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Introduction: The regeneration of periodontal intrabony defects represents a relevant clinical
challenge due to their anatomical complexity and the unpredictability of regenerative outcomes.
Hyaluronic acid, a key component of the extracellular matrix, has been proposed as an adjunctive
agent in periodontal regenerative therapies.

Objectives: To critically analyze the available scientific evidence on the clinical and radiographic
efficacy of hyaluronic acid in the regenerative treatment of periodontal intrabony defects.
Methodology: An integrative literature review was conducted using the PubMed, Web of Sci-
ence, Cochrane Library, and B-On databases, including studies published between 2018 and 2025.
The search strategy combined MeSH terms and the keywords related to hyaluronic acid and per-
iodontal regeneration following PRISMA guidelines; 11 studies were included.

Results: The use of hyaluronic acid, particularly as an adjunctive agent, is associated with signif-
icant improvements in clinical periodontal parameters, clinical attachment level gain and probing
pocket depth reduction, as well as radiographic evidence of bone fill in specific contexts. When
combined with open flap debridement, hyaluronic acid demonstrated additional clinical benefits,
particularly in the short term. In minimally invasive approaches and when compared with enamel
matrix derivatives, a positive effect was mainly observed during the early healing phases, without
sustained differences in the medium term.

Conclusion: Hyaluronic acid appears to be a promising adjunctive therapeutic option in the re-
generative treatment of periodontal intrabony defects, contributing to improvements in clinical
parameters and to the optimization of early healing.
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Introducio: O medo e a ansiedade dentéria sdo condic¢oes altamente prevalentes que compro-
metem a assiduidade, a cooperacgdo do paciente e os resultados clinicos. Intervenc¢ées ndo farma-
colbgicas, como a aromaterapia, tém sido propostas como estratégias adjuvantes na redugio da
ansiedade em contexto de medicina dentéria.

Objetivos: Avaliar o efeito da inalagdo de 6leo essencial de lavanda (Lavandula angustifolia) na
ansiedade dentéria e em parametros fisiol6gicos em contexto clinico.

Metodologia: Foi conduzido um estudo de caso tinico (N-of-1) com desenho cruzado (tipo
ABBA). Um participante foi submetido a quatro sessdes clinicas sob condigGes alternadas de la-
vanda (2%) e placebo. A ansiedade foi avaliada através do State-Trait Anxiety Inventory (STAI-
Y1 e STAI-Y2) e da Modified Dental Anxiety Scale. Os parametros fisiologicos (pressdo arterial,
frequéncia cardiaca e saturacao de oxigénio) foram registados antes e ap6s cada sessdo. Os dados
foram analisados de forma descritiva.

Resultados: Observou-se uma reducgio da ansiedade de estado (STAI-Y1) em todas as sessoes,
independentemente da condicao. As medidas do STAI-Y1 evidenciaram uma diminui¢ao consis-
tente, enquanto a Modified Dental Anxiety Scale apresentou variabilidade e foi interpretada de
forma exploratéria. Os parametros fisiol6gicos ndo demonstraram diferencas consistentes ou cli-
nicamente relevantes entre as condigoes.

Conclusdes: A aromaterapia com lavanda podera contribuir para a redu¢io da ansiedade den-
taria percebida; contudo, a melhoria observada também na condigdo placebo sugere um efeito
contextual relevante. Estes resultados reforcam a necessidade de estudos controlados, com maior
dimensao amostral, para clarificar a eficcia clinica especifica da aromaterapia em medicina den-
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tive Commons Nao Comercial 4.0.

Introduction

Periodontitis is a chronic inflammatory disease of multifac-
torial origin that develops from untreated gingivitis (a re-
versible condition) and is characterized by progressive
destruction of the tooth-supporting tissues, including the
periodontal ligament, root cementum, and alveolar bone.2
Disease progression may involve either horizontal or verti-
cal (angular) bone loss. Horizontal bone loss is character-
ized by a uniform resorption of the alveolar crest, which
remains parallel to the line connecting the ce-
mento-enamel junctions (CEJ) of adjacent teeth, whereas
vertical bone loss can lead to the formation of periodontal
infrabony defects, in which the base of the defect is located
apical to the adjacent residual alveolar crest. Unlike hori-
zontal bone loss, these defects exhibit a complex three-di-
mensional configuration, characterized by the presence of
one or more residual bony walls surrounding the root sur-
face,3 and therefore represent a significant clinical chal-
lenge due to their anatomical complexity and the high risk
of progressive clinical attachment loss and eventual tooth
loss.

