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ABSTRACT

Objectives: One of the common therapeutic approaches for osteoarthritis is intra-articular injection due to the benefit of local
drug delivery as well as instant pain relief. The aim of this study was to investigate the regenerative potential of intraarticular
injections of Platelet-Rich Plasma (PRP), Botox and Botox + PRP (combined) in treating induced temporomandibular joint
(TMJ) osteoarthritis in albino rats.

Design: Osteoarthritis was induced in rats by injection of 2mg monosodium iodoacetate in both sides of TMJ. After confirmation
of osteoarthritis by enzyme-linked immunosorbent assay (ELISA), the rats were randomly divided to three groups. The right
side acted as the experimental treatment group and was injected weekly with either Botox (5 IU/kg diluted in 50 pL saline), 50
uL PRP, or their combination, while the left side acted as control. Tissues were assessed at two and four weeks post-treatment
histologically, radiographically and biochemically (using qRT-PCR and ELISA).

Results: The treated sides showed statistically significantly higher mean bone area percentages, in addition to lower statistically
significantly mean IL-1$ and MMP13 levels than the untreated sides. The highest mean bone area % was recorded in the PRP
group followed by the combined group of Botox+ PRP. The treated sides recorded a higher mean joint space than the untreated
sides that is statistically significant in the Botox group (p<0.001) and statistically non-significant in the PRP and Botox+ PRP
group.

Conclusion: This study confirms the regenerative potential of PRP alone and in combination with Botox, which implies that
the use of PRP alone or combined with Botox for treatment of TMJ osteoarthritis cases may enhance the healing potential of
the condition.
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INTRODUCTION Up till now, there is no ultimate therapy for OA,
meaning that current treatment focuses on ways to treat
patient symptoms and slow down the destruction process.

The temporomandibular joint (TMJ) is a synovial
joint that performs the most complicated movement in the

human body!!). Temporomandibular disorders (TMDs) are The current treatment goals for OA focus on enhancing the
defined as a group of pathological changes that can affect function of the joint and reducing pain levels and stiffness,
different structures of the stomatognathic system, such as avoiding further deformities in the joint and in general
TMJ and masticatory muscles!. improving the quality of life for the patients?..

TMDs have conventionally been treated with intraoral The pharmacological therapies commonly used in
appliances, occlusal adjustments, dental restoration and/or treatment of OA cases include anti-inflammatory gels;

surgery’l. These techniques are invasive, irreversible and
expensive. Moreover, conservative restorative treatments
may not withstand the parafunctional forces continually
applied by some patients®.

oral non-steroid anti-inflammatory drugs (NSAIDs);
oral supplements, such as glucosamine and chondroitin
sulfate besides injection therapies. The injection therapies
currently used include corticosteroids, hyaluronic acid

Osteoarthritis is among the common diseases affecting (HA), platelet-rich plasma (PRP), and injections using
the TMJ. It affects women more than men and is more patients own mesenchymal stem cells (MSCs). For patients

i 4] iti . .
prevalent in older age groupst*. TMJ osteoarthritis shows that do not respond to such pharmacological therapeutic

an inerease 1 cartllagfe d.egradatlor.l, subchondral bqne measures, surgical approach is then considered such as
remodeling and chronic inflammation in the synovial . 6]
arthroscopic surgery and osteotomy!®l.

tissuelll,
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Intra-articular injection of corticosteroids is one of
the common treatment modalities for osteoarthritis!”.
However several drawbacks have been reported for the
long-term use of corticosteroids, such as joint destruction
and toxic effects of the surrounding tissues and cartilage!®!.
Therefore, there is a need for alternative therapies for
osteoarthritis.

To achieve the ultimate non-invasive treatment for OA, a
promising injective treatment, PRP appeared in the clinical
field. PRP is a blood derivative that is rich in platelets.
These platelets when activated release a group of active
proteins that act to promote cellular recruitment, growth
and morphogenesis as well as modulate inflammation.
PRP represents a promising biological approach to enhance
tissue healing of structures that have a healing power, as
cartilage. PRP also showed highly favorable outcomes as
intra-articular injection for treatment of cases as cartilage
breakdown and OAP-',

PRP is also gaining a lot of interest in different
treatment modalities as it is considered well tolerated,
very rarely leads to complications, easy to prepare and it
is less invasive than other treatment options that might be
indicated for such cases, as corticosteroid therapy or even
surgical approach!!l,

Botox (BTX) is another minimally invasive procedure
that gained great interest recently in the dental field due
to its benefits in treating various oral conditions such
as TMDs, bruxism, mandibular spasm, and masseteric
hypertrophy!"?. BTX is a type of a neurotoxin produced
by Clostridium botulinum, which acts by blocking the
neuromuscular junction and preventing acetylcholine
release into the synaptic cleft, leading to chemical
denervation that eventually causes flaccid paralysis!*.

In view of these facts, this study was carried out to
investigate the anti- inflammatory effect and regenerative
potential of two non-invasive regimes of treatments in
treating induced TMIJ osteoarthritis: PRP, Botox and a
combination of both in Albino rats. PRP!' and BTX!
has been shown to be useful for TMJ osteoarthritis in
patients. To our knowledge, there is no documented study
that compares between the biological effects of PRP and

Table 1: The complexity of the study design

Botox separately and combined in treating the induced
osteoarthritis of TMJ in vivo.

