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ABSTRACT
Introduction: Hyaluronic acid (HA) is the major hydrodynamic component of synovial fluid. 

Thus, intra-articular injection of HA (IA-HA) has become the most widely accepted therapy for 
osteoarthritis. Growing interest has been seen recently in new uses for Botox in medicine, such as 
the treatment of osteoarthritis.

Aim of the work: This study was carried to investigate the effect of intra-articular injection 
of Botox, Hyaluronic acid and their combination on complete Freund’s adjuvant (CFA) induced 
temporomandibular joint osteoarthritis (TMJ-OA) in rats.

Materials and Methods: 30 young adult male Albino rats weighing 250–300g were used in 
this study. Rats were divided randomly into 3 groups. Group I (control) in which animals received 
3 doses of saline on days 7, 14 and 28. Group II (osteoarthritic) in which animals received single 
dose of CFA and left without treatment. Group III (treatment) was subdivided into 3 subgroups. 
In each subgroup, animals received 3 doses of high molecular weight hyaluronic acid in subgroup 
A, Botox in subgroup B, and combination of both in subgroup C on days 7, 14, and 28. After 35 
days, the animals were sacrificed and the TMJs were dissected and examined histologically and 
immunohistochemically for tumor necrosis factor alpha.

Results: TMJ retained its normal histological structure after IA-HA. There was no improvement 
in osteoarthritic features by intra-articular injection of Botox. The combination improved 
osteoarthritic features more than Botox but did not reach the level of HA.

Conclusion: TMJ-OA could be treated with IA-HA, whereas Botox and their combination were 
ineffective. 
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INTRODUCTION 

Temporomandibular joint osteoarthritis (TMJ-
OA) is often a slowly progressing, asymmetric 
disease that destroys the articular tissues. It manifests 
as functional pain, crepitus, or other joint noises. 
Progressive cartilage breakdown, chondrocyte 
death, and subchondral bone remodeling are the main 
pathological changes associated with TMJ-OA. The 
causes of TMJ-OA are complex, multifactorial, or 
unknown [1].

TMJ-OA is treated using non-invasive techniques 
which are physical therapy, occlusal splints, and non-
steroidal anti-inflammatory medications. Arthrocen-
tesis and/or intra-articular injection are examples of 
minimally invasive procedures. Surgical techniques 
include arthroplasty and condylectomy [2].

Hyaluronic acid (HA) is a polysaccharide of 
the glycosaminoglycan family that can be found 
in many extracellular tissues, including synovial 
fluid and cartilage [3]. In the joints, synoviocytes and 
chondrocytes produce HA. HA acts as a lubricant, 
absorbs shock, and distributes mechanical forces 
impacting the joint. Depolymerization of HA in 
osteoarthritis patients lowers its molecular weight 
and viscoelasticity. Due to these changes, cartilage 
damage is more likely to occur [4]. 

Rydell and Balazs described the first medical ap-
plication of intra-articular injections of sodium hy-
aluronate for the treatment of knee osteoarthritis in 
1971 [5]. It has been suggested as a treatment for TMJ-
OA [6, 7]. It was shown that intra-articular injections of 
HA minimize friction and stress on the joint cartilage 
by preserving TMJ homeostasis and contributing to 
lubrication, chondroprotection, and proteoglycan 
production. Additionally, it has a significant impact 
on reliving TMJ-OA symptoms through anti-inflam-
matory activities by lowering pro-inflammatory me-
diator generation and activity[8-10]. 

Botox (BTX), a minimally invasive technique, 
has recently attracted a lot of interest in the dental 
field due to its advantages in treating a variety 

of oral diseases such as temporomandibular 
disorders (TMDs), bruxism, mandibular spasm, and 
masseteric hypertrophy [11]. The neurotoxin BTX, 
which is produced by the bacterium Clostridium 
botulinum, blocks the neuromuscular junction and 
prevents acetylcholine from being released into the 
synaptic cleft. This results in chemical denervation, 
which finally leads to flaccid paralysis [12].

In this study, albino rats with induced TMJ-OA 
were treated using two non-invasive regimes of 
treatments, HA and Botox, as well as a combination 
of both. The goal was to determine the anti-
inflammatory effect and regenerative potential of 
these regimens.

