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Abstract

Effects of FGF-2 with hyaluronic acid, BCP,

hyperbaric oxygen therapy on bone healing

in irradiated calvarial defects of rats

Heesuk An D.D.S., M.S.D.

(Directed by Prof. Moon Kyu Chung, D.D.S., M.S.D., Ph.D.)

Purpose: For irradiated patients, the healing capacity of irradiated bone

decreases markedly. Therefore, rehabilitation for patients who experienced

radiotherapy requires more attention. The purpose of this study was to evaluate

the effect of the grafted materials and hyperbaric oxygen therapy (HBO) on

the bone healing in experimentally created calvarial defects in irradiated rats.

Materials & Methods: Sprague-Dawley rats (body weight about 300g, 4 weeks

old, male) enrolled in the study were divided into the four groups. Rats were

divided into the group with HBO and the group without HBO (NHBO). Each

group had two subgroups which were FGF-2 with hyaluronic acid (HA) group

and BCP block group according to the graft. Localized radiation with a single

dose of 12 Gy radiation was applied to the calvarium. Four weeks after

radiation, two symmetrical, circular defects of 6-mm-diameter were created in



- 2 -

the parietal bones of animal. The left defect was left empty as a control and

the right defect was filled with the materials mentioned above. During 4

weeks of healing, 1-hour HBO was performed for the HBO groups for 5

times a week. After these 4 weeks of healing, the rats were sacrificed. The

calvarial specimens were harvested for histomorphometric and micro-CT

analysis.

Results: 1. FGF-2 with HA groups showed more new bone area compared

with other groups. BCP block showed adverse effect on new bone formation.

The effect of HBO on new bone area seemed minimal.

2. FGF-2 with HA groups showed more new bone length than other groups.

BCP block seemed to have adverse effect on new bone formation. The effect

of HBO on new bone length seemed minimal.

3. Generally, HBO groups showed more angiogenesis than NBO groups.

However, when FGF-2 with HA was applied with HBO therapy, angiogenesis

was not improved compared with HBO alone or FGF-2 with HA alone.

Conclusion: Within the limitations of this study, HBO had beneficial effects on

angiogenesis. However, the effect of HBO on bone regeneration seemed

minimal in the irradiated rat model of the present study. It showed that FGF-2

with HA enhanced bone generation and angiogenesis, but its efficacy was

decreased with HBO. BCP block did not show any beneficial effect on bone

regeneration.

Key words : radiotherapy, irradiated calvarial defect, bone regeneration,

BCP block, fibroblast growth factor-2, hyaluronic acid,

hyperbaric oxygen therapy
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Effects of FGF-2 with hyaluronic acid, BCP,

hyperbaric oxygen therapy on bone healing

in irradiated calvarial defects of rats

Heesuk An D.D.S., M.S.D.

The Graduate School

Yonsei University

Department of Dental Science

(Directed by Prof. Moon Kyu Chung, D.D.S., M.S.D., Ph.D.)

I. Introduction

In Korea, the cancer has been one of the main causes of death and the

incidence of that has been increasing gradually. On the other hand, the 5-year
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relative survival rate of 60.1% in the oropharyngeal cancer during 2006-2010

is higher than that of 41.1% during 1993-1995. The improving survival rates

could be attributable to early detection and improved treatments including a

combination of surgical resection, radiotherapy, and chemotherapy.

For the treatment of head and neck cancer, radiotherapy in combination with

surgical excision is generally used for the cosmetic and functional outcome.

However, radiation therapy result in acute reactions including mucositis,

xerostomia, and chronic reactions leading to reduced tissue healing capacity,

avascular necrosis.

