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A B S T R A C T   

Objectives: The objective of this systematic review is to evaluate the role of mesenchymal stem cells in the 
regenerative treatment of temporomandibular joint resorption. 
Design: Search strategies were performed in the following databases: PubMed/MEDLINE, EMBASE, Cochrane 
Collaboration Library, and Web of Science. Two independent reviewers selected the included articles using a 
two-phase process based on the eligibility criteria. The reviewers independently collected the required infor-
mation from the included articles. The methodological quality of the selected studies was assessed individually. 
Result: In accordance with the inclusion and exclusion criteria, 703 studies were found and 8 articles were 
included. Thus, six studies using animal models and two human studies were included in this systematic review. 
Conclusion: Based on the data of our systematic review, the use of mesenchymal stem cells is a promising method 
for the repair and regeneration of temporomandibular joint components.   

1. Introduction 

The continuous remodeling of tissues that make up the temporo-
mandibular joint provides the capacity of long-term adaptation in a 
homeostatic medium (He, Ji, Du, Xu, & Luo, 2019). However, when the 
stimulus exceeds the adaptive capacity of the temporomandibular joint, 
resorption of the temporomandibular joint structure starts. This debili-
tating pathological process often results in fibrillation and subsequent 
degradation of the surrounding joint surface, which may also involve the 
subchondral bone (Chigurupati & Mehra, 2018; Nogami et al., 2017). 

The resorption of the temporomandibular joint can be triggered by 
intrinsic mechanisms of the stomatognathic system, by accidents or even 
by orthognathic surgery of the jaws. Other risk factors are hormonal 
(estrogen and 17β-estradiol deficiency) and nutritional imbalances 
(vitamin D deficiency) (Gunson, Arnett, & Milam, 2012; Mercuri & 
Handelman, 2020). 

Despite the development of different methods for the treatment of 
pathological processes associated with the resorption of temporoman-
dibular joint components, patients with severe degenerative changes in 
the temporomandibular joint do not respond to conservative treatments 
and invasive surgical interventions are generally required (de Souza 
Tesch et al., 2018; Mercuri & Handelman, 2020). Regenerative medicine 

is a promising approach that can benefit patients with injuries that are 
difficult to manage clinically, such as condylar resorption, and has 
shown significant potential in the regeneration of bone and cartilage 
structures (Lalu et al., 2012; Squillaro, Peluso, & Galderisi, 2016). 

In the last decades, different cell lines have been used for regenera-
tive therapies in animal studies and in preclinical/clinical trials (de 
Souza Tesch et al., 2018; Squillaro et al., 2016). Among these cell lines, 
multipotent adult stem cells and/or cells differentiated from mesen-
chymal cell lines can be used safely. In view of their regenerative 
properties, multipotent mesenchymal stem cells may be useful for the 
treatment of condylar resorption. 

Within this context, the objective of this systematic review is to 
evaluate the role of mesenchymal stem cells in the regenerative treat-
ment of temporomandibular joint resorption. The PICO tool was used to 
identify the components of clinical evidence, which are as follows: 

1 Population - Human and/or animal model diagnosed with tempo-
romandibular degeneration.  

2 Intervention - Treatment of joint degeneration using mesenchymal 
stem cells. 
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3 Comparison - Healthy controls and/or patients who underwent other 
surgical techniques for treatment of temporomandibular 
degeneration.  

4 Outcome - The repair of temporomandibular joint discs and/or bone 
structures using mesenchymal stem cells. 

2. Materials and methods 

2.1. Protocol and registration 

The protocol of this study was developed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses guidelines 
(Moher, Liberati, Tetzlaff, Altman, & PRISMA Group, 2009) and is 
registered in the International Prospective Register of Systematic Re-
views (PROSPERO) (protocol No. CRD42020212545). 

2.2. Study selection and eligibility criteria 

This systematic review was designed to answer the following ques-
tion: Can mesenchymal stem cells be used to regenerate structures 
associated with the temporomandibular joint? 

A search was conducted in the PubMed/MEDLINE, EMBASE, 
Cochrane Collaboration Library, and Web of Science databases in order 
to identify all primary research articles that assessed the use of mesen-
chymal stem cells for the treatment of temporomandibular joint 
resorption. All articles available in the selected databases until 
September 2020 were considered. 