Periodontal regeneration is one of the main goals of con-
temporary periodontal therapy, aiming not only to control
infection and inflammation but also to restore the struc-
tural and functional integrity of lost periodontal tissues.24
Over the past decades, several regenerative approaches
have been proposed, including surgical and minimally in-
vasive techniques (MIST/MINST), the use of biomaterials,
bone grafts, guided tissue regeneration (GTR) membranes,
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enamel matrix derivatives (EMD), and platelet concen-
trates (PRP, PRF, A-PRF).57 Despite substantial advances,
clinical outcomes remain variable and depend on multiple
factors, such as systemic diseases—which have a bidirec-
tional relationship with periodontal disease—the morphol-
ogy of the defect, the surgical technique employed
(preferably MIST/MINST), and the biological characteris-
tics of the material used.89

In this context, the investigation of new biomaterials with
bioactive properties has gained increasing relevance. Hya-
luronic acid (HA) is a glycosaminoglycan naturally present
in the extracellular matrix of various tissues, including per-
iodontal connective tissue, and is recognized for its funda-
mental role in tissue homeostasis and its ability to
modulate wound-healing processes.’>tt HA exhibits
anti-inflammatory, angiogenic, and viscoelastic properties
and promotes cell migration and proliferation, enhancing
the activity of fibroblasts, osteoblasts, and endothelial cells
through activation of CD44 receptors. In addition, studies
have shown its role in modulating inflammation and stim-
ulating cementoblasts and periodontal ligament cells,
thereby contributing to tissue reorganization and clot sta-
bility during the early healing phase.’2 These characteristics
have generated growing interest in its application in perio-
dontology, particularly as an adjunctive agent in regenera-
tive procedures.

In recent years, several clinical studies have evaluated the
use of HA, either alone or in combination with other regen-
erative approaches, in the treatment of periodontal intra-
bony defects.’319 However, the reported outcomes show
considerable heterogeneity in terms of clinical protocols,



concentrations used, surgical techniques, and evaluation
parameters, making an integrated analysis of the available
evidence necessary. Therefore, the present integrative re-
view aims to analyze and synthesize the scientific literature
regarding the clinical and radiographic effectiveness of HA
in the regenerative treatment of periodontal intrabony de-
fects, identifying possible clinical benefits, potential ad-
vantages, limitations in clinical practice, and gaps in
current knowledge that justify its consideration and poten-
tial integration into routine regenerative protocols, thereby
contributing to a better understanding of its therapeutic
role.

Methodology

Study design

An integrative literature review was conducted with the aim
of collecting, analyzing, and synthesizing relevant scientific
evidence on the use of hyaluronic acid (HA) in the regener-
ative treatment of periodontal intrabony defects.

Search strategy

The literature search was performed in major health sci-
ences databases, including PubMed, Web of Science, B-On,
and the Cochrane Library. The search strategy used combi-
nations of the following keywords: “hyaluronic acid”, “in-
trabony defects”, “periodontal regeneration”, and
“periodontal intrabony defect”, including both free terms
and MeSH-controlled terms, combined using the Boolean
operator “AND” as follows: In PubMed, the search strategy
was structured using MeSH descriptors combined with
Boolean operators: (“hyaluronic acid”) AND (“intrabony
defect”) AND (“periodontal regeneration”), yielding 15 re-
sults. In Web of Science, the search strategy was structured
using MeSH descriptors combined with Boolean operators:
(“hyaluronic acid”) AND (“intrabony defect”) AND (“perio-
dontal regeneration”), yielding 19 results.