MATERIALS AND METHODS

This study was approved by Institutional Animal Care
and Use Committee (IACUC) in Cairo University (CU-
111-F7417). Forty-two male adult Wister albino rats with
an age from 3-4 months (180 to 200 grams) were obtained
from the Faculty of Medicine, Cairo University. All
animals were housed in a sterile, controlled environment
at a temperature of 28 to 35°C and maintained throughout
the experiments on a 12:12 h light-dark cycle. The rats
were fed pellets and fresh tap water. The 42 rats were
randomly distributed into three experimental groups
(Figure 1) according to the type of given treatment; each
containing 14 rats (Table 1): Group I (Botox group), Group
II (PRP group) and Group III (Botox + PRP group). All rats
were also injected with 0.05 ml of saline in the left side
TMI as an intra-articular injection weekly.

Healthy Albino male rats

(n=42)
3 Normal rats were added to serve
as: the contrel gromp

—
-Normal rats (histological and

) Xray analysis)

-Baseline (PCR+ELISA)

SHFIAM
W) J0 uonsnpug

Osteoarthritic Albino
male rats (n = 42)

» 2 Rats were sacrificed from each
group (n = &) to serve as:

Alter 4 weeks

After 4 weeks treatment
begins for OA rats { n=36)

~Osteoarthritis rats (histological
and Xray analysis.)

~Osteoarthritis (PCRAELISA)

|
I | ]
Botox group PRP group Botox+ PRP
(n=12) (n=12) group (n=12)

6 rats were sacrificed at 2- and 4-weeks post-treatment.

2-weeks post-treatment 4-weeks post-treatment
Histological analysis Xray analysis
PCR+ELISA PCR+ELISA

Fig. 1: Diagram illustrating the animal allocating and grouping.

Group [ Group II Group 1T Control group
No. of Rats 14 14 14 3
TMIJ side Right Left Right Left Right Left Right Left
< g
8 3 2 mg of monosodium iodoacetate -
°© ~
=
2
3 <3 Single intra-articular injection -
k= A
Treatment begins (After 11385011(; (iglﬁ‘f) PRP 50 uL (S;(l)l;r; Botox (85%1:33
4W from induction of OA .05ml +PRP )
Wirom induction of OA) ) 51y (0.05ml) (0.05mb (0.05ml) (0.05 ml)

Date of sacrifice

2- and 4 weeks post-treatment

Prior to induction of OA
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Additional 3 rats were considered as normal control
group using the right and left TMJs (6 specimens) to detect
baseline levels before the induction of osteoarthritis.

Right and left TMJs of all rats were dissected, with half
of the tissues kept in 10% neutral formalin for histological
and Xray analysis, while the other half were frozen to be
used for quantitative real time polymerase chain reaction
(qRT-PCR) and enzyme-linked immunosorbent assay
(ELISA) to detect levels for matrix metalloproteinase-13
(MMP-13) and Interleukin 1 beta (IL-1p) respectively.

Methods and interventions
1.1 Osteoarthritis induction

On the first day of the experiment, all rats were
generally anesthetized with intraperitoneal injection of
chloral hydrate (370-400 mg/g body weight). Rats were
injected intra-articularly with 2 mg of monosodium
iodoacetate (MIA) as a single dose dissolved in 50l saline
using a 27-gauge 0.5-inch needle in the right and left side
TMIJ of each group to induce osteoarthritist'®!”l. The right
side was designated as the treated group while the left side
acted as the untreated control.

1.2 Confirmation of osteoarthritis induction

After 4 weeks, two rats from each experimental group
were sacrificed and their left and right TMJs were harvested.
Confirmation of osteoarthritis induction was done through
biochemical analysis of IL-1p using ELISA, and levels
of IL-1P protein expression were compared to its normal
levels collected before induction of osteoarthritis!'®1°1.

The remaining 12 rats from each group will be divided
into 3 groups according to the given treatment: Group I
(Botox group), Group II (PRP group) and Group III (Botox
+ PRP group).

1.3 Botox® (Onabotulinum toxin A; Allergan, USA)
injection

Treatment with Botox® was started after confirmation
of osteoarthritis as a weekly single intra-articular injection

of 5 units/kg (0.05ml) diluted in 50 pL saline into the upper
compartment of right side TMJs!!17],

1.4 PRP preparation and injection

Blood samples were obtained from the retro-orbital
plexus or peri-orbital method®”. For PRP preparation,
blood samples were collected into sterile tubes and single
centrifugation protocol was applied as it was proven to
yield higher platelet count and concentration than double
spin centrifugation protocol®; and then immediately
injected in the right side of TMJ of the rats®??l, The PRP
volume administered was the same for all animals (50 pL).

