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Abstract

This study aimed to evaluate the use of hyaluronic acid in periodontal regenerative procedures for the
treatment of angular defects. Data demonstrated it plays a significant role in tissue healing, hydration,
and modulation of inflammation. Its ability to inhibit pro-inflammatory cytokines and to support
collagen formation makes it a valuable adjunct in periodontal therapy. The research employed a cross-
linked hyaluronic gel (hyaDENT BG®) combined with a bovine bone substitute (Bio-Oss® Collagen) to
assess clinical and radiographic outcomes. Eight patients with Stage III periodontitis and overall 14
intrabony defects underwent surgical treatment involving flap elevation, root surface decontamination,
application of hyaluronic gel, and graft placement. Clinical parameters such as probing pocket depth,
clinical attachment loss, and gingival recession were measured before and after treatment. The results
demonstrated significant improvements, with pocket depth decreasing from an average of 7.29 mm to
3.07 mm, and attachment gain of 4.36 mm, indicating enhanced periodontal stability. Radiographic
assessments revealed a bone fill of 4.43 mm/mean, representing 88.6% defect fill, thereby confirming
the regenerative potential of the hyaluronic acid when combined with graft materials. While these
findings are promising, the authors emphasize the need for further research to validate these results
across diverse clinical conditions and to establish standardized treatment protocols. In conclusion,
hyaluronic acid appears to be a promising adjunct in periodontal regeneration due to its biological
properties, easy manipulation, safety, and cost-effectiveness.
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Introduction

Hyaluronic acid (HA) is a glycosaminoglycan with a molecular weight of 4 000 to 20 000 000 Da
that is a key constituent of the extracellular matrix, where it plays a crucial role in tissue
morphogenesis, cell migration, differentiation, and adhesion processes. (1) It is synthesized by HA
synthase enzymes presented in fibroblasts, keratinocytes, periodontal ligament cells,
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cementoblasts, osteoblasts. (2) HA is found abundant in gingival connective tissue and periodontal
ligament, but less quantity in alveolar bone and cementum. (2)

There are some positive biologic characteristics as its ability to help tissue healing and to maintain
tissue hydration. Moreover it may modulate inflammatory responses by inhibiting pro-
inflammatory cytokines such as IL-1, TNF-a, and prostaglandins, and in this way reduces the
inflammation. (1,3)

In periodontology, topical application of HA gel has been used adjunctively with scaling and root
planing (SRP) to enhance clinical outcomes. Furthermore, hyaluronic acid serves as a valuable
adjunct in periodontal surgery and it has been shown to be integrated into surgical protocols
together with bone grafting biomaterials. (1,3-7) Probably, HA's viscoelastic properties help in
maintaining graft stability at the defect site and may facilitate better integration of the graft
material with host bone in the recipient surgical area. (2)

Data suggested that HA supports collagen matrix formation and enhances vascularization. (8,9)
Various types of grafts, including autografts, allografts, xenografts, and alloplastic materials, are
commonly used for the repair and reconstruction of bone defects and may be combined with
hyaluronic acid to enhance regenerative outcomes. (3,8,9)

hyaDENT BG (hyaDENT BG®) gel, BioScience GmbH, Germany) is a sterile gel composed of cross-
linked hyaluronic acid (xHyA). Cross-linked hyaluronic acid (xHyA) is produced by forming new
bonds between linear or native HA molecules that join together. Native HA degrades for a few hours
to a few days. In contrast, xHyA possess extended degradation until several weeks or months. Due
to this property, HA can be also useful in graft stabilization. According to the manufacturer, the
composition includes 1.6% cross-linked hyaluronic acid (xHyA) as well as 0.2% natural hyaluronic
acid. It is designed for use in procedures such as soft tissue recession surgery, guided tissue
regeneration (GTR), and guided bone regeneration (GBR). The gel contains surgical-grade, highly
purified cross-linked hyaluronic acid with a specifically tailored molecular weight, and derived
from non-animal sources, making it suitable for dental applications. It can be applied directly to
the surgical site, even in the presence of blood, and can also be combined with other biomaterials
such as bone grafts or collagen membranes.

