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ABSTRACT

Purpose: To evaluate the effects of the intra-articular application of hyaluronic acid associated with 
triamcinolone acetonide, and ozone gas in the treatment of induced osteoarthritis in rabbit’s stifles. 
Methods: Twenty-one Norfolk rabbits were submitted to cranial cruciate ligament transection of the 
left stifle. After six weeks of the surgery, the rabbits were randomized assigned into three groups: G1 
(control) – saline solution (0.9%); G2 – hyaluronic acid associated with triamcinolone; G3 – ozone gas, 
submitted to three intra-articular applications every seven days. Results: Significant differences occurred: 
osteophytes at medial femoral condyle (G2 > G1, G2 > G3) on radiography exam; thickening of the medial 
condyle (G1 > G3, G2 > G3) on ultrasound exam; osteophytes at lateral tibial condyle (G2 > G1, G2 > G3), 
and medial femoral condyle (G1 > G2, G3 > G1) on computed tomography. Histologically, mean values of 
chondrocytes in the femur and tibia in G3 and G2 were statistically lower. Conclusion: The intra-articular 
injection of hyaluronic acid associated with triamcinolone accentuated degenerative joint disease by 
imaging and macroscopic evaluations, and by histological findings, this treatment and the ozone gas 
treatment showed similar effects and were inferior to the saline solution (0.9%).
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Introduction

Osteoarthritis is a multifactorial disorder characterized 
by gradual cartilage loss, joint inflammation, osteophyte 
formation, and subchondral bone remodeling that may induce 
movement limitation, pain, lameness, and loss of function1-3. 
Since there is no definitive cure for osteoarthritis, treatment 
goals include pain relief and maintenance/or improvement 
of joint mobility, aiming to limit functional impairment3-5. In 
addition, efforts should be made to reduce the damage or 
improve the articular cartilage, and to restore the physiological 
conditions of the joint4,6. The treatments include surgical 
procedures or conservative approaches, such as reduction 
of modifiable risk factors, intra-articular therapies, physical 
modalities, as well as systemic pharmacological treatments3,6. 
Among substances used intra-articularly for the osteoarthritis 
treatment, corticosteroids, hyaluronic acid or combinations, 
and blood-derived products may be cited 1,7.

Corticosteroids act in osteoarthritis through anti-
inflammatory actions and immunosuppressive effects, but the 
mechanism of action is complex1. Intra-articular corticosteroid 
injections can decrease the synthesis of inflammatory mediators, 
such as interleukin 1 beta (IL-1β), tumor necrosis factor alpha 
(TNFα), and cyclo-oxygenase enzyme 2 (COX-2) in synovial 
fluid8. However, according to the literature1,3, corticosteroids 
should be considered an adjunct to moderate to severe pain 
treatment because of the short-term pain relief, and, on the 
other hand, corticosteroids can accelerate cartilage damage3.

The use of intra-articular exogenous hyaluronic acid is based 
on the modification of effects of clinical signs4,9. Pain relief 
mechanisms include proteoglycan and/or glycosaminoglycan 
synthesis, anti-inflammatory effect, and maintenance of 
viscoelasticity10. Furthermore, reduction of pro-inflammatory 
cytokines, free radicals and proteolytic enzymes in the synovial 
fluid seems to provide cartilage protection11. Thus, the 
effectiveness of the exogenous hyaluronic acid is associated 
with intra-articular lubrication and anti-inflammatory, analgesic, 
and chondroprotective effects10. In turn, the intra-articular 
application of a combination of corticosteroids with hyaluronic 
acid, or even administration of both products separated, has 
been performed to enhance pain relief, being short-term effect 
because of corticosteroid and long-term effect and cartilage 
protection due to action of hyaluronic acid12-15.

An option less frequently used to intra-articular 
treatment of osteoarthritis is the ozone gas, that has 
been associated with fast pain relief, the disappearance of 
edema, decongestion, increased mobility, and delay in the 
degenerative process16,17. Ozone gas injected into synovial 
fluid may be responsible for the generation of reactive 
oxygen species (ROS) and lipid oxidation products (LOPs) 
that act by inactivating or inhibiting pro-inflammatory 
cytokines and proteolytic enzymes, as well as stimulating 

the production of chondrocytes and fibroblasts, favoring 
matrix synthesis5,17. Thus, ozone infiltration seems to have 
the abilities to accelerate anabolism and to promote an 
improvement in vascularization of cartilage and bone17.

Therefore, this study aimed to evaluate the effects of the 
intra-articular application of the cross-linked hyaluronic acid 
associated with triamcinolone acetonide, and ozone gas in 
the treatment of induced osteoarthritis in rabbit’s stifles.

Methods

This study followed the guidelines for the care and 
use of laboratory animals and was approved by the 
Institutional Ethics Committee for the Use of Animals 
(CEUA), no. 0011/2017.

