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ABSTRACT

Introduction: Temporomandibular joint (TMJ) osteoarthritis is usually treated by intra-
articular injection of medications. Intra-articular hyaluronic acid (HA) injection reduces friction and
stress on the joint cartilage through lubrication, chondro-protection and proteoglycans synthesis.
Platelet Rich Plasma (PRP) with its high concentration of growth factors plays a great role in joint
repair through enhancing osteo-inductivity, and chondrogenic differentiation. This study aims at
comparing intra-articular injection of combination of hyaluronic acid and platelet rich plasma to
intra-articular injection of each of them alone.

Materials and Methods: 24 young adult male 250-300 grams albino rats were used in the
current study divided randomly into 4 groups: Group 1 (control) in which animals were left
without treatment. Group 2 which was subdivided into 3 study groups, in Group 2A: the animals
received 2 doses of HA, in Group 2B: the animals received 2 doses of PRP, and in Group 2C: the
animals received 2 doses of combined PRP and HA. After 28 days, the animals were sacrificed
and histological analysis was performed. Synovial fluid Samples were extracted before each intra-
articular injection, the concentration of vascular endothelial growth factor (VEGF) and fibroblast
growth factor-2 (FGF-2) were detected and statistically analyzed.

Results: Group 2C showed superior findings to the other 2 study groups regarding fibrocartilage
and bone regeneration, while Group 2B was superior to group 2A regarding the study parameters.

Conclusion: Intra-articular injection of combination of PRP and HA is superior to intra-
articular injection of HA or PRP alone for the treatment of TMJ osteoarthritis in rats.
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INTRODUCTION

The tempro-mandibular joint (TMJ) is one of
the most common joints affected by osteoarthritis
(OA), and TMJ-OA is considered the most serious
subtype of TMJ disorders (TMD). ( It was found
that Osteoarthritis is present in 10-17% of patients
with TMJ pain. ® TMJ-OA is a chronic Progressive
degenerative disease characterized by degradation
and abrasion of the articular cartilage, subchondral
bone remodeling, synovitis, and chronic pain. ¢-¥

The etiology of TMJ-OA is complex, and mul-
tifactorial. It was reported that excessive mechani-
cal loading of normal articular cartilage or normal
mechanical loading on impaired cartilage usually
begins the degenerative process of OA. Moreover,
degeneration of cartilaginous extracellular matrix
and the catabolic activity causes damage to the car-
tilage. ©© Furthermore, Synovial analysis can pro-
vide information about the progression of TMJOA
with expression of Pro-inflammatory cytokine lev-
els, including interleukin (IL)-1b, interleukin 6 and
tumor necrosis factor (TNF)-a. 7

Treatment of TMJ-OA involves noninvasive
modalities (which are physical therapy, occlusal
splints, non-steroidal anti-inflammatory medica-
tions) minimally invasive (arthrocentesis and/or
intra-articular injection) and surgical modalities (ar-
throplasty, condylectomy). *

The majority of TMJ-OA is usually treated by
noninvasive options with intra-articular injections
of medications to manage pain, improve the
inflammatory state of the joint cavity, slow disease
progression, promote condylar cartilage , enhance
sub-chondral tissue regeneration, and restore
function. Among the substances that have been
injected in TMJ-OA are platelet-rich plasma (PRP),

and Sodium Hyaluronate. 'V

Intra-articular injection of sodium hyaluronate
was first described by Rydell and Balazs “? in
1971 for the treatment of knee osteoarthrosis.
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Recently, it has been proposed for the treatment of
TMJ-OA.319 Tt was found that intra-articular
hyaluronic acid (HA) injections reduces friction
and stress on the joint cartilage through contributing
in lubrication , chondro-protection , proteoglycans
synthesis and maintain TMJ homeostasis. Moreover,
it has great effect in relieving TMJOA symptoms
through anti-inflammatory actions by reducing
the production and activity of pro-inflammatory
mediators. ¥