MATERIALS AND METHODS

30 young adult male Albino rats weighing 250–
300g were used in this study. The animals were 
housed in clean metal cages at the faculty of medi-
cine at Minya University under optimal conditions. 
They had free access to food and ad libitum water 
for the whole experimental period. 

All experiments were carried out in accordance 
with research protocols established by the animal 
care committee of the National Research Center, 
Egypt, which follows the recommendation of the 
National Institutes of Health Guide for Care and 
Use of Laboratory Animals.

Technique for intra-articular injection of TMJ  

The TMJ was felt 5–10 mm posterior to the 
lateral canthus of the eye, and the mandible and 
the zygomatic arch of the temporal bone in front 
of the ear were also felt. The superior joint cavity 
was reached by placing the sterile 30-gauge needle 
attached to a 1 ml plastic insulin syringe on the 
posteroinferior border of the zygomatic arch (the 
roof of the joint fossa) and passing it through the 
posterolateral edge of the mandibular condyle in an 
antero-medial orientation [13].
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Prior to injection, each animal was given a 
diethyl ether anesthetic. The animals were divided 
randomly into three groups:

Experimental design:

Group I (control group): consisted of 6 rats 
which received 3 intra-articular injections of 50 µl 
of saline into upper compartment of the left TMJs 
on days 7, 14, and 28.

Induction of TMJ-OA 

Induction of OA at day 0 in group II and group 
III by single intra-articular injection of (50μl of com-
plete Freund’s adjuvant (CFA) (5881; Sigma-Aldrich, 
USA), diluted 1:1 (oil: saline) [14] into the upper com-
partment of left TMJ. After OA induction, the animals 
received 300 mg/kg of acetaminophen (Paracetamol) 
added to drinking water to alleviate pain [15]. Each 
study animal’s contralateral right TMJ was left unal-
tered in order to preserve animal feeding [16]. 

By monitoring an increase in temperature in 
the region around the left TMJ of the CFA-injected 
rats the day after the injection, inflammation was 
confirmed. The temperature was contrasted with 
that of the TMJ on the opposite side [14].

•	 Group II (osteoarthritic group): consisted of 6 
rats where rats were left without treatment.

•	 Group III (treatment group): consisted of 18 
rats. These rats were divided into 3 subgroups, 
and then rats in each subgroup received the 
treatment.

Subgroup A: Hyaluronic acid group (HA): 
consisted of 6 rats. Each rat received 3 intra-artic-
ular injections of 50µl high molecular weight hy-
aluronic acid (HMWHA) (2.3–2.5 million Daltons) 
[16] (Optivisc, UK) into the upper compartment of 
the left TMJs on days 7, 14 and 28 after induction 
of osteoarthritis.

Subgroup B: Botox group (BTX): consisted of 
6 rats. Each rat received 3  intra-articular injections 
(of 5 units/kg of Botox diluted into 50µl of 0.9 
NaCl solution) [17] into the upper compartment of 

left TMJs on days 7, 14 and 28 after induction of 
osteoarthritis.

Subgroup C: combination group: consisted of 
6 rats. Each rat received 3 intra-articular injections 
of a combination of (HMWHA and Botox) into the 
upper compartment of left TMJs on days 7, 14, and 
28 after induction of osteoarthritis.

At 35 days, all animals were sacrificed by diethyl 
ether overdose, and their TMJs were dissected for 
histological and immunohistochemical study.

Histological preparation 

The left half of the skull was immersed in 10% 
neutral buffered formalin. Then the samples were 
decalcified in a microwave oven at pH 7.8 with 
a 10% ethylene diaminetetracetic acid (EDTA) 
solution. Serial TMJ sagittal sections (5 µm) were 
then achieved and stained with Hematoxylin and 
eosin  [18].  

Immunohistochemistry:

For immunohistochemical staining with TNF-α, 
steps were followed according to Chu et al., 1991[19]. 

Image analysis

1. Condylar cartilage thickness measurement:

The thickness of condylar cartilage was measured 
at the middle portion, which included all zones 
of the condylar cartilage (fibrous, proliferative, 
fibrocartilage, and calcified).  

Image J 22 software was used to analize images 
for condylar cartilage thickness. Standard measuring 
frames per 6 photomicrographs for each group 
were transferred to the monitored screen using a 
magnification of x4.