The search strategy was based on combinations of the following 
keywords: “temporomandibular joint” ([MeSH Terms] OR (“tempor-
omandibular”[All Fields] OR “joint”[All Fields]) AND (“stem cells”[-
MeSH Terms] OR (“stem”[All Fields] OR “cells”[All Fields]) OR “stem 
cells” [All Fields]) AND “humans” [MeSH Terms]). The following key-
words were used for studies employing animal models: ((“temporo-
mandibular joint”[MeSH Terms] OR (“temporomandibular”[All Fields] 
AND “joint” [All Fields]) OR “temporomandibular joint” [All Fields]) 
AND (“stem cells” [MeSH Terms] OR (“stem” [All Fields] AND “cells” 
[All Fields]) OR “stem cells” [All Fields])) AND “animals” [MeSH Terms: 
noexp]). 

The titles and abstracts of the studies identified in the systematic 
search were independently assessed by two researchers. Disagreements 
in the selection of articles were resolved by discussion and consensus 
among the reviewers. After the initial selection, the full text of poten-
tially relevant articles was read. In this final screening, studies were 
included if they met the following criteria: in vivo animal and human 
studies that used mesenchymal stem cells for bone regeneration and that 
reported measurable clinical, radiographic and/or histological results 
for the treatment of temporomandibular joint resorption. No language 
restrictions were applied. In vitro studies, literature reviews and studies 
that did not use mesenchymal stem cells and/or did not evaluate the 
treatment of temporomandibular joint resorption were excluded. 

2.3. Data extraction 

After selection of the studies that met the established inclusion 
criteria, the following data were extracted using a form developed for 
this review: authors, year of publication, objective, sample character-
istics, methods and design of the study, characteristics of the interven-
tion [cells used, preparation of conditioned medium, method of 
administration, type of diagnostic or induced temporomandibular joint 
resorption (in the case of animal studies), duration of the intervention 
performed, study groups, outcomes evaluated (bone/cartilage regener-
ation and possible secondary outcomes), and conclusions of the study. 

2.4. Quality assessment 

The risk of bias was assessed using the Systematic Review Centre for 

Laboratory animal Experimentation tool (Hooijmans et al., 2014) for 
animal studies and the Cochrane’s risk of bias tool (Higgins et al., 2019) 
for human studies. The risk of bias in the included studies was classified 
as high, low, or unclear. In the case of non-experimental studies, quality 
assessment was performed using the CARE checklist for case reports 
(Gagnier et al., 2013). 

3. Results 

3.1. Study selection and characterization 

The initial electronic search of the literature retrieved 703 poten-
tially relevant publications from the selected databases (Fig. 1). Of these 
publications, 681 articles were excluded after reviewing the titles and 
abstracts and removal of duplicates. In addition, 14 articles were 
excluded after full-text reading of the pre-selected studies because they 
did not meet the established inclusion criteria. Thus, six studies using 
animal models (Ahtiainen et al., 2013; Ciocca et al., 2013; Gomez, 
Wittig, Diaz-Solano, & Cardier, 2020; Wu et al., 2014; Zaki, Zaghloul, 
Helal, Mansour, & Grawish, 2017; Zhang et al., 2017) and two human 
studies were included in this systematic review (De Riu et al., 2019; de 
Souza Tesch et al., 2018). 

In the animal studies, the temporomandibular joint injury was 
created by removing or inducing a defect in the articular disc of the 
temporomandibular joint (Ahtiainen et al., 2013; Ciocca et al., 2013; Wu 
et al., 2014). Zaki et al. (2017) evaluated degenerative changes in the 
temporomandibular joint associated with arthritis induced in rabbits by 
the injection of 0.1 ml bovine collagen type II at the base of the animal’s 
tail and on the back at three points. Zhang et al. (2017) induced uni-
lateral anterior crossbite, whereas Gomez et al. (2020) induced condylar 
damage. 

de Souza Tesch et al. (2018) proposed a regenerative approach using 
autologous nasal septum cells expanded in vitro and applied to a patient 
with condylar resorption. De Riu et al. (2019) evaluated the reliability of 
intra-articular injection of bone marrow nucleated cells in patients with 
degenerative temporomandibular disorders. 

Tables 1 and 2 show the cell lines and methodologies used and the 
main outcomes obtained in the selected studies. In the selected studies 
that removed the articular disc, the biomaterial was used in conjunction 
with mesenchymal stem cells in order to replace the articular disc. 
Ahtiainen et al. (2013) designed a polylactide disc to replace the artic-
ular disk, while Ciocca et al. (2013) developed prototyped porous hy-
droxyapatite scaffolds using computer aided design and manufacture 
technology to replace the two condyles removed from the animals 
included in the study. 