1.5 Post-mortem specimens processing

Six rats from each group were sacrificed at 2- and
4-weeks post-treatment. At 2 weeks for histological
and biochemical analysis and at 4 weeks for Xray and

biochemical analysis. Animals were euthanized by intra-
peritoneal injection of 200 mg/kg sodium phenobarbital®*,

Cone beam computed tomography (CBCT) scan
analysis

At 4-weeks post-treatment, rats were subjected to X-ray
imaging prior to tissue dissection. CBCT images were
obtained for the rats using CRANEX 3D (SOREDEX,
Tuusula, Finland), the specimens were scanned with 80 KV
and 10 mA. Three-dimensional analysis was performed
using the system's software (OnDemand). The joint space
between head of condyle and temporal bone was measured
at 3 different points for each side of TMJ in each group
then analyzed.

Histopathological examination

Histopathological examination was performed for
tissues at 2-weeks post-treatment. Specimens were
immediately fixed in 10% neutral formalin for 48 h
and then rinsed in distilled water. Specimens were then
decalcified and subsequently stained with hematoxylin
and eosin according to the conventional method®!.
Histopathologic examination was performed using light
microscopy.

Histomorphometric analysis

Hematoxylin and eosin-stained sections were examined
by Leica Quin 500 analyzer automated computer software.
The image analyzer was calibrated automatically to convert
the measurement units (pixels) produced by the image
analysis program into actual micrometer units. Staining
was measured as percentage area of bone tissue area
over total tissue area in 10 separate fields in each group
using x20 magnification. Areas of bone showing the most
uniform staining was chosen for evaluation. The areas
were then masked by a blue binary color to be quantified
by the computer system.

Enzyme-linked immunosorbent assay (ELISA)

ELISA technique was utilized for assessment of gene
expression levels of IL-1f at 2- and 4-weeks post-treatment.
Samples of TMJ were dissected, snap frozen in liquid
nitrogen and then stored at -40°C. Sample processing was
done using the Rat IL-1B ELISA kit (RayBio®, Catalog
#: ELR-IL1pB). IL-1P levels (pg/ml tissue) were assessed
in tissue homogenate according to the manufacturer’s
instructions.

Quantitative real time —polymerase chain reaction
(qRT-PCR)

Dissected frozen specimens were used for detection
of MMP-13 protein expression to reflect the amount of
cartilage degradation at 2- and 4-weeks post-treatment.

6.1 RNA Extraction

RNA extraction was performed using the Gene JET Kit
(#K0732; ThermoFisher Scientific, Germany).
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6.2. qRT-PCR

The cDNA amplification was performed using the
SensiFAST™ SYBR® Hi-ROX One-Step Kit (catalog
n0.PI-50217 V, Bioline, UK). Prepared reaction samples
were applied inreal time PCR (StepOne Applied Biosystem,
USA). The amplification procedure involved three-step
cycling; 10 mins(45°C) for reverse transcription, 2 mins
(95°C) for polymerase activation followed by 40 cycles
for 5s (95°C) for denaturation;10s (60°C) for annealing
and finally 5s (72°C) for extension. After the RT-PCR, the
data were expressed in cycle threshold (Ct). The PCR data
sheet includes Ct values of assessed gene (MMP-13) and
the house-keeping gene (GAPDH). Relative quantitation
(RQ) of each target gene was quantified according to
the calculation of delta-delta Ct (AACt) method. Primers
sequence specific for each gene from 5'- 3"

MMP-13: F: TACAGAATTGTGAACTACAC,
R: AAAGAACATGGTGACTTCTA
GAPDH: F: GACGGCCGCATCTTCTTGA,

R: CACACCGACCTTCACCATTTT

Statistical analysis

Data was assessed for normality by checking the
distribution of data and using Kolmogorov-Smirnov and
Shapiro-Wilk tests. All data showed normal (parametric)
distribution. Data is presented as mean =+ standard
deviation (SD) values. Repeated measures analysis of
variance (ANOVA) was used for multiple comparisons
while Bonferroni’s post-hoc test is used for pair-wise
comparisons when ANOVA test is significant. The
significance level was set at p < 0.05. Statistical analysis
was performed using IBMSPSS Statistics Version 20 for
Windows (IBM Corporation, USA).

RESULTS

Histopathology analysis
1.1. Normal rat TMJ

Histopathological examination of the rat’s normal TMJ
(Figures 2A,C) showed TMJ components: condyle, intra-
articular disk and temporal bone. The temporal bone was
covered with a uniform fibrous layer that separated it from
the underlying bone, composed of interconnected plates
of spongy bone. The disc showed normal appearance; thin
at its central part and thickened at both ends (biconcave;
Figure 2A). The condyle showed normal anatomy and
outline. Its articular surface was covered by fibrous layer,
proliferative layer, fibrocartilaginous zone and calcified
cartilage zone (Figure 2C). The underlying subchondral
bone showed normal interconnecting bone trabeculae
(Figure 2C) with few bone marrow spaces.

1.2. Osteoarthritis rat TMJ

The temporal bone appeared ankylosed with the
underlying disc and condyle. Widened marrow spaces with
chronic inflammatory cells was observed in the temporal
bone (Figure 2B). The proliferative zone appeared with

acellular areas (Figure 2D). The calcified cartilage
layer showed chondrocytes with mitotic figures, empty
lacunae and hypertrophic chondrocytes (Figure 2D). The
subchondral bone showed widened marrow spaces with
chronic inflammatory cells.