In B-On, the search strategy was structured using MeSH
descriptors combined with Boolean operators: (“hyalu-
ronic acid”) AND (“periodontal intrabony defect”), yielding
20 results. In the Cochrane Library, the search strategy was
structured using MeSH descriptors combined with Boolean
operators: (“hyaluronic acid”) AND (“periodontal intra-
bony defect”), yielding 22 results.

Inclusion criteria

Studies were included if they met the following criteria: ar-
ticle types comprising systematic reviews, meta-analyses,
clinical case reports, randomized controlled clinical trials,
prospective cohort studies, and longitudinal observational
studies; human studies; articles written in Portuguese or
English; and publications between 2018 and 2025.

Exclusion criteria
The following were excluded: in vitro studies; animal (in
vivo) studies; studies not involving intrabony defects or

therapies unrelated to HA; and any studies not fulfilling the
inclusion criteria.

Study selection process

Study selection was performed in several stages. Initially,
records were identified through database searches. After
removal of duplicates, titles and abstracts were screened
according to the predefined inclusion and exclusion crite-
ria. Potentially eligible articles were then assessed in full
text to determine final eligibility. The process of identifica-
tion, screening, eligibility, and inclusion of studies was
summarized in a flowchart prepared in accordance with
PRISMA 2020 recommendations, adapted to the context of
an integrative review, and guided by the PICO strategy
(Population, Intervention, Comparison, Outcome). In to-
tal, eleven studies were included in this integrative review
(Figure 1).

Atrticles identified through Articles excluded before screening
databases (n = 76) (n = 26)
PubMed (n = 15) |—— | Duplicate records removed (n =
Web of Science (n = 19)
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=
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Figure 1. PRISMA flowchart.

Results

A total of 11 studies were included in the final analysis.
Mamajiwala et al. reported a randomized, double-blind,
split-mouth clinical trial (20 patients) comparing 0.8% hy-
aluronic acid (HA) gel as an adjunct to open flap debride-
ment (OFD) with OFD plus placebo in intrabony defects
over 12 months.’5 After 12 months, both groups showed sig-
nificant clinical improvement relative to baseline, with su-
perior outcomes in the HA group. Mean CAL gain was 5.1
+0.74 mm at test sites versus 3.9 0.9 mm at control sites
(p = 0.008), and mean PD reduction was 5.4 +1.09 mm
versus 4.1 +0.58 mm, respectively (p = 0.006). Mean GR
increase was lower in the HA group (0.5 +0.60 mm) than
in the control group (1.1 +0.81 mm; p = 0.04), indicating
greater soft-tissue stability at HA-treated sites. Radio-
graphically, mean DF was significantly higher in the test
group (5.67 *2.01 mm) than in controls (4.49 *1.78 mm;
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p = 0.03), whereas DR was higher in the HA group (3.93 +
2.79 mm vs. 3.18 *1.53 mm) but without statistical signifi-
cance. Overall, 65% of test sites achieved a CAL gain > 4
mm compared with 40% of control sites, and 85% of defects
in the HA group showed defect fill > 4 mm versus 70% in
the control group. Pilloni et al. evaluated the outcomes of
regenerative surgery for intrabony defects using a sin-
gle-flap approach (SFA) combined with either cross-linked
HA (test) or enamel matrix derivative (EMD) (control) in a
randomized clinical trial with 24-month follow-up. At 24
months, both groups demonstrated statistically significant
clinical improvements compared with baseline (p < 0.001).
Mean CAL gain was 2.19 *1.11 mm in the HA group and
2.94 *1.12 mm in the EMD group, with no statistically sig-
nificant difference between groups (p = 0.067). In contrast,
PD reduction was significantly greater in the EMD group
(4.5 *0.97 mm) than in the HA group (3.31 +0.70 mm; p
= 0.001). In the HA group, 87.5% of defects exhibited CAL
gains < 3 mm, whereas in the EMD group 37.5% of sites
achieved CAL gains > 4 mm. Regarding residual PD,
93.75% of EMD-treated sites showed final PD between 2—
3 mm, while most HA-treated sites had residual PD be-
tween 4—5 mm. REC increased in both groups, without sta-
tistically significant intergroup differences.'¢ Bozié¢ et al.
reported an uncontrolled case series assessing a combined
regenerative approach for deep intrabony defects (stage
III-1V patients) with using cross-linked HA in conjunction
with deproteinized porcine bone xenograft and papilla
preservation techniques. At baseline, mean PPD was 7.89