The mechanism of retarded bone healing after irradiation has been explained

that damage of the osteoprogenitor cells or reduced neovascularization may be

a important factor, and that the normally balanced dynamic process of bone

resorption and reformation may be disturbed. It was shown that average

change in bone formation appeared as -70.9% within a 4-week period after

irradiation in rabbits. The result that bone mineral density in the defect of

irradiated rats was reduced, and the woven bone and immature marrow

formed, indicating impaired bone was reported. Likewise, for irradiated

patients in the oral & maxillofacial field, their healing capacity of the bones

has been markedly decreased. Thus, the rehabilitation after surgical resection

and radiotherapy requires more attention when it is treated with implants and

guided bone regeneration procedure. In those cases, means to improve reduced

healing potential are required. It may involve improving the capacity of the

graft materials or the management on the subjects.
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Biphasic calcium phosphate (BCP) which is one of synthetic bone substitutes

is composed of hydroxyapatite and -tricalcium phosphate. BCP has beenβ

showing favorable results from previous studies. However, BCP doesn't have

any osteoinductive capacity. This is the one of drawbacks of synthetic bone

substitutes. Recently various attempts were made to enhance the osteogenic

potential of these synthetic bone substitutes. It is one of the methods to coat

it with peptides such as BMP, oligopeptide, Epigallocatechin-3-gallate (EGCG).

These coating methods showed favorable results in the previous studies.

Another drawback of BCP is that this BCP bone substitute is supplied as a

particulated form with which BCP could not be maintained properly in the

defects without bony walls. The newly devised BCP block was fabricated with

adding of collagen to make BCP particle not be dissipated. This BCP block

has better capacity to maintain space for bone formation. However, adding

collagen might delay the bone formation because the collagen should be

resorbed first before new bone forms in the space.

It has been demonstrated that Fibroblast growth factor-2 (FGF-2) is a

effective angiogenic and osteogenic growth factor. The authors concluded

FGF-2 induced angiogenesis and new bone formation in calvarial defects of

rats. FGF-2 was considered to contribute to wound healing by the mechanism

of stimulating the proliferation of mesenchymal cells. Anzai et al. asserted

that FGF-2 could be effective not only in normal bone but also in irradiated

bone. They reported that the group with FGF-2 showed more new bone
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formation than the control without FGF-2 in irradiated calvarium of rats. In a

clinical study, the local application of FGF-2 with periodontal surgery showed

favorable outcomes with significant bone fill in comparison with control

group.

Hyaluronic acid (HA) found in the extracellular matrix throughout the body

is a naturally occurring biodegradable polymer, responsible for structural

properties of tissues as a component of extracellular matrix. It is also known

as hyaluronan or hyaluronate. It is usually applied in a pure form or in a

biofunctionalized form. Its biocompatibility and relative ease of use make it a

popular injectable dermal filler, and it has been also applied in the

management of osteoarthritis, replacing dysfunctional synovial fluid. Also it

has other roles as follows. 1) Effect on angiogenesis: A novel composite

biomaterial based on HA-hydrogel has been developed to promote angiogenesis

in order to improve wound healing. 2) Osteoconductive potential: HA

promotes the bone regeneration in the way of chemotaxis, proliferation and

differentiation of mesenchymal cells. With the characteristics of hygroscopicity

and viscoelasticity, it plays an essential role in regenerative process by

maintaining spaces and the structural integrity of tissues. Furthermore as a

resorbable material, it is eventually replaced by host bone. 3) Carrier function

: HA may be carried out as biomaterial scaffold for other molecules, such as

FGF-2, employed in GBR techniques and tissue engineering.

Radomsky et al. introduced a viscous gel composed of FGF-2 and

hyaluronate as a novel treatment of injection into fractured bones. In the
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fibulae of baboons with experimentally created a bilateral 1-mm-gap, a single

administration of this formulated gel to the defect site accelerated fracture

healing as proof of increased callus formation and physical solidity than at

the untreated sites.

