of children MD (95% CI) P value

Heterogeneity

P value I (%)
SN-MP
ATH/CG 7 918/640 2.11 (1.04-3.19) 0.0001 0.008 66
AH/CG 9 624/646 2.83 (1.56-4.10) \0.0001 0.001 69
TH/CG 7 449/651 1.38 (�0.31 to 3.07) 0.11 \0.00001 82
HG/CG 15 1991/1937 2.20 (1.47-2.92) \0.00001 \0.00001 73

SNA
ATH/CG 6 873/602 �0.48 (�0.86 to �0.11) 0.01 0.36 9
AH/CG 9 686/679 �0.31 (�0.71 to 0.10) 0.14 0.87 0
TH/CG 4 298/447 0.22 (�0.33 to 0.77) 0.43 0.45 0
HG/CG 13 1857/1728 �0.30 (�0.53 to �0.06) 0.01 0.54 0

SNB
ATH/CG 7 918/640 �0.51 (�1.20 to 0.18) 0.15 0.02 61
AH/CG 10 728/717 �1.63 (�2.39 to �0.87) \0.0001 0.006 61
TH/CG 6 381/544 0.42 (�0.75 to 1.59) 0.48 0.0009 76
HG/CG 15 2027/1901 �0.78 (�1.33 to �0.24) 0.005 \0.00001 76

ANB
ATH/CG 7 918/640 0.27 (�0.58 to 1.12) 0.53 \0.00001 88
AH/CG 9 624/645 0.40 (�0.13,0.94) 0.14 0.009 61
TH/CG 6 397/543 �0.50 (�1.77,0.78) 0.45 \0.00001 90
HG/CG 14 1939/1828 0.13 (�0.35,0.61) 0.59 \0.00001 85

ArGoMe
ATH/CG 3 530/262 1.43 (0.68-2.18) 0.0002 0.92 0
AH/CG 5 308/272 1.00 (�0.25 to 2.25) 0.12 0.87 0
TH/CG 4 216/232 0.99 (�0.12 to 2.09) 0.08 0.56 0
HG/CG 8 1054/766 1.23 (0.68-1.79) \0.0001 0.97 0

ArGo
ATH/CG 1 20/7 0.60 (�2.28 to 3.48) 0.68 – –

AH/CG 4 146/117 �1.04 (�2.39 to 0.32) 0.13 0.40 0
TH/CG 2 243/190 1.52 (0.17-2.87) 0.03 0.63 0
HG/CG 5 243/190 0.27 (�1.01 to 1.55) 0.68 0.12 40

U1-SN
ATH/CG 2 348/132 �0.06 (�1.87. 1.75) 0.95 0.50 0
AH/CG 3 167/189 �0.32 (�3.63 to 3.00) 0.85 0.02 76
TH/CG 3 201/226 �1.77 (�4.18 to 0.64) 0.15 0.08 60
HG/CG 6 716/547 �0.73 (�2.20 to 0.75) 0.33 0.02 57

L1-MP
ATH/CG 2 348/132 �0.27 (�1.41 to 1.95) 0.75 0.67 0
AH/CG 3 167/189 �0.38 (�2.76 to 2.00) 0.76 0.11 55
TH/CG 3 207/231 �8.31 (�16.20 to �0.42) 0.04 \0.00001 97
HG/CG 6 722/552 �3.27 (�6.62 to 0.07) 0.06 \0.00001 93

U1-L1
ATH/CG 1 274/112 �0.53 (�3.27 to 2.21) 0.70 – –

AH/CG 2 127/149 1.20 (�9.16 to 11.56) 0.82 0.001 91
TH/CG 3 201/226 3.11 (�0.55 to 6.78) 0.10 0.08 61
HG/CG 4 602/487 1.72 (�1.33 to 4.78) 0.27 0.001 75

Overjet
ATH/CG 2 94/27 �0.20 (�2.28,1.87) 0.85 0.18 44
AH/CG 3 106/80 �0.28 (�2.49,1.94) 0.80 0.008 79
TH/CG 3 45/70 �0.15 (�1.75,1.45) 0.85 0.02 74
HG/CG 6 245/177 �0.13 (�1.02 to 0.77) 0.78 0.008 63

Overbite
ATH/CG 2 94/27 0.16 (�1.50 to 1.82) 0.85 0.17 46
AH/CG 2 62/51 1.43 (�1.48 to 4.34) 0.34 0.03 78
TH/CG 3 45/70 0.05 (�0.72 to 0.83) 0.89 0.69 0
HG/CG 4 201/148 0.44 (�0.42 to 1.30) 0.32 0.04 55
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Table III. Continued

Group No. of studies No. of children MD (95% CI) P value

Heterogeneity

P value I (%)
Intermaxillary first molar width
AH/CG 3 176/163 �0.74 (�1.50 to 0.01) 0.05 0.50 0
TH/CG 2 87/85 �2.07 (�2.82 to �1.32) \0.00001 0.32 0
HG/CG 5 263/248 �1.34 (�2.12 to �0.56) 0.0008 0.08 52

Intermandibular first molar width
AH/CG 2 132/134 0.13 (�0.94 to 1.20) 0.81 0.27 18
TH/CG 2 87/86 0.58 (�0.17 to 1.34) 0.13 0.52 0
HG/CG 4 219/220 0.41 (�0.19 to 1.00) 0.18 0.54 0

Fig 3. MDs in craniofacial sagittal outcomes in children with and without ATH: ANB angle.