+1.60 mm and mean CAL was 8.72 *1.82 mm. After 6

months, a statistically significant PPD reduction of 4.54 +
1.65 mm was observed (p < 0.001), resulting in a mean re-
sidual PPD of 3.35 +0.72 mm. Mean CAL gain was 3.65 +
1.67 mm (p < 0.001), accompanied by a mean increase in
REC of 0.89 10.59 mm (p < 0.001). In terms of CAL dis-
tribution, 44.4% of sites showed gains of 2—3 mm, 11.1%
showed gains of 4 mm, and 40.7% exhibited gains > 5 mm.
With respect to pocket resolution, 51.9% of sites presented
residual PPD < 3 mm, 40.7% had PPD of 4 mm, and only
7.4% had PPD of 5 mm. Using a cut-off of PPD < 4 mm,
overall pocket closure was achieved in 92.6% of sites. Radi-
ographically, although no standardized quantitative meas-
urements were performed, the authors reported evident
defect fill at 6 months based on the clinical cases pre-
sented.’8 Rodriguez-Aranda et al. performed a systematic
review, conducted according to PRISMA guidelines, to as-
sess clinical and radiographic outcomes of hyaluronic acid
(HA), used alone or in combination with other regenerative
therapies, in the surgical treatment of periodontal intra-
bony defects. Across all HA-treated groups, statistically
significant improvements in clinical attachment level
(CAL) gain and PD reduction were reported after 6—12
months of follow-up. In several studies, mean CAL gain in
HA test groups ranged approximately between 2.6 mm and
4.5 mm, depending on the therapeutic combination used
(HA alone, HA + open flap debridement, HA + membranes,
or HA + grafts). PD reduction was also clinically relevant,
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with decreases in the order of 3—4 mm in some trials.?2 Os-
tos-Aguilar et al. carried out a systematic review and
meta-analysis to evaluate the clinical efficacy of HA, used
alone or in combination with bone substitutes, in the treat-
ment of periodontal intrabony defects. In the OFD + HA
versus OFD-alone comparison, the 6-month meta-analy-
sis showed a statistically significant CAL gain in favor of
HA, with a mean difference (MD) of +1.00 mm (95% CI:
0.65—-1.35 mm). A greater PD reduction was also observed,
with an MD of 0.76 mm (95% CI: 0.34—1.17 mm). At 12
months, however, differences were no longer statistically
significant for either CAL (MD: 0.29 mm; 95% CI: —1.57—
2.15 mm) or PD (MD: 0.82 mm; 95% CI: —0.16—1.80 mm),
and heterogeneity was high. In the OFD + HA + bone sub-
stitute versus OFD + bone substitute comparison, no sta-
tistically significant differences were found in CAL gain at
12 months (MD: 0.57 mm; 95% CI: —0.30—1.43 mm) or PD
reduction (MD: 1.05 mm; 95% CI: —0.37—2.47 mm). A sig-
nificant difference was detected for radiographic bone fill
(RBF) at 12 months, favoring the HA group (MD: 0.57 mm;
95% CI: 0.15—0.99 mm). The overall certainty of evidence,
graded by GRADE, was rated as low to very low, mainly due
to the small number of included studies and methodologi-
cal heterogeneity.2c Vela et al. performed a prospective,
randomized, single-center clinical trial comparing
cross-linked HA (xHyA) with enamel matrix derivative
(EMD) in regenerative treatment of intrabony defects over
6 months. At 6 months, mean CAL gain was 3.18 +1.49 mm
in the xHyA group and 2.58 +1.39 mm in the EMD group;
intra-group changes were statistically significant (p <
0.001), with no significant difference between groups (p =
0.132). Mean PPD reduction was 2.00 +1.46 mm in the test
group and 1.96 *1.42 mm in the control group (p < 0.001
intra-group; p = 0.919 inter-group). REC increased by 1.04