Hyperbaric oxygen therapy (HBO) could be regarded as an method for the

management on the irradiated subjects. It has been known that irradiated bone

had hypocelluar, hypovascular, and hypoxic properties. In addition, it is

asserted that osteoblastic activity might be regulated by oxygen tension. The

therapy proceed with inhalation of increased oxygen to permit systemic

diffusion and delivery of that. It is usually carried out in a chamber with

100% oxygen at the absolute atmospheric pressure between 2.0 and 2.5 ATA

for 90-minute session. The volume of oxygen combined to hemoglobin in

blood is generally around 20 % and the one dissolved in plasma is elevated

with pressure. The PO2 in the irradiated tissues is normally 5 to 15 mmHg.

The PO2 in the tissues after hyperbaric oxygen therapy was elevated to 20 to

35 mmHg. It is known that inhalation of oxygen greater than 1 ATA will

promote to produce reactive oxygen species, playing a role as signaling

molecules for various growth factors, cytokines, and hormones. It is also

considered that hyperbaric oxygen-mediated oxidative stress stimulates the

differentiation of circulating stem/progenitor cells and the growth of new blood

vessel by local endothelial cells. These results have provided a basis for

efficacy of HBO. However, there is a controversy about the efficacy of HBO.

In animal studies, HBO showed that it promoted bone formation in normal
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bone and angiogenesis in irradiated bone. To the contrary, others argue that

there has been limited evidence to support its benefit. In a clinical study, it

was ineffective to treat the mandibular radionecrosis in a randomized,

place-controlled trial. Generally HBO has no serious problems, but several

side effects, such as reversible myopia, barotrauma can occur. The average

costs of HBO are between $300 and $400 per each 90-minute session.

The purpose of this study was to evaluate the effect of the grafted materials

and HBO on the bone healing in experimentally created calvarial defects in

irradiated rats.
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Materials and Methods

2.1. Experimental animals & materials

The study was carried out on Sprague-Dawley rats (body weight about

300g, 4weeks old, male) and approved by the Institutional Animal Care and

Use committee of the Yonsei Medical Center, Seoul, Korea. All experimental

procedures proceeded according to the guidelines for animal experiments of

Yonsei University, College of Dentistry.

One of the graft materials was a gel of 0.07% FGF-2 (Genoss Co., Suwon,

Korea) with 2% HA (Genoss Co., Suwon, Korea) and the other was a BCP

block. The molecular weight of HA is 3,000 kDa. A BCP block [Osteon II

collagen (Genoss Co., Suwon, Korea)] was cut to the dimension of the defect

with 6-mm diameter & 1.5-mm height. The BCP block is reported to be

composed of synthetic bone graft and bovine Type I collagen. HA collagen

membrane (Genoss Co., Suwon, Korea) was used bilaterally.

Rats were divided into the group with HBO and the group without HBO

(NHBO). Each group had two subgroups which were FGF-2 with HA group

and BCP block group according to the graft. Localized radiation with a single

dose of 12 Gy radiation was applied to the calvarium. Four weeks after

radiation, two symmetrical, circular defects of 6-mm-diameter were created in

the parietal bones of animal. The left defect was left empty as a control and

the right defect was filled with the materials mentioned above.
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Group 1 : (FGF-2 + HA) without HBO

Group 2 : BCP block without HBO

Group 3 : (FGF-2 + HA) with HBO

Group 4 : BCP block with HBO

Table 1. Experimental design

Group Number
Control

(Left defect)

Experimental

(Right defect)

Hyperbaric

oxygen

therapy

1 n=5 no graft
0.07% FGF-2

+ 2% HA
No (NHBO)

2 n=5 no graft BCP No (NHBO)

3 n=5 no graft
0.07% FGF-2

+ 2% HA
Yes (HBO)

4 n=5 no graft BCP Yes (HBO)
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2.2. Protocol for animal irradiation

After the induction of general anesthesia with intraperitoneal injection of an

anesthetic cocktail composed of Rompun® (xylazine, Bayer, Leverkusen,

Germany) and Zoletil® (tiletamine and zolazepam, Virbac Lab., Carros, France).