Animals and experimental design

Twenty-one healthy male Norfolk rabbits, approximately 
five months of age and mean body mass of 4 kg, were used. 
The rabbits were housed at the Experimental Research 
Unit (UNIPEX) of Botucatu Medical School in individual 
cages (length = 50 cm, width = 60 cm, height = 60 cm) and 
received a commercial pelleted diet and water ad libitum.

All rabbits were submitted to the cranial cruciate ligament 
transection of the left stifle joint for osteoarthritis induction, 
based on a study previously described18. The right stifle of 
each group was determined as control group (unoperated), 
for macroscopic and histopathological analyses.

Anesthesia and surgical procedure

Anesthesia was performed with a combination of 
ketamine chloridrate (50 mg/kg) and xylazine (1 mg/kg) 
administered in rectus femoris muscle of the right hind 
limb. The rabbits were placed in dorsal recumbence, 
and, after aseptic skin preparation, a medial parapatellar 
arthrotomy was done in the left hind limb. After cranial 
cruciate ligament transection, the patella was returned to 
the femoral trochlea, and the articular capsule was closed 
with a simple continuous suture using poliglactine (3-0). 
The subcutaneous layer was closed with a simple continuous 
pattern (poliglactine 3-0) and skin with a simple interrupted 
pattern (polypropylene 3-0). Ceftriaxone (50 mg/kg) was 
administered intramuscularly immediately before the 
surgery and 12 hours after it, and tramadol hydrochloride 
(0.02 mg/kg, 8 h, subcutaneous) for three days. The skin 
sutures were removed after 10 postoperative days.

Treatments

After six postoperative weeks, the rabbits were 
randomly assigned into three groups, according to intra-
articular treatment: 
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• Group 1 (control): 0.3 mL of saline solution (0.9%); 
• Group 2: 0.3 mL of hyaluronic acid associated with 

triamcinolone; 
• Group 3: 30 μg/mL of ozone gas. 

In each group, three intra-articular applications were 
administered every seven days.

Imaging evaluations

The stifle joints were evaluated by imaging studies 
(radiography, ultrasound and computed tomography), 
performed at following time-points: before (TP0) and six 
weeks after cranial cruciate ligament transection (TP1), 
and five weeks after last intra-articular application (TP2). 
All imaging evaluations were done by examiners experienced 
in diagnostic imaging blinded to the treatment.

Mediolateral and extended caudocranial views were 
taken with a digital radiography system GE®, with 90-cm 
focal-film distance and settings of 46 kV and 200 mA. 
Radiographic changes were evaluated in scores, based on a 
study previously described19. The right and left stifle joints 
were evaluated as follows: joint space width (0 = normal, 
1 = slightly reduced, 2 = moderately reduced, 3 = severely 
reduced); formation of osteophytes at tibial condyles 
(medial and lateral) and/or femoral condyles (medial and 
lateral) (0 = absent, 1 = mild, 2 = moderate, 3 = severe), 
at fabella (medial and lateral) and/or sesamoid of the 
popliteal muscle (0 = absent, 1 = mild, 2 = moderate, 3 = 
severe); and sclerosis of the subchondral bone (present 
or absent).

The ultrasonographic evaluation of the stifle joints 
was performed with the rabbits in dorsal recumbence. 
An ultrasound system GE® using a 10 MHz linear 
transducer was used. Images were obtained in 
sagittal and transversal planes. Joint effusion, capsular 
thickening, and thickness of the medial and lateral 
femoral condyle were evaluated.

Computed tomography was carried out using a spiral 
scanner Shimadzu®, with the rabbits in ventral recumbence 
and hind limbs extended. Transverse cross-sections of 
1-mm thickness were made from the distal third of the 
femur to the proximal tibia, with a protocol of 120 kVp 
and 100 mA and rotation time of 1 second. The images 
were reconstructed using dedicated software 3D Voxar®, in 
dorsal and sagittal planes. Joint space width (0 = normal, 
1 = slightly reduced, 2 = moderately reduced, 3 = severely 
reduced); formation of osteophytes at femoral condyle 
(medial and lateral) and/or tibial condyle (medial and 
lateral) (0 = absent, 1 = mild, 2 = moderate, 3 = severe), 
and at fabella (medial and lateral) and/or popliteal 
sesamoid (0 = absent, 1 = mild, 2 = moderate, 3 = severe) 
were analyzed.

Macroscopic and histological analyses

All animals were euthanized for macroscopic and 
histological evaluations of the stifle joints five weeks after 
the last intra-articular application (TP2). After the anesthesia 
using the same protocol previously mentioned, the rabbits 
received sodium thiopental (5 mg/kg) and potassium chloride 
(10 mg/kg) intravenously until cardiorespiratory arrest. 
The stifle joints were evaluated macroscopically for signs 
of degenerative changes, and scored by absent or present.