Since 1990, investigators have reported in-
tra-articular  injection of platelet-rich plasma
(PRP). PRP, an autologous blood product, con-
tains 3 to 8 times the number of platelets found in
blood. ' These concentrated platelets contain mul-
tiple growth factors as platelet-derived growth factor,
transforming growth factor, epidermal growth factor,
basic fibroblast growth factor, and insulin like growth
factor. These factors drive fibroblasts in TMJ synovi-
um to secrete HA, and maintain HA levels for joint
lubrication and cartilage protection. !7-'®)

Moreover, PRP contains 3 proteins (fibrin,
fibronectin, and vitronectin) which in turn allow
osteo-conduction and act as a matrix for migration
of bone, cartilage, and epithelium. Furthermore,
PRP helps joint repair through enhancing osteo-
inductivity, and chondrogenic differentiation. 12"

It was reported that vascular endothelial growth
factor (VEGF) and fibroblast growth factor-2 (FGF-
2) have an important role in chronic inflammatory
states as angiogenic factors in the synovial tissues
of TMJ. The blood vessels maintain the chronic
inflammation by transporting inflammatory cells
and supplying nutrients and oxygen to the inflamed
tissues. 22

Most previous studies have focused on the thera-
peutic effects of PRP and HA in the treatment of
TMJ-OA but few studies have focused on the ef-
ficacy and treatment mechanism of a combination
of PRP and HA. ®2 Recently, increasing evidence
has supported the use of PRP combined with HA for
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the treatment of knee osteoarthritis. ?%2” Marmotti
et al. ®and Yan et al. ® found that the addition of
HA to PRP could effectively promote the prolifera-
tion of chondrocytes and improve cartilage repair.
Therefore, the goal of this study was to evaluate
the effectiveness of PRP combined with HA for the
treatment of TMJ-OA.

MATERIALS AND METHODS

24 young adult male Albino rats aged about 8
weeks, and weighing 250-300 g were included in
the current study. The animals were housed in clean
metal cages at the animal house of the Medical
Research Center of MSA University, Egypt, with a
light-dark cycle (L: D 12:12) in room temperature
of 22 to 24C. They were maintained on a regular
diet and drinking tap water throughout the duration
of the experiment.

Experimental Groups

The rats were randomly divided into Group 1
(control) and Group 2 which was subdivided into
3 study groups. After induction of OA at day 0, in
Control group (n = 6) the animals were left without
treatment, in Group 2A (TMJ-HA) (n = 6) the
animals received 2 doses of HA at days 7, 21, in
Group 2B (TMJ-PRP) (n=6) The animals received
2 doses of PRP at days 7, 21, and Group 2C (TMJ-
HA-PRP) (n=6) the animals received 2 doses of
combined PRP and HA at days 7, 21.

Induction of TMJ-OA

After shaving the skin over the area of the TMJ
for each animal, the joint was felt 5-10 mm pos-
terior to the lateral canthus of the eye, while the
mandible and the zygomatic arch of the temporal
bone in front of the ear were palpated. The sterile
30-gauge needle was positioned on the postero-
inferior edge of the zygomatic arch (the roof of
the joint fossa) and passed through the postero-
lateral edge of the mandibular condyle toward the
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antero-medial direction to reach the superior joint
cavity. ¢0

OA was induced in the animals TMJs on day
0 by a unilateral right side single intra-articular
injection of 50 ul of Complete Freund’s adjuvant
(CFA) (5881; Sigma-Aldrich, USA), diluted
1:1(oil: saline). ®1-% The animals received 300 mg/
kg Acetaminophen (Paracetamol) added in drinking
water after OA induction to decrease pain. The
contralateral left side TMJ in each study animal was
left normal not to compromise animal feeding.

PRP Preparation

5 ml Peripheral blood was collected from the
Marginal ear vein into glass tubes containing an-
ticoagulant acid citrate dextrose (Corning, Lowell,
MA). At room temperature, the blood was centri-
fuged (TGL-16Gr, Anting Scientific Instrument
Factory, Shanghai, China) at 160g for 10 minutes.
The blood was separated into 3 components: eryth-
rocytes at the bottom, a buffy coat in the middle, and
platelet containing plasma at the top. ¢¥ (Medifuge
MF200, Italy Silfdradent). The platelet-containing
plasma was then aspirated and transferred to a new
tube without anticoagulant and centrifuged at 250g
for 15 minutes. The platelet poor supernatant plas-
ma was aspirated and discarded. PRP was carefully
drawn into a separate syringe for intra-articular in-
jection. ¢

