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Improved new bone formation capacity Rl

of hyaluronic acid-bone substitute compound
in rat calvarial critical size defect

Ningbo Zhao'?, Lei Qin?, Yi Liu*, Min Zhai® and Dehua Li*"

Abstract

Background Bone loss of residual alveolar ridges is a great challenge in the field of dental implantology. Deprotein-
ized bovine bone mineral (DBBM) is commonly used for bone regeneration, however, it is loose and difficult to handle
in clinical practice. Hyaluronic acid (HA) shows viscoelasticity, permeability and excellent biocompatibility. The aim

of this study is to evaluate whether high-molecular-weight (MW) HA combined with DBBM could promote new bone
formation in rat calvarial critical size defects (CSDs).

Materials and methods Rat calvarial CSDs (5 mm in diameter) were created. Rats (n=45) were randomly divided
into 3 groups: HA-DBBM compound grafting group, DBBM particles only grafting group and no graft group. Defect
healing was assessed by hematoxylin-eosin staining and histomorphometry 2, 4 and 8 weeks postop, followed

by Micro-CT scanning 8 weeks postop. Statistical analyses were performed by ANOVA followed by Tukey's post hoc
test with P<0.05 indicating statistical significance.

Results All rats survived after surgery. Histomorphometric evaluation revealed that at 2, 4 and 8 weeks postop,

the percentage of newly formed bone was significantly greater in HA-DBBM compound grafting group than in the
other two groups. Consistently, Micro-CT assessment revealed significantly more trabecular bone (BV/TV and Tb.N)
in HA-DBBM compound group than in the other two groups, respectively (P<0.05). Moreover, the trabecular bone
was significantly more continuous (Th.Pf) in HA-DBBM compound group than in the other two groups, respectively
(P<0.05).

Conclusion HA not only significantly promoted new bone formation in rats calvarial CSDs but also improved
the handling ability of DBBM.
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Introduction

Currently, titanium dental implants are widely recognized
for their efficacy and reliability in addressing both par-
tial and complete tooth loss [1-5]. However, the dental
implant field is confronted with the significant challenge
of bone loss, which can stem from periodontal disease,
trauma, anatomical constraints, congenital issues, or
the ongoing resorption of residual alveolar ridges [6-8].
Adequate amount of bone tissue (both width and height)
is a prerequisite for the successful placement of implants
in the ideal prosthetic-driven position in order to pro-
vide a functional and aesthetic implant-retained restora-
tion for patients. Guided bone regeneration (GBR) is the
main solution to the problem of bone deficiency at the
recipient site. A variety of bone grafting materials are
employed in GBR procedures, including autograft, allo-
graft, xenograft, and tissue-engineered bone, each with
its own set of benefits and limitations [9].

Deproteinized bovine bone mineral (DBBM) has
emerged as a prevalent bone substitute material in GBR.
As a osteoconductive scaffold for bone formation, it is
widely used in peri-implant bone defects, sinus floor
elevation, alveolar ridge augmentation, bone defects
between implant and adjacent tooth, and bone loss
resulting from periodontal disease [10-14]. To stimu-
late bone formation, it is recommended that DBBM can
be used in combination with autologous bone [15, 16].
However, the availability of bone volume for grafting is
inherently limited, and the potential morbidity associ-
ated with the donor site must be carefully weighed [17,
18]. Another approach is to add growth factors to bone
substitute particles [19, 20], yet issues regarding the high
cost and the biosafety of growth factors need to be prop-
erly addressed. Furthermore, bone substitute particles is
loose, and can be washed away by blood or flushing fluid
in clinical practice [21, 22]. It lacks cohesion and can’t
maintain the space where it is grafted, while space main-
tenance is one of the four key biological factors (known
as PASS principle) for predictable bone regeneration in
GBR [23]. Consequently, improving the handling ability
of bone substitute particles while preserving bone graft
effectiveness is an urgent problem to be solved.