The stifles were harvest and fixed 10% buffered 
formalin for 48 h, followed by storage in 70% alcohol and 
decalcification with 10% nitric acid. After decalcification, 
the medial femoral and tibial condyles were sectioned 
longitudinally in a block that was embedded in paraffin. 
Then, 3-μm sagittal sections were cut and stained with 
hematoxylin and eosin (H&E) and picrosirius red.

H&E staining allowed morphometric analysis of 
chondrocytes, and the following qualitative assessments 
(present or absent): 
• Zone I: regularity of the joint surface, parallel 

organization of chondrocytes, the flattened 
appearance of chondrocytes, cleft or fissures, and 
chondrocyte niches; 

• Zone II: distribution of chondrocytes, cleft or fissures, 
and chondrocyte niches, and vascular invasion; 

• Zone III: Identification of the tidemark line, cleft or 
fissures and chondrocyte niches, vascular invasion; 

• Zone IV: distribution of chondrocytes, cleft or fissures 
and chondrocyte niches, integrity of this area to the 
subchondral bone and vascular invasion.
Picrosirius red staining was used to stain collagen 

fibers. The images were captured through a digital camera 
on the led microscope by polarized light and analyzed 
using Image-Pro Plus 7 software. The density of collagen 
was measured in the samples in ten randomly selected 
microscopic fields at magnification of ×200. The threshold 
for collagen fibers was established for all slides after the 
contrast was enhanced to the point at which the fibers 
were easily identified as green or orange bands. The density 
of the collagen and elastic fibers was expressed as the 
ratio between the measured fibers divided by the total 
area studied ×100.

Statistical analysis

After data normality was tested using the Shapiro-
Wilk test, Kruskal-Wallis and chi-square tests were used 
to evaluate alterations observed in the imaging studies 
and gross exam. 

The counting of chondrocytes and collagen fibers 
in the right stifle joint of the three groups did not show 
significant differences. Thus, all data were grouped as a 
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control group (unoperated). The data were evaluated by 
the t-test. Statistical analysis was performed at Statistical 
Package for Social Sciences (SPSS) v. 13 software (SPSS, 
Inc., Chicago, IL, 2004). Differences were considered 
statistically significant at p ≤ 0.05.

Results

Imaging evaluations

Radiographic examination showed statistically 
differences, as follows: formation of osteophytes at medial 
femoral condyle in TP2 (G2 > G1, G2 > G3) (P = 0.0216), 
and at medial tibial condyle in TP1 (G3 > G1; G3 > G2) 
(P = 0.0216). Ultrasound evaluation found significant 
differences in the thickening of the medial condyle in 
TP2 (G1 > G3; G2 > G3) (P = 0.0059). Joint effusion and 
capsular thickening have been identified particularly in the 
cranial compartment. Computed tomography (CT) showed 
significant differences, as follows: formation of osteophytes 
at lateral tibial condyle in TP1 (G3 > G1, G3 > G2) (p = 0.0408) 
and TP2 (G2 > G1, G2 > G3) (P = 0.0408), and at medial 
femoral condyle in TP2 (G1 > G2 and G3 > G1) (P = 0.0216).

Figures 1 and 2 show the findings seen in the groups, 
respectively, in radiographs and CT, and ultrasound.

G1

G2

G3

1a

2a

3a

1b

2b

3b

1c

2c

3c

1d

2d

3d

Figure 1 - Caudocranial (1a,2a,3a) and mediolateral 
(1b,2b,3b) radiographic views, and computed 
tomographic images in transverse (1c,2c,3c), sagittal 
(1d), and dorsal (2d,3d) planes of the left stifle, in 
rabbits treated with saline solution (G1), hyaluronic 
acid associated with triamcinolone (G2) and ozone gas 
(G3). Observe sclerosis of the subchondral bone (white 
arrowheads), the formation of osteophytes at femoral 
condyle (white arrow), and reduced joint space width 
(black arrows).

G1

G2 G3

Figure 2 - Ultrasound images of the left stifle on the 
longitudinal plane, in rabbits treated with saline 
solution (G1), hyaluronic acid associated with 
triamcinolone (G2), and ozone gas (G3). Joint effusion, 
capsular thickening, and thickness of the medial and 
lateral femoral condyle were noticed.

Macroscopic and histological analyses

All treated stifles showed signs of osteoarthritis 
with irregularity in the articular surface of the 
patella and trochlea, and osteophytes at the medial 
and lateral femoral condyles, which did not differ 
statistically among groups. The increase in joint 
volume (P = 0.0216) and thickening of the joint capsule 
(P = 0.02098) were more intense in G2 than in G1 
and G3. The stifles in the control group (unoperated) 
showed slight alterations.