12 Zhao et al

- 2025 � Vol - � Issue - American Journal of Orthodontics and Dentofacial Orthopedics

mailto:Image of Fig 3|eps


unsatisfactory. Meta-analysis revealed no significant
differences between the HG and CG (MD, 0.41 mm
[95% CI, �0.91 to 1.00]; P 5 0.18) (Fig 4, B; Table
III). Sensitivity analysis confirmed the robustness of
these results (Supplementary Figs 2, D and 3, D).

Dental characteristics. Eleven studies reported on
the Angle classification, among which 9 demonstrated
satisfactory to good quality ratings in the quality assess-
ment. Meta-analysis showed a significantly increased
rate of Angle Class II and III malocclusions in the HG
(RR, 1.29 [95% CI, 1.14-1.45]; P \0.0001) (Table IV;
Supplementary Fig 5, A). No publication bias was

identified by visual assessment of the funnel plot
(Supplementary Fig 1, E). Egger’s test shows no signifi-
cant publication biases among studies investigating the
Angle classification (P5 0.817). The exclusion of lower-
quality studies did not substantially alter the effect esti-
mates (Supplementary Fig 2, E). However, when further
restricting the analysis to studies with consistent meth-
odologic criteria, no significant difference was found be-
tween the 2 groups in the rate of Angle Class II and III
malocclusions (P 5 0.08) (Supplementary Fig 3, E).
Two studies evaluated crossbite and meta-analysis
showed a significantly higher RR of crossbite in the TH

A

B

Fig 4. MDs in craniofacial transverse outcomes in children with and without ATH: A, Maxillary arch
width; B, Mandibular arch width.
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group (RR, 6.31 [95% CI, [2.83-14.09]; P \0.00001)
(Table IV; Supplementary Fig 5, B). However, it is impor-
tant to note that the findings on posterior crossbite were
derived from only 2 studies, both of which were graded
as providing “very low certainty” evidence. After
excluding studies with inconsistent methodologic classi-
fication criteria, only 1 study investigating crossbite re-
mained, and it showed no statistically significant
difference between groups (Supplementary Fig 3, I).

Five studies reported on the overbite and 6 studies re-
ported on the overjet. Meta-analysis showed that anterior
overbite and overjet showed no significant differences be-
tween the HG and CG (P.0.05) (Table III; Supplementary
Fig 5, C andD). Four studies reported open bite andmeta-
analysis showed a significantly higher RR of open bite in
the HG (RR, 1.65 [95% CI, 1.21-2.25]; P 5 0.001)
(Table IV; Supplementary Fig 5, E). After the exclusion
of 4 low-quality studies and further restricting the analysis
to studies with consistent methodologic criteria, the over-
all effect remained no change (Supplementary Figs 2, F-H
and 3, F-H).

Six studies evaluated maxillary anterior teeth inclina-
tion (U1-SN angle), with 5 demonstrating satisfactory
quality and 1 rated as unsatisfactory. Similarly, 4 studies
examined mandibular anterior teeth inclination (L1-MP
angle), of which 3 were satisfactory quality and 1 unsat-
isfactory. Meta-analysis showed no significant intergroup
differences for either the U1-SN angle (P 5 0.33) or L1-
MP angle (P 5 0.06). After the exclusion of low-quality
studies, the overall effect remained nonsignificant
(Supplementary Figs 2, I and J and 3, J and K). In addi-
tion, 4 satisfactory-quality studies assessing the U1-L1
angle found no significant differences between groups
(P 5 0.27). However, these studies employed varying
diagnostic criteria for ATH, warranting cautious interpre-
tation of the results (Supplementary Fig 3, L).

Certainty of evidence. The GRADE tool was used to
assess the quality of each outcome indicator, revealing
that 16 outcome indicators were graded as very low. A
summary of these findings is shown in Supplementary
Table III.

DISCUSSION

This systematic review substantiates that the children
with AH and/or TH may exhibit different dental and
craniofacial morphologic traits compared with children
without hypertrophy. However, the statistically signifi-
cant differences identified in this review are relatively
small when compared with the corresponding popula-
tion deviations, indicating a potential lack of clinical sig-
nificance. Further research is needed to determine
whether these subtle morphologic changes have mean-
ingful implications for clinical decision-making.