Assessment of the quality of the studies is shown in the Supple-
mentary Material 1. None of the selected studies using animal models 
reported random sequence generation or allocation concealment. The 
study by De Riu et al. (2019) used bias-free selection and, finally, the 
article by de Souza Tesch et al. (2018) was classified as low risk of bias 
by the CARE checklist. 

3.2. Main outcomes in animal studies 

Ahtiainen et al. (2013) investigated the signs of chronic arthrosis in 
histological sections. The authors observed an irregular cartilage-bone 
interface in the control group, especially in the 12-month group. The 
authors observed an irregular interface between the cartilaginous and 
bone tissues in the control group, especially in the one-year follow-up 
group. The superficial cartilage of the joint treated with polylactide discs 
and differentiated autologous adipose stem cells was more regular than 
in the control group. No adverse events were observed in cases treated 
with a polylactide disc with differentiated adipose stem cells. As a 
biomaterial, the polylactide allowed the regeneration of the adjacent 
tissue in the temporomandibular joint. 

Wu et al. (2014) found no of signs of tissue repair in the group not 
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of article selection for inclusion in the systematic review.  
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treated with mesenchymal stem cells derived from the synovial mem-
brane. Overexpression of collagen and a greater tissue repair capacity 
demonstrated by morphological analysis were observed in the group 
seeded with synovium-derived mesenchymal stem cells. 

In the study by Zaki et al. (2017), the cases treated with 
phosphate-buffered saline did not show significant architectural 
changes in the temporomandibular joint. On the other hand, the 
temporomandibular joint treated with a combination of 

phosphate-buffered saline and bone marrow-derived stem cells exhibi-
ted smooth joint surfaces, adequate thickness and consistent staining of 
the condylar cartilage. In this study, the use of stem cells derived from 
bone marrow provided better results for all parameters analyzed. 

Gomez et al. (2020) also analyzed bone marrow-derived stem cells 
and macroscopic analysis revealed the presence of cartilage-like tissue at 
the site of condyle cartilage damage. Histological analysis showed 
complete repair of the articular surface with the presence of 

Table 1 
Main characteristics and results of studies included in the qualitative analysis evaluating the efficacy of mesenchymal stem cells on the regeneration of structures 
associated with temporomandibular joint in animal model (n = 6).  

Author 
(year) 

Animal 
model 

Stem cell type Methodology Evaluated measurements Follow-up 
period 

Summary of the main outcomes 

Ahtiainen 
et al. 
(2013) 

Rabbit 
(n = 10) 

Autologous 
adipose stem cells 

Animals submitted to the removal of 
the joint disc bilaterally. 

-Radiological evaluation 
(cone beam tomography); 

6 months (5 
animals) and 
12 months (5 
animals). 

The use of autologous adipose stem 
cells improved the morphological 
pattern of bone and joint disc. 

Group I - containing the polylactic 
discs with stem cells. 

- Histology (hematoxin and 
eosin or Masson’s 
trichrome); 

Group II - Control group. 

- Gene expression of the 
extracellular matrix 
components of 
fibrocartilage at 
implantation. 

Ciocca 
et al. 
(2013) 

Sheep 
(n = 1) 

Stem cells derived 
from the bone 
marrow of the iliac 
crest 

Animals submitted to the removal of 
the joint disc bilaterally. 

- Histological and 
histomorphometric 
evaluation. 

4 months 

The study confirmed an increment of 
bone regeneration into the porous 
hydroxyapatite scaffold upon 
application of mesenchymal stem 
cells. 

Pure porous hydroxyapatite scaffolds 
were prototyped to replace the two 
temporomandibular condyles of the 
same animal. 

Wu et al. 
(2014) 

Rats 
(n = 30) 

Synovium derived 
mesenchymal stem 
cells 

Five groups of temporomandibular 
joint disc explants were set: 

- Histological and 
histomorphometric 
evaluation. 

4 weeks 

The regenerative ability of 
temporomandibular joint-synovium 
derived mesenchymal stem cells 
could be applied for repairing 
temporomandibular joint disc 
perforation. 