1.3. Group I (Botox group)

The right (treated) side revealed the intra-articular
disc with normal thickness, but fibrillation appeared at
both ends (Figure 3A). The temporal bone showed typical
size marrow spaces with chronic inflammatory cells
(Figure 3A). The Proliferative zone appeared with
chondrocytes showing mitotic figures and the calcified
cartilage zone showing empty lacunae and hypertrophic
chondrocytes (Figure 3C).

Examination of the left side untreated; revealed notable
deformation in the condyle architecture with matrix
discontinuity and erosion (Figure 3B). The disc appeared
quite thin at central part with fibrillation at its ends. The
temporal bone revealed narrow bone marrow spaces
(Figure 3B) with local thickening of its fibrous covering.
The fibrocartilaginous and calcified cartilage zone showed
smaller than normal size chondrocytes with random
orientation and focal loss (Figure 3D). Subchondral bone
showed many reversal lines (Figure 3D).

1.4. Group II (PRP group)

The right side (treated) revealed temporal bone
with normal fibrous covering and few marrow spaces
(Figure 4A). The intra-articular disc appeared thin at
its central part and thickened at both ends (Figure 4A).
The condyle’s bone trabeculac appeared normal with
appearance of vertical and horizontal fissures in the
subchondral bone area (Figure 4A). All the condyle
layers revealed focal cellular loss in some areas. Calcified
cartilage layer showed clusters of chondrocytes, however
lacked empty lacunae or mitotic figures (Figure 4C).

The left untreated side revealed normal appearance
of the temporal bone. The disc appeared quite thin at its
central part that is nearly cut (Figure 4B). The fibrous
zone appeared separated from the underlying layer
(Figure 4B). The fibrous zone appeared with few cracks
as well as acellular areas in the fibrocartilaginous layer
(Figure 4D). The calcified cartilage layer appeared with
some chondrocytes showing mitotic figures, while others
appeared hypertrophic (Figure 4D).

1.5 Group III (Botox +PRP group)

The right (treated) side exhibited normal appearance
of the temporal bone. The disc appeared with a thickened
central part, normal thickened anterior and thinned
posterior ends with marked fibrillation (Figure 5A). The
condyle showed normal bone trabeculac and marrow
spaces, surface discontinuity at the posterior part of the
condyle and gradual loss of chondrocytes (Figure SA). The
fibrous zone appeared nearly acellular in some areas while
the proliferative zone showed normal cellular appearance
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(Figure 5C). The fibrocartilaginous layer showed focal loss
of chondrocytes and the calcified cartilage zone appeared
with no mitotic figures or empty lacunae (Figure 5C).

The left untreated control side revealed discontinuity in
the temporal bone’s fibrous covering with horizontal and
vertical fissures. The disc appeared quite thin at its central
part, normal thickness at both ends (Figure 5B). The fibrous
layer appeared nearly acellular, the proliferative layer with
normal cellular appearance and few acellular areas while,
the fibrocartilaginous layer appeared with hypertrophic
chondrocytes and empty lacunae (Figure 5D).

Histomorphometric analyses

In all groups, the treated side showed statistically
significant higher mean bone area % than untreated side
(»<0.001; Table 2). 2 weeks post-treatment, there was no
statistically significant difference between normal and
PRP-treated samples (p=0.915), with both showing the
highest mean bone area % values. Botox-treated samples
showed a statistically significant lower mean bone area %
than the other two treated groups (p<0.001).

Xray results (Radiographic analysis using CBCT
scan)

3.1. Normal rats

The coronal 3D and 2D CT images (Figure 6A,B)
revealed normal appearance of the condyle head in relation
to the condyle fossa in the right and left side TMJ with
obvious appearance of normal width of the joint space
(Table 3).

3.2. Osteoarthritis rats

The coronal CT 3D and 2D images (Figure 6C,D)
revealed ankylosis of both sides of the condylar head in
relation to the glenoid fossa. Statistical analysis comparing
the normal and osteoarthritis mean joint space revealed a
statistically significant difference (P<0.001) (Table 3).

3.3. Experimental Groups,

The radiographic analysis for both sides revealed:
narrowing of the joint space between the condyle head in
relation to the glenoid fossa in the right and left TMJ but
more narrowing was observed in the left side TMJ in Botox
group (Figure 6E,F) and PRP group (Figure 6G,H). On the
other hand, Botox+ PRP group (Figure 61, J) revealed normal
joint space in three right side TMJ, while the left side TMJ
showed narrowing toward the midline. The treated sides
recorded a higher mean joint space than the untreated sides
that is statistically significant in the Botox group (»p<0.001)
and statistically non-significant in the PRP and Botox+ PRP
group (p=0.065, p=0.064, respectively) (Table 3).