+1.290 mm and 1.11 #*1.22 mm in the xHyA and EMD
groups, respectively. Radiographically, defect depth (BC—
BD) decreased from 5.34 +1.59 mm to 2.67 +0.82 mm in
the test group (mean fill = 2.67 mm) and from 5.22 +1.48
mm to 2.57 +0.78 mm in the control group (= 2.65 mm),
with no significant between-group difference (p = 0.718).
Defect width decreased by approximately 1.92 mm in the
xHyA group and 1.98 mm in the EMD group (p = 0.789).
Both treatments resulted in significant improvements in
inflammatory parameters and favorable early wound heal-
ing, with no relevant adverse events.17 Kaur et al. investi-
gated the adjunctive use of HA in combination with a
bioabsorbable membrane for intrabony defects in a ran-
domized split-mouth clinical trial with 6-month follow-up.
Mean PD reduction in the HA group was 2.70 +0.35 mm
at 3 months and 4.15 +0.53 mm at 6 months, compared
with 1.85 +0.41 mm and 2.85 +0.47 mm in the control
group, respectively (p < 0.001). Mean CAL gain at test sites
was 2.75 *0.54 mm at 3 months and 4.20 +0.67 mm at 6
months, versus 1.75 +0.42 mm and 2.85 +0.47 mm at con-
trol sites (p < 0.001). Radiographically, greater bone fill
was observed in the HA-treated group (1.17 +0.17) com-

pared with the non-HA group (0.46 +0.07), with



statistically significant differences (p < 0.001).2! Iorio- Sici-
liano et al. conducted a randomized, parallel, sin-
gle-blinded clinical trial with 6-month follow-up to assess
whether adjunctive cross-linked HA (xHyA) enhances clin-
ical and radiographic outcomes of moderate intrabony de-
fects treated with minimally invasive non-surgical therapy
(MINST) compared with MINST alone. At 6 months, both
groups showed statistically significant improvements in all
clinical parameters except GR. In the test group, mean PD
decreased from 6.7 +1.4 mm to 4.0 £0.8 mm (mean reduc-
tion 2.7 mm), whereas in the control group it decreased
from 6.8 +0.8 mm to 4.2 *#0.8 mm (mean reduction 2.6
mm), with no significant inter-group difference at 6
months (p > 0.05). CAL improved from 8.4 +2.8 mmto 5.5
+1.9 mm in the test group (mean gain 2.8 mm) and from
8.2 +1.7 mm to 6.0 *2.4 mm in the control group (mean
gain 1.9 mm), again without significant between-group dif-
ferences at 6 months. At 3 months, however, PD and CAL
improvements were significantly greater in the test group
(p < 0.05), indicating a faster initial response. Pocket clo-
sure (PD < 4 mm without BOP) at 3 months was achieved
in 84.2% of test sites compared with 10.5% of control sites
(p < 0.001); at 6 months, pocket closure rates were 78.9%
and 63.1%, respectively, with no significant difference. Ra-
diographically, both groups showed significant improve-
ment in CEJ-BD from baseline to 6 months (p < 0.05).
Mean DF was higher in the xHyA group (2.1 +0.9 mm) than
in controls (1.4 *1.1 mm; p = 0.026), and RDA increased
significantly only in the test group (from 35.8° to 53.9°; p <
0.001), although inter-group differences in RDA at 6
months were not significant.s Badarau-Suster et al. pre-
sented a narrative review summarizing recent advances in
regenerative periodontal therapies, with particular empha-
sis on biomaterials, biologically active derivatives, and
minimally invasive surgical approaches. Across the in-
cluded studies, application of HA in appropriately selected
intrabony defects was generally associated with clinically
significant reductions in probing pocket depth (PPD), CAL
gain, and radiographic defect fill. Comparative trials be-
tween HA and EMD indicated that both biomaterials
yielded significant clinical improvements over medium- to
long-term follow-up (up to 18—24 months), although sta-
tistically significant differences between groups did not al-
ways translate into clear clinical advantages.22 Ezer and
Gunpinar carried out a randomized clinical trial to evaluate
the effect of adjunctive 0.8% HA gel in minimally invasive
non-surgical treatment (MINST) of intrabony defects > 3
mm. At 3 months, PD reduction was significantly greater in
the test group (-3.29 +0.77 mm) than in the control group
(-2.57 +0.96 mm; p < 0.05). At 6 months, PD reduction
was —3.52 +0.79 mm in the HA group and —3.89 +1.76 mm
in the control group, with no statistically significant differ-
ence. CAL gain at 3 months was also higher in the test
group (2.52 +0.94 mm) compared with the control group
(1.47 +0.77 mm; p < 0.05), whereas at 6 months CAL gains
were 2.88 +1.05 mm and 2.42 *1.30 mm, respectively,