Measurement procedures for condylar cartilage 
thickness (fig. 1):

1.	 A straight line tool was chosen to draw a line 
corresponding to the thickness of the condylar 
cartilage 
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2.	 The unit of measurement for length was the 
centimeter.

3.	 The distance in pixels field was automatically 
filled in based on the length of the line selection.

Fig. (1) Photomicrograph of the TMJ showing the locations 
where thickness was measured in the articular cartilage 
Mag. X4.

2. The number of TNF-α immuno-positive chon-
drocytes:

TNF-α immuno-positive chondrocytes in articu-
lar cartilage were counted using the software on 6 
photomicrographs for each group at a magnification 
of x40.

Statistical Analysis

Data were verified, coded by the researcher, 
and analyzed using IBM-SPSS 24.0 (IBM-SPSS 
Inc., Chicago, IL, USA)*. Descriptive statistics: 
Means, standard deviations, median, inter-quartile 
range (IQR) were calculated. Shapiro-Wilk test 
would be used to test for data normality. Test of 
significances: For continuous variables with more 
than two categories; one-way ANOVA test was 
calculated to test the mean differences of the data 
that follow normal distribution, post-hoc test was 
calculated using Bonferroni corrections for pairwise 
comparisons between the study groups. A significant 
p-value was considered when it is less than 0.05. 

RESULTS

1. The histological results using Hematoxylin 
and eosin

1. The control group: (Group I)

TMJ in the control group revealed the normal 
structural components of rat TMJ, including the 
condyle, articular disc, and temporal bone. Condyle 
had normal anatomy and contours. A fibrous layer, 
a proliferative layer, a fibrocartilaginous zone, 
and a calcified cartilage zone covered its articular 
surface. The subchondral bone beneath the cartilage 
displayed typical, interconnected bone trabeculae 
and little bone marrow cavities. (Fig.2 A and B)

2. Osteoarthritic group: (group II)

In the OA group, the thickness of articular 
cartilage was significantly reduced compared with 
group I (p<0.05) (Table 1). Chondrocytes exhibited 
decreases in number, clustering, apoptosis and 
hypertrophic. Resorption in the Subchondral bone 
and temporal bone was associated with expanded 
bone marrow cavities infiltrated with inflammatory 
cells and accumulations of fat cells (Fig.2 C and D) 

3. Treatment group: (group III)

Subgroup A: Hyaluronic acid group 

In the HA group, TMJ retained its normal 
histological structure. Articular cartilage thickness 
was significantly increased compared with group 
II, subgroup B, and subgroup C (p<0.05) (Table 1). 
Chondrocytes appeared with normal distribution, 
density, and morphology. Inflammatory cells and 
fat cells were reduced compared with group II, 
subgroup B, and subgroup C (Fig.3 A and B)

Subgroup B: Botox group

In the Botox group, the thickness of the articular 
cartilage was significantly reduced compared with 
the group I, subgroup A and subgroup C (p<0.05), and 
insignificantly compared with the group II (p>0.05) 
(Table 1). Chondrocytes exhibited clustering and 
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apoptosis. Bony trabeculae became sparser, thinner, 
and more discontinuous with osteoclastic activity 
and reversal lines. There was a greater infiltration 
of inflammatory cells and accumulation of fat cells 
in the bone marrow cavities of subchondral and 
temporal bones than in the other groups (Fig.3 C 
and D).

Subgroup C: Combination group

In the combination group, the thickness of the 
articular cartilage increased when compared to 
the group II, which was statistically insignificant 
(p>0.05), and the Botox group, which was 
statistically significant (p<0.05) (Table 1). 
Clustering, hypertrophy, and an empty lacuna can 
all be seen in chondrocytes. There was improvement 

in temporal and subchondral bones and decreased 
infiltration of inflammatory cells and fat cells in 
bone marrow cavities compared with the Botox 
group (Fig.3 E and F).

Immunohistochemical results:

Immunohistochemical sections of the TMJ 
condyle from the control group and HA group 
revealed mild expression of the TNF-α marker in 
chondrocytes and the extracellular matrix (ECM). 
In the OA and Botox groups, the TNF-α marker was 
highly expressed in chondrocytes and moderately 
expressed in the ECM. In the combination group, 
the TNF-α marker was highly expressed in 
chondrocytes and ECM (Fig.3 & 4).