Hyaluronic acid (HA), which exists in various tissues of
mammals, is a commonly used hydrogel [24]. As a prin-
cipal constituent of the extracellular matrix, HA exhibits
viscoelasticity, permeability, and excellent biocompat-
ibility. It participates in several critical biological pro-
cesses, such as cellular signaling [25], cell adhesion and
proliferation, cell differentiation [26—31], chondrogenesis
[32], osteogenesis [33], anti-inflammatory [34] and pro-
angiogenesis [35]. Hydrogel, as excipient, combined with
bone substitute might provide a feasible solution to the
challenges faced in bone grafting. The viscoelasticity of
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HA is correlated with its molecular weight (MW). The
higher the MW of HA, the greater the viscoelasticity of
HA becomes.

Moreover, it has been proven in some studies that
high-MW HA had bacteriostatic effect, inhibiting the
growth of several bacteria, such as Sreptococcus, Porphy-
romonas gingivals, and Actinobacillus [36]. Our previous
study have showed that HA with higher MW and con-
centration promoted bone formation in vitro [37]. Addi-
tionally, Asparuhova et al. [31] reported that HA induces
the growth of mesenchymal stromal cells and pre-osteo-
blasts and maintains their stemness in vitro. Because of
its osteoinductive, bacteriostatic, and anti-inflammatory
properties, HA was proven to improve bone formation
and accelerate wound healing in extraction sockets with
chronic pathology in dogs [38]. These studies speak in
favor of the clinical potential of high-MW HA in bone
regeneration.

Based upon these studies, it is necessary to evaluate the
new bone formation capacity of high-MW HA combined
with DBBM. Therefore, we established the rat calvarial
critical size defects (CSDs) model and assessed the new
bone formation capacity of the HA-DBBM compound,
trying to provide some information for understanding
the mechanism of the new bone formation, and provide
scientific evidence for further optimizing the properties
of bone substitute particles. The null hypothesis was that
high-MW HA combined with DBBM could not promote
new bone formation.

Materials and methods

Experimental animals

Forty-five male Sprague—Dawley (SD) rats aged 7 to 8
weeks and weighing 290 to 320 g, were purchased from
the Experimental Animal Center of the Fourth Military
Medical University. Before use, the rats were housed
under 12 h light/dark cycle (at the room temperature of
24+1°C and humidity of 60+10%) for 1 week. The bed-
ding, food and water were all sterilized. All the experi-
mental procedures were approved by the Laboratory
Animal Care & Welfare Committee, School of Stoma-
tology, Fourth Military Medical University. SD rats were
randomly divided into 3 groups, HA-DBBM compound
grafting group, DBBM particles only grafting group and
no graft group (the test group, the negative control group
and the blank control group, respectively).

Preparation of HA solution and HA-DBBM compound

HA with the MW of 2630 kDa was purchased from
Bloomage Freda Biopharm Co., Ltd., Shandong, China. It
was dissolved in phosphate buffered saline to prepare an
HA solution with the concentration of 2 mg/mL. DBBM
particles (Geistlich Pharma AG, Wolhusen, Switzerland)
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(900 mg) were added to 1 mL HA solution and mixed to
prepared HA-DBBM compound.

Surgical procedures

Surgical procedures were performed under sterile condi-
tions. SD rats were generally anesthetized via an intra-
peritoneal injection of 1% sodium pentobarbital (0.30
mL/100 g). The surgical site was disinfected with povi-
done iodine (Fig. 1A). An approximately 15 to 20 mm
long sagittal incision was made. The skin and periosteum
of the rat calvarium were carefully elevated and reflected
(Fig. 1B). Two symmetrical round full-thickness calva-
rial CSDs (5 mm in diameter) were created using a tre-
phine drill (No. 22349.04, Stoma, Germany), one in each
parietal bone (Fig. 1C). Constant irrigation with ster-
ile sodium chloride was applied to prevent overheating
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of the bone tissue. Both defects in each rat were filled
with the same materials or no graft (Fig. 1D-F). The
bioresorbable collagen membrane Bio-Gide® (Geistlich
Pharma AG, Wolhusen, Switzerland) was used to cover
the bone defects (Fig. 1G). After that, the periosteum and
skin were sutured in layers with absorbable and 4-0 silk
sutures, respectively (Fig. 1H-I). Cefazolin sodium was
subcutaneously injected to prevent wound infection 1 to
7 days postop.