Intra-articular injections

One week following the induction of OA, In
group 2A (TMJ-HA) (n = 6), the animals received
2 intra-articular slow injections of 50 pl high
molecular weight HA at days 7, 21. In group 2B
(TMIJ-PRP) (n=6): the animals received 2 slow
intra-articular injections of 50 ul freshly prepared
PRP at days 7, 21. While in group C (TMJ-HA-
PRP) (n=6): the animals received a combination of
50 u1 HA and PRP slow intra-articular injections at
days 7,21.



(1168) E.D.J. Vol. 67, No. 2

Biochemical Analysis

Samples of the TMJ synovial fluid were extracted
from each animal at days 7, 21 before the intra-artic-
ular injection and at day 28 before scarification and
stored at -80C. The concentration of vascular endothe-
lial growth factor (VEGF) and fibroblast growth fac-
tor-2 (FGF-2) were detected using an enzyme-linked
immune-sorbent assay (ELISA) kit according to the
manufacturer’s instructions. The minimum detectable
level of VEGF is <10 pg/mL. The minimum detectable
level of FGF-2 is <5pg/mL.

All Control and study animals of the current
study were sacrificed at day 28 after induction of
OA through inhalation of an overdose of (Diethyl
ether) under veterinary control.

Histological & histo-chemical Preparations

The TMJs were dissected. The bone was bur
milled under irrigation, and the condylar process
of the mandible were excised. Samples were fixed
with 10% neutral formalin, decalcified in 10%
ethylene-diamine-tetra-acetic acid (EDTA) for
10 weeks, then embedded in paraffin, and stained
with Hematoxylin and Eosin (H&E) as a Routine
stain for cellular details. In addition, Toluidine blue
Stain was utilized for optimal demonstration of
mineralized bone and chondrocytes.

Statistical Analysis

Data showed parametric distribution when
checked for normality using Shapiro-Wilk test.
Three-way ANOVA used to show the effect of
concentration, groups, and follow-up. Multiple
comparisons were performed with Tukey HSD.
Significant level was set at p=0.05.

RESULTS

All intra-articular injection procedures went well
without adverse event that required study cessation.
Synovial fluid samples were successfully withdrawn
from all rats TMJ in the control and study groups at
the study intervals.
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Histological and histo-chemical findings

At the end of the current study, By examining
the head of the condyles of the control and study
groups, Group 1 (control group) showed loss of
the fibro-cartilaginous layer, irregular bone surface
and widening of the bone marrow space (Fig. 1A),
Group 2A (TMJ-HA) showed slight
regeneration of the fibro-cartilaginous layer, the

incomplete

underlying bone structure was regenerated and
the bone marrow spaces were decreased (Fig. 1B),
Regeneration was better in group 2B (TMJ-PRP),
the fibro-cartilaginous layer was covering all the
condylar head while the thickness was deficient,
the underlying bone structure showed normal
architecture. (Fig. 1C) The regeneration of the
fibro-cartilaginous layer was completed and the
underlying bone was normal in group 2C (TMIJ-
HA-PRP). (Fig. 1D)

At higher magnification By H&E stain, the
condyle of Group 1 (control group) showed loss of
the fibrous layer covering it, the cartilaginous layer
was destructed, the chondrocytes were abnormal
as they were vacuolated with eccentric nuclei,
and the underlying bone showed widened bone
marrow spaces. (Fig 2A) By toluidine blue stain,
the vacuolated chondrocytes were noticed, the bone
trabeculae were very thin and pale blue indicating
being less mineralized. (Fig 2B)

In Group 2A (TMJ-HA) the covering fibrous layer
of the fibro-cartilaginous layer was absent is some
areas, in other parts the fibrous layer was regenerated
as fibroblasts and collagen fibers were noticed, the
cartilaginous layer showed chondrocytes, and some
area showed hyalinization (Fig.3)