Fig. (2) Photomicrographs of sagittal section in TMJ from control group figs. (A, B), OA Group figs. (C, D) H&E staining: (A) TMJ 
revealed: normal TMJ configuration with normal temporal bone (T), intra-articular disc (AD), articular cartilage (AC) and 
condyle (C) (Mag.x4, scale bar 500µm). (B) Condyle with its fibrous covering (F), proliferative layer (P), fibrocartilaginous 
zone (FC), calcified cartilage (CC) (Mag.x40, scale bar 50µm). (C) TMJ revealed: expanded eroded bone marrow cavities 
filled with inflammatory cells in both temporal and subchondral bones (stars), accumulation of fat cells (circle) (Mag.x4, 
scale bar 500µm). (D) condyle showed: clustering chondrocytes (yellow arrows), hypertrophic chondrocytes (black arrow), 
empty lacuna (blue arrow) (Mag.x40, scale bar 50µm)

AA CC

BB DD
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Fig. (3) Photomicrographs of sagittal section in TMJ from HA group figs. (A, B), Botox group figs. (C, D) & combination group 
figs. (E, F) H&E staining: (A) TMJ revealed: few bone marrow cavities filled with inflammatory cells in subchondral and 
temporal bones (stars), lateral fibrillation (notched arrow) (Mag.x4, scale bar 500µm). (B) condyle showed: chondrocytes 
with normal morphology and distribution, bone trabeculae enclosing marrow cavities (Mag.x40, scale bar 50µm). (C) 
TMJ showed: excessive expansion of bone marrow cavities filled with inflammatory cells in temporal bone & subchondral 
bones (stars), accumulation of fat cells (circles), thinner & sparse bony trabeculae (arrows) (Mag.x4, scale bar 500µm). 
(D) condyle showed: clustering of chondrocytes (red arrow), empty lacunae (black arrows), apoptosis of chondrocytes 
(blue arrow) (Mag.x40, scale bar 50µm). (E) TMJ revealed: numerous bone marrow cavities infiltrated with inflammatory 
cells (stars), regeneration of subchondral bone (arrows) (Mag.x4, scale bar 500µm). (F) condyle showed: clustering of 
chondrocytes (black arrows), apoptosis of chondrocytes (red arrow) (Mag.x40, scale bar 50µm).

Fig. (4) Photomicrographs of immunohistochemical of TNF-α marker in articular cartilage from control group (A), OA group 
(B) & HA group (C). (A) showed: mild expression of TNF-α in chondrocytes and ECM. (B) showed: sever expression of 
TNF-α in chondrocytes and moderate in ECM. (C) showed: mild expression of TNF-α in chondrocytes and ECM, figs. 4 
(A, B & C) immuno-positive chondrocytes (arrows) (Mag.x40).

A B C

A C E

B D F
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Statistical results:

The number of immuno-positive chondrocytes in 
articular cartilage:

The number of immuno-positive chondrocytes 
of articular cartilage in TMJ was significantly 
lower in group I (3.00 ± 0.8) compared with group 
II (54.50 ± 13.9), subgroup B (62.00 ± 15.1), and 
subgroup C (35.00 ± 18.1) (p <0.05), and insigni-
ficantly lower compared with subgroup A (5.25 ± 

Image analysis results:

TABLE (1) comparison between groups as regard means ± SD of the articular cartilage thickness in different 
groups (significant *)

Thickness of Articular Cartilage

P-value*
Control (1) OA (II) HA (subgroup A) Botox (subgroup B) Combination 

(subgroup C)

Thickness of Articular Cartilage

= 0.001

•	 Mean ± SD 3.48 ± 0.9 1.84 ± 0.5 3.39 ± 0.7 1.05 ± 0.2 2.19 ± 0.2

•	 Median (IQR) 3.5 (1.5) 1.9 (0.9) 3.5 (1.3) 1 (0.4)  2.1 (0.4)

P-value** I vs II = 0.001* II vs subgroup  
A = 0.002*

Subgroup A vs 
subgroup B < 0.001*

I vs subgroup  
B <0.001*

I vs subgroup  
C = 0.006*

I vs subgroup  
A = 0.826

II vs subgroup  
B = 0.071

Subgroup A vs 
subgroup C = 0.009*

Subgroup C vs 
subgroup B = 0.013*

II vs subgroup  
c = 0.399

* Kruskal Wallis test was used to compare the median difference between groups
**Post-hoc test with Bonferroni Corrections was used to compare the mean difference between groups

