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The damage of joint cartilage is one of the most 
common problems in the field of orthopedics. Acute 
and repetitive loads are known to damage the 
articular cartilage, further resulting in pain, effusion, 
osteoarthritis, and joint dysfunction. In the present 
times, the treatment of osteochondral lesions still 
poses a lot of challenges; one of which is a difficult 
road to recovery. In most cases, the full-thickness 
cartilage defect is not healed properly.[1,2] Generally, 
the healing process results in the formation of 
fibrous cartilage instead of the hyaline cartilage. 
Instead of a spontaneous recovery, various treatments 
have been attempted to rectify the condition.[3] The 
integration of autogenic or allogenic grafts with 
hyaline cartilage on the defects has been problematic. 
Although the cultivation of mesenchymal stem cells 
and chondrocytes has yielded good results, they are 
expensive and it is difficult to form a cell culture 
with them.[4] Despite these treatments, osteoarthritis 
and total joint prosthesis still occur in patients.[5-7] 

Therefore, there is an urgent need for treatment 
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methods to increase the regeneration of cartilage, 
ultimately promoting the recovery with hyaline 
cartilage.

One of the methods that are used to accelerate the 
tissue regeneration involves the use of autologous 
blood products, particularly platelet-rich plasma 
(PRP). After this stimulation, chondrocytes have been 
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observed to increase the production of proteoglycan 
and collagen, ultimately providing healing 
on the tissue that resembles the histological and 
biomechanical properties of a hyaline cartilage.[8] On 
the site of its application, PRP facilitates the secretion 
of many cytokines and growth factors that stimulate 
the healing and regeneration of tissues. After its 
proven efficacy in animal experiments,[9-13] it has been 
used in clinical practice in recent years. Previous 
studies have also shown the benefits of PRP in 
the healing of cartilage.[14-21] Platelet-rich plasma has 
become a popular choice in recent years because of 
its positive contribution in the healing of tissues.[9-27]

There are many studies present in the literature 
that demonstrate the effects of hyperbaric oxygen 
(HBO) treatment on tissue regeneration, particularly 
in diabetic foot wounds.[28-31] Hyperbaric oxygen 
treatment is effective in the process of tissue healing 
with various mechanisms of action. However, there 
are very few studies in the literature regarding the 
use of HBO in osteochondral defects. It has been 
reported that HBO treatment is also effective in the 
healing of osteochondral lesions in rabbits.[22]

In this study, we aimed to investigate the effects 
of HBO therapy and PRP on the regeneration of 
osteochondral defects of the rats, and the synergistic 
effect of this combined treatment.[32]

MATERIALS AND METHODS

This randomized, controlled, and interventional 
animal study was conducted at the Animal Research 
Center of Necmettin Erbakan University between 
May 2014 and August 2014 with the formal approval 
of the Ethics Committee for Animal Research. In total, 
32 female Wistar albino rats (weighing 248-305 g) 
were used in this study. The rats were kept under 
the natural day/night cycle at room temperature and 
allowed to eat standard pellet feed and drink water 
ad libitum.

The rats were divided into four groups with 
each group having a total of eight rats. The groups 
were distinguished as follows: No intervention was 
performed on the rats of group 1 after the creation of 
osteochondral defects. Group 2 rats were treated with 
HBO for 90 minutes at 2.4 atmospheres absolute (ATA) 
pressure during six days of a week for a total period 
of four weeks. Group 3 rats were treated with a single 
dose of 100 µL PRP to the knee joint space on the day 
of the procedure after the creation of osteochondral 
defect. After the creation of osteochondral defect, 
group 4 rats were treated with HBO for 90 minutes 
at 2.4 ATA pressure during six days of a week for all 

weeks from the postoperative first day. Also, 100 µL 
PRP was applied on the joint space on the day of 
procedure.

All surgical procedures were performed under 
sterile conditions. For intraperitoneal anesthesia, 
50 mg/kg ketamine hydrochloride (Ketalar vial, 
Eczacıbaşı, Istanbul, Turkey) and 5 mg/kg xylazine 
hydrochloride (Rompun; Bayer Vital GmbH, 
Leverkusen, Germany) were administered 
intraperitoneally in the rats. Surgical field antisepsis 
was achieved with povidone-iodine after placing the 
rats on the fixation board in the supine position. An 
osteochondral defect of 2 mm in diameter and 2 mm 
in depth was created on the patellar groove in the left 
knee by 2 mm Kirschner wire by using the medial 
parapatellar approach. After surgical procedures, 
arthrotomy incision was closed anatomically. For 
groups 3 and 4, 100 µL PRP was applied on the joint 
space after closure.