Group I: temporomandibular joint disc 
within chondrogenic induced cell/ 
fibrin/chitosan scaffold; 
Group II: temporomandibular joint 
disc within chondrogenic induced 
cell/chitosan scaffold; 
Group III: temporomandibular joint 
disc within cell-free fibrin/chitosan 
scaffolds; 
Group IV: temporomandibular joint 
disc within cell-free chitosan scaffold; 
Group V: temporomandibular joint 
disc with cell-free fibrin scaffold. 

Zaki et al. 
(2017) 

Rabbit 
(n = 50) 

Bone marrow- 
derived stem cells. 

Three groups of temporomandibular 
joint disc explants were set: 

Clinical, histological and 
histomorphometric 
evaluation. 

3 weeks 

Bone marrow-derived stem cells 
effectively repair degenerative 
changes of rabbits’ 
temporomandibular joint. 

Group I: did not receive treatment 
(n = 10). 
Group II: was divided into 2 subgroups 
according to the type of treatment. 
One subgroup received an intra-joint 
injection of saline solution (n = 10) 
and the other received an injection of 
saline solution plus stem cells 
(n = 10). 
Group III: received an oil emulsion 
injection before treatment with saline 
solution or saline solution plus stem 
cells (n = 20). 

Zhang et al. 
(2017) 

Female 
rats 

Bone marrow- 
derived stem cells. 

Group I - Exogenous bone marrow 
stromal cells were injected weekly into 
temporomandibular joints, starting 
from 3 weeks of unilateral anterior 
crossbite stimulation and continuing 
for 4, 8 and 12 weeks. 

Assessments were focused 
on morphological 
alterations. 

15 weeks 

The use of stem cells was able to 
reverse the degenerative processes 
caused by the unilateral anterior 
crossbite. Group II - The group stopped receiving 

injections for 4 weeks after 8 weeks of 
injections. 

Gomez 
et al. 
(2020) 

Rats Bone marrow- 
derived stem cells. 

Group I - Human mesenchymal stem 
cells embedded into preclotted 
platelet-rich plasma were placed on 
the surface of condyle cartilage 
damage (n = 2). 

A macroscopic and 
histological analysis was 
performed. 

6 weeks 

Transplantation of mesenchymal 
stem cells induces regeneration of 
temporomandibular joint-condyle 
cartilage damage. Group II - Control group (without any 

treatment) (n = 2).  
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cartilaginous tissue and subchondral bone filling the condyle cartilage 
damage area. Chondrocytes were observed in an extracellular matrix of 
collagen and glycosaminoglycans filling the repaired tissue. There was 
no evidence of subchondral bone sclerosis. The untreated condyle 
cartilage damage exhibited osteochondral lesions with no signs of 
cartilage repair. The authors concluded that transplantation of bone 
marrow-derived stem cells induces regeneration in cases of condyle 
cartilage damage. 

3.3. Clinical outcomes in human studies 

In a pioneering study, de Souza Tesch et al. (2018) used in vitro 
autologous cells expanded from the nasal septum in a patient who had 
degenerative changes in both temporomandibular joints. The cells were 
injected into each joint by arthrocentesis. The results were monitored by 
functional tests and image analysis using computed tomography. The 
use of autologous cells completely reversed condylar resorption, leading 
to functional and structural regeneration six months after application. 
Computed tomography images showed new cortical bone formation 
filling what was in the process of resorption. The overlapping of the 
condyle models showed the regeneration of the bone defect, recon-
structing the original shape of the condyle. 

De Riu et al. (2019) conducted a randomized and controlled clinical 
trial to evaluate the reliability of intra-articular injection of bone 
marrow nucleated cells in patients with degenerative temporomandib-
ular disorders, comparing its effectiveness with that of hyaluronic acid. 
In both groups, significant clinical improvements were detected up to 
1 year after the procedure. The bone marrow nucleated cells group 
exhibited significantly better pain relief after 6 months (p = 0.028) and 
12 months (p = 0.000). In terms of masticatory efficiency, significant 
positive differences were observed after 12 months in the bone marrow 
nucleated cells group (p = 0.0001). However, no magnetic resonance 
imaging evidence of cartilage regeneration was reported. 