2.2) (p > 0.05). In group II (54.50 ± 13.9), it was sig-
nificantly higher compared with subgroup A (5.25 
± 2.2) and subgroup C (35.00 ± 18.1) (p <0.05). In 
subgroup A (5.25 ± 2.2), it was significantly lower 
compared with subgroup B (62.00 ± 15.1) and sub-
group C (p <0.05). In subgroup C (35.00 ± 18.1), 
it was significantly lower compared with subgroup 
B (62.00 ± 15.1) (p < 0.05). In subgroup B (62.00 
± 15.1), was insignificantly higher compared with 
group II (54.50 ± 13.9) (p> 0.05). (Table 2 & Box-
whisker 2)

Fig. (5) Photomicrographs of immunohistochemical of TNF-α marker in articular cartilage from Botox group (A), combination 
group (B). (A) sever expression of TNF-α in chondrocytes and moderate in ECM. (B) sever expression of TNF-α in 
chondrocytes and ECM, figs. 5 (A & B) immuno-positive chondrocytes (arrows) (Mag.x40)

A B
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DISCUSSION

TMJ-OA is a progressive degenerative joint 
disease marked by inflammation, articular cartilage 
degradation, afferent nerve hypersensitivity, and 
subsequent chronic inflammatory pain [20].

In this study, TMJ-OA was induced by a single 
intra-articular injection of complete Freund’s 
adjuvant (CFA) 50µl. CFA is an inactivated 
dried mycobacteria that stimulates cell-mediated 
immunity, which leads to an increase in the 

synthesis of certain immune-globulins [21, 22]. The 
current study’s time frame was chosen to be 35 
days because induced TMJ arthritis utilizing CFA 
has been shown to persist for 6 weeks with higher 
inflammatory mediator concentrations [23].

Rats were chosen because of their easy handling 
during OA induction, quick skeletal maturity 
compared to larger animals, and similar condylar 
translatory movements to those of the human 
condyle [24].

TABLE (2) Comparison between groups as regard means ± SD of the number of TNF-α positive chondrocytes 
in the articular cartilage in different groups (significant *).

No. Immuno- Positive Chondrocytes

P-value*
Control (1) OA (II) HA (subgroup A) Botox (subgroup B) Combination 

(subgroup C)

IPC No.

< 0.001

•	 Mean ± SD 3.00 ± 0.8 54.50 ± 13.9 5.25 ± 2.2 62.00 ± 15.1 35.00 ± 18.1

•	 Median (IQR) 3 (2) 52 (27) 5 (4) 62 (29) 33.5 (25)

P-value** I vs II < 0.001* II vs subgroup  
A < 0.001*

Subgroup A vs 
subgroup  
B <0.001*

I vs subgroup  
B <0.001*

I vs subgroup  
C = 0.002*

I vs subgroup  
A = 0.799

II vs subgroup  
B = 0.401

Subgroup A vs 
subgroup  
C = 0.004*

Subgroup C vs 
subgroup  
B = 0.007*

II vs subgroup  
C = 0.040*

* Kruskal Wallis test was used to compare the median difference between groups
**Post-hoc test with Bonferroni Corrections was used to compare the mean difference between groups

Box &Whisker (l) Differences in articular cartilage thickness 
of the TMJ between the studied groups.

Box & Whisker (2) Comparison between groups as regard 
means of the number of TNF-α positive chondrocytes 
in the articular cartilage in different groups
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In the OA group, the results revealed that the 
number of chondrocytes and the thickness of the 
condylar cartilage gradually decreased, while the 
bone marrow cavities were found to be expanded 
and the bone trabeculae were disorganized. The 
results agree with Xu et al. 2016, whose findings 
were attributed to increased Receptor activator 
of nuclear factor kappa-Β ligand (RANKl) and 
decreased osteoprotegerin (OPG) expression in the 
chondrocytes. The findings resulted in cartilage 
and subchondral bone degeneration. Chondrocyte 
numbers were found to be decreased, in line with 
thinner cartilage and degraded proteoglycans [25].

Regarding clusters of chondrocytes in the 
articular cartilage, Soliman 2012, investigated the 
effect of high- and low-molecular-weight hyaluronic 
acid on induced knee joint osteoarthritis. He found 
that cell clusters have been identified to express 
matrix-degrading enzymes and to be a significant 
source of pathogenic inflammatory mediators in 
OA. Chondrocyte cluster development is regarded 
as a distinctive feature of OA [26].