Rats were immobilized with a customized fixation device (Figure 1) and the

radiation fields were verified using an external beam simulator (Nucletron,

Veenendaal, the Netherlands). They received localized radiation with a single

dose of 12 Gy radiation to the calvarium. The irradiated protocol of calvarium

of rats was as follows. The sedated rat was placed in the fixation device to

keep the rat in the prone and head-first position and the head of the rat was

immobilized. Using a 2D simulator (Simulix Evolution, Nucletron, Veenendaal,

Netherlands), the position of the calvarium in the irradiation field was verified,

and the treatment center was marked. The rat and the fixation device were

transferred to a 6-MV medical linear accelerator (Elekta Synergy, Elekta

Oncology systems Ltd, Stockholm, Sweden) commonly used for treatment in

humans. A 0.5cm tissue equivalent bolus was placed on top of the rat's head

to ensure electronic equilibrium. Using a 2cm x 2cm field size, a radiation

dose of 12Gy in a single fraction was delivered to the calvarium of the rat in

two parallel-opposed, equally weighted lateral fields.
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Figure 1. Customized fixation device for local irradiation

2.3. Surgical procedure

Four weeks after radiation, the surgical procedures were conducted under

general anesthesia through the intraperitoneal injection of an anesthetic mixture

composed of Rompun® and Zoletil®. The surgical area was shaved, and the

skin was washed with 70% ethanol. An intraperitoneal injection of 0.9mL of

lidocaine (1:100,000 epinephrine, Yuhan Co., Seoul, Korea) was administered

to control bleeding and provide additional anesthesia. A 20-mm-long midline

incision was made in the scalp along the sagittal suture and the flaps were

reflected laterally. Then two symmetrical, circular(6-mm diameter), transosseous

bone defects were created in both parietal bones with a surgical trephine bur

under saline irrigation (Figure 2). The midsagittal suture was not included in

the bone defect to avoid the damage to the dura mater. The left experimental
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defects were left empty as a control and the right defects were filled with

FGF-2 with HA or BCP block. The skin flaps were repositioned and sutured

with non-resorbable suture material, the sutures were removed after 10 days.

Figure 2. Intraoperative view of the defects

All rats under the study were given free access to food pellets and tap

water, housed and taken care of at the animal experimental laboratory of

Yonsei University, College of Dentistry, Seoul, South Korea.

The animals were sacrificed after these 4 weeks of healing. For

euthanization, the rats were perfused transcardially with 4% paraformaldehyde

under general anesthesia. The skin was removed from the calvarium and the

calvarial specimens were harvested for histomorphometric and micro-CT

analysis. Tissue samples were fixed in 10% formalin for 24 hours. And the
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specimens were decalcified by soaking in formic acid-hydrochloride acid for 24

hours and embedded in paraffin.

2.4. Hyperbaric oxygen therapy procedure

During 4 weeks of healing from the graft surgery, the rats belonged to HBO

groups were placed in a experimental hyperbaric chamber and exposed to

100% oxygen at 2.4 atmosphere absolute (ATA) for one hour per day for 5

times a week. The other NHBO groups were left at room as usual. The HBO

therapy was begun from the next day of operation in chamber designed for

experiment (Figure 3).

Figure 3. Experimental hyperbaric chamber for HBO
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2.5. Histological analysis

All specimens were decalcified with 10% EDTA at 4 ℃ for one month.