By using toluidine blue, Group 2A (TMJ-HA)
showed the chondrocytes in their lacunae in the
cartilaginous layer, bone marrow spaces were
normal. The bone trabeculae were regenerated
but they exhibited pale blue stain denoting hypo-
mineralization. (Fig. 4)
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Fig. (1) Photomicrograph showing that The fibro-cartilaginous layer was absent in Group 1 with large marrow spaces (A), the fibro-
cartilaginous layer started to regenerate in group 2A (B) , in group 2B the layer was completed but thin (C) , and complete
regeneration was noticed in group 2C (D)(H&E X40)

Fig (2) : Photomicrograph (Group 1: control) showing that chondrocytes are vacuolated ( black arrows) , the marrow spaces are
widened ( M), the bone trabeculae are pale blue and thin ( Red arrow) (2A H&E X200, 2B Toluidine X 200)
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Fig. (3) : Photomicrograph (group 2A: TMJ-HA) showing regenerated thin fibrous layer containing fibroblasts(black bracket),
normal appearance of the chondrocytes ( black arrow), in B absence of fibrous layer and areas of hyalinization (red arrow)
were noticed (H&E X200)

In Group 2B (TMJ-PRP) the fibro-cartilaginous
layer was fully formed with thick well-formed carti-
laginous layer. Moreover, the fibrous layer was found
in all the parts of the condyle but was very thin in some
areas while its surface was not smooth. The underlying
bone showed normal architecture. (Fig. 5)

By using Toluidine blue, Group 2B (TMJ-PRP)
showed normal fibro-cartilaginous layer with thin
fibrous layer, normal bone architecture with better
mineralization than other groups. (Fig. 6)

In Group 2 C (TMJ-HA-PRP), the fibro-cartilag-

Fig. (4) : Photomicrograph (group2A: TMJ-HA) showing the .
inous layer was fully formed with smooth surface,

regeneration of the cartilaginous layer, the underlying
bone structure is regenerated but still less mineralized ~ fibrous part was fully formed and thicker than other

than normal ( Toluidine X 200) groups with normal bone structure. (Fig. 7)
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Fig. (5): Photomicrograph (group 2B:TMJ-PRP) showing regenerated fibro-cartilaginous layer normal chondrocytes , thin fibrous
layer irregular in some areas (black arrow) , normal bone structure (H&E X 200)
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Fig 6: Photomicrograph (group 2B:TMJ-PRP) showing
fibro-cartilaginous layer with thin fibrous part (black
bracket), normal underlying bone structure (Toluidine
X 200)
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Biochemical analysis findings:

There was no difference between the tested
groups at day 7 (before intra-articular injections).
By the end of the current study at day 28, group 2C
(TMJ-HA-PRP) showed significant lower values of
VEGF/FGF-2 compared to the other 2 study groups.

For both FGF-2 and VEGF, group 2A (TMJ-HA)
showed a significant reduction after 28 days while
group 2B (TMJ-PRP) showed a significant reduction
after 21 days followed an insignificant reduction
after 28 days. Group 2C (TMJ-HA-PRP) showed
a significant reduction after 21 days followed by a
further significant reduction after 28 days.

Fig 7: Photomicrograph (group 2C:TMJ-HA-PRP) showing fibro-cartilaginous layer with thick fibrous part (black bracket), normal
underlying bone structure (7A H&E X 200, 7B Toluidine X200)
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Fig. 8: Line chart showing the comparison of VEGF/FGF-2
concentrations for the control and study groups among
the study intervals.

DISCUSSION

In the current study, OA was induced in the right
TMJs of 24 albino rats so as not to compromise the
animal feeding. Rats were selected based on the
similarity of the condylar translatory movements to
those of human condyle, rapid skeletal maturation
in comparison with larger animals, and easy
handling during OA induction. ©%*” The current
study period was selected to be 28 days as the TMJ
induced arthritis using CFS has proved to remain
for 6 weeks with elevated inflammatory mediators

concentrations as reported by Spears et al. ¥
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High molecular weight HA was used in the
current study as it usually requires smaller number
of intra-articular injection and provides prolonged
positive effects than low molecular weight HA as
recommended by previous studies. ¢%40

This study demonstrated that intra-articular
injection of combination of PRP and HA was
superior to intra-articular injection of HA or PRP
alone regarding fibro-cartilaginous regeneration
and decreased concentration of angiogenic factors
(VEGF/ FGF-2). Moreover, intra-articular injection
of PRPwas in turn superior to intra-articular injection
of HA regarding the study parameters. However, all
the study groups showed improvement of OA after
two injections regarding the study parameters.