The PRP was prepared from the blood of rats. In 
this process, 1 mL of the tail vein blood of each rat was 
obtained and centrifuged at 800 rpm for 15 minutes 
once in citrated small tubes. Then, the platelet-rich 
portion was obtained and 100 µL PRP was applied 
in the joint space immediately. No measurement and 
comparison of platelet or growth factor concentrations 
in the peripheral blood of the rats and PRP portions 
were performed. The HBO-treated group rats were 
taken to the experimental pressure chamber along 
with their cages. Rats were kept in the experimental 
pressure chamber for a total of 120 minutes, including 
10 minutes of oxygen ventilation, 10 minutes of 
compression, 90 minutes of treatment depth, and 
10 minutes of decompression. This treatment in HBO 
groups was continued for six days a week during a 
four-week period.[28]

For histopathological evaluation, all rats were 
sacrificed on the postoperative 30th day, and the distal 
portion of each rat femur was removed and placed in 
a 10% formaldehyde solution. All specimens were 
then decalcified in 10% nitric acid. An osteochondral 
block including defect was cut from the trochlea and 
embedded in a paraffin block. A thick section of 5 μm 
was cut in the sagittal plane, which was mounted on 
slides and stained with hematoxylin-eosin. The same 
pathologist, who was blinded to the study groups, 
evaluated all of the tissue samples. Histological 
sections were scored by the same pathologist by 
using a modified version of the O’Driscoll score 
(Table I).[33] Seven categories were used in this scoring 
system. Categories 1 and 2 showed the degree of 
defect repair quantitatively and morphologically. 
Category 3 was designed for the surface architecture 
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of the repair tissue, and category 4 evaluated the 
matrix production by staining proteoglycan with 
safranin O. Tidemark formation and integration of 
repaired tissue with surrounding cartilage were also 

scored in categories 5 and 6, respectively. Category 7 
addressed the repair of subchondral bone. The data 
of morphological changes and percentages on this 
seven-category scale were converted into histological 
scores, which ranged from 0 to 26 points. The 
histological score of “0” was accepted as the perfect 
complete regeneration.

Statistical analysis

All the data were analyzed by using the IBM SPSS 
version 24.0 software (IBM Corp., Armonk, NY, USA). 
Microscopic findings of new cartilage characteristics 
were calculated for each group by using mean ± 
standard deviations. The Kruskal-Wallis one-way 
analysis of variance test was used to analyze the 
difference among groups. Bonferroni-adjusted Mann-
Whitney U test was used in group comparisons. 
P values of less than 0.05 were accepted as statistically 
significant.

RESULTS

All of the rats survived the study period. On the 
30th day, gross examination of osteochondral defects 
of the sacrificed rats showed a certain amount 
of closure in all of the defects. A microscopic 
examination revealed that the osteochondral 
defects of the control group rats were filled with 
fibrous tissue with incomplete surface epithelial 
development and the presence of irregularity 
(Figure 1a). The osteochondral defects of the HBO 
and PRP groups included cartilage and fibrous 
tissues, and there was very little formation of 
cartilage and new bone at the base. The surface was 
more clearly closed, and the regular proliferation of 
the surface epithelium was observed (Figure 1b). In 
group 4 rats with osteochondral defects in which 
HBO and PRP treatments were combined, there was 
a significant reduction in the depth of the defect. In 
addition, the formation of cartilage and new bone 
was observed on the edges, and the floor of the 
lesion and the surface became smooth (Figure 1c).

This study hypothesized that there would be 
better regeneration after the treatment with both 
HBO and PRP than with PRP or HBO alone; therefore, 
our analysis compared the HBO- and PRP-treated 
group with the other three groups. Also, the data 
were analyzed in order to investigate the relationship 
between the HBO and PRP groups.

By comparing the histological parameters among 
groups on the 30th day, a statistically significant 
difference was noted in terms of mean scores (p=0.01) 
(Table II).