Clinical observation of rat calvarial CSDs

Nine rats were sacrificed by overdose injection of 1%
sodium pentobarbital at 1, 2, 3, 4 and 8 weeks postop,
respectively. The CSDs sites were removed with a small
amount of surrounding bone. Following observation with
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Fig. 1 Surgical procedures. A SD rats were anesthetized and the skull was disinfected. B An incision was made and the periosteum was elevated
and reflected. C Two symmetrical round full-thickness calvarial CSDs (5 mm in diameter) were created. D CSDs were grafted with HA-DBBM
compound. E CSDs were grafted with DBBM particles only. F CSDs with no graft. G A bioresorbable collagen membrane was used to cover
the surgical site. H The periosteum was sutured. 1 The skin was sutured
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a digital camera (Nikon, Tokyo, Japan), the samples were
immediately fixed in 4% buffered formalin for 24 h.

Micro-CT scanning

Samples harvested 8 weeks postop were placed on the
base of a high-resolution Micro-CT scanner (Inveon,
Siemens, Germany). The calvarial CSDs were set as the
region of interest (ROI). The scanning parameters were
as follows: 80 kV, 500 pA with a 2500 ms exposure time.
The resolution was set at 19.64 pm and the rotation step
of 0.67. The samples were reconstructed three-dimen-
sionally using software Mimics 10.01 (Materialise, Leu-
ven, Belgium). The bone volume/tissue volume (BV/TV),
trabecular number (Tb.N), trabecular thickness (Tb.Th),
trabecular space (Tb.Sp) and trabecular pattern factor
(Tb.Pf) of the ROIs in each sample were analyzed.

Hematoxylin and eosin (HE) staining

Samples harvested 2 and 4 weeks postop and those after
Micro-CT scanning (8 weeks postop) were decalcified
in EDTA solution (Merck, Darmstadt, Germany) for 30
days. The specimens were trimmed using a precision
saw and dehydrated in graded alcohol. The CSDs were
identified visually, followed by cutting into halves along
the center of two defects. The samples were embedded
in paraffin. Sections were cut into 4 pm thickness and
stained with HE. HE stained sections were observed
under a light microscope (Leica Microsystems, Wetzlar,
Germany) connected to a digital camera. The percent-
age of newly formed bone area within the defect area
was determined by a single blinded, calibrated examiner
using imaging software (Image], National Institutes of
Health, Bethesda, USA).

Statistical analysis

All experiments were repeated at least three times. All
data were expressed as mean + standard deviation. Analy-
ses were performed using SPSS 16.0 (SPSS Inc., Chicago,
USA). One-way analysis of variance (ANOVA) followed
by Tukey’s post hoc test were performed for multiple
comparisons. Differences were considered significant if
P<0.05.

