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Background

Incorporating hyaluronic acid (HyA) into graft material has emerged as a promising approach to enhance osteogenesis, angiogenesis, and 

graft stability in dental bone regeneration.¹ HyA’s biological performance is primarily governed by its formulation. While enhanced 

crosslinking prolongs material retention, it may compromise cell viability.2,3

Aim

This study compared the impact of three commercially available HyA with different formulations 

on the proliferation of human bone marrow derived mesenchymal stem cells (hBMSCs) when 

combined with dental bone xeno- and allograft particulates.



Materials & Methods 

Characterization

• Three commercially available HyA with different formulations were evaluated.

• 2×105 hBMSCs were cultured on one solvent dehydrated allograft (SA), one porcine-derived (PX), and one bovine-derived xenograft (BX) pre-loaded with 

equal amounts of HyA, respectively. The graft-only samples were served as controls. 

• hBMSCs proliferation across 12 groups was quantified with a cell counting kit (Dojindo® Molecular Technologies) at 1, 3, and 7 days (n=4). 

Statistical analysis

• One-way ANOVA with Tukey multiple comparison tests was performed to determine statistical differences between groups (GraphPad Prism 10). The p<0.05 

was considered significant.

Hyaluronic Acid Manufacturer Composition and Concentration (mg/mL)
Crosslinking / 

Additive
Viscosity Abbreviation

BiotivityTM Italmed srl

(Marketed by ZimVie)
Sodium hyaluronate (5) None Low HyA-NC

REGENFAST® Mastelli Srl

(Distributed by Geistlich Pharma AG)

HyA (10) + 

Polynucleotides (PN) (10)
None (PN blend) Medium-high HyA-PN

hyaDENT BG
BioScience GmbH

(Distributed by Regedent AG)

Cross-linked HyA (16) + 

Free HyA (2)
Cross-linked High HyA-CL



➢ On the SA, HyA-NC significantly enhanced hBMSCs growth from 1 day to 7 days (p < 0.001 vs control), whereas HyA-PN performed similarly to control, and 

HyA-CL markedly suppressed cell growth at all time points (p < 0.001). 

➢ On PX, HyA started to show impact from day 3, with HyA-NC and HyA-PN significantly promoted cell proliferation. By day 7, cell proliferation in all HyA groups 

exceeded control (p < 0.001), indicating a delayed positive effect of HyA-CL.

➢ On BX, HyA-NC and HyA-PN significantly enhanced cell proliferation at all time points (p < 0.001), whereas HyA-CL showed no difference compared with 

control at 1 day, but significantly increased cell proliferation at 3 and 7 days (p < 0.001). 

Results

Figure 1: hBMSCs proliferation at 1, 3, and 7 

days when cultured on different types of grafts 

that were loaded with different HyAs, and the 

respective statistical significance matrix(VS No 

HyA). Green means significantly higher, red 

means significantly lower.

Proliferation of hBMSCs on different bone graft materials loaded with various hyaluronic acid (HyA)



Results Cont’d

Figure 2: Relative hBMSC proliferation (%) on allograft and xenograft particulates loaded 

with different HyA formulations, normalized to their respective graft-only controls at 7 days.

➢ The heatmap showed HyA-NC consistently yielded greatest hBMSCs 

proliferation across all graft types at 7 days.

➢ On the tested allograft (SA), HyA-NC markedly enhanced cell proliferation 

(129.35% vs control), whereas HyA-PN showed no improvement over control 

(100.00%), and HyA-CL substantially suppressed proliferation (69.91% vs 

control).

➢ On the xenografts (PX and BX), all HyA formulations enhanced cell 

proliferation relative to control. On PX, HyA-NC and HyA-PN promoted 

proliferation (131.82% and 121.54%, respectively), while HyA-CL showed a 

moderate increase (118.11%). On BX, HyA-NC exhibited the strongest effect 

(144.29%), followed by HyA-PN (129.99%) and HyA-CL (125.86%).

➢ Overall, the biological performance showed a consistent increasing trend in 

the following order: HyA-CL < HyA-PN < HyA-NC.



• The biological performance of HyA is highly dependent on its formulation.1 Our pre-clinical data showed that 

Non-crosslinked HyA (HyA-NC) consistently produced the greatest enhancement of hBMSCs proliferation 

across the evaluated bone grafts, whereas crosslinked HyA (HyA-CL) markedly suppressed or delayed cell 

growth, particularly on the tested allograft. 

• This inhibitory effect on the tested allograft likely arises from its densely crosslinked network, which restricts 

molecular mobility, nutrient diffusion, and reduces the availability of binding sites necessary for cell 

attachment.1.2 

• Within the limitations of this study, the findings indicate that optimizing HyA formulation is critical for 

maximizing cellular response, which may enhance its regenerative potential in dental applications.

Discussion  & Conclusion
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