without significant between-group differences. Gingival
recession increased in both groups but was significantly
lower in the test group at both 3 and 6 months (p < 0.05),
indicating reduced gingival recession with adjunctive HA.
Radiographically, both groups demonstrated significant re-
ductions in intrabony defect depth (INFRA) at 6 months (p
< 0.05 intra-group), with mean INFRA reduction of 0.81 +
1.03 mm in the HA group and 0.72 +0.97 mm in the control
group, without significant inter-group differences. No sig-
nificant between-group differences were observed for total
defect depth, CEJ—AC, or defect angle.*4 Rodriguez-A et al.
conducted a randomized clinical trial with 18-month fol-
low-up to compare cross-linked HA 1.8% with EMD in re-
generative treatment of intrabony defects, evaluating both
clinical and radiographic outcomes. Both groups showed
statistically significant improvements from baseline (p <
0.001). At 18 months, mean PD reduction was 3.96 *1.41
mm in the HA group and 4.38 *1.50 mm in the EMD
group, with no significant difference between treatments.
Mean CAL gain was similar in both groups (3.43 *+1.62 mm
for HA and 3.50 +1.81 mm for EMD). In the EMD group,
53.8% of sites exhibited CAL gains of 2—3 mm at 6 months,
whereas in the HA group 48.1% of sites showed CAL gains
> 4 mm at 18 months. GR increase was greater in the EMD
group (0.88 +0.64 mm at 18 months) than in the HA group
(0.53 *0.53 mm). Radiographically, both groups demon-
strated significant reductions in INFRA at 6 months (-2.1

+1.1 mm in the HA group and -2.0 *1.4 mm in the EMD
group; p < 0.001), with progressive increases in regener-
ated area up to 18 months (18.1 mm2 for HA and 18.3 mm?2
for EMD). The mean percentage defect fill at 18 months was
approximately 79.5% in the HA group and 84.1% in the
EMD group, with no statistically significant differences be-
tween treatments.23

Discussion

Overall, the available evidence suggests that HA, used ei-
ther alone or as an adjunctive agent, is associated with con-
sistent improvements in clinical parameters, namely
clinical attachment level (CAL) gain and probing pocket
depth (PPD) reduction, as well as radiographic signs of
bone defect fill. However, joint analysis of the studies
shows that these benefits are not uniform and are influ-
enced by factors such as the surgical technique, HA formu-
lation, and follow-up period, which underlines the need for
a cautious interpretation of the findings.

When the studies comparing HA adjunctive to open flap
debridement (OFD) with OFD alone are considered to-
gether, a relatively consistent pattern of additional benefit
with HA use can be observed. Studies!s202t showed supe-
rior improvements in CAL, PPD, and defect fill when HA
was used as an adjunct, suggesting that it may potentiate
the regenerative effect of conventional surgical approaches.
This effect may be related to the capacity of HA to stabilize
the blood clot and modulate the inflammatory response,
thereby creating a microenvironment more favorable to
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regeneration. Nevertheless, as highlighted particularly by
the meta-analysis of Ostos-Aguilar et al. (2023), these ben-
efits tend to be more evident in the short term and may di-
minish over time, raising questions about their long-term
stability.