Results

Clinical observation of rat calvarial CSDs

There was no complication during surgery. All rats sur-
vived after surgery. One rat had wound dehiscence one
day postop. After intraperitoneal reinjection of 1% pento-
barbital sodium and re-suturing, the rat recovered well.
No signs of clinical infection or necrosis of the wound
were observed at any test time point. The clinical obser-
vation of rat calvarial CSDs 1, 2, 3, 4 and 8 weeks postop
was shown in Fig. 2.
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One week postop, there was abundant connective tis-
sue in CSDs area of the HA-DBBM compound graft-
ing group and DBBM particles only grafting group. The
DBBM particles were embedded within the fiber-rich
connective tissue. In the no graft group, only little con-
nective tissue was observed in the rim of the CSDs area,
while the remainder of the CSDs area was hollow. Two
weeks postop, there was much denser and more con-
nective tissue in CSDs area in the HA-DBBM com-
pound grafting group and DBBM particles only grafting
group. In the no graft group, the hollowed CSDs area was
reduced. Additionally, there was much more connective
tissue, which was mainly distributed along the rim of the
CSDs area. With time prolonged and the wound healing
processed, there was increasingly much more new bone
tissue formed in CSDs area of the HA-DBBM compound
grafting group and DBBM particles only grafting group.
There was much more connective tissue in CSDs area of
the no graft group. New bone tissue formed later and less
in the no graft group than in the other two groups.

Histology and histomorphometry of rat calvarial CSDs
Defect sites were harvested 2, 4, and 8 weeks after calva-
rial implantation to evaluate bone regeneration. The his-
tologic sections are shown in Figs. 3 and 4. The results of
the histomorphometric analysis are shown in Fig. 5. As
expected, HA-DBBM compound grafting group exhib-
ited the highest bone-healing efficacy.

In the HA-DBBM compound grafting group, a large
amount of connective tissue, little new bone tissue and
few blood vessels were observed in the rim of the CSDs
area at low-magnification 2 weeks postop. The DBBM
particles were surrounded by fiber-rich connective tis-
sue (Fig. 3 A2). The new bone tissue was immature at
high-magnification (Fig. 4 A2). Four weeks postop,
there was much more new bone tissue and blood ves-
sels. Many mononuclear cells and a few giant cells were
observable on the surfaces of DBBM particles at this time
point (Figs. 3 A4 and 4 A4). Eight weeks postop, there
was an increasing amount of mature new bone tissue.
The intergranular connective tissue and the DBBM par-
ticles exhibited a fiber-and vessel-rich composition. At
this time, there was space around the DBBM particles,
and the majority of the cells were mononuclear, while
a minority of cells were multinuclear on the surfaces of
DBBM particles (Figs. 3 A8 and 4 A8).

In the DBBM particles only grafting group, little new
bone tissue and much more fiber-rich connective tis-
sue could be noted in the rim of the CSDs area at low-
magnification 2 weeks postop. The DBBM particles were
embedded in fiber-rich connective tissue (Fig. 3 B2). Four
weeks postop, more new bone tissue and blood vessels
had formed (Figs. 3 B4 and 4 B4). The new bone tissue
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HA-DBBM group DBBM group No graft group

1wk
post-0p

2 wks
post-op

3 wks
post-op

4 wks
post-op
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post- 7

Fig. 2 Clinical observation of rat calvarial CSDs at 1, 2, 3, 4 and 8 weeks postop

Fig. 3 HE staining images of rat calvarial CSDs. A: HA-DBBM compound graftlng group. B: DBBM part|c|es only grafting group. C: no graft group.
2,4 and 8 refer to 2, 4 and 8 weeks postop, respectively. Black arrow: new bone; black triangle: DBBM particles; yellow arrow: blood vessel.
Magnification, x 20)
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Fig. 5 The percentage of newly formed bone in rat calvarial CSDs 2 weeks (a), 4 weeks (b) and 8 weeks (c) postop. A: HA-DBBM compound grafting

group. B: DBBM particles only grafting group. C: no graft group

was markedly more and more mature at 8 weeks postop
(Figs. 3 B8 and 4 B8).

In the no graft group, little connective tissue was
observed in the rim of the CSDs area at low-magnifica-
tion 2 weeks postop. The inner part of the CSDs area was
hollow (Figs. 3 C2 and 4 C2). Four weeks postop, little
new bone tissue could be found in the rim of the CSDs
area, with the remaining part of the CSDs area filled with
fiber-rich connective tissue (Figs. 3 C4 and 4 C4). Eight
weeks postop, the amount of new bone tissue increased,
however, new bone tissue still existed in the rim of the
CSDs area. The inner part of the CSDs area was filled
with fiber-rich connective tissue (Figs. 3 C8 and 4 C8).