The decalcified specimens were first embedded in paraffin wax, and then a

series of 5-㎛ thick sections were prepared. The specimens were stained with

Hematoxylin-Eosin (H&E) stain. In addition, antigen retrivals were performed

with 0.1M citrate buffer and immuno-histochemistry with CD31 (Santa Cruz

Co.) as a primary antibody was performed. The stained specimens were

observed with Olympus BX51 microscope. New bone area & length were

measured with Tomoro scope eye image analysis system after taking images

with TDI digicam HQ camera in H&E stain (x40) (Figure 4, 5). Blood vessels

were counted at both defect side of 1-mm width in IHC with CD31 (x100)

(Figure 6).
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Figure 4. Method of measuring new bone area

Figure 5. Method of measuring new bone length
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(a) Both defect sides to measure

(b) IHC with CD31, x100

Figure 6. Method of counting blood vessel
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2.6. Histometrical analysis

Before decalcification of the specimens, a 3-dimensional micro-CT image

was taken for each rat using a micro-CT scanner (Skyscan 1173,

Kartuizersweg 3B 2550 Kontich, Belgium). The exposure parameters were 130

㎸ and 45㎂. This was reconstructed with a 3D-software to obtain volumetric

information.

2.7. Statistical analysis

All data were recorded as mean ± standard deviation.
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Results

3.1. Histometrical analysis

(1) New bone area

Table II. New bone area

FGF-2 with HA groups showed more new bone area compared with other

groups. BCP block showed adverse effect on new bone formation. The effect

of HBO on new bone area seemed minimal.

Group New bone area (mm2)

NHBO

Group 1 HA + FGF-2 0.34 ± 0.09

Group 2 BCP 0.17 ± 0.11

Control no 0.29 ± 0.12

HBO

Group 3 HA + FGF-2 0.36 ± 0.26

Group 4 BCP 0.17 ± 0.04

Control no 0.30 ± 0.06
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Figure 7. New bone area

Figure 8. Scatter diagram of new bone area
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(2) New bone length

Table III. New bone length

FGF-2 with HA groups showed more new bone length than other groups.

BCP block seemed to have adverse effect on new bone formation. The effect

of HBO on new bone length seemed minimal.

Group New bone length (mm)

NHBO

Group 1 HA + FGF-2 1.00 ± 0.34

Group 2 BCP 0.51 ± 0.18

Control no 0.81 ± 0.19

HBO

Group 3 HA + FGF-2 0.93 ± 0.26

Group 4 BCP 0.58 ± 0.15

Control no 0.84 ± 0.30
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Figure 9. New bone length

Figure 10. Scatter diagram of new bone length
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(3) Numbers of blood vessel

Table IV. Numbers of blood vessel

Generally, HBO groups showed more angiogenesis than NHBO groups.

However, when FGF-2 with HA was applied with HBO therapy, angiogenesis

was not improved compared with HBO alone or FGF-2 with HA alone.

Group number (n)

NHBO

Group 1 HA + FGF-2 163.2 ± 43.0

Group 2 BCP 161.8 ± 28.1

Control no 122.3 ± 27.9

HBO

Group 3 HA + FGF-2 153.2 ± 50.8

Group 4 BCP 234.0 ± 41.1

Control no 177.3 ± 49.8
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Figure 11. Numbers of blood vessel

Figure 12. Numbers of blood vessel
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3.2. Histomorphological analysis

(a) experimental defect (b) experimental defect
(H&E, x40) (IHC with CD31, x100)

(c) control defect (d) control defect
(H&E, x40) (IHC with CD31, x100)

Figure 13. Histological images of FGF-2 with HA (NHBO) group at 4 weeks
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Figure 14. An example of micro-CT images of experimental region in FGF-2

with HA (NHBO) group at 4 weeks
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(a) experimental defect (b) experimental defect
(H&E, x40) (IHC with CD31, x100)

(c) control defect (d) control defect
(H&E, x40) (IHC with CD31, x100)

Figure 15. Histological images of BCP (NHBO) group at 4 weeks
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Figure 16. An example of micro-CT images of experimental region in BCP

(NHBO) group at 4 weeks



- 29 -

(a) experimental defect (b) experimental defect
(H&E, x40) (IHC with CD31, x100)

(c) control defect (d) control defect
(H&E, x40) (IHC with CD31, x100)