ATH is a major cause of upper airway obstruction and
the resultant mouth breathing or obstructive sleep apnea
in children.64 The association between ATH and dento-
facial morphology has been focused by orthodontists
for a period of time. The earliest article included in this
systematic review was published in 1987. Of the 36
studies included, only 1 study reported no differences
in the dentofacial features of the HG and CG. The other
35 studies showed some differences in skeletal or dental
features between children with or without AH and/or TH.

For craniofacial growth in the vertical dimension, this
systematic review found that the children with AH and/
or TH have a higher mandibular plane angle and ArGoMe
angle than the CG. In addition, subgroup analysis
showed that for children with both AH and TH or iso-
lated AH, they have higher mandibular plane angle,
whereas for children with isolated TH, there is no signif-
icant difference with the CG. AH that obstructs the

Table IV. Pooled differences in categorical variables of craniofacial and dental outcomes in children with and without
ATH

Group No. of studies No. of children MD (95% CI) P value

Heterogeneity

P value I2 (%)
Angle Class
ATH/CG 2 1100/545 1.54 (1.22-1.95) 0.0003 0.10 63
AH/CG 5 482/661 1.21 (0.98-1.48) 0.07 0.02 66
TH/CG 7 219/1408 1.22 (1.09-1.36) 0.0004 0.42 0
HG/CG 11 1801/2614 1.29 (1.14-1.45) \0.0001 0.001 61

Crossbite
TH/CG 2 82/82 6.31 (2.83-14.09) \0.000001 0.72 0
HG/CG 2 82/82 6.31 (2.83-14.09) \0.000001 0.72 0

Open bite
AH/CG 3 227/277 1.55 (1.12-2.16) 0.009 0.008 80
TH/CG 1 12/68 3.15 (1.27-7.78) 0.01 – –

HG/CG 4 239/345 1.65 (1.21-2.25) 0.001 0.008 74
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nasopharynx forced patients to have chronic mouth-
breathing habit, downward and backward rotation of
the mandible, resulting in an increase vertical growth.
This is also a typical characteristic of an “adenoid facies.”
Linder-Aronson et al65,66 hypothesized that the reestab-
lishment of nasal respiration in children is an important
factor in determining the mandibular growth direction.
In addition, several studies found that treatment of hy-
pertrophic adenoids affects dentofacial deformity,
showing the normalization toward a more horizontal
mandibular growth pattern after adentonsillecotomy.67

For craniofacial growth in the sagittal dimension, the
children with AH and/or TH have a decreased SNA angle
and SNB angle. These findings suggest that ATH may
constrain sagittal growth of maxilla and mandible in
children. On the basis of Moss’s theory of functional ma-
trix, craniofacial development is the result of both ge-
netic and functional factors, and the growth of the
craniofacial occurs as a response to functional needs.68

Our results may confirm Moss’s theory that the major
determinant of growth of the maxilla and mandible is
the enlargement of the nasal and oral cavities, which
grow in response to functional needs. During growth
and development, nasal breathing pattern can promote
normal dentofacial growth of children. Absence of
normal function would have wide-ranging effects.

Regarding craniofacial growth in the transverse
dimension, our analysis initially revealed that children
with AH and/or TH exhibited a smaller maxillary arch
width compared with controls. However, no significant
difference was observed when specifically comparing
the AH group with the CG. After the exclusion of studies
with inconsistent methodologic classification criteria,
only 2 studies remained eligible for analysis. The pooled
results from these studies demonstrated no statistically
significant difference in transverse dimension develop-
ment between children with ATH and non-ATH children.
This finding suggests that the current evidence
regarding the relationship between ATH and transverse
craniofacial development is insufficient and inconclu-
sive. Furthermore, the available literature lacks ortho-
dontic studies focusing on skeletal width
measurements, highlighting a significant gap in our un-
derstanding of this aspect of craniofacial growth.

Regarding dental characteristics, our initial analysis
suggested that the HG exhibited an increased prevalence
of Angle Class II and III malocclusions, crossbite, and
open bite. However, it is important to note that the find-
ings on posterior crossbite were derived from only 2
studies, both of which were graded as providing “very
low certainty” evidence. After excluding studies with
inconsistent methodologic classification criteria, only 1
study investigating crossbite remained, and it showed

no statistically significant difference between groups.
Similarly, only 2 studies examining maxillary anterior
teeth inclination met the inclusion criteria, and they
also demonstrated no statistically significant difference.
Given the limited number of studies and the very low
certainty of the evidence, we have very little confidence
in these effect estimates. It is highly likely that the true
effect differs substantially from the estimated effect re-
ported in these studies. These findings underscore the
need for more rigorous, high-quality studies to draw
definitive conclusions about the dental characteristics
associated with ATH.