Histological analysis of H&E-stained tissue sections 
revealed that no group had cartilage necrosis, but 
intense chondrocyte disorganization was detected in all 
treated groups and in all zones (Fig. 3). No statistically 
significant difference was identified regarding regularity, 
organization, and preservation of the flattened shape 
of the chondrocytes in G2 and G3 when compared to 
G1 in zone I. Furthermore, tidemark and chondrocyte 
columns were hard to visualize in G3. In zone IV 
(calcified), the presence of cracks was statistically 
increased in G1 (P = 0.026) than in G2 and G3. The 
other qualitative variables assessed as present or 
absent did not differ among groups. The mean of 
chondrocytes in both femoral and tibial condyles in 
G2 and G3 were statistically lower than in the control 
group (unoperated). No difference occurred between 
G1 and the control group (unoperated). The mean 
of chondrocytes including all treated stifles (G1, G2, 
and G3) was lower in both femoral and tibial condyles 
compared to the control group (unoperated).
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(a)

(c)

(b)

(d)

Figure 3 - Condylar surface of the rabbits’ femur stained 
with H&E (10X) at five weeks after last intra-articular 
application. (a) Unoperated: chondrocytes with an 
elliptic shape in articular surface (black rectangle); 
column of chondrocytes in zone II (red rectangle); 1 
= vascularization. (b) Saline solution (0.9%) treatment 
(control): chondrocyte disarrangement in all zones, loss 
of chondrocyte column in Zone III; 2 = crack extending 
from the surface to transition-zone; 3 = desquamation 
of the cartilage surface; 4b = poor definition of the 
tidemark; 5 = irregular border between cartilage 
and bone tissue; chondrocyte niches (square). (c) 
Hyaluronic acid with triamcinolone treatment: 4c = 
poor definition of tidemark and chondrocyte clones 
(red square), 6 = osteophyte formation. (d) Ozone 
gas treatment: 2 = crack extending from the surface 
to transition-zone; 4d = total loss of tidemark; 
degenerated chondrocyte (square).

Histological sections stained with picrosirius red 
demonstrated loss in the alignment of the collagen fibers 
in all treated groups (Fig. 4). The superficial portion 
of the cartilage had dark color (less collagen), and the 
intermediate zone had a more reddish color (more 
collagen). The proportion of collagen fibers including 
femoral and tibial condyles was statistically higher in 
G2 and G3 than in the control group (unoperated). 
No difference occurred between G1 and the control 
group (unoperated).

Discussion

The study evaluated two treatment modalities in 
osteoarthritis induced by transection of the cranial cruciate 
ligament using rabbits as experimental models and identified 
that the degenerative process remained intense despite 
these treatments.

(a)

(c)

(b)

(d)

Figure 4 - Condylar surface of the rabbits’ femur stained 
with picrosirius red (x10) at five weeks after last intra-
articular application showing reddish-stained collagen 
fibers. (a) Unoperated, and treated with (b) saline 
solution (0.9%), (c) hyaluronic acid associated with 
triamcinolone, and (d) ozone gas.

The three imaging exams allowed the detection of 
osteoarthritis six weeks after the transection of the cranial 
cruciate, and some differences were observed among 
groups. Comparing the post-treatment groups, G2 had 
higher scores compared to G3 and G1 regarding osteophytes 
in the medial femoral condyle and lateral tibial condyle, 
respectively, according to radiographic and CT scans. G2 
also showed greater thickening of the medial condyle on 
ultrasound compared to G3. Thus, the imaging findings 
suggested more intense osteoarthritis in the combination 
of reticulated hyaluronic acid with triamcinolone. In 
addition, macroscopically, the variables joint volume and 
capsular thickening were greater in G2 compared to G1 
and G3. Studies in human patients that received intra-
articular hyaluronic acid and corticosteroids interspersed 
or in association showed significant improvement in pain 
relief and functional recovery compared to only hyaluronic 
acid13-15. Both parameters could not be evaluated in the 
present study because pain assessment in rabbits is not 
standardized and classified for joint procedures, and 
visual gait analysis did not allow to differentiate lameness 
degrees due to the severity of the injury.
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Histological analysis also showed significant decrease 
in chondrocytes at femur and tibia in the G2 compared 
to the control group (unoperated), but there were no 
differences with G1 and G3. However, G2 showed a trend in 
the regularity, better organization, and preservation of the 
flattened shape of the chondrocytes when compared to G1. 
On the opposite, stifle osteoarthritis induced by collagenase 
injection in rabbits treated intra-articularly with cross-linked 
hyaluronic acid, or a mixture of cross-linked hyaluronic 
acid, 1% ropivacaine hydrochloride, and triamcinolone 
acetonide showed improvement of the articular cartilage 
degeneration (grade II of osteoarthritis) compared to the 
saline solution (0.9%) group (grade III of osteoarthritis) 
on histologic analysis20. In turn, osteoarthritis treated 30 
days after transection of the cranial cruciate ligament in 
rabbits was detected with higher healing rate and decreased 
degeneration in the group injected with hyaluronic acid 
and cortisone by intercalated form, compared to groups 
injected only with hyaluronan or cortisone12.