The authors suggested that the bacteriostatic properties of hyaluronic acid may reduce microbial
load in treated sites in patients with periodontitis and benefit periodontal surgery. (10) High
concentrations of HA showed the greatest bacteriostatic effect on the tested bacterial strains,
especially on Aggregatibacter actinomycetemcomitans, Prevotella oris, Staphylococcus aureus, and
Propionibacterium acnes. Based on their results, Pirnazar et al. concluded that HA is
therapeutically effective in tissue regeneration procedures because of its ability to minimize the
microbial contamination of surgical wounds. (10)

Moreover, Asparuhova et al. showed HA stimulates the growth of osteoprogenitor cells and may
enhance the expression of genes encoding bone matrix proteins like transforming growth factor-1
(TGF-B1) and fibroblast growth factor-1 (FGF-1). Thus, the HA addition during periodontal surgery
procedures may maintain the self-renewal and the differentiation processes. (11)

Similar outcomes have been reported, showing that cross-linked HA is associated with high PDL
cell viability, increased proliferation, and early—but not late—osteogenic differentiation in culture
media. (12)
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Aim

The aim of the current study was to evaluate the efficacy of hyaluronic acid in the treatment of
infraosseous periodontal defects using bovine bone substitute ((Bio-Oss® Collagen, Geistlich
Pharma, Wolhusen, Switzerland).

Material and Methods

This research complied with the procedural guidelines of the Research Ethics Committee at the
Medical University of Sofia (KENIMUS).

Ethics statement: All participants signed informed consent forms. This research complied with the
Rules of Procedure of the Research Ethics Committee at Medical University of Sofia (KENIMUS).
Inclusion criteria: patients in good general health, diagnosed with Stage III periodontitis, with a
deep periodontal pocket and an angular defect showing an intra-osseous component of >3 mm on
radiographic examination; teeth must be vital or with good endodontic status.

Exclusion criteria: heavy smokers, individuals with systemic conditions and diseases, pregnancy or
lactation, Class III furcation involvement, tooth mobility.

Patients were screened and enrolled based on the specified inclusion and exclusion criteria. The
diagnosis was established after clinical examination and confirmed radiographically. Clinical
examinations were performed with a calibrated UNC 15 periodontal probe (Hu Friedy, USA).
Patients received detailed information regarding the surgical procedure and signed informed
consent. The study protocol received approval from the Institutional Ethical Committee. Patients
underwent initial therapy consisting of scaling, polishing, and root planing. A schedule of activities
was prepared for the period from the initial visits to the completion of the study period of up to 1
year. A surgical protocol was followed and postoperative care was ensured.

Table 1 presents the planned measurement schedule.

Table 1. Outline of intended clinical and radiographic evaluations.

Parameter Assessment Evaluation Timeline
Clinical Attachment Change in CAL between baseline and = Baseline and 6 months
Level (CAL) post-surgical data, in mm post-op
Periodontal Pocket Change in PPD between baseline and = Baseline and 6 months
Depth (PPD) post-surgical data, in mm post-op
Gingival Recession Change in GR between baseline and Baseline and 6 months
(GR) post-surgical data, in mm post-op
Bone Fill (BF) Change in BF between baseline and Baseline and 9 months

post-surgical data, in mm post-op

Pre-surgical period: Patients received instructions on proper personal oral hygiene practices.
Scaling was performed using both ultrasonic and hand instruments. A reassessment was conducted
at six weeks to evaluate the patient’s response to non-surgical therapy and to confirm the need for
periodontal surgery.
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All clinical measurements during periodontal treatment were performed by calibrated
periodontists. An intra-class correlation coefficient (ICC) of > 0.9 was established to ensure
examiner reliability.

Description of the surgical procedure - following steps were scheduled:

- Terminal anesthesia was administered to anesthetize the area of the surgical procedure.

- A flap was designed using a blade, employing a conservative, minimally invasive surgical
technique.

- Scaling and root planing were performed using ultrasonic devices and hand instruments.

- The bone defect was evaluated for anatomical features, including depth, width, and the condition
of the surrounding bone walls. Granulation tissue was removed.

-The root surface was conditioned with EDTA gel for two minutes (24% EDTA gel, pH 6.7; PrefGel,
Straumann, Basel, Switzerland) and then thoroughly rinsed with saline.

- Hyadent BG (hyaluronic acid, hyaDENT BG, Bioscience, Germany) was applied to the root
surface.

- The bone substitute material was mixed with Hyadent BG and applied to the bone defect.

-The flap was repositioned and sutured.

- Postoperative care instructions were provided.