Figure 17. Histological images of FGF-2 with HA (HBO) group at 4 weeks
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Figure 18. An example of micro-CT images of experimental region in FGF-2

with HA (HBO) group at 4 weeks
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(a) experimental defect (b) experimental defect
(H&E, x40) (IHC with CD31, x100)

(c) control defect (d) control defect
(H&E, x40) (IHC with CD31, x100)

Figure 19. Histological images of BCP (HBO) group at 4 weeks
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Figure 20. An example of micro-CT images of experimental region in BCP

(HBO) group at 4 weeks
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IV. Discussion

To rehabilitate irradiated patients in the oral & maxillofacial field with

implants is not contraindicated anymore. It showed 92.6% of 5 year survival

rates of implant in a clinical study. But healing capacity of the bones has

been markedly decreased on irradiated patients. More attention is needed to

rehabilitate irradiated patients. Therefore, appropriate selection of bone

substitute, treatment modality, treatment sequence are mandatory.

In the present study, FGF-2 with HA, BCP block was applied to the

calvarial defect of irradiated rat. HBO therapy was also tried.

FGF-2 with HA was applied in the present study, because FGF-2 is

considered to have effect on angiogenesis and osteogenesis. In other study, it

was concluded that FGF-2 considered to contribute to wound healing by the

mechanism of stimulating the proliferation of mesenchymal cells induced

angiogenesis and new bone formation in calvarial defects of rats. The result

of the present study appeared similarly to that of other study, reported that the

group with FGF-2 showed more new bone formation compared with the

groups without FGF-2 in irradiated calvarium of rats. In the present study, it

was found that the groups with FGF-2 with HA showed increased blood

vessels in the defect. This means that there is a possibility of inducing bone

formation later. It is thought that to compare results at variety of healing

period might be meaningful in a further study. And there was a study shown

that bone formation decreased at the level of -70.9% within a 4-week period
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after irradiation in rabbits. Like the present study, as FGF-2 with HA did

lead to angiogenesis in irradiated tissue, it could be regard to be effective in

normal condition.

Hyaluronic acid (HA) is classified with molecular weight, which is above 2

x 106 Da as a high molecular weight, whereas below 3 x 105 Da is as a low

molecular weight. Whereas high molecular weight suppresses angiogenic

effect, low molecular weight HA encourage an angiogenic response. HA used

in the present study is high molecular weight of 3 x 106 Da. The mechanism

of HA to affect the angiogenesis was explained that it could induce

early-response genes expression. Pilloni et al. referred that HA of appropriate

molecular weight with optimal concentration could promote osteoblast

differentiation and bone formation. In a similar experiment, it was

demonstrated that it might be weight and dose-specific to enhance the

osteogenic properties of bone graft materials owing to its stimulatory effects

on osteoblasts. So it deserves consideration to determine the dose and weight

of HA before application depending on the purpose. In a animal study, HA

was applied on extraction sockets of rats, and the application of it made the

amount of bone trabeculaes and the number of blood vessel increased. HA

has a distinctive characteristics. It shows osteogenic properties itself, on the

other hand it act as a scaffold. While de Brito Bezerra et al. used collagen

sponge as a scaffold to evaluate the healing capacity of HA, Hunt et al.

used HA as biomaterial scaffold for other molecules. Our study administered
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the HA for two purposes, one thing was to observe the osteogenic effects of

itself and the other was to use as a scaffold of FGF-2.

It was showed that FGF-2 with HA improved angiogenesis gene rally and

specifically around defect margin where most of new bone formation occurs.

New bone formation (area, length) was also improved by FGF-2 with HA.

Even in the challenging bony defect of present study, FGF-2 with HA showed

beneficial effects on bone healing. From the results of present study, FGF-2

with HA can be considered as an additive material when we rehabilitate

irradiated bone.