On the other hand, picrosirius red staining showed a 
statistically higher proportion of collagen fibers in G2 than 
in the control group (unoperated) that may be related to 
the intensity of osteoarthritis. Collagen is one of the major 
components of the extracellular matrix, whose fibers 
resist tensile forces and keep the proteoglycans within 
the joint21. The synthesis of type II collagen is increased 
in osteoarthritis to maintain the survival and integrity of 
the cartilage22. 

Several types of corticosteroids and hyaluronic acid have 
been used in rabbits’ studies12,20,23,24. The corticosteroid 
incorporated into the product was triamcinolone, that is 
one of the corticosteroids of intra-articular injection used in 
human patients1,7,25. In a systematic review, triamcinolone 
appeared to be more effective than methylprednisolone 
and betamethasone, but with pain relief for only one 
week, which suggested the need for other treatment 
modalities for chronic pain26. Furthermore, the use for 
prolonged periods and at high doses can promote side 
effects, such as damage to the cartilage and knee bursa, 
causing worsening of osteoarthritis and, consequently, 
more pain3,7. Therefore, further studies with different 
proportions between corticosteroids and hyaluronic acid 
must be carried out.

Regarding hyaluronic acid, the one used in the current 
study was cross-linked and had molecular weight of 
4.2 Da. Products with high molecular weight containing 
cross-linked molecules have been produced to obtain 
greater elastoviscosity and intra-articular longer time4. 
The hyaluronic acid produced from rooster combs (avian 
type) has a higher risk of immunogenicity than those ones 
produced by recombinant technology (biofermentation) 
that maintains purity and without allergenic potential4,10.

The intra-articular dose of ozone gas used in the 
current study was 30 μg/mL in 0.3 mL (corresponding to 
9 μg per joint), with three applications every seven days. 
In human patients, there are several variations regarding 
the concentration and volume of intra-articular ozone and 
the number of sessions27,28.

The ozone gas has been used periarticular, intra-
articular, and subcutaneous in the knee5,17. The oxygen-
ozone concentration of 10 μg/mL has been recommended, 
with a gas volume of 20 mL for intra-articular injections 
and 10 mL for periarticular and subcutaneous injections5; 
therefore, inferior to that was used in the present study. 
However, there are studies in human patients that the 
doses of 2029,30 and 30 μg/mL31,32 were used. Furthermore, 
a study carried out in rats with an intra-articular infusion 
of 0.05 mL at the concentration of 20 μg of ozone/mL of 
oxygen (three times a week for three weeks) showed no 
changes in mobility or histological damage to the articular 
cartilage or synovial membrane, or even systemic or local 
undesirable effects33.

The histologic analysis of the G3, like G2, showed 
decrease in chondrocytes of the femur and tibia compared to 
the control group (unoperated), but with a tendency towards 
regularity, organization, and preservation of chondrocytes 
compared to G1. In addition, no cracks were detected in 
zone IV, unlike the other groups. On the other hand, G3, 
similarly to G2, showed a statistically higher proportion 
of collagen fibers than the control group (unoperated). 
Several studies in human patients that evaluated the positive 
effects of intra-articular administration of ozone gas have 
been based on the improvement of pain, stiffness, and 
joint function, as well as the quality of life27,29-31,34,35 mainly 
in short or medium term36. As mentioned before, these 
parameters could not be evaluated in the present study. 
Thus, studies with less severe osteoarthritis and gait 
analysis must be performed. In addition, limitations of the 
study could be considered, as the lack of a corticosteroid 
group, a cross-linked hyaluronic acid group, and an ozone 
and triamcinolone group.

Conclusion

The intra-articular injection of hyaluronic acid associated 
with triamcinolone accentuated the degenerative joint 
disease by the imaging and macroscopic evaluations, and 
by the histological findings this treatment and the ozone 
showed effect similar and inferior to saline solution (0.9%).

Authors’ contribution

Design of the study: Brombini GC, Rahal SC and Santos 
IFC; Acquisition of data: Doiche DP and Silva JP; Technical 
procedures: Tsunemi MH, Mamprim MJ and Joaquim JGF; 



7

Brombini GC et al.

Acta Cir Bras. 2021;36(12):e361201

Critical revision: Rahal SC, Fabro AT and Santos IFC; Final 
approval of the version to be published: Brombini GC, 
Rahal SC and Santos IFC.

Data availability statement

All dataset were generated or analyzed in the current study.

Funding
 Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior 
[https://doi.org/10.13039/501100002322] 
Grant nº 001

Conselho Nacional de Desenvolvimento Científico e 
Tecnológico 
[https://doi.org/10.13039/501100003593] 
Grant nº PQ 301585/2017-2 

Fundação de Amaparo a Pesquisa do Estado de São Paulo 
[https://doi.org/10.13039/501100001807] 
Grant nº 2004/09248-6 

Acknowledgments

Not applicable.