ELISA results for IL-1

In all experimental groups, the treated side either after
2 or 4 weeks post-treatment in Botox, PRP, Botox+PRP
groups revealed statistically significantly lower mean
IL-1pB levels than the control side (p<0.001) (Tables 2,3)
Moreover, comparison between all groups at both time
intervals showed that the PRP (untreated side) showed the
statistically significant highest mean IL-1f levels (435.0)
(Tables 2,3).

qRT-PCR results for MMPI13

Treated sides showed statistically significantly lower
mean MMP-13 levels than the untreated control sides
in all experimental groups either after 2- or 4-weeks
post-treatment. Comparison between all groups showed
that at 2 weeks post-treatment; there was no statistically
significant difference between Botox (untreated side) and
Botox + PRP (untreated side) (p=0.885); both showed the
statistically significantly highest mean MMPI13 levels
(4.16 and 4.21 respectively) (Table 2). On the other hand,
4 weeks post-treatment PRP (untreated side) showed the
statistically significant highest mean (7.08) MMP13 levels
in comparison to all other groups (Table 3).
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Fig. 2: Photomicrographs of sagittal section in TMJ from normal (A, C) and osteoarthritis rats’ TMJ (B, D) showing:

A) Normal rats” TMJ revealed: nearly normal configuration of the TMJ with normal appearance of temporal bone (T), intra-articular disc (D) and condyle (C).
The disc was divided into three regions: Intermediate thinnest region (I), anterior (A) and posterior thick regions (P). (H&E, Orig.Mag.x4)

B) Osteoarthritis rats TMJ revealed: temporal bone (T) ankylosed with underlying intra-articular disc (D) and condyle (C). Temporal bone with widened
marrow spaces filled with chronic inflammatory cells (asterisks). The disc appeared ankylosed at its central part to the overlying temporal bone and the
underlying condylar head (H&E, Orig.Mag.x 4).

C) Photomicrograph of higher magnification of the rectangular area in Fig. 2A showing: intra-articular disc (D) and condyle (C) with its fibrous covering (F),
proliferative layer (P), fibrocartilaginous zone (FC), calcified cartilage (CC) and the underlying subchondral bone (Sb) (H&E, Orig.Mag.x40).

D) Photomicrograph of higher magnification of the rectangular area in Fig. 2B showing: the 4 zones of the condylar head: fibrous zone (F), proliferative zone(P),
fibrocartilaginous zone (FC), calcified cartilage (CC) or hypertrophic zone. The proliferative zone appeared with acellular areas (asterisk)). The cartilage layer
showed chondrocytes with mitotic figures (circles), empty lacunae (arrows) and hypertrophic chondrocytes (notched arrows) (H&E, Orig.Mag.x40).
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Fig. 3: Photomicrographs of sagittal section in TMJ from group I (Botox) Figs (A, C) (treated sides), Figs (B, D) (untreated sides), showing:

A. The condyle (C) showed numerous bone marrow spaces filled with chronic inflammatory cells and surface erosion (notched arrow). In temporal bone
(T) relatively normal size marrow spaces filled with chronic inflammatory cells (asterisks). The disc (D) appeared thin at its central part and thickened at its
posterior and anterior ends with obvious fibrillation. (H&E, Orig.Mag.x4).

B. The condyle (C) showed huge area of deformity, fibrillation, matrix discontinuity and erosion (double headed arrow) in the middle part. The temporal bone
(T) appeared normal but with very narrow marrow spaces (notched arrow). The disc (D) appeared thin at its central part and thickened at its posterior and
anterior ends with abnormal fibrillation at its posterior end (dotted circle) (H&E, Orig.Mag.x4).

C. Photomicrograph of higher magnification of the rectangular area in Fig. 3A showing the condyle’s articular surface of the treated side with the 4 zones of the
condylar head: fibrous zone (F), proliferative zone (P), fibrocartilaginous zone (FC) and calcified cartilage (CC) or hypertrophic zone. The proliferative layer
showed chondrocytes with mitotic figures (dotted circles), while the calcified cartilage layer showed empty lacunae (arrows) and hypertrophic chondrocytes
(notched arrows). (H&E, Orig.Mag.x40).

D. Photomicrograph of higher magnification of the rectangular area in Fig. 3B showing the condyle’s articular surface of the untreated side with the 4 zones
of the condylar head: fibrous zone (F), proliferative zone (P), fibrocartilaginous zone (FC) and calcified cartilage (CC). The fibrocartilaginous and calcified
cartilage zone showed chondrocytes with random orientation and focal loss of chondrocytes (asterisks) they also appeared smaller than normal in size.
Subchondral bone (Sb) showed marrow spaces (m) filled with few chronic inflammatory cells and many reversal lines (arrows) (H&E, Orig.Mag.x40).
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Fig. 4: Photomicrographs of sagittal section in TMJ from group II (PRP) Figs (A, C) (treated sides), Figs (B, D) (untreated sides), showing:

A. Temporal bone (T) with normal fibrous covering and few bone marrow spaces. Intra-articular disc (D) with normal appearance and thickness, congested
blood vessels (asterisk) at the posterior end. The condyle (C) with more or less normal bone trabeculae, enclosed marrow cavities with chronic inflammatory
cells. Vertical and horizontal fissures in the subchondral bone area (arrows) (H&E, Orig.Mag.x4).