This BCP block was applied in the present study because BCP block is not

dissipated from defect as particulated BCP is. Most of the reconstruction after

resective surgery and radiotherapy are performed on bony defect without bony

walls. In this clinical situation, bone substitute cannot be maintained in the

defect property. BCP block can be considered as a material of choice when

we consider dissipation of bone substitute. However, BCP block is composed

of BCP particles and collagen. This collagen is resorbed first. New bone forms

in the space which is left after collagen resorption. BCP particles are resorbed

after collagen resorption. Therefore, it requires more time for new bone

formation when BCP block is applied than particulated BCP. In the present

study, healing capacity of irradiated bone decreased into less than 50% of

original capacity when we estimate based on the previous studies. Four weeks

of healing time for this challenging defect and bone substitute which requires

more time for new bone formation were not enough to show any effects of
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applied BCP block on bone healing. In the future study, more healing time for

BCP block on this challenging defect. Increase of vascularity in BCP block

groups can be considered as a process for collagen resorption, because more

blood vessels were found around bone substitute than defect margin. It is not

certain whether this healing process will be continued to new bone formation

around bone substitute. More healing time is required to make sure this new

bone formation in the future study. Less new bone area and length in BCP

block groups than FGF-2 with HA groups can also be attributed to delayed

new bone formation of BCP block. Different results are expected when 8

weeks of healing time are applied.

HBO didn't show significant improvement in new bone formation. It is

controversial to use HBO therapy. In some studies, HBO therapy induced more

new bone formation. In other studies, there has been limited evidence to

support its benefit. In the present study, HBO didn't demonstrate any

beneficial effect on new bone formation. If the healing time had been more

than 4 weeks, the result could have been different. In a previous study,

healing time was 6 and 12 weeks and it showed favorable effects of HBO on

new bone formation. If the frequency and duration of HBO had been

different, the result could have been different. In a previous study, HBO

therapy was applied for 90 minutes per day 5 times a week for 4 weeks.

The result in that study showed more favorable effects on new bone

formation. In the future study, other protocol of HBO should be tried. With

considering different data from various HBO therapies, the effect of HBO on
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new bone formation could be discussed better. Increased angiogenesis was

found in HBO groups. It is not certain whether this increased vascularity

would affect new bone formation favorably or not. However, from previous

studies, increased vascularity might be associated with faster healing and more

new bone formation. With longer healing time than 4 weeks, new bone

formation in the rat which had more vascularity in 4 week could be

ascertained in the future study.

When FGF-2 with HA was applied with HBO therapy, new bone formation

was less than FGF-2 with HA alone. Angiogenesis in the group of FGF-2

with HA and HBO therapy was also less than FGF-2 with HA or HBO

therapy alone. This result is in accordance with a previous study which

showed unfavorable effects on healing when HBO and FGF-2 with HA were

applied. It was reported that bFGF was more effective compared with HBO

to improve bone growth after radiation. In addition, it was reported that HBO

didn't provide additive beneficial effect to bFGF therapy and explained that

both modalities affect through a similar pathway. From the data of present

study, applying simultaneously material or modality which have a similar effect

could not be recommended.

In the future study, longer healing time, different protocol of HBO therapy,

different type of BCP, should be considered. More valuable data would be

obtained when compared with those of present study.

In the present study, there are several limitations. First, this study was

performed with a small number of samples in each group. Second, it was
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aimed to assess the factors influencing on bone healing in the irradiated

calvarial defect. As the considerations were getting more, it was hard to

control the variables. Considering the limitations, further long-term studies

needs to be carried out.
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V. Conclusion

Within the limitations of this study, the following conclusions can be

drawn:

1. HBO had beneficial effects on angiogenesis.

2. The effect of HBO on bone regeneration seemed minimal in the irradiated

rat model of the present study.

3. FGF-2 with HA enhanced bone generation and angiogenesis, but its efficacy

was decreased with HBO.

4. BCP block did not show any beneficial effect on bone regeneration.
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