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ABSTRACT
Introduction: Osteoarthritis (OA) is the most common chronic musculoskeletal disorder.
Nowadays, the role of synovial fluid mesenchymal stem cells (SF MSCs) is increasingly attributed
to the treatment of Temporomandibular joint osteoarthritis. This study aimed to compare single
versus multiple intra-articular injection of SFMSCs in terms of macroscopic, biochemical, and
histological analysis.
Material & methods: 18 young adult male 200–300 grams albino rats were used in the current
study divided randomly into 3 equal groups. Group (A) comprised control in which OA was induced
with no treatment, group (B) comprised MSCs single intra-articular injection group, and group (C)
comprised MSCs multiple intra-articular injection group. Biochemical and histologic analysis were
performed.
Results: histological findings showed that both groups B, C showed regeneration of meniscus
and retrodiscal tissues, but group C was superior in regeneration compared to group B. Biochemical
analysis showed that TNF-α and IL-1B had the highest value in the control group, followed by the
single injection group, while the lowest value was found in multiple injections group respectively.
Conclusion: Multiple Intra-articular SF MSCs is a potential disease-modifying therapy for
patients suffering from TMJ-OA.
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INTRODUCTION
Osteoarthritis (OA) is a low-grade inflammatory
disease characterized clinically by temporomandibular joint (TMJ) tenderness, stiffness, chewing difficulty, instability, joint sounds and decreased range
of motion. (1) It is usually asymptomatic at early
stage which is explained by the avascular and aneural cartilage and meniscus, but painful at late stage.
Moreover, the subchondral bone shows sclerosis,
osteophytes formation, and increased trabecular
thickness as an inflammatory response in addition
to the articular cartilage, meniscus, and synovium
degeneration. (2-4) Furthermore, compressive stimuli causes Chondrocytes to increase the production
of inflammatory cytokine and extracellular matrix
components degradation. (5) It was reported that
a complex inflammatory response is developed in
OA, thus inflammatory Mediators, as cytokines,
tumor necrosis factor-alpha (TNF-α), and interleukin 1 (IL1), enhance the production of destructive
enzymes which affect the TMJ meniscus, retrodiscal tissues and causes destruction of cartilage structures. (6)
Management of Osteoarthritis is mainly symptomatic treatment to reduce pain and inflammation. It includes intra-articular injection of different
pharmacological agents, surgical procedures, and
recently tissue engineering therapy for repair and
regeneration.(7)
Nowadays, the role of mesenchymal stem cells
(MSCs) in the management of TMJ-OA is a challenging field. (8-10) These cells have the ability to
differentiate into bone, cartilage, collagen fibers
and adipose tissue. MSCs have been reported as
a successful and efficient therapy in animal studies for TMJ disc repair and cartilaginous tissue
regeneration. (11-13)
MSCs were isolated from synovial fluid in 2004,
and since then they became of great interest for their
easy accessibility during arthrocentesis, self-renewal capacity, and immunosuppressive properties. (14)
Based on the above, the objective of this study
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was to compare the macroscopic, biochemical,
and histological effect of single versus multiple
intra-articular injection of synovial fluid MSCs for
management of TMJ induced Osteoarthritis in rats.
MATERIALS AND METHODS
18 young adult male 200–300 grams albino rats
were used in the current study. They were housed
in plastic cages with a 12 hours light/dark cycle at
temperature of 22±2°C. The rats were under veterinary supervision in an animal house, were supplied
a regular diet and drinking tap water throughout the
duration of the study.
The study animals were randomly divided into
3 groups 6 rats each; group (A) comprised control
in which OA was induced and rats left without
treatment, group (B) comprised MSCs single
injection group after induction of OA, and group
(C) comprised MSCs multiple injection group after
induction of OA. All experiments were conducted
according to the guidelines of the International
Association for the Study of Pain (IASP) in
conscious animals. (15)
Induction of osteoarthritis
Intra-peritoneal injection of Ketamine (70mg/
kg) and Xylazine (10mg/kg) solution was
performed to anesthetize the study animals. Then
Each animal received intra-articular injection of
50µl of Complete Freund’s Adjuvant (CFA) (5881;
Sigma-Aldrich, USA), diluted 1:1 (oil/saline) in
the right TMJ with a 30-gauge needle joined to a
plastic syringe (1 ml) to induce osteoarthritis.(16-18)
The needle was inserted immediately below the
posterior inferior border of the zygomatic arch till it
touched the posterior-lateral edge of the mandibular
condyle. (19) The left TMJ was left normal not to
compromise animal feeding. Treatment protocol in
group (B, C) started one week after CFA injection
according to Kuroki et al. (20) Synovial fluid sample
was taken from each induced arthritic joint one
week after induction and sent for MSCs preparation.
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Isolation and expansion of MSCs
Synovial fluid samples were diluted in
expansion culture medium 1:6, then plated in Petri
dishes.(21) MSCs were expanded in proliferation
medium containing Dulbecco’s modified Eagle’s
medium with low glucose (DMEM-LG, Gibco) with
addition of 10% fetal bovine serum (FBS, Sigma),
1 ng/ml basic fibroblast growth factor (bFGF,
Miltenyi Biotec), 1% glutamine (Gibco), and 1%
penicillin-streptomycin (Gibco). Then they were
cultured at 37°C with 5% humidified CO2. After
the 1st 3 days, the medium was changed twice per
week until reaching confluence. During changing
the medium, the non-adherent cells were discarded.
When reaching nearly 80% confluence of the
adherent cells, the MSCs were trypsinized (trypsinEDTA 0.05%, Gibco) and plated at a density of 0.5
× 106 cells/dish, and the medium was changed every
2–3 days. Pre-differentiation medium then was used
at the final passage (P3). (22, 23) A preparation of 2.5 ×
106 cells in a volume of 50 μL were used for intraarticular injection.
Intra-articular injection of synovial fluid MSCs
In Group B, single intra-articular injection with
synovial fluid MSCs (2.5 × 106 cells in a volume
of 50 μL) was performed. While in group C, intraarticular injection of Synovial fluid MSCs (2.5 × 106
cells in a volume of 50 μL) was performed 4 times
(one injection every week). (Fig. 1)
The animals of groups B, C were sacrificed after
anesthesia overdose (Ketamine and Xylazine) at
day 28 after injection. The control group A animals
were sacrificed at the same time with the other
2 groups.
Biochemical Analysis
Samples of synovial fluid were taken at day 28
after injection and immediately before scarification.
The concentration of the cytokines was measured by
an ELISA (Quantikine, R&D Systems, Minneapolis,
®
®