ATH is one of the most common reasons for upper
airway obstruction and resultant mouth breathing in
children.69 When the ATH reach a certain severity, it ob-
structs normal nasal breathing, forcing children to adopt
chronic mouth breathing. With a chronic mouth-
breathing habit, the mandibular posture will change
and the latter will lead to an imbalance of buccolingual
muscle. Children with ATH related mouth breathing
often develop a low tongue posture to facilitate airflow
through the mouth. In this posture, the palatal vault will
become deeper and narrower without enough support-
ing from the tongue.37 Petraccone Caixeta et al70 also
reported that after adenotonsillectomy, children who
have mouth breathing showed greater maxillary trans-
verse development than the untreated control subjects.
There are 5 studies7,21,40,58,63 in this systematic review
that clearly distinguish whether the upper airway
obstruction was caused by patient’s adenoids or tonsils
and compare the differences in maxillofacial
morphology caused by the two. AH may result in down-
ward position of the tongue and the mandible, which
leads to a retrognathic mandible and steep mandible
plane angle. In contrast, tonsil obstruction appears to
be associated with tongue protrusion, which may
contribute to a more anterior position of the mandible.
However, it is still worth noting that adenoid and TH
are mostly occur simultaneously, and it is difficult to
distinguish which dominates in most patients.

The evaluation of adenoid or tonsil was mostly based
on lateral cephalogram, endoscopic examination or clin-
ical examination. Most of the included studies used the
methods of Brodsky and Koch71 or Cohen and Konak,72

whereas some did not specify diagnostic method for
ATH. In addition, the diagnostic criteria are also different
among studies even with the same method. Differences
in the diagnostic methods or criteria reduce compara-
bility between studies. Therefore, a unified standard
for the diagnosis of AH and TH should be developed in
the future, and research design should be carried out ac-
cording to this standard. In addition, the evaluation of
adenoid or tonsil are based on a given moment in all
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the included studies, which could not reflect the airway
condition of the whole dentofacial growth period. Upper
airway assessment based on a past period time would be
more meaning than immediate evaluation when
exploring the association between upper airway obstruc-
tion and dentofacial development.

Strengths and limitations

One of the key strengths of this study is that it repre-
sents the first systematic review to specifically investi-
gate the correlation between ATH and dentofacial
characteristics in children. The findings of this system-
atic review and meta-analysis provide valuable insights
into the influence of adenoids and tonsils on dentofacial
development. Notably, the meta-analysis successfully
differentiated between the effects of AH and TH on up-
per airway obstruction, offering a more nuanced under-
standing of their respective roles.

Despite these strengths, several limitations should be
acknowledged. First, the number of studies available for
each outcome was relatively small, primarily because of
the heterogeneity in dentofacial measurement protocols
across studies. Second, the lack of uniform diagnostic
criteria for ATH limits the comparability of findings
across studies. Third, a significant proportion of the
included studies were found to have a substantial risk
of bias, which may affect the overall reliability of the
conclusion.

However, it is important to note that the observed
heterogeneity reflects the real-world diversity in study
populations and methodologies. Despite these chal-
lenges, this study provides a comprehensive synthesis
of existing evidence, highlights knowledge gaps, and
underscores the need for standardized approaches in
future research. To address heterogeneity, we employed
a random-effects model, complemented by rigorous
subgroup and sensitivity analyses, which helped mitigate
its impact and improve the interpretability of the pooled
results.

CONCLUSIONS

This systematic review reveals that children with ATH
are more likely to exhibit sagittal retrognathia in both
the maxilla and mandible, as well as an increased
mandibular plane angle. Compared with non-ATH chil-
dren, those with ATH also demonstrated a higher inci-
dence of Class II and III malocclusions, open bite,
reduced maxillary incisor inclination, and a narrower
maxillary dental arch width. However, these findings
need to be viewed with caution because the body of ev-
idence was of very low certainty and that the statistically

significant differences identified in this review are rela-
tively small when compared with the corresponding
population deviations, indicating a potential lack of
clinical significance. The dental and craniofacial features
of children with ATH require more high-quality evidence
to confirm, and the causal relationship between these
features and children’s ATH warrants further investiga-
tion.
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fluence of tonsillar grade on the dental arch measurements. Am J
Orthod Dentofacial Orthop 2015;147:214-20.

38. Diouf JS, Ngom PI, Fadiga MS, Badiane A, Diop-Ba K, Sonko O,
et al. Influence of tonsil size on sagittal cephalometric measure-
ments. Int Orthod 2015;13:149-63.

39. Feres MFN, Muniz TS, de Andrade SH, Lemos M, Pignatari SSN.
Craniofacial skeletal pattern: is it really correlated with the de-
gree of adenoid obstruction? Dent Press J Orthod 2015;20:
68-75.