4. Discussion 

Resorption of temporomandibular joint components can cause se-
vere morbidity and may require invasive treatments with a high risk of 
recurrence (Chouinard, Kaban, & Peacock, 2018; Mercuri & Handelman, 
2020). Condylar resorption occurs in situations that cause wear of the 
mandibular condylar bone and loss of condylar volume. Articular 
cartilage is a highly specialized tissue that acts as a shock absorber, 
allowing low-friction movement of synovial joints. The repair potential 
of articular cartilage is limited because of its avascular, aneural and 
alymphatic structure (Goldberg, Mitchell, Soans, Kim, & Zaidi, 2017). It 

is noteworthy that the ideal treatment aims not only to repair the bone 
or cartilaginous tissue defect, but also to restore the structure and 
functionality of the temporomandibular joint. 

Therefore, there is a growing interest in regenerative medicine, 
which comprises two main types: cell therapy in which cells are injected 
directly into the blood or tissues, and tissue engineering in which 
combinations of skeletal stem cells are used to repair or regenerate tis-
sues (Goldberg et al., 2017; Vyas et al., 2020). Regenerative medicine 
and tissue engineering approaches have been widely explored to 
develop new approaches to repair and regenerate damaged temporo-
mandibular joint tissue (Ahtiainen et al., 2013; Ciocca et al., 2013; De 
Riu et al., 2019; de Souza Tesch et al., 2018; Gomez et al., 2020; Wu 
et al., 2014; Zaki et al., 2017; Zhang et al., 2017). 

In vitro studies have indicated a possible therapeutic role of several 
mesenchymal stem cell lines in the repair of the temporomandibular 
joint. Chen, Man, Zhang, Hu, and Zhu (2013) evaluated the in vitro effect 
of autologous mesenchymal stem cells on cartilage and on the repair of 
subchondral spongy bone in temporomandibular joint osteoarthritis. 
The authors showed that intra-articular injection of mesenchymal stem 
cells can delay the progression of temporomandibular joint osteoar-
thritis and in vitro chondrogenic induction may enhance the therapeutic 
effects. Other studies corroborate these findings (Alhadlaq et al., 2004; 
Cui et al., 2017). 

Our systematic review describes the potential use of mesenchymal 
stem cells for the treatment of resorption of temporomandibular joint 
components in an animal model and in humans studies. Although still 
scarce, studies in the scientific literature indicate that stem cell therapy 
is viable and is promising for the prognosis of patients diagnosed with 
temporomandibular joint disorders. 

With the advances of tissue engineering, autologous intra-articular 
mesenchymal stem cell grafting has been proposed as an effective bio-
logical therapy because of its plasticity and the ability of these cells to 
differentiate into different tissues (bone, cartilage, muscle), as well as 
good host receptivity in which the autologous graft does not trigger an 
immune response (De Riu et al., 2019; Han et al., 2019). There are two 
main sources of stem cells: mesenchymal stem cells and embryonic stem 
cells (Ahtiainen et al., 2013; Zaki et al., 2017). Among the sources of 
stem cells reported for temporomandibular joint repair and tissue en-
gineering, mesenchymal stem cells were the most widely used. These 
cells were isolated from different tissues, with bone marrow being the 
main source used in the studies of our systematic review (Ciocca et al., 
2013; De Riu et al., 2019; Gomez et al., 2020; Zaki et al., 2017; Zhang 
et al., 2017). 

Intra-articular injection is the most effective route for therapy with 
mesenchymal stem cells, and it has previously been observed that 

Table 2 
Main characteristics and results of studies included in the qualitative analysis evaluating the efficacy of mesenchymal stem cells on the regeneration of structures 
associated with temporomandibular joint in human study (n = 2).  

Author 
(year) 

Sample Stem cell type Methodology Evaluated measurements Follow- 
up 
period 

Summary of the main outcomes 

de Souza 
Tesch 
et al. 
(2018) 

A 27-year-old 
male 

Autologous 
mesenchymal cells 
from nasal septum 

The study proposed an approach 
regenerative medicine approach 
using autologous cells. The cells 
were injected into each joint by 
arthrocentesis. 

Results were monitored by 
functional assays and image 
analysis using computed 
tomography. Variables evaluated: 
joint pain, maximum mouth 
opening, joint noises. 

6 
months 

The cell injection reverted the 
condylar resorption, leading to 
functional and structural 
regeneration. 

De Riu 
et al. 
(2019) 

30 patients 
(44.5 ± 12.6 
years) 

Bone marrow 
nucleated cell 

Patients affected by degenerative 
joint mandibular disorders were 
enrolled in this study. 

Results were monitored by: (1) 
maximum interincisal opening; (2) 
assessing pain at rest and during 
motion; (3) joint noises; (4) 
chewing efficiency. Magnetic 
resonance imaging scan was 
performed. 