References

1. Ayhan E, Kesmezacar H, Akgun I. Intraarticular injections 
(corticosteroid, hyaluronic acid, platelet rich plasma) for 
the knee osteoarthritis. World J Orthop. 2014;5(3):351-61. 
https://doi.org/10.5312/wjo.v5.i3.351

2. Cucchiarini M, de Girolamo L, Filardo G, Oliveira JM, Orth P, 
Pape D, Reboul P. Basic science of osteoarthritis. J Exp Orthop. 
2016;3(1):22. https://doi.org/10.1186/s40634-016-0060-6

3. Abramoff B, Caldera FE. Osteoarthritis: pathology, 
diagnosis, and treatment options. Med Clin North 
Am. 2020;104(2):293-311. https://doi.org/10.1016/j.
mcna.2019.10.007

4. Gigante A, Callegari L. The role of intra-articular hyaluronan 
(Sinovial) in the treatment of osteoarthritis. Rheumatol Int. 
2011;31(4):427-44. https://doi.org/10.1007/s00296-010-
1660-6

5. Fernandez-Cuadros ME, Perez-Moro OS, Mirón-Canelo 
JA. Could ozone be used as a feasible future treatment 
in osteoarthritis of the knee? Divers Equal Health Care. 
2016;13(3):232-9.

6. Hsu H, Siwiec RM. Knee osteoarthritis. Treasure Island (FL): 
StatPearls Publishing; 2021.

7. Golding D, Brock J, Whiting B, Lee PYF. Intra-articular 
Injections for management of knee osteoarthritis. J 
Arthritis. 2017;6(3):241-2. https://doi.org/10.4172/2167-
7921.1000242

8. Rahmati M, Mobasheri A, Mozafari M. Inflammatory 
mediators in osteoarthritis: A critical review of the state-
of-the-art, current prospects, and future challenges. 
Bone. 2016;85:81-90. https://doi.org/10.1016/j.
bone.2016.01.019

9. Dougados M. Sodium hyaluronate therapy in osteoarthritis: 
arguments for a potential beneficial structural effect. 
Semin Arthritis Rheum. 2000;30(2 Suppl 1):19-25. https://
doi.org/10.1053/sarh.2000.0246

10. Bowman S, Awad ME, Hamrick MW, Hunter M, Fulzele 
S. Recent advances in hyaluronic acid based therapy for 
osteoarthritis. Clin Transl Med. 2018;7(1):6. https://doi.
org/10.1186/s40169-017-0180-3

11. Gupta RC, Lall R, Srivastava A, Sinha A. Hyaluronic acid: 
molecular mechanisms and therapeutic trajectory. 
Front Vet Sci. 2019;6:192. https://doi.org/10.3389/
fvets.2019.00192

12. Karakurum G, Karakok M, Tarakcioglu M, Kocer NE, 
Kocabas R, Bagci C. Comparative effect of intra-
articular administration of hyaluronan and/or 
cortisone with evaluation of malondialdehyde on 
degenerative osteoarthritis of the rabbit’s knee. Tohoku 
J Exp Med. 2003;199(3):127-34. https://doi.org/10.1620/
tjem.199.127

13. Ozturk C, Atamaz F, Hepguler S, Argin M, Arkun R. 
The safety and efficacy of intraarticular hyaluronan 
with/without corticosteroid in knee osteoarthritis: 
1-year, single-blind, randomized study. Rheumatol Int. 
2006;26(4):314-9. https://doi.org/10.1007/s00296-
005-0584-z

14. Hangody L, Szody R, Lukasik P, Zgadzaj W, Lénárt E, 
Dokoupilova E, Bichovsk D, Berta A, Vasarhelyi G, Ficzere 
A, Hangody G, Stevens G, Szendroi M. Intraarticular 
injection of a cross-linked sodium hyaluronate combined 
with triamcinolone hexacetonide (Cingal) to provide 
symptomatic relief of osteoarthritis of the knee: a 
randomized, double-blind, placebo-controlled multicenter 
clinical trial. Cartilage. 2018;9(3):276-83. https://doi.
org/10.1177/1947603517703732

15. Smith C, Patel R, Vannabouathong C, Sales B, Rabinovich 
A, McCormack R, Belzile EL, Bhandari M. Combined 
intra-articular injection of corticosteroid and hyaluronic 
acid reduces pain compared to hyaluronic acid alone in 
the treatment of knee osteoarthritis. Knee Surg Sports 
Traumatol Arthrosc. 2019;27(6):1974-83. https://doi.
org/10.1007/s00167-018-5071-7