IBM Corporation, NY, USA.
SPSS, Inc., an IBM Company.

Fig. (1) A photo showing the intra-articular injection of synovial
fluid MSCs in rat TMJ with induced osteoarthritis

MN). The detection concentrations of cytokines
were IL-1B > 0.016, TNF-α > 0.008 pg/ml. The
concentration of cytokines was calculated per 100 g
of protein as previously reported. (24, 25)
Histologic preparation
TMJs were dissected for morphological analysis.
The meniscus, and retrodiscal tissue were harvested
for histological analysis.
A histological sample was taken from each group,
Samples were fixed with 10% neutral formalin,
embedded in paraffin, and stained with Hematoxylin
and Eosin (H&E) as a Routine stain for cellular
details and detection of the formation of collagen
fibers. All Stained specimens were inspected by the
naked eye and under the microscope.
Statistical analysis:
Data of biochemical analysis were explored
for normality using Kolmogorov-Smirnov and
Shapiro-Wilk tests. Data were normally distributed
so they were presented as mean, standard deviation
(SD) values and were analyzed using one-way
ANOVA test followed by Tukey’s post hoc test.
The significance level was set at p ≤ 0.05. Statistical
analysis was performed with IBM® SPSS®
Statistics Version 26 for Windows.
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RESULTS
Synovial fluid-derived MSCs were successfully

isolated and expanded from all rats TMJ in the
study groups B, C. All joint injections and follow-

up procedures went well without adverse event that

required study cessation. No rats had abnormalities
identified during the daily physical examination in
the follow up of intra-articular injection.
Macroscopic findings:
During separating the menisci from the condyles

of the three groups, by naked eyes, it was noticed
the menisci of group A were incomplete with

diminished thickness and length while the menisci
of groups B & C were apparently complete with