12 
months 

The bone marrow nucleated cell 
group presented pain relief, 
chewing efficiency and 
maximum interincisal opening 
significantly better than the 
hyaluronic acid group. 

Group I - Temporomandibular joint 
arthrocentesis and hyaluronic acid 
injection. 
Group II - Patients in the bone 
marrow nucleated cell group were 
inoculated with bone marrow 
nucleated cell inside the joint.  
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intravenous or intraperitoneal administration of mesenchymal stem 
cells does not migrate to the joints to exert their therapeutic effects 
(Kehoe, Cartwright, Askari, El Haj, & Middleton, 2014; Zaki et al., 
2017). In this context, Emadedin et al. (2012) studied the effect of 
intra-articular injection of autologous mesenchymal stem cells in six 
patients with knee osteoarthritis. The comparison of MRI images at the 
beginning and six months after the injection of stem cells showed an 
increase in the extent of repair tissue over the subchondral bone. The 
animal and human studies selected in this systematic review indicate a 
strong capacity of mesenchymal stem cells to induce tissue regeneration 
and restore the functionality of the temporomandibular joint. 

In addition to its potential use in the regeneration of temporoman-
dibular joint tissue, De Riu et al. (2019) highlights that the procedure 
can be performed on an outpatient basis under local anesthesia and no 
complications were detected in the donors or recipients during the 
course of the study. In their clinical trial, although no regeneration of the 
cartilaginous tissue was observed, De Riu et al. (2019) demonstrated 
relief of painful symptoms, increased masticatory capacity and 
improvement in maximum interincisal opening. This result was ex-
pected since the specific cell population used (bone marrow nucleated 
cells) has a limited capacity for chondrogenic differentiation; however, 
these cells are able to inhibit proinflammatory activities, as well as the 
proliferation, cytokine production and cytotoxic activity of natural killer 
cells at rest, thus promoting analgesia and inhibiting the progression of 
the pathological process (Shadmanfar et al., 2018). The concomitant use 
of cell populations capable of inhibiting the inflammatory process and 
triggering the tissue repair process may enhance the therapeutic effects 
of mesenchymal stem cells in temporomandibular joint regeneration. 

The present systematic review points to promising results in the use 
of mesenchymal stem cells in the regenerative treatment of the resorp-
tion of the temporomandibular joint in human model. However, further 
studies are needed to determine possible contraindications, evaluate the 
therapeutic effects at the clinical, imaging, and microscopic level and to 
identify the most appropriate cell lines to be used in the treatment, as 
well as to evaluate at what stages of the joint resorption process could 
feasibly use of therapy with mesenchymal stem cells. 

5. Conclusion 

Based on the data of our systematic review, the use of mesenchymal 
stem cells is a promising method for the repair and regeneration of 
temporomandibular joint components. The use of combined therapies 
employing cell populations with different purposes (regenerative ca-
pacity and inhibition of the inflammatory process) may enhance the 
therapeutic effects of mesenchymal stem cells. Further studies using 
animals models are necessary to better understand the biological 
mechanisms associated with this type of in vivo treatment and to identify 
the most appropriate cell populations for the type of tissue to be re-
generated and the most effective surgical and management techniques. 
Although scarce, human studies have provided highly promising results; 
hence, new clinical studies are needed to confirm the use of mesen-
chymal stem cells as an effective and safe means to treat pathological 
processes that cause damage to temporomandibular joint structures. 
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Ahtiainen, K., Mauno, J., Ellä, V., Hagström, J., Lindqvist, C., Miettinen, S., et al. (2013). 
Autologous adipose stem cells and polylactide discs in the replacement of the rabbit 
temporomandibular joint disc. Journal of the Royal Society, Interface, 10, Article 
20130287. https://doi.org/10.1098/rsif.2013.0287 

Alhadlaq, A., Elisseeff, J. H., Hong, L., Williams, C. G., Caplan, A. I., Sharma, B., et al. 
(2004). Adult stem cell driven genesis of human-shaped articular condyle. Annals of 
Biomedical Engineering, 32, 911–923. https://doi.org/10.1023/b: 
abme.0000032454.53116.ee 

Chen, K., Man, C., Zhang, B., Hu, J., & Zhu, S. S. (2013). Effect of in vitro chondrogenic 
differentiation of autologous mesenchymal stem cells on cartilage and subchondral 
cancellous bone repair in osteoarthritis of temporomandibular joint. International 
Journal of Oral and Maxillofacial Surgery, 42, 240–248. https://doi.org/10.1016/j. 
ijom.2012.05.030 