At 2 weeks after the operation, the percentage of newly
formed bone was significantly greater in the HA-DBBM
compound grafting group (18.99+1.64) than in the
other two groups (Fig. 5a, P <0.01, respectively). How-
ever, there was no significant difference in the percent-
age of newly formed bone between the DBBM particles
only grafting group (12.64+0.56) and the no graft group
(10.50+1.57) (Fig. 5a,P =0.12). Four weeks postop,

the percentage of newly formed bone was significantly
greater in the HA-DBBM compound grafting group
(33.08+2.00) than in the DBBM particles only grafting
group (25.20 + 1.45) and the no graft group (13.15+1.05)
(Fig. 5b, P <0.01, respectively). The differences were sig-
nificant between each two groups. At 8 weeks postop,
the percentage of newly formed bone was significantly
greater in the HA-DBBM compound grafting group
(71.19+1.81) than the DBBM particles only grafting
group (41.89+1.07) and the no graft group (22.52+1.71)
(Fig. 5¢, P <0.01, respectively). The differences were sig-
nificant between each two groups.

3D reconstruction images of the rat calvarial CSDs

Micro-CT scanning was performed for rats sacrificed 8
weeks postop. The 3D reconstructed images after Micro-
CT scanning were shown in Fig. 6. The new bone tissue
was obvious and continuous, and filled the CSDs area in
the HA-DBBM compound grafting group. The DBBM
particles were surrounded by abundant new bone tis-
sue (Fig. 6A). In the DBBM particles only grafting group,
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Fig. 6 3D reconstruction images after Micro-CT scanning of rat calvarial CSDs 8 weeks postop. A: HA-DBBM compound grafting group. B: DBBM
particles only grafting group. C: no graft group. The red and green colours indicate the DBBM particles and the new bone tissue, respectively

new bone tissue was found in the whole CSDs area. How-
ever, the newly formed bone tissue was less and less con-
tinuous than that in the HA-DBBM compound grafting
group. New bone tissue and the DBBM particles were
closely connected (Fig. 6B). In the no graft group, less
new bone tissue formed in the rim of the CSDs area than
the other two groups. In addition, the new bone tissue
was less continuous than the other two groups (Fig. 6C).

Bone parameter analysis of rat calvarial CSDs

After Micro-CT scanning, bone parameter analysis of
rat calvarial CSDs was carried out. Figure 7 shows the
statistical results. The BV/TV ratios for the HA-DBBM

100

compound grafting group, DBBM particles only graft-
ing group and the no graft group were 85.22+3.66%,
52.58 +2.97% and 21.90 £ 2.64%, respectively. There were
significant differences among the three groups (P<0.01,
respectively). Moreover, there was significant difference
between each two groups (Fig. 7a, P <0.01, respectively).
The BV/TV ratio of the HA-DBBM compound graft-
ing group was 1.62 and 3.89 times greater than those
of the DBBM nparticles only grafting group and the no
graft group, respectively. A similar trend was also found
for the Tb.N. The Tb.N values for the three groups were
8.98+0.10, 5.11£0.18 and 0.93 +£0.07, respectively. There
were significant differences among the three groups and
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Fig. 7 Statistical analysis of the bone parameters of rat calvarial CSDs 8 weeks postop. A: HA-DBBM compound grafting group. B: DBBM particles

only grafting group. C: no graft group. **P<0.01
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between each two groups (Fig. 7b, P <0.01, respectively).
The Tb.N of the HA-DBBM compound grafting group
was 1.76 and 9.66 times greater than those of the DBBM
particles only grafting group and the no graft group,
respectively.