normal size. (Fig. 2)
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Biochemical analysis findings
For TNF-α and IL-1B concentrations, there
was a significant difference between values of
different groups (p<0.001). The highest value
was found in the control group (0.145±0.010)
(0.148±0.015), followed by the single injection
group (0.025±0.014) (0.028±0.008), while the
lowest value was found in multiple injections group
(0.002±0.001) (0.003±0.005) respectively. Pairwise
comparisons for both markers showed values of
different groups to be significantly different from
each other (p<0.001). Fig 3
Histological findings
The meniscus of group A was incomplete and
not intact with less dense collagen fibers, retrodiscal
tissue was degenerated and infiltrated with
inflammatory cells (Fig. 4 )

Fig. (2): Photos showing the integrity and the attachment
of the meniscus in the three groups, the meniscus in
group A is incomplete while the menisci of groups
B&C are intact (red arrows)
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Fig. (3): Bar chart showing average TNF-α and IL-1B
concentrations (pg/ml)

Fig. (5): Photomicrograph showing regenerated meniscus, the
retrodiscal fibers are regenerated with proliferating
fibroblasts (red arrow). The meniscus contains
fibrocartilage cells (black arrows) (X 100)

Fig. (4): Photomicrograph showing degenerated meniscus,
the retrodiscal fibers are degenerated (red arrow) and
infiltrated with inflammatory cells (black arrows) (X
100)

Fig. (6): Photomicrograph showing completely regenerated
and intact meniscus, the retrodiscal fibers are
regenerated and completely surround the meniscus
with proliferating fibroblasts (red arrow). The meniscus
contains fibrocartilage cells (black arrows) (X 100)

It was noticed that the meniscus of group B

started to regenerate, fibrocartilage cells were

noticed inside the meniscus, retrodiscal tissue started

to regenerate and infiltrated with inflammatory cells
but less than group A (Fig. 5)

The meniscus of group C completely regenerated,

fibrocartilage cells were noticed inside the meniscus,

retrodiscal tissue completely regenerated with
proliferating fibroblasts surrounding the meniscus.

(Fig. 6)

DISCUSSION
Currently, cell therapy is an essential tool and
an important alternative for regenerative medicine.
This study was conducted to compare biologic and
histologic outcomes of two different treatment
regimens of intra-articular injection of synovial fluid
MSCs in rats with induced OA. It was concluded by
Prado et al, (26) that the mesenchymal nature of the
synovial fluid derived stem cells is a new minimal
invasive strategy for cell therapy that could treat
joint pathologies, and repair cartilage defects.
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In the current study, autologous synovial fluid
MSCs were used to avoid the previously reported specific immune response against allogeneic
MSCs.(27, 28)
Our study showed that both single and multiple
intra-articular injection of synovial fluid MSCs are
safe and feasible procedures and possess promising
effects in reducing the degeneration and promoting
regeneration of the joint meniscus and retrodiscal
tissue based on macroscopic and Histologic
Parameters compared to the untreated control
group. This results corresponds to the results of
Zayed et el, (29) who demonstrated that implantation
of equine SFMSCs was successful, and advantageous
where the cells can be ready and applied within a
short time period, and less aggressive compared
to the other techniques of articular cartilage
regeneration.
Moreover, this corresponds to the previously reported studies who stated that synovial fluid Mesenchymal stem cells have a major role in meniscus
repair due to high proliferative and chondrogenic
potential. (30-33)
The current study demonstrated the superior
effect of multiple intra-articular injection on the
regeneration of TMJ meniscus and retrodiscal
tissues as compared to the single intra-articular
injection. This results corresponds to the results of
Ozeki et al (34) who compared the chondroprotective
effects of repeated injections of MSCs with a single
injection of MSCs for tibial plateau and femoral
condyle. They reported that weekly injection of
MSCs has superior efficacy compared to a single
injection in inhibiting OA progression. This also
was supported by some studies which reported
that after the single administration of MSCs into
the knee joint, it is well known that the number of
cells rapidly decreases which explains the need for
multiple injections. (35,36) Furthermore, this result
is in accordance with the result of Murphy et al. (37)
who concluded that the chondroprotective effects of
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stem cells in induced OA in goats were due to the
regeneration of the meniscus.
Regarding the cytokine level, the current study
reported significantly high levels of TNF-α and
IL-1B in the control group. This corresponds to
the previous studies which reported that IL-1B and
TNF-α have a major role in the pathogenesis of the
degenerative changes in TMJ OA. (38, 39) Moreover,
the concentration of cytokines showed significant
reduction in both groups B, C, although slightly
higher cytokine concentration was noticed in group
B than in group C. This was Consistent with the
suppression of inflammation as supported by the
current study histologic findings as the number
inflammatory cells were decreased in group B and
disappeared in Group C. these results corresponds to
the results of Zhang et al (40) who demonstrated that
MSC mediate the regeneration of TMJ OA through
reduction in inflammation and tissue degeneration
followed by increased proliferation and matrix
synthesis.
From the results of the current study, we can
conclude that multiple intra-articular injections of
synovial fluid MSC is a minimally invasive conservative technique, and may be a promising therapeutic option in the management of Temporomandibular Joint osteoarthritis which promote TMJ repair
and regeneration.
REFERENCES
1.