In the present study, inflammatory cells were 
found to infiltrate expanded bone marrow cavities. 
This finding was consistent with those of Chen et 
al. 2020, who found inflammatory cell infiltration 
and an increase in inflammatory mediators using 
an ELISA assay. They also found bone marrow 
degeneration and articular cartilage degeneration[27].

The result in the HA group revealed that the TMJ 
returned to its normal histological structure. This 
result agrees with Tolba et al. 2019, who found 
that three intra-articular injections of HMWHA 
into TMJ-OA in rats restored distinct structural 
components of the condyle and articular disc [14].

The findings of this study came in line with 
Duygu et al. 2011, who found that in early stage 
TMJ-OA, HMWHA (Hylan G-F 20) reduced 
cartilage alterations, and chondrocyte clustering, 
demonstrating the chondroprotective benefits of 
Hylan G-F 20 [28].

Li et al. 2012, reported that the potential 
protective function of HMWHA may be explained 
by its capacity to regulate the synovial fluid’s 
viscosity and lubricating characteristics, acting as 
a barrier between the synovial membrane and the 
articular surfaces [29].  Kim et al. 2001, also reported 
that the cartilage layer had increased. The HA 
keeps things lubricated, which reduces wear and 
tear. Metabolically, HA contributes to the feeding 
of the disc’s avascular regions and the condylar 
cartilage[30].

Chakravarti et al. 2009, offered an explanation 
for these findings. They emphasized that HA 
treatment reduced the number of synovial RANKL 
positive cells because higher RANKL positive cells 
and lower OPG led to cartilage degeneration [31]

Reduction of inflammatory cells infiltrate in the 
HA group compared with the OA group, agrees 
with Lemos et al. 2015 [32]. Williams et al. 2007, 
explained the anti-inflammatory action of HA when 
injected into osteoarthritic joints. HA of different 
MWs reduces interleukin-1, prostaglandin E2 
(PGE2), and TNFα, scavenges free oxygen radicals, 
and attenuates matrix metalloproteinases-3 (MMP3), 
all of which found to reduce inflammation[33].

In the Botox group, results revealed that the 
thickness of the articular cartilage and the number 
of chondrocytes were reduced. Apoptotic chondro-
cytes and empty lacunae were also detected in this 
study. These results agree with Mohammed 2019, 
who investigated the effects of a single injection of 
Botox into the masseter and temporalis muscles on 
the articular cartilage of the condyle in rabbits. She 
reported decreased articular cartilage thickness and 
condylar regeneration. In the hypertrophic zone, 
the majority of chondrocyte lacunae were empty. 
The usual architecture and morphology of chondro-
cytes in the proliferative and maturative zones has 
changed with the complete loss of their nuclei [34].

 The cartilage response in the Botox group of this 
study also emphasizes the findings of Yaltrk et al. 
2018 who investigated the effect of intra-articular 

https://en.wikipedia.org/wiki/Osteoprotegerin
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injection of Botulinum Toxin A into monosodium 
iodoacetate (MIA) induced TMJ-OA in rats and 
found cartilage lesions in the form of cell loss [17]. 

On the other hand, Namazi 2006, who 
investigated the effect of intra-articular injection of 
botulinum toxin into the knee-OA joint in rabbits, 
found that botulinum toxin prevented osteoarthritis 
from progressing in its early stages, through its 
chondroprotective effects [35].

Regarding bone response in the Botox group 
of the foregoing study, Ail et al. (2018) reported 
similar findings in the form of thin sparse 
discontinuous bone trabeculae with osteoclastic 
activities. They found that both osteoclasts and bone 
marrow macrophages were much more prevalent 
when examined using immunohistochemistry with 
Cluster of differentiation 68 (CD68) [36].	

The results of this study revealed increased 
infiltration of inflammatory cells in the bone marrow 
cavities compared with the OA group. This could 
be explained according to Rojecky et al. 2008. 
They investigated the anti-inflammatory effect of 
botulinum toxin on carrageenan and capsaicin-
induced hind paw tissue inflammation. They 
found a noticeable inflammatory response that was 
distinguished by an increase of polymorphonuclear 
leukocytes in interstitial tissue and between muscle 
bundles [37].