Statistical analysis:

Data were analyzed using IBM SPSS Statistics (Version 22). The significance level was set at p <
0.05 for hypothesis testing, indicating that null hypotheses would be rejected at this threshold. The
following statistical methods were employed: descriptive analysis for estimation of central
tendency (such as mean, median) and dispersion (including standard deviation, range); the Mann—
Whitney non-parametric test for comparison of clinical parameters between independent samples
(two groups formed according to the values of different variables); the Wilcoxon signed-rank test
for detection of statistically significant differences within related samples (before and after received
surgical therapy).

Results

Eight patients aged between 32 and 61 years (48.38+10) with a total of 14 teeth with doubtful
prognosis, were included in this study. Each patient received periodontal surgery involving a bone
graft procedure using a xenograft (Bio-Oss® Collagen) mixed with a hyaluronic acid gel (hyaDENT
BG).

All patients were diagnosed with Stage III periodontitis, evenly distributed between Grade B and
Grade C. A total of 14 intrabony defects were treated: 8 located in the maxilla and 6 in the mandible.
The mean distance from the alveolar bone crest to the bottom of the defect on baseline radiographs
was 5 + 0.877 mm, while the mean intrabony depth measured intra-operatively was 4.43 + 0.938
mm. The average radiographic defect angle was 36.64° + 6.021°.

Of the 14 defects, 6 were classified as 2-wall defects and 8 as 3-wall defects.

Clinical and radiographic characteristics of the studied cases are recorded and briefly presented in
Table 2.
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Table 2. General recorded information of the studied group of defects.

Intra-op-
erative | Defect

PPD1 | CAL1 | GR1 | depth angle | Ri | PPD2 | CAL2 | GR2 | R2 | BF

N 14 14 14 14 14 14 14 14 14 14 14
Mean 7.29 | 7.50 | 0.43 4.43 36.64 | 5.00 | 3.07 | 3.14 | 0.29 | 0.57 | 4.43
Median 7.00 | 8.00 | 0.00 4.00 35.00 | 5.00 | 3.00 | 3.00 | 0.00 | 0.00 | 4.50

Standard

Deviation 0.99 | 1.09 | 0.51 0.94 6.02 | 0.88 | 0.83 | 0.77 | 0.47 | 0.94 | 1.22

Range 3 4 1 3 20 2 3 3 1 3 5

Minimum 6 5 o) 3 25 4 2 2 0] 0] 1

Maximum 9 9 1 6 45 6 5 5 1 3 6

Legend of Table 2: PPD1 - periodontal pocket depth before surgery, CAL1 - clinical attachment
loss before surgery, GR1 - gingival recession before surgery, R1 - radiographic depth before
surgery, PPD2 - periodontal pocket depth after surgery, CAL2 - clinical attachment loss after
surgery, GR2 - gingival recession after surgery, R2 - radiographic depth after surgery, BF — bone

filling.

Clinical attachment gain was found to be significantly and positively correlated with preoperative
PPD and CAL. Similarly, periodontal pocket depth (PPD) reduction showed a strong correlation
with baseline PPD and CAL values. These findings are supported by the statistically significant
changes in clinical parameters—from PPD1, CAL1, and R1 to PPD2, CAL2, and R2 (p = 0.001).
The differences are illustrated in Figure 1.
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Figure 1. Statistically significant clinical parameter’s changes.

Patients with periodontitis presenting with intrabony defects characterized by a probing depth of
>6 mm and a radiographic intrabony component of >3 mm were included in the study. Defect depth
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was assessed using intraoral radiographs taken with the parallel technique. In addition,
intrasurgical measurements were performed to evaluate specific defect characteristics, including
the number of bony walls and the size of the infraosseous component.

Bone fill was assessed radiographically at 9 months postoperatively. A portion of the results related
to the number of defect walls is illustrated in Figure 2.

Bone filling and defect wall's number
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Figure 2. Relationship between bone filling and defect wall’s number.

The bone defects were classified based on the angle measurements as narrow and medium-wide
angles (<36°), and wide angles (=36°). The average value of bone filling in the group with narrow
and medium-wide angles is 4.88 (SD = 0.84), and in the group with wide angles — 3.83 (SD = 1.47).
Although the difference between the two groups is not statistically significant (likely due to the
small sample size), the results show visibly higher values in the narrow and medium-wide angles
group, as illustrated in Figure 3.