B. Temporal bone (T) with normal fibrous covering and widened bone marrow spaces. Intra-articular disc (D) with quite thin central part and normal thickened
anterior and posterior ends. The condylar (C) bone trabeculae enclosing marrow cavities with chronic inflammatory cells. Obvious loss of the fibrous covering
near the central and posterior ends was seen (arrows) (H&E, Orig.Mag.x4).

C. Photomicrograph of higher magnification of the rectangular area in Fig. 4A showing the condyle’s articular surface of the treated side. Focal loss of
cells in fibrous layer (F) (thin arrows), proliferative layer (P) and fibrocartilaginous layer (FC) (asterisks). Calcified cartilage (CC) layer showed clusters of
chondrocytes (circles). No empty lacunae or mitotic figures were seen. Subchondral bone (Sb) appeared with many marrow spaces (H&E, Orig.Mag.x40).

D. Photomicrograph of higher magnification of the rectangular area in Fig. 4B showing the condyle’s articular surface of the untreated side. The fibrous zone
(F) with few cracks (red arrows), proliferative layer (P) with normal cellular appearance. The fibrocartilaginous layer (FC) appeared with few acellular areas
(asterisks). The calcified cartilage layer (CC) appeared to have chondrocytes with mitotic figures (thin arrows) and some appeared hypertrophic (thick arrow).
Subchondral bone (Sb) appeared with many marrow spaces filled with chronic inflammatory cells, reversal lines were also obvious (notched arrow) (H&E,
Orig.Mag.x40)
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Fig. 5: Photomicrographs of sagittal section in TMJ from group III (Botox+PRP) Figs (A, C) (treated sides), Figs (B, D) (untreated sides), showing:

A. Temporal bone (T) with normal looking fibrous covering and normal bone marrow spaces filled with chronic inflammatory cells. Intra-articular disc (D)
appeared normal but with quiet thickened central part and thinned posterior ends with obvious fibrillation (dotted circle). The condyle (C) was with normal bone
trabeculae and bone marrow spaces, surface discontinuity at the posterior part of the condyle (thick arrows) (H&E, Orig.Mag.x4)

B. Temporal bone (T) with discontinuity in its fibrous covering (thin arrows), horizontal and vertical fissures (thick arrow) and wide bone marrow spaces with
chronic inflammatory cells. Intra-articular disc (D) thin at its central part, normal thickness at the anterior and posterior ends with obvious fibrillation in its
anterior end (dotted circle). The condyle (C) with normal bone trabeculae and bone marrow spaces (H&E, Orig.Mag.x4).

C. Photomicrograph of higher magnification of the rectangular area in Fig. SA showing the condyle’s articular surface of the treated side. Fibrous zone
(F) with normal thickness but few cells and nearly acellular in some areas (arrowheads). The proliferative zone (P) with normal cellular appearance. The
fibrocartilaginous layer (FC) with focal loss of chondrocytes (asterisks). The calcified cartilage (CC) zone with no mitotic figures or empty lacunae. (H&E,
Orig.Mag.x40).

D. Photomicrograph of higher magnification of the rectangular area in Fig. 5B showing the condyle’s articular surface of the untreated side. The fibrous layer
(F) appeared nearly acellular, the proliferative layer (P) with normal cellular appearance but with large crack (thick arrow) and few acellular areas (asterisks).
The fibrocartilaginous layer (FC) appeared with degenerated cells (thin arrows). The calcified cartilage (CC) zone with hypertrophic chondrocytes (notched
arrows) and degenerated cells in relatively empty lacunae appearance (red arrows). Subchondral bone (Sb) appeared with many marrow spaces (H&E, Orig.
Mag.x40).
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Fig. 6: A coronal CT image for TMJ of the rats, CBCT,3D figs (A, C, E, G, I) and CBCT,2D figs (B, D, F, H, J) showing:

(A, B) CBCT (3D,2D) image for TMJ of the normal rats showing the condyle and glenoid fossa with their normal shape and angulation. The joint space
appeared in both sides with no sign of ankylosis (arrows).

(C, D) CBCT (3D,2D) images for TMJ of the osteoarthritis group, demonstrating bilateral joint space narrowing and ankylosis of the head of the condyle to
glenoid fossa on both sides (arrows).

(E, F) CBCT (3D,2D) images for Botox group, showing narrowing of joint space of the left TMJ of the left TMJ with obvious angulation of the ramus toward
midline (arrow). Slight narrowing of joint space of the right TMJ but with obvious angulation toward midline (dotted circle).

(G, H) CBCT (3D,2D) images for PRP group, showing bony ankylosis at the left TMJ (dotted circle) with obvious angulation of the ramus and condyle toward
midline (arrow). Slight narrowing of joint space of the right side TMJ and angulation toward midline but fewer than left TMJ.

(I, J) CBCT (3D,2D) images for BOTOX+ PRP group, showing joint space narrowing at the left TMJ (dotted circle) toward the midline with obvious
angulation at the ramus toward the midline (arrow). Slight narrowing of the joint space of the right side TMJ.
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Table 2: Showing the mean, SD values of ANOVA test for comparison between bone area %, IL-1 and MMP13 levels of the different

groups at 2 weeks post-treatment.