Furthermore, Cayan et al. 2003, investigated 
how botulinum toxin type A affected bladder 
histology and function in a rat model of chemical 
cystitis. They found improvement in the function 
of the bladder, but histologically there was not a 
noticeable improvement as the inflammatory cells 
(mast cells and leukocytes) were not decreased. 
They concluded that botulinum neurotoxin had no 
anti-inflammatory effect [38].

The combination of Botox and HA for the 
treatment of induced TMJ-OA was covered for the 
first time in this study. The results of this research 
showed that the thickness of articular cartilage 

increased insignificantly in comparison to the OA 
group and significantly compared with the Botox 
group but was still lower than that of the HA group 
and the control group. Hypertrophy, clustering, and 
empty lacunae can all be seen in chondrocytes. 
Subchondral and temporal bones improved over the 
Botox group, but not as much as the HA group or 
control groups. Infiltrated inflammatory cells were 
lower than in the Botox group but still higher than 
in the HA group.

Tumor necrosis factor (TNF-α), a potent 
cytokine, is released in the body in response to 
inflammation, infection, and injury. TNF-α causes 
a wide range of cellular and organismal reactions, 
such as lymphocyte and leukocyte activation and 
migration, fever, cell proliferation, differentiation, 
and apoptosis. TNF-α is a “master regulator” of 
the inflammatory process, according to growing 
evidence, as it can encourage the production of 
other inflammatory cytokines [39]

Tumor necrosis factor receptors (TNFR) 1 and 
2 are two cell-membrane receptors that TNF-α 
uses to exert its biological effects [40]. Zhang et al. 
demonstrated that TNFR1 plays a crucial role in 
mediating all phases of inflammatory pain, while 
TNFR2 has a special role in mediating early-phase 
inflammatory pain in mice. When TNF-α binds to 
TNFRs, several pathways are activated, including 
nuclear factor-kappa B (NF-B), p38 mitogen-
activated protein kinase (MAPK), and extracellular 
signal-regulated kinase (ERK), which causes cell 
death through necroptosis or apoptosis and results 
in the production of several important cytokines [41].

The synovial fluid, cartilage, synovial membrane, 
and subchondral bone of OA joints all have higher 
TNF-α levels. TNF-α is known to cause chondro-
cyte apoptosis in TMJ-OA via activating the mito-
chondrial and apoptosis receptor pathways. Addi-
tionally, chondrocytes have receptors for a number 
of pro-inflammatory cytokines and chemokines. So, 
in OA, chondrocytes serve as both the source and 
the target of proinflammatory cytokines [42].
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In joints, synovium and chondrocytes are 
responsible for the production of TNF-α, which 
leads to the release of degrading enzymes such as 
matrix metalloproteinases (MMP) and collagenase. 
As a result of the release of these enzymes, bone 
and cartilage degenerate [43].

In the current study, the number of immuno-
positive chondrocytes of articular cartilage in the 
HA group was significantly lower compared with 
the OA group, Botox group, and combination group 
(p <0.05). In the Botox group, the number of positive 
cells was significantly higher compared with the HA 
group and combination, and insignificantly higher 
compared with the OA group.

Under these facts, together with our histologic 
and immunohistochemical findings, the current 
study concluded that CFA-induced inflammation 
was caused by the induction of immunological 
responses, as shown by an increase in TNF-α levels 
in the articular cartilage. HA and combination (HA 
and Botox) can antagonize joint inflammation, as 
demonstrated by the reversal of the elevated levels 
of inflammatory cytokines (TNF-α) in the inflamed 
articular cartilage. Botox alone failed to reduce the 
level of TNF-α.

TNF-α may be linked to inflammation, 
neuropathic and inflammatory pain in the TMJ, and 
deterioration of the TMJ bone and cartilage. As a 
result, future treatments for TMD may benefit from 
preventing both TNF-α production and its effects[44].

CONCLUSION

According to the findings of the current study, 
intraarticular injection of HMWHA led to a 
reduction of inflammation and regeneration of 
cartilage and bone. While intra-articular Botox 
injections failed to reduce inflammation and 
promote cartilage and bone regeneration. The 
first time intra-articular injections of combination 
(HA and Botox) were studied, we showed a 
minor improvement in osteoarthritic features.
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