40. Franco LP, Souki BQ, Cheib PL, Abr~aoM, Pereira TBJ, Becker HMG,
et al. Are distinct etiologies of upper airway obstruction in mouth-

Zhao et al 17

American Journal of Orthodontics and Dentofacial Orthopedics - 2025 � Vol - � Issue -

http://refhub.elsevier.com/S0889-5406(25)00172-6/sref7
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref7
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref7
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref8
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref8
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref8
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref8
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref8
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref8
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref9
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref9
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref9
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref9
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref9
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref10
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref10
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref10
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref10
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref11
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref11
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref11
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref12
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref12
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref13
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref13
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref13
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref13
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref14
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref14
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref14
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref15
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref16
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref16
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref16
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref16
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref17
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref17
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref17
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref18
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref18
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref18
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref18
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref18
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref18
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref18
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref18
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref18
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref18
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref19
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref19
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref19
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref19
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref20
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref20
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref20
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref20
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref21
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref21
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref21
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref22
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref22
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref22
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref22
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref23
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref23
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref23
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref24
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref24
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref24
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref25
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref25
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref25
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref25
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref26
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref26
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref26
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref26
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref27
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref27
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref27
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref27
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref27
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref27
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref27
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref28
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref28
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref28
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref28
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref29
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref29
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref29
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref30
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref30
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref30
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref30
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref30
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref31
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref31
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref31
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref31
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref32
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref32
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref32
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref33
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref33
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref33
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref34
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref34
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref34
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref35
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref35
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref35
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref35
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref35
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref35
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref36
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref36
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref36
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref36
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref36
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref37
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref37
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref37
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref37
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref38
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref38
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref38
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref39
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref39
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref39
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref39
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref40
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref40
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref40
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref41
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref41
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref41
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref41
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref42
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref42
http://refhub.elsevier.com/S0889-5406(25)00172-6/sref42


breathing children associated with different cephalometric pat-
terns? Int J Pediatr Otorhinolaryngol 2015;79:223-8.

41. Kim DK, Rhee CS, Yun PY, Kim JW. Adenotonsillar hypertrophy as a
risk factor of dentofacial abnormality in Korean children. Eur Arch
Otorhinolaryngol 2015;272:3311-6.

42. �Sidlauskien_e M, Smailien_e D, Lopatien_e K, �Cekanauskas E,
Pribui�sien_e R, �Sidlauskas M. Relationships between malocclusion,
body posture, and nasopharyngeal pathology in pre-orthodontic
children. Med Sci Monit 2015;21:1765-73.

43. Osiatuma VI, Otuyemi OD, Kolawole KA, Ogunbanjo BO,
Amusa YB. Occlusal characteristics of children with hypertrophied
adenoids in Nigeria. Int Orthod 2015;13:26-42.

44. Koca CF, Erdem T, Bayındır T. The effect of adenoid hypertrophy
on maxillofacial development: an objective photographic analysis.
J Otolaryngol Head Neck Surg 2016;45:48.

45. Ardehali MM, Zarch VV, Joibari M-E, Kouhi A. Cephalometric
assessment of upper airway effects on craniofacial morphology.
J Craniofac Surg 2016;27:361-4.

46. Anderson SM, Lim HJ, Kim KB, Kim SW, Kim SJ. Clustering of
craniofacial patterns in Korean children with snoring. Korean J Or-
thod 2017;47:248-55.

47. Diouf JS, Ou�edraogo Y, Souar�e N, Badiane A, Diop-Bâ K, Ngom PI,
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APPENDIX

Supplementary Table I. Search strategy for the electronic search

Source Search strategy
Search strategy for PubMed #1 (Pediatrics OR Adolescent OR Child) [mesh terms]

#2 pediatric* OR teenager* OR juvenile* OR adolescen* OR child* OR kid OR kids[Title/Abstract]
#3 #1 OR #2
#4 (Tonsillitis OR Palatine Tonsil OR Adenoids OR Nasopharynx OR Oropharynx) [mesh terms]
#5 (tonsil* OR adenotonsillar* OR adenoid* OR (adenoid face) OR nasopharyngeal* OR oropharyngeal*)
[Title/Abstract]

#6 #4 OR #5
#7 ((Dental occlusion) OR Malocclusion) [mesh terms]
#8 (craniofacial* OR maxillary* OR mandibular* OR facial* OR dentofacial* OR crossbite OR overbite OR overjet
OR occlusion OR occlusal* OR "ANB" OR "SN-MP") [Title/Abstract]

#9 ((arch morphology) OR (arch form) OR (arch width)) [Title/Abstract]
#10 #7 OR #8 OR #9
#11 Index of Orthodontic Treatment Need [mesh terms]
#12 ((Index for Need of Orthodontic Treatment) OR (Index of Orthodontic Treatment Needs)) [Title/Abstract]
#13 #11 OR #12
#14 #10 OR #13
#15 #3 AND #6 AND #14