Kalladka, M., Quek, S., Heir, G., Eliav, E., Mupparapu,
M., and Viswanath, A.: Temporomandibular Joint Osteoarthritis: Diagnosis and Long-Term Conservative Management: A Topic Review. J. Ind. Prosthodont. Soc., 14:6-15,
2014.

2.

Fujisawa, T., Kuboki, T., and Kasai, T.: A repetitive, steady
mouth opening induced an osteoarthritis-like lesion in the
rabbit temporomandibular joint. J. Dent. Res., 82:731–5,
2003.

3.

Liu, F. and Steinkeler, A.: Epidemiology, diagnosis, and
treatment of temporomandibular disorders. Dent. Clin.
North. Am., 57: 465–79, 2013.

THE EFFECT OF SINGLE VERSUS MULTIPLE INTRA-ARTICULAR INJECTION OF SYNOVIAL

4.

Dimitroulis, G.: The prevalence of osteoarthrosis in cases
of advanced internal derangement of the temporomandibular joint: a clinical, surgical and histological study. Int. J.
Oral Maxillofac. Surg., 34:345–9, 2005.

5.

Goldring, M.B., and Goldring, S.R.: Osteoarthritis. J. Cell
Physiol., 213:626-33, 2007.

6.

Lombello, C., Reis, G., and Cohen, M.: Study on human
chondrocyte culture viability for autologous transplantation in clinical application. Einstein, 1: 84–88, 2003.

7.

Frisbie, D. D.: Future directions in treatment of joint disease in horses. Veterinary Clinics: Equine Practice, 21:
713–724, 2005.

8.

Zhang, S., Yap, A.U., and Toh, W.S.: Stem cells for temporomandibular joint repair and regeneration. Stem Cell
Rev., 11: 728–742, 2015.

9.

Chen, K., Man, C., Zhang, B., Hu, J., and Zhu, S.S.: Effect of in vitro chondrogenic differentiation of autologous
mesenchymal stem cells on cartilage and subchondral cancellous bone repair in osteoarthritis of temporomandibular
joint. Int. J. Oral Maxillofac. Surg., 42: 240–248, 2013.

10. Lu, L., Zhang, X., Zhang, M., Zhang, H., Liao, L., Yang,
T., Zhang, J., Xian, L., Chen, D., and Wang, M.: RANTES
and SDF-1 are keys in cell-based therapy of TMJ osteoarthritis. J. Dent. Res., 94: 1601–1609, 2015.
11. Pittenger, M.F. , Mackay, A.M. , Beck, S.C. , Jaiswal,
R.K., Douglas, R., Mosca, J.D., Moorman, M.A., Simonetti, D.W., Craig, S., and Marshak, D.R. : Multilineage
potential of adult human mesenchymal stem cells. Science,
284 143–147, 1999.
12. Chen, K., Man, C., Zhang, B., Hu, J., and Zhu, S.S.: Effect of in vitro chondrogenic differentiation of autologous
mesenchymal stem cells on cartilage and subchondral cancellous bone repair in osteoarthritis of temporomandibular
joint. Int. J. Oral Maxillofac. Surg., 42:240–248, 2013.
13. Ciocca, L., Donati, D., Ragazzini, S., Dozza, B., Rossi, F.,
Fantini, M., Spadari, A., Romagnoli, N., Landi, E., Tampieri, A., Piattelli, A., Iezzi, G., and Scotti, R.: Mesenchymal stem cells and platelet gel improve bone deposition
within CAD-CAM custom-made ceramic HA scaffolds for
condyle substitution. BioMed Res. Int., 5:49-62, 2013.
14. Huang, Y.Z., Xie, H.Q., and Silini, A.: Mesenchymal stem/
progenitor cells derived from articular cartilage, synovial
membrane and synovial fluid for cartilage regeneration:
current status and future perspectives. Stem Cell Rev.
Rep., 13:575–86, 2017.