For Tb.Th there was no significant difference among the
three groups, or between each two groups (Fig. 7c, P >
0.05, respectively). With respect to the Tb.Sp, there were
significant differences among the three groups (P<0.01,
respectively). There were significant differences between
the HA-DBBM compound grafting group and the no
graft group, DBBM particles only grafting group and the
no graft group, respectively (P<0.01, respectively). How-
ever, there was no significant difference between the HA-
DBBM compound grafting group and DBBM particles
only grafting group (Fig. 7d, P > 0.05). The Tb.Sp of the
no graft group was significantly greater than that of the
other two groups (P<0.01, respectively).

For Tb.Pf there were significant differences among
the three groups and between each two groups (Fig. 7e,
P <0.01, respectively). The Tb.Pf of the HA-DBBM com-
pound grafting group was significantly lower than that of
the other two groups (P<0.01, respectively).

Discussion

Our study demonstrated that the combination of high-
MW HA with bone substitute particles stimulates more
new bone tissue, increases trabecular number, improves
trabecular connectivity, and increases new bone forma-
tion within CSDs in rat calvaria. Thus, the null hypoth-
esis was rejected. The results could provide scientific
evidence for further optimizing the properties of bone
substitute particles.

GBR has become a fundamental concept of bone aug-
mentation and is widely used in dental implant therapy,
moreover, the restoration of periodontal defects [39], and
promising bone regeneration results have been obtained
[40]. As is known to all that different materials used in
GBR can result in different capacity of bone regeneration.
Various bone substitute and techniques have been devel-
oped and provided for bone defects repairing and bone
tissue regeneration. To thoroughly evaluate the efficacy
and applicability of these materials and techniques, pre-
clinical experimental models are indispensable. Among
these, the animal calvarial CSDs model stands out due
to several distinct advantages, such as convenience for
accessibility, standardization of defect dimension, and
the support of bone substitute by dura and skin [41].
Moreover, it makes the results more relevant than those
obtained from heterotopic models. Therefore, calvarial
CSDs model is extensively utilized to assess the effect of
bone substitute on defect healing [42].
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Many species have been employed as calvarial CSDs
model, including rats [43, 44], rabbits [45, 46], dogs,
sheep, goats and pigs [47-50]. Rat calvaria CSDs model
has become one of most commonly used experimental
models for evaluating the new bone formation capacity
of bone substitute, due to its high cost-effectiveness, easy
housing and feeding, high reproducibility, and realization
of standard experimental conditions in genetically similar
individuals [51, 52]. Therefore, in our study, we utilized
rat and established rat calvaria CSDs.

Angiogenesis is a critical early event in the tissue repair
process, typically preceding osteogenesis. The newly
formed blood vessels provide nutritional support and
steady transportation of osteoblast and osteoclast pre-
cursors to the remodeling bone [53]. In our study, at 2
weeks postop, angiogenesis was found in the connective
tissue, which embedded DBBM particles in the implan-
tation site in HA-DBBM compound grafting group. This
could be attributed to the angiogenesis-promoting prop-
erties of high-MW HA.

An important aspect to evaluate the new bone forma-
tion capacity of bone substitutes is their ability to remain
stable within the implantation bed, and maintain the
space for tissue regeneration [54]. Position change and
degradation of bone substitutes in implantation bed
could destroy tissue repair, because the bone substitutes
has not yet been replaced by the newly formed bone tis-
sue [55, 56]. Smaller fragments of DBBM particles might
play a role in cellular responses and vascularization,
which is indispensable for the successful integration of
DBBM particles and surrounding tissues.