16. Manoto SL, Maepa MJ, Motaung SK. Medical ozone 
therapy as a potential treatment modality for regeneration 
of damaged articular cartilage in osteoarthritis. Saudi 
J Biol Sci. 2018;25(4):672-9. https://doi.org/10.1016/j.
sjbs.2016.02.002

https://doi.org/10.13039/501100002322
https://doi.org/10.13039/501100003593
https://doi.org/10.13039/501100001807
https://doi.org/10.5312/wjo.v5.i3.351
https://doi.org/10.1186/s40634-016-0060-6
https://doi.org/10.1016/j.mcna.2019.10.007
https://doi.org/10.1016/j.mcna.2019.10.007
https://doi.org/10.1007/s00296-010-1660-6
https://doi.org/10.1007/s00296-010-1660-6
http://dx.doi.org/10.4172/2167-7921.1000242
http://dx.doi.org/10.4172/2167-7921.1000242
https://doi.org/10.1016/j.bone.2016.01.019
https://doi.org/10.1016/j.bone.2016.01.019
https://doi.org/10.1053/sarh.2000.0246
https://doi.org/10.1053/sarh.2000.0246
https://doi.org/10.1186/s40169-017-0180-3
https://doi.org/10.1186/s40169-017-0180-3
https://doi.org/10.3389/fvets.2019.00192
https://doi.org/10.3389/fvets.2019.00192
https://doi.org/10.1620/tjem.199.127
https://doi.org/10.1620/tjem.199.127
https://doi.org/10.1007/s00296-005-0584-z
https://doi.org/10.1007/s00296-005-0584-z
https://doi.org/10.1177/1947603517703732
https://doi.org/10.1177/1947603517703732
https://doi.org/10.1007/s00167-018-5071-7
https://doi.org/10.1007/s00167-018-5071-7
https://doi.org/10.1016/j.sjbs.2016.02.002
https://doi.org/10.1016/j.sjbs.2016.02.002


Use of hyaluronic acid associated with triamcinolone acetonide or ozone gas in the treatment of induced osteoarthritis in rabbits

8  Acta Cir Bras. 2021;36(12):e361201

17. Seyam O, Smith NL, Reid I, Gandhi J, Jiang W, Khan SA. 
Clinical utility of ozone therapy for musculoskeletal 
disorders. Med Gas Res. 2018;8(3):103-10. https://doi.
org/10.4103/2045-9912.241075

18. Yoshioka M, Coutts RD, Amiel D, Hacker SA. 
Characterization of a model of osteoarthritis in the rabbit 
knee. Osteoarthritis Cartilage. 1996;4(2):87-98. https://
doi.org/10.1016/s1063-4584(05)80318-8

19. Boulocher CB, Viguier ER, Cararo Rda R, Fau DJ, Arnault F, 
Collard F, Maitre PA, Roualdes O, Duclos ME, Vignon EP, 
Roger TW. Radiographic assessment of the femorotibial 
joint of the CCLT rabbit experimental model of 
osteoarthritis. BMC Med Imaging. 2010;10:3. https://doi.
org/10.1186/1471-2342-10-3

20. Iannitti T, Elhensheri M, Bingöl AO, Palmieri B. Preliminary 
histopathological study of intra-articular injection of a 
novel highly cross-linked hyaluronic acid in a rabbit model 
of knee osteoarthritis. J Mol Histol. 2013;44(2):191-201. 
https://doi.org/10.1007/s10735-012-9457-4

21. Kuettner KE, Aydelotte MB, Thonar EJ. Articular cartilage 
matrix and structure: a minireview. J Rheumatol Suppl. 
1991;27:46-8.

22. Nelson F, Dahlberg L, Laverty S, Reiner A, Pidoux I, Ionescu 
M, Fraser GL, Brooks E, Tanzer M, Rosenberg LC, Dieppe 
P, Robin Poole A. Evidence for altered synthesis of type 
II collagen in patients with osteoarthritis. J Clin Invest. 
1998;102(12):2115-25. https://doi.org/10.1172/JCI4853

23. Albano MB, Vidigal L, Oliveira MZ, Namba MM, Silva JL, 
Assis Pereira Filho F, Barbosa MA, Silva EM. Macroscopic 
analyses of the effects of hyaluronates and corticosteroids 
on induced osteoarthritis in rabbits’ knees. Rev Bras 
Ortop. 2015;45(3):273-8. https://doi.org/10.1016/S2255-
4971(15)30368-2

24. Kaderli S, Viguier E, Watrelot-Virieux D, Roger T, Gurny 
R, Scapozza L, Möller M, Boulocher C, Jordan O. Efficacy 
study of two novel hyaluronic acid-based formulations for 
viscosupplementation therapy in an early osteoarthrosic 
rabbit model. Eur J Pharm Biopharm. 2015;96:388-95. 
https://doi.org/10.1016/j.ejpb.2015.09.005

25. Wernecke C, Braun HJ, Dragoo JL. The effect of intra-articular 
corticosteroids on articular cartilage: a systematic review. 
Orthop J Sports Med. 2015;3(5):2325967115581163. 
https://doi.org/10.1177/2325967115581163

26. Hepper CT, Halvorson JJ, Duncan ST, Gregory AJ, Dunn 
WR, Spindler KP. The efficacy and duration of intra-
articular corticosteroid injection for knee osteoarthritis: a 
systematic review of level I studies. J Am Acad Orthop Surg. 
2009;17(10):638-46. https://doi.org/10.5435/00124635-
200910000-00006