(2171)

15. Zimmermann, M.: Ethical guidelines for investigations of
experimental pain in conscious animals. Pain, 16: 109-110,
1983.
16. Spears, R., Dees, L.A., Sapozhnikov, M., Bellinger, L.L.,
and Hutchins, B.: Temporal changes in inflammatory mediator concentrations in an adjuvant model of temporomandibular joint inflammation. J. Orofac. Pain, 19:34–40,
2005.
17. Kameoka, S., Kuroki, Y., Honda, K., Kijima, N., Matsumoto, K., and Asano, M.: Diagnostic accuracy of microcomputed tomography for osseous abnormalities in the rat
temporomandibular joint condyle. Dentomaxillofac. Radiol., 38:465–9, 2009.
18. Kramer, P.R., Kerins, C.A., Schneiderman, E., and Bellinger, L.L.: Measuring persistent temporomandibular joint
nociception in rats and two mice strains. Physiol. Behav.,
99:669–78, 2010.
19. Zhou, Q.Q., Imbe, H., Dubner, R., and Ren, K.: Persistent
Fos protein expression after orofacial deep or cutaneous
tissue inflammation in rats: implications for persistent orofacial pain. J. Comp. Neurol., 412:276–91, 1999.
20. Kuroki, Y., Honda, K., Kijima, N., Wada, T., Arai, Y., and
Matsumoto, N.: In vivo morphometric analysis of inflammatory condylar changes in rat temporomandibular joint.
Oral Dis., 17:499–507, 2011.
21. Neybecker, P., Henrionnet, C., and Pape, E.: In vitro and
in vivo potentialities for cartilage repair from human advanced knee osteoarthritis synovial fluidderived mesenchymal stem cells. Stem Cell Res. Ther., 9:329-37, 2018.
22. Derfoul, A., Perkins, G.L., Hall, D.J., and Tuan, R.S.: Glucocorticoids promote chondrogenic differentiation of adult
human mesenchymal stem cells by enhancing expression of cartilage extracellular matrix genes. Stem Cells.
24:1487–95, 2006.
23. Henrionnet, C., Roeder, E., Gillet, R., Galois, L., Bensoussan, D., Mainard, D., Netter, P., Gillet, P., and Pinzano, A.:
Expression of chondrogenic genes by undifferentiated vs.
differentiated human mesenchymal stem cells using array
technology. Biomed. Mater. Eng., 20:175–81, 2010.
24. Kubota, E., Immamura, H., Kubota, T., Shibata, T., and
Murakami, K.: Interleukin 1B and stromelysin (MMP3)
activity of synovial fluid as possible markers of osteoarthritis in the temporomandibular joint. J. Oral Maxillofac.
Surg., 55: 20–27, 1997.

(2172)