In the histopathological section of HA-DBBM com-
pound grafting group and DBBM particles only graft-
ing group, we found some space and many monocytes
around DBBM particles. These findings were consistent
with the results reported by Tamimi et al. and Sartori
et al. [57, 58]. On the one hand, the space might result
from the absorption of the DBBM particles. The slow
absorption of DBBM particles could not only maintain
the implantation space, but also be in favor of vasculari-
zation and the ingrowth of new bone tissue. This idea was
shared with Piattelli et al., who utilized DBBM particles
in human sinus augmentation. They found that DBBM
particles was surrounded by abundant newly formed
lamellar bone in all 20 cases 4 years post grafting [59].
Notably, the inner core of DBBM particles remained
intact [59]. Compared with other bone substitute, DBBM
particles tended to promote more early bone formation,
at the same time, undergoing a very slow absorption
[60]. However, some researchers indicated that because
of the non-resorbability of DBBM particles, regenera-
tion of bone defects in beagle dogs could be achieved
[61]. Schlegel et al. claimed that the volume reduction of
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DBBM particles could be explained by shrinkage rather
than resorption [61]. On the other hand, we assume that
the space might arise from the biodegradation of high-
MW HA, which requires further investigation. Addi-
tionally, the specific nature and the action mode of the
monocytes warrant deeper exploration.

Within the study period, we found that the HA-DBBM
compound grafting group exhibited a higher quantity of
new bone tissue and an earlier onset of bone formation
compared to the other two groups. Quantitative analy-
sis of bone parameters indicated that the BV/TV and
Tb.N of the HA-DBBM compound grafting group were
significantly greater than those of the other two groups.
These results indicated that the HA-DBBM compound
was particularly effective in promoting both the quan-
tity of new bone formation and the density of trabecular
structures, which was in consistent with the 3D recon-
struction images. The Tb.Pf was significantly lower in
the HA-DBBM compound grafting group, indicative of
enhanced connectivity between the trabeculae. Con-
versely, the Tb.Sp was significantly greater in the no graft
group than in the other two groups, highlighting the pro-
nounced impact of the HA-DBBM compound on reduc-
ing the intertrabecular spaces and promoting a denser
bone matrix. The findings of our study were consistent
with the results reported by Matheus et al. and Kim et al.
[62, 63] However, Agrali et al. [64] reported that the HA
matrix, used alone or in combination with resorbable col-
lagen membrane and bovine-derived xenograft, did not
contribute significantly to bone regeneration in rat calva-
rial bone defects. Diker et al. [65] demonstrated that HA
alone did not adequately enhance bone regeneration in
rat CSDs. Moreover, the addition of HA to hydroxyapa-
tite/beta-tricalcium phosphate graft material did not
result in improved regeneration compared with that of
the graft material alone [65]. The observed discrepancies
of these studies may be attributed to the use of HA with
relatively lower MW.

It is widely acknowledged that autologous bone is the
gold standard for bone grafting. However, the increase
in new bone formation resulting from the combination
of high-MW HA and a commercially available bone sub-
stitute encouraged researchers to evaluate the cost-effec-
tiveness of the HA-DBBM compound and the morbidity
of harvesting autogenous bone. In addition, high-MW
HAs are viscoelastic and improves the handling ability of
bone substitute particles as osteoconductive scaffolds.

Admittedly, the study has some limitations. Firstly, the
mechanism by which high-MW HA and its degradation
in combination with the HA-DBBM compound promote
new bone formation in rat calvaria CSDs necessitates fur-
ther in-depth investigation. Secondly, the effect of HA on
new bone formation depends on HA concentration, MW,
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and HA/bone substitute ratio. It would be interesting to
investigate the influence of these variables on new bone
formation in future study.

Conclusions

The formation of new bone is the purpose of bone regen-
eration and determines whether the biomaterial was suc-
cessful for that purpose. Notwithstanding its limitations,
this study demonstrated that the combination of high-
MW HA with bone substitute particles stimulated more
new bone tissue, increased trabecular number, improved
trabecular connectivity, and increased new bone forma-
tion within CSDs in rat calvaria when compared to using
bone substitute particles alone or no graft. This advance-
ment could potentially offer a more effective strategy for
bone regeneration.
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