Chigurupati, R., & Mehra, P. (2018). Surgical management of idiopathic condylar 
resorption: Orthognathic surgery versus temporomandibular total joint replacement. 
Oral and Maxillofacial Surgery Clinics of North America, 30, 355–367. https://doi.org/ 
10.1016/j.coms.2018.05.004 

Chouinard, A. F., Kaban, L. B., & Peacock, Z. S. (2018). Acquired abnormalities of the 
temporomandibular joint. Oral and Maxillofacial Surgery Clinics of North America, 30, 
83–96. https://doi.org/10.1016/j.coms.2017.08.005 

Ciocca, L., Donati, D., Ragazzini, S., Dozza, B., Rossi, F., Fantini, M., et al. (2013). 
Mesenchymal stem cells and platelet gel improve bone deposition within CAD-CAM 
custom-made ceramic HA scaffolds for condyle substitution. BioMed Research 
International, 2013, Article 549762. https://doi.org/10.1155/2013/549762 

Cui, D., Li, H., Xu, X., Ye, L., Zhou, X., Zheng, L., et al. (2017). Mesenchymal stem cells 
for cartilage regeneration of TMJ osteoarthritis. Stem Cells International, 2017, Article 
5979741. https://doi.org/10.1155/2017/5979741 

De Riu, G., Vaira, L. A., Carta, E., Meloni, S. M., Sembronio, S., & Robiony, M. (2019). 
Bone marrow nucleated cell concentrate autograft in temporomandibular joint 
degenerative disorders: 1-year results of a randomized clinical trial. Journal of 
Cranio-Maxillofacial Surgery, 47, 1728–1738. https://doi.org/10.1016/j. 
jcms.2018.11.025 

de Souza Tesch, R., Takamori, E. R., Menezes, K., Carias, R., Dutra, C., de Freitas 
Aguiar, M., Torraca, T., et al. (2018). Temporomandibular joint regeneration: 
Proposal of a novel treatment for condylar resorption after orthognathic surgery 
using transplantation of autologous nasal septum chondrocytes, and the first human 
case report. Stem Cell Research & Therapy, 9, 94. https://doi.org/10.1186/s13287- 
018-0806-4 

Emadedin, M., Aghdami, N., Taghiyar, L., Fazeli, R., Moghadasali, R., Jahangir, S., et al. 
(2012). Intra-articular injection of autologous mesenchymal stem cells in six patients 
with knee osteoarthritis. Archives of Iranian Medicine, 15, 422–428. 

Gagnier, J. J., Kienle, G., Altman, D. G., Moher, D., Sox, H., Riley, D., et al. (2013). The 
CARE guidelines: Consensus-based clinical case reporting guideline development. 
Global Advances in Health and Medicine, 2, 38–43. https://doi.org/10.7453/ 
gahmj.2013.008 

Goldberg, A., Mitchell, K., Soans, J., Kim, L., & Zaidi, R. (2017). The use of mesenchymal 
stem cells for cartilage repair and regeneration: A systematic review. Journal of 
Orthopaedic Surgery and Research, 12, 39. https://doi.org/10.1186/s13018-017- 
0534-y 

Gomez, M., Wittig, O., Diaz-Solano, D., & Cardier, J. E. (2020). Mesenchymal stromal cell 
transplantation induces regeneration of large and full-thickness cartilage defect of 
the temporomandibular joint. Cartilage. , Article 1947603520926711. https://doi. 
org/10.1177/1947603520926711. Advance online publication. 

Gunson, M. J., Arnett, G. W., & Milam, S. B. (2012). Pathophysiology and pharmacologic 
control of osseous mandibular condylar resorption. Journal of Oral and Maxillofacial 
Surgery, 70, 1918–1934. https://doi.org/10.1016/j.joms.2011.07.018 

Han, Y., Li, X., Zhang, Y., Han, Y., Chang, F., & Ding, J. (2019). Mesenchymal stem cells 
for regenerative medicine. Cells, 8, 886. https://doi.org/10.3390/cells8080886 

He, Z., Ji, H., Du, W., Xu, C., & Luo, E. (2019). Management of condylar resorption before 
or after orthognathic surgery: A systematic review. Journal of Cranio-Maxillofacial 
Surgery, 47, 1007–1014. https://doi.org/10.1016/j.jcms.2019.03.012 

Higgins, J. P., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. J., et al. (Eds.). 
(2019). Cochrane handbook for systematic reviews of interventions. John Wiley & Sons.  