TAbLE I
Histological grading scale for defects in articular cartilage

Category Score (Points)

1. Filling of defect relative to surface of 

normal adjacent cartilage

>90%

75-90%

50-74%

25-49%

<25%

0

1

2

3

4

2. Cellular morphology (percentage of 

chondrocytes)

>90% 

75-90%

50-74%

25-49%

Mostly fibroblast-like cells

0

1

2

3

4

3. Surface architecture

Normal

Slightly irregular

Fibrillation

Distrupted

0

1

2

3

4. Matrix staining with Safranin O

Normal

Slightly reduced

Moderately reduced

Substantially reduced

None

0

1

2

3

4

5. Tidemark formation

>90% 

75-90%

50-74%

25-49%

<25%

0

1

2

3

4

5. Integration of repair tissue with adjacent 

articular cartilage

Normal

Decreased cellularity

Small gap

Discontinuity

0

1

2

3

7. Percentage of new subchondral bone

>90% 

75-90%

50-74%

25-49%

<25%

0

1

2

3

4
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In the comparison between the groups, although 
the groups that were treated with either HBO or PRP 
alone regenerated significantly better than the control 
group (p=0.01), no significant difference was found 
between the HBO- and PRP-treated groups (p>0.05). 
The defects in group 4 (treated with both HBO and 

PRP) regenerated significantly better than the control 
group, the HBO-treated group alone, and the PRP-
treated group alone (p=0.01) (Table III).

DISCUSSION

Various studies in the literature have reported the 
effects of HBO and PRP treatment on tissue healing 
by different mechanisms. This research statistically 
demonstrated the benefits of these two treatments 
on regeneration, separately and combined, in the 
osteochondral defects of rats, which happens to be the 
primary hypothesis of this study.

The rates of type 2 collagen or poor quality 
type 1 collagen in the regenerated tissue were not 
determined by immunohistochemical examinations.

During the regeneration process of acute 
osteochondral defect, following processes occur: 
the formation of hematoma after local bleeding, 
the migration of mesenchymal stem cells from the 
underlying bone marrow, the transformation of these 
stem cells to chondrocytes, their proliferation, and 
filling of the defect with fibrocartilage instead of a 
better quality hyaline cartilage. In this regeneration 
process, the role of PRP is very remarkable because 
of the anabolic effects of growth factors, such as 
platelet-derived growth factor, endothelial growth 
factor, insulin-like growth factor, transforming 
growth factor beta 1, vascular endothelial growth 
factor, hepatocyte growth factor, and basic fibroblast 
growth factor, in its content and synergistic effects on 
regeneration in the damaged cartilage tissue. Unlike 
single-targeted biological therapies, PRP is one of 

FIGURE 1. (a) Defect is filled with fibrous tissue with incomplete surface epithelial development. Irregularity is remarkable 
(40¥ magnification, hematoxylin-eosin [H-E] staining, control group). (b) Defect contains fibrous tissue and cartilage tissue, and 
there is very little formation of cartilage and new bone at base. Surface appears to be more clearly closed and surface epithelium is 
regularly proliferated (40¥ magnification, H-E staining, hyperbaric oxygen [HBO] and platelet-rich plasma [PRP] groups). (c) Depth 
of defect is considerably reduced with cartilage from edges and base and new bone productions, as well as regular state of surface 
(40¥ magnification, H-E staining, HBO plus PRP group).

(a) (b) (c)

TAbLE III
Intergroup comparisons with Bonferroni adjusted 

Mann-Whitney U test

Groups p

(HBO+PRP)/HBO 0.04

(HBO+PRP)/PRP 0.006

(HBO+PRP)/Control 0.01

HBO/PRP >0.05

HBO/Control 0.01

PRP/Control 0.01

HBO: Hyperbaric oxygen; PRP: Platelet-rich plasma.

TAbLE II
Histological grading scores

Histological grading score

Group n Mean±SD p

Control 8 16.7±1.4

0.01
HBO 8 8.3±2.1

PRP 8 9.4±1.7

HBO+PRP 8 5.0±1.2

SD: Standard deviation; HBO: Hyperbaric oxygen; PRP: Platelet-rich plasma.
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the rare treatment options that have superiority in 
providing the hemostasis of synovial fluid because it 
contains many bioactive factors.[23-27] In acute cartilage 
damage, if the defect reaches the subchondral bone, 
the amount of these growth factors and mesenchymal 
stem cells increases in the medium, but healing 
does not occur in chronic and incomplete defects. 
Therefore, microfracture surgery is used to stimulate 
the process of regeneration. Platelet-rich plasma 
has been widely used in previous animal[9-13] and 
human studies,[14-21] which demonstrated that hyaline 
cartilage-like regeneration was induced histologically 
and biomechanically by increasing the production 
of proteoglycan and collagen from chondrocytes.[8] 
Although the control group in this study showed some 
improvement in acute osteochondral defects, based on 
our results, it can be concluded that increasing the 
amount of bioactive substance in the environment 
with PRP leads to a better regeneration process.