27. Costa T, Rodrigues-Manica S, Lopes C, Gomes J, Marona J, 
Falcão S, Branco J. Ozone therapy in knee osteoarthritis: 
a systematic review. Acta Med Port. 2018;31(10):576-80. 
https://doi.org/10.20344/amp.10330

28. Manoto SL. Editorial Commentary: Is medical ozone 
therapy beneficial in the treatment of knee osteoarthritis? 
Arthroscopy. 2020;36(1):287-8. https://doi.org/10.1016/j.
arthro.2019.09.036

29. Lopes de Jesus CC, Dos Santos FC, de Jesus LMOB, Monteiro 
I, Sant’Ana MSSC, Trevisani VFM. Comparison between 
intra-articular ozone and placebo in the treatment of knee 
osteoarthritis: a randomized, double-blinded, placebo-
controlled study. PLoS One. 2017;12(7):e0179185. https://
doi.org/10.1371/journal.pone.0179185

30. Oliviero A, Giordano L, Maffulli N. The temporal effect 
of intra-articular ozone injections on pain in knee 
osteoarthritis. Br Med Bull. 2019;132(1):33-44. https://doi.
org/10.1093/bmb/ldz028.

31. Duymus TM, Mutlu S, Dernek B, Komur B, Aydogmus S, 
Kesiktas FN. Choice of intra-articular injection in treatment 
of knee osteoarthritis: platelet-rich plasma, hyaluronic acid 
or ozone options. Knee Surg Sports Traumatol Arthrosc. 
2017;25(2):485-92. https://doi.org/10.1007/s00167-016-
4110-5

32. Raeissadat SA, Rayegani SM, Forogh B, Hassan Abadi P, 
Moridnia M, Rahimi Dehgolan S. Intra-articular ozone or 
hyaluronic acid injection: which one is superior in patients 
with knee osteoarthritis? A 6-month randomized clinical 
trial. J Pain Res. 2018;11:111-7. https://doi.org/10.2147/
JPR.S142755

33. Iliakis E, Petropoulos I, Iliaki A, Agapitos E, Agrogiannis G. 
Is medical ozone safe when injected intra-articularly? A 
comparative histological study in rat. Int. J. Ozone Ther. 
2008;7:59-68.

34. Giombini A, Menotti F, Di Cesare A, Giovannangeli F, 
Rizzo M, Moffa S, Martinelli F. Comparison between 
intrarticular injection of hyaluronic acid, oxygen 
ozone, and the combination of both in the treatment 
of knee osteoarthrosis. J Biol Regul Homeost Agents. 
2016;30(2):621-5.

35. Noori-Zadeh A, Bakhtiyari S, Khooz R, Haghani K, Darabi 
S. Intra-articular ozone therapy efficiently attenuates pain 
in knee osteoarthritic subjects: a systematic review and 
meta-analysis. Complement Ther Med. 2019;42:240-7. 
https://doi.org/10.1016/j.ctim.2018.11.023

36. Sconza C, Respizzi S, Virelli L, Vandenbulcke F, Iacono F, Kon 
E, Di Matteo B. Oxygen-ozone therapy for the treatment 
of knee osteoarthritis: a systematic review of randomized 
controlled trials. Arthroscopy. 2020;36(1):277-86. https://
doi.org/10.1016/j.arthro.2019.05.043

https://doi.org/10.4103/2045-9912.241075
https://doi.org/10.4103/2045-9912.241075
https://doi.org/10.1016/s1063-4584(05)80318-8
https://doi.org/10.1016/s1063-4584(05)80318-8
https://doi.org/10.1186/1471-2342-10-3
https://doi.org/10.1186/1471-2342-10-3
https://doi.org/10.1007/s10735-012-9457-4
https://doi.org/10.1172/JCI4853
https://doi.org/10.1016/S2255-4971(15)30368-2
https://doi.org/10.1016/S2255-4971(15)30368-2
https://doi.org/10.1016/j.ejpb.2015.09.005
https://doi.org/10.1177/2325967115581163
https://doi.org/10.5435/00124635-200910000-00006
https://doi.org/10.5435/00124635-200910000-00006
https://doi.org/10.20344/amp.10330
https://doi.org/10.1016/j.arthro.2019.09.036
https://doi.org/10.1016/j.arthro.2019.09.036
https://doi.org/10.1371/journal.pone.0179185
https://doi.org/10.1371/journal.pone.0179185
https://doi.org/10.1093/bmb/ldz028
https://doi.org/10.1093/bmb/ldz028
https://doi.org/10.1007/s00167-016-4110-5
https://doi.org/10.1007/s00167-016-4110-5
https://doi.org/10.2147/JPR.S142755
https://doi.org/10.2147/JPR.S142755
https://doi.org/10.1016/j.ctim.2018.11.023
https://doi.org/10.1016/j.arthro.2019.05.043
https://doi.org/10.1016/j.arthro.2019.05.043