A similar pattern was observed in studies!s4 involving
minimally invasive techniques such as MINST or MIST.
Work by Gundogdu Ezer and Gunpinar (2025) and
Torio-Siciliano et al. (2025) demonstrated that HA is asso-
ciated with more pronounced improvements in the early
healing phases, particularly at 3 months, with no statisti-
cally significant differences at medium-term follow-up.
These data suggest that HA may primarily play a facilitat-
ing role in the initial phase of wound healing rather than
act as a determinant of the final outcome. From a clinical
perspective, this indicates that its benefit may be more re-
lated to the quality of early healing than to sustained regen-
erative gains. In practice, the decision to integrate HA into
minimally invasive approaches may therefore be weighed
mainly in light of the need to maximize early healing in
well-selected defects, rather than in the expectation of
marked long-term differences.

With regard to comparisons between HA and enamel ma-
trix derivatives (EMD), the studies¢7:23 showed overall
similar results between the two biomaterials, with no sta-
tistically significant differences in most clinical and radio-
graphic parameters assessed. Although some trends
favored EMD, particularly in terms of PPD reduction, these
differences did not consistently translate into clinically rel-
evant advantages, indicating that HA may represent a via-
ble therapeutic alternative in selected clinical contexts. The
availability of an alternative with a favorable biological pro-
file may be particularly relevant in scenarios where bio-
material choice must balance efficacy, cost, and
availability. Regarding the use of HA in combination with
other biomaterials, such as bone grafts, studies like that of
Bozi¢ et al. (2021) reported significant clinical improve-
ments, with clinically relevant CAL gains and PPD reduc-
tions. However, interpretation of these results should be
cautious, as the combined nature of the interventions
makes it difficult to determine the specific contribution of
HA. The absence of control groups and variability in surgi-
cal protocols and graft types limit the robustness of the con-
clusions, making it challenging to establish clear causal
relationships or to distinguish the isolated effect of HA
from the overall effect of the combined approach. From this
perspective, it seems more appropriate to regard HA as an
interesting potential adjunct within such protocols, but still
far from being considered an isolated key determinant of
succeess.

From a critical standpoint, the high methodological heter-
ogeneity among the included studies represents an im-
portant limitation of this review. Differences in surgical
techniques, HA  formulations (cross-linked vs.
non-cross-linked) and concentrations, as well as in fol-
low-up durations, hinder direct comparison of results. In
addition, several studies involve small sample sizes and a
moderate risk of bias, reinforcing the need for randomized
clinical trials with greater methodological standardization,
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longer follow-up, and direct comparisons between differ-
ent HA formulations and other regenerative biomaterials.
For future research, it would be particularly relevant to
clarify in which defect types, patient profiles, and surgical
contexts the clinical benefit of HA is most predictable and
clinically meaningful. The currently available evidence
should therefore be interpreted with caution, serving more
as an indication of the therapeutic potential of HA than as
definitive proof of its superiority over other approaches.
Accordingly, the use of HA should be considered on a
case-by-case basis, integrating individual clinical judg-
ment and patient preferences until more robust data are
available to support clearer and more generalizable recom-
mendations.

Conclusion

HA emerges as a promising therapeutic option in the re-
generative treatment of periodontal intrabony defects,
demonstrating significant clinical benefits, particularly
when used as an adjunct to conventional and minimally in-
vasive surgical approaches. Across the included studies, its
application was consistently associated with CAL gains,
PPD reduction, and, in certain cases, radiographic im-
provements in bone fill. HA can be regarded as a comple-
mentary therapeutic resource in periodontal regeneration,
whose clinical value lies mainly in its strategic integration
into already well-established approaches, contributing to
optimization of the healing microenvironment and poten-
tially increasing the predictability of outcomes in selected
intrabony defects.

All data used in this article were obtained from publicly
available databases (PubMed, Web of Science, B-On, and
the Cochrane Library). No primary data was generated or
and all information is available in the original published ar-
ticles.
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