Search strategy for Embase #1 (pediatrics OR juvenile OR child) exp.
#2 (pediatric* OR teenager* OR juvenile* OR adolescen* OR child* OR kid*):ti,ab,kw
#3 #1 OR #2
#4 ((tonsil disease) OR tonsil OR adenoid OR oropharynx OR nasopharynx) exp.
#5 (tonsil* OR adenotonsillar* OR adenoid* OR (adenoid face) OR nasopharyngeal* OR oropharyngeal*):ti,ab,kw
#6 #4 OR #5
#7 ((tooth occlusion) OR malocclusion) exp.
#8 (craniofacial* OR maxillary* OR mandibular* OR facial* OR dentofacial* OR crossbite OR overbite OR overjet
OR occlusion OR occlusal* OR "ANB" OR "SN-MP"):ti,ab,kw

#9 ((arch morphology) OR (arch form) OR (arch width)):ti,ab,kw
#10 #7 OR #8 OR #9
#11 (index of orthodontic treatment need) exp.
#12 ((index for orthodontic treatment need) OR (index of orthodontic treatment needs) OR (IOTN
index)):ti,ab,kw

#13 #11 OR #12
#14 #10 OR #13
#15 #3 AND #6 AND #14

Search strategy for
Web of Science

#1 TS5(pediatric* OR teenager* OR juvenile* OR adolescen* OR child* OR kid*)

#2 TS5(tonsil* OR adenotonsillar* OR adenoid* OR (adenoid face) OR nasopharynx OR nasopharyngeal* OR
oropharynx OR oropharyngeal*)

#3 TS5(occlusion OR malocclusion OR craniofacial* OR maxillary* OR mandibular* OR facial* OR dentofacial*
OR crossbite OR overbite OR overjet OR occlusion OR occlusal* OR "ANB" OR "SN-MP")

#4 TS5 ((arch morphology) OR (arch form) OR (arch width))
#5 #3 OR #4
#6 TS5((Index of Orthodontic Treatment Need) OR (Index of Orthodontic Treatment Need) OR (Index for Need
of Orthodontic Treatment) OR (Index of Orthodontic Treatment Needs) OR (IOTN index))

#7 #5 OR #6
#8 #1 AND #2 AND #7

Search strategy for VIP
Chinese Journal Database

#1 U5(儿童 OR 青少年 OR 未成年)

#2 R5(扁桃体 OR 腺扁 OR 腺样体 OR 腺样体面容 OR 鼻咽 OR 口咽)
#3 R5(颅面 OR颌面 OR上颌 OR下颌 OR面型 OR面部 OR牙 OR覆 OR反 OR错 OR咬合 OR覆
盖 OR 牙牙合 OR 覆牙合 OR 反牙合 OR 错牙合 OR 牙he OR 覆he OR 反he OR 错he OR 下颌平面角 OR
ANB OR牙弓形态 OR 牙弓形状 OR 牙弓宽度 OR正畸治疗需求指数)

#4 #1 AND #2 AND #3
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Supplementary Table II. Characteristics of excluded
studies

Study Reasons for exclusion
Petraccone Caixeta 2014 NOT cross-sectional study
Matsumoto 2012 NOT cross-sectional study
Mattar 2011 NOT cross-sectional study
Pereira 2011 NOT cross-sectional study
Vieira 2012 NOT cross-sectional study
倪 2022 Does not meet the required

grouping criteria
张 2010 Duplicate publication
Basheer 2014 Does not meet the required

grouping criteria
Subtelny 1975 Review
Diadchenko 1977 (1) Not in English or Chinese
Diadchenko 1977 (2) Not in English or Chinese
Mottl 1982 Not in English or Chinese
Adamidis 1983 Does not meet the required

grouping criteria
Scara 1984 Not in English or Chinese
Klein 1986 No healthy CG
Hee-Kyung 1988 Not in English or Chinese
Hultcrantz et al 1988 No healthy CG
Woodside 1991 Does not meet the required

grouping criteria
Rho 1993 Not in English or Chinese
Baumann 1996 (1) Not in English or Chinese
Baumann 1996 (2) Not in English or Chinese
Trotman 1997 No healthy CG
Agren 1998 No healthy CG
Zuccon 1999 Does not meet the required

grouping criteria
Brasilei 2003 Conference abstracts
Ozdemir 2004 No healthy CG
Guilleminault 2007 Not in English or Chinese
Raffat 2009 No healthy CG
Kouassi 2009 Does not meet the required

grouping criteria
Lofstrand 2010 Does not meet the required

grouping criteria
Baroni 2011 No healthy CG
Huynh 2011 Does not meet the required

grouping criteria
Esteller 2011 Not in English or Chinese
DiFrancesco 2012 No healthy CG
Diouf 2015 Not in English or Chinese
Diouf 2015 (2) Not in English or Chinese
Indiarti 2017 No healthy CG
Diouf 2018 Not in English or Chinese
Pawlowska 2020 Does not meet the required