The improvement reported in the current study
regarding intra-articular HA injection in group 2A
is in agreement with Radin et al “Y who reported
that HA has an essential role in synovial tissue
lubrication. Also, Gotoh et al “*», and Cascone
et al “ reported that HA prevents intra-articular
adhesions through lubrication and feeding the joint
components. Moreover, Kim et al “Y reported that
HA injection stimulates synovial cells to produce
natural HA. Collaborating our findings, Lemos G.
@3 concluded in a histologic study on TMJ induced
OA in rats that HA reduced the histologic changes
and led to superior arrangement of collagenous
fibers, and suggested that HA may exert a protective
effect on the TMJ.

The current study reported proper histological
and biochemical findings after intra-articular injec-
tion of PPR in group 2B. This finding is in agree-
ment with Haigler et al “® who reported that PRP
injection to treat TMJ OA could stimulate the regen-
eration of damaged tissues. Moreover, it was report-
ed by several studies that PRP proved to improve
cartilage repair in degenerative knee pathologic dis-
order. “7#® Furthermore, Takafuji et al * showed
the therapeutic great effect of PRP growth factors
for TMJ articular cartilage defects treatment. This
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regenerative effect of PRP could be attributed to the
great amount of growth factors released which in
turn stimulate the proliferation and differentiation
of fibroblasts, osteoblasts, chondrocytes, and mes-
enchymal stem cells. ©® Also, Wu et al ©V proved
that PRP plays a critical role in regulating cell pro-
liferation, chondrogenesis and inflammatory gene
expression of articular chondrocytes.

However, Kutuk et al ©? reported in their study
that the healing of fibrocartilage and hyaline cartilage
was not significantly better in the PRP group than in
the control group. This could be explained by the
severe degenerative changes induced in their study
by creating surgical defects.

The current study showed that Intra-articular
injection of PRP was superior to HA in the study
parameters. This finding corresponds to that of
Spakova et al ®¥ who reported significantly better
results of PRP than HA for treatment of 120 patients
with knee osteoarthritis. Moreover, Gormelli et al ¢
reported in their study that PRP injections showed
better clinical results than HA as intra-articular
injection for treatment of knee osteoarthritis.

This study demonstrated that PRP combined
with HA had excellent results regarding fibro-carti-
laginous healing which was superior to HA or PRP
alone. This finding agrees with that of Xu et al ®»
and Lana et al ©® who reported that this combi-
nation was more effective than PRP or HA alone
at inhibiting synovial inflammation and effectively
improved pain and function in knee osteoarthritis.

The biochemical assessment showed significant
more decrease in the concentration of VEGF/FGF-
2 in TMJ-HA-PRP group than the other groups
by the end of the study which in turn supports the
histologic and histochemical findings of the current
study. This finding was in accordance with those of
Kumagai ©? who reported that the level of VEGF
in TMJ synovial fluid seems to reflect the clinical
status in patients with synovitis.
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The current study showed that for both FGF-
2 and VEGF, group 2A (TMJ-HA) showed a
significant reduction after 28 days while group 2B
(TMJ-PRP) showed a significant reduction after 21
days. This finding support as well the histologic
finding that TMJ-PRP group was more superior to
TMJ-HA group. On the other hand, Wang et el ©®
reported that VEGF was significantly higher before
treatment with HA than after treatment, but there
was no significant difference in the concentration
of FGF-2 between before and after treatment.
This could be explained by only one time point of
observation that was applied after the HA injection.

In conclusion, our study has shown that intra-
articular injection of combined HA-PRP has
potential beneficial effects on fibrocartilage and
bone regeneration induced
osteoarthritis in rats. Moreover, this combination
has significant effect on reducing the concentrations
of VEGF/FGF-2. Additional research evaluating
the effects of HA-PRP on human TMJ with
osteoarthritis with long term results and functional
outcomes is needed for clinical application.

in experimentally
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