The HBO treatment is a method of treatment that 
involves oxygen inhalation at pressures higher than 1 
atmosphere in a closed system. The application of HBO 
increases the levels of dissolved oxygen in tissues and 
plasma. Patients are treated with a direct effect of 
pressure and increased levels of dissolved oxygen in 
tissues by keeping them in a hyperbaric cabinet.[28,29] 
The partial pressure of oxygen in injured tissues is 
about 5-15 mmHg. This hypoxic value is not sufficient 
to perform the necessary synthesis in the healing of 
wounds. Although it is well known that the oxygen 
concentration in the bone increases three fold at 2-2.4 
atmospheric pressure of HBO and tissues require 
approximately 30-33 mmHg oxygen pressure for 
the healing of wounds, there is no clear information 
about the ideal oxygen concentration for cartilage 
regeneration.[30] Fibroblast proliferation and collagen 
production increase during hyperoxygenation, 
whereas subsequent relative hypoxia stimulates the 
process of angiogenesis. It also stimulates the process 
of angiogenesis by increasing the oxygen gradient 
between the wound and surrounding tissue during 
the HBO treatment. Increased fibronectin production 
also results in neovascularization. In the treatment 
of chronic wounds, osteoradionecrosis, and other 
radiation damages, this effect is used to increase graft 
and flap survival.[31] Chen et al.[22] compared HBO and 
fibrin in the regeneration of osteochondral defects 
in rabbit knees, which showed significantly better 
cartilage regeneration than the control group, and 
they even concluded that the combination of fibrin 
and HBO showed no extra synergistic effect. To our 
knowledge, this is the first study that describes a 
synergistic effect of HBO and PRP on the regeneration 
of osteochondral defects.

Although the data on the single use of PRP and 
HBO treatments are well documented, there are very 
few studies on how these two methods can affect 
each other. Shaw et al.[34] exposed human platelets 
to HBO and noted a significant increase in platelet 
aggregation and protein release as compared to the 
normobaric medium.

Another set of positive results with the 
combination of PRP and HBO was achieved by 
Neves et al.,[35] who showed an increased healing 
process in the bones of rabbits with fibula defects 
via the combined application of HBO and autologous 
platelet concentrates (APCs). Neves et al.[35] showed an 
enhanced percentage of collagen and decreased lesion 
thickness with the combined use of HBO and APC as 
compared to the control group, APC group, and HBO 
group.

In the animal study of Schneppendahl et al.,[36] 
where HBO and PRP had a synergistic effect, they 
compared the iliac autograft application by adding 
HBO and PRP to the monocortical defects created 
in the radius bone of rabbits. With this study, they 
demonstrated that this combination enhances 
the osteoinductive capacity of the autograft and 
angiogenesis. Although our study concerns cartilage 
regeneration in ostechondral lesions, these synergistic 
effects and mechanisms can support the results of our 
study.

There are some limitations associated with this 
experiment. All osteochondral defects created in our 
study were performed on the same patellofemoral 
region of the knee in all of the rats but were not 
tested in different load-bearing areas of the knee. In 
addition, sacrification was not performed in different 
time periods in order to follow the regeneration 
process step by step, but only the total amount of 
regeneration at the end of the 30th day was examined. 
Macroscopic and histological evaluations were 
performed; however, outcomes such as function, 
biomechanical properties, or the long-term survival of 
regenerated cartilage were not studied.

Technically, PRP of very different quality and 
content can be prepared and this does not have 
precise standards in humans and animal experiments. 
Another limitation of this study is that the analysis of 
the PRP could not be performed due to the very limited 
amount of blood samples. The rates of type 2 collagen 
or poor quality type 1 collagen in the regenerated 
tissue were not determined by immunohistochemical 
examinations.

In conclusion, the results of this study showed a 
synergistic effect of HBO and PRP on knee cartilage 
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regeneration that was not compared in the literature 
before. The results of our study also support a limited 
number of data reports available in the literature. 
Although the details are not well understood, the 
aggregation and activation of growth factors released 
from platelets whose activation is increased in the 
hyperbaric environment may explain this synergistic 
effect. This may result in a better regeneration than 
the effect of PRP or HBO alone. Of course, further 
studies are needed to demonstrate this effect more 
clearly and determine the optimal PRP and HBO 
standards for osteochondral regeneration.
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