Group Bone area % IL-1B levels MMP13 levels

Mean SD Mean SD Mean SD
Normal 82.4 2.9 72.24 2.6 1.26% 0.10
Osteoarthritis 41.5¢ 2.9 321.3¢ 4.4 3.558 0.25
Botox (Treated side) 63.7¢ 4.8 205.3f 10.6 2.24¢ 0.13
Botox (Untreated side) 50.6¢ 2 405.3° 17.2 4.164 0.75
PRP (Treated side) 82.1° 43 180.9¢ 5.7 2.28¢ 0.04
PRP (Untreated side) 64.%¢ 5.2 435.0° 9.8 3.58° 0.62
Botox + PRP (Treated side) 69.5° 2.2 193.5¢ 7.5 2.20¢ 0.11
Botox + PRP (Untreated side) 54.69 34 374.6° 11.8 4210 0.74
P-value <0.001" <0.001" <0.001"

*: Significant at P < 0.05, Different superscripts indicate significant differences

Table 3: Showing the mean, SD values of ANOVA test for comparison between Joint space, IL-1 and MMP-13 levels of the different groups

at 4 weeks post-treatment.

Group Joint Space(mm) IL-1B levels MMMP-13 levels
Mean SD Mean SD Mean SD
Normal 0.434 0.09 72.26 2.6 1.26¢ 0.10
Osteoarthritis 0.14¢ 0.01 321.3 44 3.55¢8 0.25
Botox (Treated side) 0.28% 0.03 113.6% 14.7 1.61F 0.06
Botox (Untreated side) 0.15¢ 0.02 464.6¢ 12.0 6.178 0.05
PRP (Treated side) 0.3748 0.07 84.3F 9.7 1.53F 0.36
PRP (Untreated side) 0.26° 0.02 509.74 14.9 7.084 0.21
Botox + PRP (Treated side) 0318 0.03 81.4F 52 1.60F 0.38
Botox + PRP (Untreated side) 0.238 0.07 482.58 3.9 4.83¢ 0.09

P-value <0.001"

<0.001" <0.001"

*: Significant at P < 0.05, Different superscripts indicate significant differences

DISCUSSION

Osteoarthritis is a degenerative joint disease affecting
millions of people worldwide. This continues to increase
due to the increase in global life expectancy..

The aim of the present study was to investigate and
compare the anti-inflammatory effects and regenerative
potential of PRP, Botox and the combination of both (PRP
and Botox) in treating induced TMJ osteoarthritis in Albino
rats. This was assessed using histological examination
(2 weeks post-treatment), X-rays (4 weeks post-treatment),
qRT-PCR for MMP-13 and ELISA for IL-1p protein levels
(2- and 4-weeks post-treatment).

Rat models have several advantages, such as being
easy to handle, available, inexpensive and with a high
bone turnover rate. The surgically and chemically induced
rat models of osteoarthritis are widely reported”. Since
early phases of bone healing are of prime concern in this
study, a period of 2-4 weeks post-treatment was deemed
satisfactory to evaluate bone regeneration progress in
rat model, since the bone remodeling in rats is about 3-4
times faster than human®*!. The contralateral side of the

TMJ was chosen as untreated control in the present study
to minimize any anatomical variation between different
animals, ensure controlled conditions and prevent the risk
of any variants that may affect the outcome of treatment?*®!.
We also included normal and osteoarthritic controls.

Osteoarthritis was induced in rats by using MIA in a
dose of 2mg for 4 weeks. This is in accordance to Wang
XD et al' who stated that mice received 2mg MIA
for 4 weeks (a period equivalent to about 3 -4 years in
humans) exhibited typical osteoarthritis-like lesions
including degenerative changes in the condyle, disc and
temporal fossa. Following MIA administration, the TMJ
showed massive destruction with ankylosis of the condyle.
These results are similar to that reported by Molinet
et al.BY, who evaluated microscopic changes in rabbit’s
TMIJ osteoarthritis induced by MIA and they reported
a decrease in the articular joint thickness. MIA-act by
inducing imbalances in gene expression between anabolic
and catabolic genes which leads to cartilage degeneration.
This imbalance leads to an increase in the catabolic genes
(MMP13 and ADAMTSS) and a decrease in the anabolic
genes (aggrecan, collagen I& II) in the condylar head,
which produces reduction in the number of chondrocytes!'®l.
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Histological findings of the PRP-treated side showed
normal appearance of the disc and the condyle, in line
with that reported by Ozkan and Menderes?, who
observed reduced degenerative changes after PRP intra-
articular injection in MIA induced osteoarthritis group.
Histomorphometric analysis of the mean bone area
percentage revealed no significant differences between
the PRP-treated side and the normal group. This suggests
that PRP induced bone regeneration at a level comparable
to normal bone. Moreover, the PRP-treated side reported
statistically significant higher values than the untreated
side. These findings are in accordance with Kiitiik,
et al®*! who reported a significant increase in mean
proportion of bone regeneration in the PRP group than
in the control group in treating TMJ osteoarthritis in
rabbits. PRP was proven to promote bone healing in
TMIJ osteoarthritis due to the release of large numbers
of growth factors®, including Insulin-like growth factor
(IGF-1), that improves the repair of cartilage and
subchondral bone! and Transforming growth factor
(TGF)-B, which promotes cartilage repair by increasing the
expression of collagen type 1661,