E.D.J. Vol. 66, No. 4

25. Takahashi, T., Kondoh, T., Fukuda, M., Yamazaki,
Y., Toyosaki, T., and Suzuki, R.: Proinflammatory
cytokines detectable in synovial fluids from patients with
temporomandibular disorders. Oral Surg. Oral Med. Oral
Pathol., 85: 135–141, 1998.
26. Aline, A., Phelipe, O., Luis, C., Raquel, Y., Maria, A., and
Durvanei, A.: Characterization of mesenchymal stem cells
derived from the equine synovial fluid and membrane.
BMC Veterinary Research, 11:281-295, 2015.
27. Berglund, A.K., and Schnabel, L.V.: Allogeneic major
histocompatibility complex-mismatched equine bone
marrow-derived mesenchymal stem cells are targeted for
death by cytotoxic anti-major histocompatibility complex
antibodies. Equine Vet. J., 49: 539–544, 2017.
28. Pezzanite, L.M., Fortier, L.A., Antczak, D.F., Cassano,
J.M., Brosnahan, M.M., Miller D, and Schnabel, L.V.:
Equine allogeneic bone marrow-derived mesenchymal
stromal cells elicit antibody responses in vivo. Stem Cell
Res Ther. 2015; 6: 54.
29. Zayed, M., Newby, S., Misk, N., Donnell, R., and Dhar, M.:
Xenogenic Implantation of Equine Synovial Fluid-Derived
Mesenchymal Stem Cells Leads to Articular Cartilage
Regeneration. Hindawi Stem Cells International, Article
ID 1073705, https://doi.org/10.1155/2018/1073705,2018.
30. Sakaguchi, Y., Sekiya, I., Yagishita, K., and Muneta, T.:
Comparison of human stem cells derived from various
mesenchymal tissues: superiority of synovium as a cell
source. Arthritis Rheum., 52:2521-29, 2005.
31. Koga, H., Muneta, T., Nagase, T., Nimura, A., Ju, Y.J.,
and Mochizuki, T.: Comparison of mesenchymal tissuesderived stem cells for in vivo chondrogenesis: suitable
conditions for cell therapy of cartilage defects in rabbit.
Cell Tissue Res., 333:207-15, 2008.
32. Yoshimura, H., Muneta, T., Nimura, A., Yokoyama, A.,
Koga, H., and Sekiya, I.: Comparison of rat mesenchymal
stem cells derived from bone marrow, synovium,
periosteum, adipose tissue, and muscle. Cell Tissue Res.,
327:449-62, 2007.

Shereen Wagdy Arafat and Samah Mohamed Kamel

33. Nimura, A., Muneta, T., Koga, H., Mochizuki, T., Suzuki,
K., and Makino, H.: Increased proliferation of human
synovial mesenchymal stem cells with autologous human
serum: comparisons with bone marrow mesenchymal
stem cells and with fetal bovine serum. Arthritis Rheum.,
58:501-10, 2008.
34. Ozeki, N., Muneta, T. ,Koga, H., Nakagawas, M.,Mizuno,
K., Tsujill, Y., Mabuchi, C., Akazawa, E., Kobayashi, K.,
Matsumoto, K., Futamura, T., and Saito, S.: Not single
but periodic injections of synovial mesenchymal stem cells
maintain viable cells in knees and inhibit osteoarthritis
progression in rats. Osteoarthritis and Cartilage, 24: 1061–
1070, 2016.
35. Huurne, M., Schelbergen, R., Blattes, R., Blom, A.,
de Munter, W., Grevers, L.C.: Antiinflammatory and
chondroprotective effects of intraarticular injection of
adipose-derived stem cells in experimental osteoarthritis.
Arthritis Rheum., 64: 3604-13, 2012.
36. Horie, M., Choi, H., Lee, R.H., Reger, R.L., Ylostalo,
J., and Muneta, T.: Intra-articular injection of human
mesenchymal stem cells (MSCs) promote rat meniscal
regeneration by being activated to express Indian hedgehog
that enhances expression of type II collagen. Osteoarthritis
Cartilage, 20:1197-207, 2012.
37. Murphy, J.M., Fink, D.J., Hunziker, E.B., and Barry, F.P.:
Stem cell therapy in a caprine model of osteoarthritis.
Arthritis Rheum., 48:3464–3474, 2003.
38. William, P., and Dayer, J.M.; Inhibition of the production
and effect of interleukin-1 and tumor necrosis factor in
rheumatoid arthritis. Arthritis Rheum., 38: 151–160, 1995.
39. Wilbrink, B., Nietfeld, J., Otter, W., Bijlsma, J.W., HuberBruning, O.: Role of TNF in relation to IL-1 and IL-6 in
the proteoglycan turnover of human articular cartilage. Br.
J. Rheumatol.,30: 265–271, 1991.
40. Shipin, Z., Kristeen, Y., Shang, J., Ruenn, C., Sai, K., and
Wei, S.: MSC exosomes alleviate temporomandibular joint
osteoarthritis by attenuating inflammation and restoring
matrix homeostasis. Biomaterials, 200: 35–47, 2019.