Bone filling and defect angle
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Figure 3. Relationship between bone filling and defect angle.
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Discussion

Authors investigated the osteogenic cells differentiation potential of the cross-linked hyaluronic
acid in an air-lift experiment model. They found HA give some benefits on the expression of
osteogenic markers in osteoblast-like cells because of its prolonged degradation. (13) Thus, in
accordance with the long regeneration process — up to several months. (13,14)

Shirakata et al. published histological evidences for the periodontal regeneration including new
bone formation using cross-linked hyaluronic acid-gel into surgically created intrabony defects in
dogs. This justifies the search for alternative options to stimulate the osteoinductive and
osteoconductive properties of bone substitutes and host tissues. (15)

In addition, the study of BozZi¢ et al. comprised 23 periodontitis patients with angular defects
treated with HA and xenograft. It was shown that this approach provided significant changes in
clinically measured periodontal parameters — CAL and PPD (p<0.001). (16)

In our investigation we obtained statistically significant data comparing clinical outcomes at
baseline and 6 months after treatment (p<0.001). Thus, an important positive effect of the
hyaluronic acid may be suggested that favors the HA application together with bone substitutes in
combinatory periodontal surgery protocol. This effect accentuates both on clinical parameters, such
as PPD, CAL, GR, and radiographic variables — R, BF.

Our results showed a notable reduction of pocket’s depth in the studied group of periodontitis
patients from 7.29 mm to 3.07 mm (p<0.001); a notable attachment gain — from 7.50 mm to 3.14
mm p<0.001). This way a significantly great pocket depth reduction was obtained (4.22
mm/mean), and near 93% pocket closure was achieved which corresponds to depth <4 mm.
Moreover, we reached an important clinical attachment gain of 4.36 mm/mean.

The current study’s results are in accordance with that of Bhowmik et al. who reported 5.06 mm
PPD reduction when hyaluronic acid was applied in the treatment of intrabony defects; and of other
researchers such as: Sehdev et al. — 4.52 mm; El-Wakeel et al. — 3.8 mm; Selvaprakash et al. — 3.27
mm; Mamajwala et al. — 5.4 mm; Engstrom et al. — 4 mm; Bojic et al. — 4.54 mm; Pilloni et al. —
3.31 mm. (17- 21)

In relation to the clinical attachment gain authors presented outcomes similar to these obtained in
our investigation, e.g. Bhowmik et al. — 4 mm; de Santana et al. - 4.8 mm; Selvaprakash et al. — 3.2
mm; Sehdev et al. — 4.48 mm; El-Wakeel et al. — 3.6 mm; Mamajwala et al. — 5.1 mm; El Sayed et
al. — 2.87 mm; Ballini et al. - 2.8 mm/mean. (17,18,20- 22)

We were also interested on the research of Aslan et al. who noticed significant bone healing when
a combination of HA and bovine bone graft was applied in rabbits. Based on the results of
histopathologic specimens authors concluded that the group with HA and bone graft shows high
scores compared to the control group (without HA). (23)

In our study we achieved a significant reduction in bone defect depth from 5 mm to 0.57 mm at 9
months which corresponds to 88.6 % bone fill or 4.43 mm/mean radiographic bone gain. These
findings are comparable with previous reports of Bassiouny et al. — newly formed bone was
76,26+6,49% but in dogs; Vela et al. — 2.67+ 1.20 mm/mean bone fill baseline to 6 months; Sehdev
et al. — bone fill of 3.92 + 0.26 mm/mean or 94 % of the defect size in their study. (1,13,24)

The findings of our study align with existing literature data regarding the relationship between bone
filling and the angle of the bone defect. Based on our results, an angle of less than 36 degrees
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appears to be conducive to achieving predictable outcomes in periodontal surgery aimed at filling
angular bone defects. (25)

In connection with the mentioned, our outcomes may confirm the literature data regarding the
benefit of hyaluronic acid application prior to periodontal regenerative procedures. Data encourage
the use of HA in combination with different biomaterials to ensure graft and flap stability, as well
as the maintenance of the defect environment, which leads to bone fill and successful new bone
formation. (5-7,13,16,23,26) Despite these results, strong conclusions should not be drawn due to
the small scheduled group, the diversity of bone substitutes, barrier membranes, site-specific
(tooth number, tooth morphology, pocket depth, defect characteristics) and patient-related
conditions (psycho-emotional stress, diet, habits, and activity), protocols, etc., that may influence
the healing process. We suggest these factors should be carefully analyzed.

Conclusion

The results of the current study indicate that hyaluronic acid is a promising material with good
biological characteristics, making it a viable alternative to more expensive or invasive products.
Further investigations are needed to provide more definitive conclusions based on clinical,
radiographic, and histological findings.
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