In the present study, Botox-treated sides revealed
healing signs where the condylar surface showed organized
cellular layers with few mitotic figures. Alternatively, the
untreated side showed huge deformation in the architecture
of the condyle with matrix discontinuity with focal areas
of chondrocytes loss. The results are in agreement with
the study carried out by Yaltirik, et al.?”!, who investigated
the effects of intra-articular injection of Botox in treating
MIA-induced TMJ osteoarthritis in rats. Botox treated
groups showed relative improvement as compared with
untreated MIA group, but without being statistically
significant histologically. This is not in accordance with
the histomorphometric analysis of the bone area % in
the present study, as the Botox-treated side revealed a
statistically significant higher mean bone area percentage
than the untreated side. This may be due to; that Botox acts
by reducing tartrate-resistant acid phosphatase TRAPP®.
TRAP enzyme is released by multinucleated giant
osteoclast®*>%% with its reduction by Botox implying less
bone remodeling.

The histological results of group III (Botox and PRP)
showed normal appearance of the temporal bone, intra-
articular disc and the condyle layer which appeared with
focal loss of chondrocytes in some areas but without
mitotic figures or empty lacunae.

This study is considered the first to discuss the use
of combined therapy of Botox and PRP in treating TMJ
osteoarthritis. Bulam et al.*!! investigated the usage of
mixture of BTX-A and PRP for skin mesotherapy in white
rabbits. The results have shown that groups that received
Botox and PRP mixture showed less BTX-A activity in
comparison to the groups that received BTX-A only. The
authors hypothesized the reason behind those results to
be that PRP results in an inhibitory effect on the action of
BTX-A when they are combined. Therefore, the reparative

potential could be attributed to the action of PRP. This
hypothesis can support the findings in the present study,
as the best regenerative results were demonstrated in the
PRP group followed by Botox+ PRP group, then the Botox
group. The histomorphometric analysis supported the
histological findings as the normal and PRP-treated sides
recorded the highest mean bone area percentage, directly
followed by Botox + PRP. Moreover, the difference
between treated sides of PRP and Botox+ PRP groups was
statistically significant.

In the present study CBCT was used to analyze the
joint space in the treated and untreated sides in all three
groups. The measurement of radiographic joint space width
was chosen in the present study as it is considered one of
the most accepted and widely-used method of assessing
osteoarthritis progression(*’,

In all groups, the treated sides showed higher mean
joint space than the untreated side. These results are
in accordance with Wang et al*¥ who investigated
radiographically the possibility that IL-17 can induce OA in
rabbit knee joints .Results displayed typical manifestations
of OA radiographically with obvious joint space narrowing
as compared to the control group. On the contrary, these
results are not in agreement with those reported by Xu
et al.* who showed an increased joint space volume in
osteoarthritis joints over time using ultrasound images.

One of the most important pro-inflammatory cytokines
that contribute to the pathophysiology of osteoarthritis is IL-
1B. IL-1P is considered an important biochemical marker
to monitor the progression of osteoarthritis and efficacy
of the intervention, since an increased production in IL-
1B results in cartilage degradation®’). ELISA analysis for
IL-1p protein expression showed statistically significantly
lower mean IL-1f levels in all treated sides relative to their
untreated sides either after 2-or 4-weeks post-treatment.
These results are aligned with the study performed by
Ali et al.*® who studied the role of IL-1f as a potential
biomarker for cartilage degradation in patients with internal
derangement or osteoarthritis. The elevated levels of IL-
1B in osteoarthritis could be attributed to: during the early
stages of osteoarthritis where bone destruction occurs, IL-
1B is not only secreted by macrophages but also by cells of
the articular cartilage; chondrocytes and fibroblasts.

MMP-13 is considered one of the most common
enzymes studied for cartilage degradation, due to its
capacity in cleaving collagen type II which predominates
in the articular cartilage*”. The treated side of all groups
showed a statistically significant lower mean value of
MMP-13 levels as compared to the untreated side either
after 2- or 4-weeks post-treatment. Moreover, these results
are supported by those of Bo et al.*® who investigated
early cartilage degeneration in developmental dysplasia
of the hip (DDH) associated with a high incidence of
osteoarthritis in rats. The results showed that MMP-13
was highly expressed in the DDH model group. This could
be explained by the fact that MMP-13 plays a key role in
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the initiation of the shift from normal chondrocytes to the
pathological phase, by driving the levels of low-density
lipoprotein receptor-related protein-1 in cartilage!!.

CONCLUSION

The present study results revealed that PRP intra-
articular injection showed the highest potential of
bone regeneration in the osteoarthritic cartilage, which
regenerated the bone tissue to a level comparable to the
normal TMJ histology. Moreover, the regime of using both
Botox and PRP combined was the first time to be studied
in the study herein. This regime also showed promising
results following PRP results and better than using Botox
alone. These results indicated that combination of Botox
and PRP as an intra-articular injection could be a good
treatment option to treat cases of TMJ osteoarthritis and
should be considered in further research.
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