grouping criteria
Inonu-Sakalli 2018 Participants (.30%) had a history

of adenotonsillectomy
Pinna 1990 Not in English or Chinese
Zhang 2008 NOT cross-sectional study
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Supplementary Fig 1. Funnel plots: A, SN-MP; B, ANB; C, SNA; D, SNB; E, Angle's Classification.
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Supplementary Fig 1. (continued).
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Supplementary Fig 1. (continued).
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Supplementary Fig 2. Sensitivity analysis by excluding low-quality studies: A, SN-MP; B, ANB; C,
Maxillary arch width; D, Mandibular arch width; E, Angle's Classification; F, Overjet; G, Overbite; H,
Open bite; I, U1-SN; J, L1-MP; K, SNA; L, SNB; M, ArGo; N, ArGoMe.
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Supplementary Fig 2. (continued).
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Supplementary Fig 2. (continued).
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Supplementary Fig 2. (continued).
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Supplementary Fig 2. (continued).
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Supplementary Fig 2. (continued).
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Supplementary Fig 2. (continued).
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Supplementary Fig 2. (continued).
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Supplementary Fig 2. (continued).
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Supplementary Fig 3. Sensitivity analysis by excluding different methodologic classification criteria:
A, SN-MP; B, ANB; C, Maxillary arch width; D, Mandibular arch width; E, Angle's Classification; F,
Overjet; G, Overbite; H, Open bite; I, Crossbite; J, U1-SN; K, L1-MP; L, U1-L1.
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Supplementary Fig 3. (continued).
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Supplementary Fig 3. (continued).
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Supplementary Fig 3. (continued).
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Supplementary Fig 3. (continued).
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Supplementary Fig 3. (continued).
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Supplementary Fig 3. (continued).

Zhao et al 18.e21

American Journal of Orthodontics and Dentofacial Orthopedics - 2025 � Vol - � Issue -

mailto:Image of Supplementary Fig 3|tif


Supplementary Fig 4. MDs in craniofacial and dental outcomes in children with ATH and the controls:
A, ArGo; B, ArGoMe angle; C, SNA; D, SNB.
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Supplementary Fig 4. (continued).
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Supplementary Fig 5. MDs in anterior characteristics in children with and without ATH: A, Angle's
classification; B, Crossbite; C, Overjet; D, Overbite; E, Open bite; F, U1-SN angle; G, L1-MP angle;
H, U1-L1 angle.
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Supplementary Fig 5. (continued).
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Supplementary Fig 5. (continued).
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Supplementary Fig 5. (continued).
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Supplementary Table III. Summary of findings

Variables

Anticipated absolute effects* (95% CI)

Relative effect
(95% CI)

No. of
participants
(studies)

Certainty of the
evidence (GRADE)y Comments

Assumed risk Corresponding risk

Healthy children Children with ATH
SN-MP The mean SN-MP angle in healthy

children ranged 27.28-37.09
The mean SN-MP angle in ATH
children was 2.20 higher
(1.47-2.92)

– 3088 (15 studies) ⨁��� Very
lowz

There may be an increase in the
SN-MP angle in ATH vs control

SNA The mean SNA in the healthy
children ranged 79.64-89.26

The mean SNA in the ATH children
was 0.30 lower (0.53 lower to
0.06 lower)

– 2745 (13 studies) ⨁��� Very
low§

There may be a decrease in the
SNA angle in ATH group vs control

SNB The mean SNB angle in the healthy
children ranged 75.72-80.93

The mean SNB angle in the ATH
children was 0.78 lower
(1.33 lower to 0.24 lower)

– 3079 (15 studies) ⨁��� Very
low{

There may be a decrease in the SNB
angle in ATH group vs control

ANB The mean ANB angle in the healthy
children ranged 2.60-8.59

The mean ANB angle in the ATH
children was 0.13 lower
(0.35 lower to 0.61 higher)

– 2918 (14 studies) ⨁��� Very
low#

The evidence does not show a
difference in ANB

ArGoMe The mean ArGoMe angle in the
healthy children ranged
121.5-133.66

The mean ArGoMe angle in the
ATH children was 1.23 higher
(0.68 higher to 1.79 higher)

– 1596 (8 studies) ⨁��� Very
low||

There may be an increase in the
ArGoMe angle in ATH vs control

ArGo The mean ArGo in the healthy
children ranged 35.57-45.15

The mean ArGo in the ATH
children was 0.27 higher
(1.01 lower to 1.55 higher)

– 433 (5 studies) ⨁��� Very
low**

The evidence does not show a
difference in ArGo

U1-ANS The mean U1-ANS angle in the
healthy children ranged
98.17-111.60

The mean U1-ANS angle in the
ATH children was 0.73 lower
(2.20 lower to 0.75 higher)

– 1039 (6 studies) ⨁��� Very
lowyy

The evidence does not show a
difference in U1-SN

L1-MP The mean L1-MP in the healthy
children ranged 91.315-98.17

The mean L1-MP in the ATH
children was 3.27 lower
(6.62 lower to 0.07 higher)

– 1050 (6 studies) ⨁��� Very
lowzz

The evidence does not show a
difference in L1-MP

U1-L1 The mean U1-L1 in the healthy
children ranged 121.40-147.62

The mean U1-L1 in the ATH
children was 1.72 higher
(1.33 lower to 4.78 higher)

– 765 (4 studies) ⨁��� Very
low§§

The evidence does not show a
difference in U1-L1

Overjet The mean overjet in the healthy
children ranged 2.34-5.40

The mean overjet in the ATH
children was 0.13 lower
(1.02 lower to 0.77 higher)

– 422 (6 studies) ⨁��� Very
low{{

The evidence does not show a
difference in overjet

Overbite The mean overbite in the healthy
children ranged 1.67-3.60

The mean overbite in the ATH
children was 0.44 higher
(0.42 lower to 1.30 higher)

– 349 (5 studies) ⨁��� Very
low##

The evidence does not show a
difference in overbite

Angle
classification

473 per 1000**** 610 per 1000 (539-686) RR, 1.29 (1.14-1.45) 3790 (11 studies) ⨁��� Very
low||||

Probably reduces the incidence of
malocclusion
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Supplementary Table III. Continued

Variables

Anticipated absolute effects* (95% CI)

Relative effect
(95% CI)

No. of
participants
(studies)

Certainty of the
evidence (GRADE)y Comments

Assumed risk Corresponding risk

Healthy children Children with ATH

Maxillary arch
width

The mean maxillary arch width
in the healthy children
ranged 33.76-52.68

The mean maxillary arch width in
the ATH children was 1.34
lower (2.12 lower to 0.56 lower)

– 511 (5 studies) ⨁��� Very
low***

There may be a decrease in the
maxillary arch width in ATH vs
control

Mandibular
arch width

The mean mandibular arch
width in the healthy
children ranged 32.21-46.48

The mean mandibular arch width
in the ATH children was 0.41
higher (0.19 lower to 1.00
higher)

– 439 (4 studies) ⨁��� Very
lowyyy

The evidence does not show a
difference in mandibular arch width

Open bite 189 per 1000**** 311 per 1000 (229-425) RR, 1.65 (1.21-2.25) 584 (4 studies) ⨁��� Very
lowzzz

This probably reduces the incidence of
open bite

Crossbite 90 per 1000**** 568 per 1000 (255-1000) RR, 6.31 (2.83-14.09) 164 (2 studies) ⨁��� Very
low§§§

This probably reduces the incidence of
crossbite

Note. Study examined dental and craniofacial characteristics in children with or without ATH. Population included children with ATH. The setting was those aged\18 y. The intervention group was
children with TH and/or AH, whereas the comparison group was children without TH and/or AH.
*The risk in the ATH group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the ATH (and its 95% CI); yGRADE Working Group grades of evidence: High
certainty: we are very confident that the true effect lies close to that of the estimate of the effect.Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be
close to the estimate of the effect, but there is a possibility that it is substantially different. Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different
from the estimate of the effect. Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect; zDowngraded 3
levels due to study design, substantial heterogeneity (I25 73%) and serious risk of bias: 4 studies at high risk of bias; §Downgraded 2 levels due to study design and serious risk of bias: 3 studies at high
risk of bias; {Downgraded 3 levels due to study design, substantial heterogeneity (I25 76%) and serious risk of bias: 4 studies at high risk of bias; #Downgraded 3 levels due to study design, substantial
heterogeneity (I25 61%) and serious risk of bias: 4 studies at high risk of bias; ||Downgraded 2 levels due to study design and serious risk of bias: 2 studies at high risk of bias; **Downgraded 4 levels due
to study design, serious imprecision and very serious risk of bias: 3 studies at high risk of bias; yyDowngraded 2 levels due to study design, substantial heterogeneity (I2 5 57%)and serious risk of bias:
one study at high risk of bias; zzDowngraded five levels due to study design, substantial heterogeneity (I2 5 93%), serious imprecision and serious risk of bias: one study at high risk of bias;
§§Downgraded 3 levels due to study design, substantial heterogeneity (I2 575%) and serious imprecision; {{Downgraded 4 levels due to study design, substantial heterogeneity (I2 563%), serious
imprecision and serious risk of bias: 2 studies at high risk of bias; ##Downgraded 4 levels due to study design, substantial heterogeneity (I2555%), serious imprecision and serious risk of bias: one study
at high risk of bias; ||||Downgraded 3 levels due to study design, substantial heterogeneity (I25 61%), and serious risk of bias: 2 studies at high risk of bias; ***Downgraded 3 levels due to study design,
substantial heterogeneity (I2552%), and serious risk of bias: 2 studies at high risk of bias; yyyDowngraded 3 levels due to study design, serious imprecision and serious risk of bias: one study at high risk
of bias; zzzDowngraded 4 levels due to study design, substantial heterogeneity (I2 5 74%), and very serious risk of bias: 2 studies at high risk of bias; §§§Downgraded 2 levels due to study design and
small sample size; ****Assumed risk was based on the positive events rate in the control groups of the included studies
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