Hooijmans, C. R., Rovers, M. M., de Vries, R. B., Leenaars, M., Ritskes-Hoitinga, M., & 
Langendam, M. W. (2014). SYRCLE’s risk of bias tool for animal studies. BMC 
Medical Research Methodology, 14, 43. https://doi.org/10.1186/1471-2288-14-43 

Kehoe, O., Cartwright, A., Askari, A., El Haj, A. J., & Middleton, J. (2014). Intra-articular 
injection of mesenchymal stem cells leads to reduced inflammation and cartilage 
damage in murine antigen-induced arthritis. Journal of Translational Medicine, 12, 
157. https://doi.org/10.1186/1479-5876-12-157 

Lalu, M. M., McIntyre, L., Pugliese, C., Fergusson, D., Winston, B. W., Marshall, J. C., 
et al. (2012). Safety of cell therapy with mesenchymal stromal cells (SafeCell): A 
systematic review and meta-analysis of clinical trials. PloS One, 7, Article e47559. 
https://doi.org/10.1371/journal.pone.0047559 

Mercuri, L. G., & Handelman, C. S. (2020). Idiopathic condylar resorption: What should 
we do? Oral and Maxillofacial Surgery Clinics of North America, 32, 105–116. https:// 
doi.org/10.1016/j.coms.2019.09.001 

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA Group. (2009). Preferred 
reporting items for systematic reviews and meta-analyses: The PRISMA statement. 
PLoS Medicine, 6, Article e1000097. https://doi.org/10.1371/journal. 
pmed.1000097 

Nogami, S., Yamauchi, K., Satomi, N., Yamaguchi, Y., Yokota, S., Abe, Y., et al. (2017). 
Risk factors related to aggressive condylar resorption after orthognathic surgery for 

L.E.C. Pagotto et al.                                                                                                                                                                                                                            

https://doi.org/10.1016/j.archoralbio.2021.105104
https://doi.org/10.1016/j.archoralbio.2021.105104
https://doi.org/10.1098/rsif.2013.0287
https://doi.org/10.1023/b:abme.0000032454.53116.ee
https://doi.org/10.1023/b:abme.0000032454.53116.ee
https://doi.org/10.1016/j.ijom.2012.05.030
https://doi.org/10.1016/j.ijom.2012.05.030
https://doi.org/10.1016/j.coms.2018.05.004
https://doi.org/10.1016/j.coms.2018.05.004
https://doi.org/10.1016/j.coms.2017.08.005
https://doi.org/10.1155/2013/549762
https://doi.org/10.1155/2017/5979741
https://doi.org/10.1016/j.jcms.2018.11.025
https://doi.org/10.1016/j.jcms.2018.11.025
https://doi.org/10.1186/s13287-018-0806-4
https://doi.org/10.1186/s13287-018-0806-4
http://refhub.elsevier.com/S0003-9969(21)00067-4/sbref0050
http://refhub.elsevier.com/S0003-9969(21)00067-4/sbref0050
http://refhub.elsevier.com/S0003-9969(21)00067-4/sbref0050
https://doi.org/10.7453/gahmj.2013.008
https://doi.org/10.7453/gahmj.2013.008
https://doi.org/10.1186/s13018-017-0534-y
https://doi.org/10.1186/s13018-017-0534-y
https://doi.org/10.1177/1947603520926711
https://doi.org/10.1177/1947603520926711
https://doi.org/10.1016/j.joms.2011.07.018
https://doi.org/10.3390/cells8080886
https://doi.org/10.1016/j.jcms.2019.03.012
http://refhub.elsevier.com/S0003-9969(21)00067-4/sbref0085
http://refhub.elsevier.com/S0003-9969(21)00067-4/sbref0085
https://doi.org/10.1186/1471-2288-14-43
https://doi.org/10.1186/1479-5876-12-157
https://doi.org/10.1371/journal.pone.0047559
https://doi.org/10.1016/j.coms.2019.09.001
https://doi.org/10.1016/j.coms.2019.09.001
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097


Archives of Oral Biology 125 (2021) 105104

7

females: Retrospective study. Cranio: the Journal of Craniomandibular Practice, 35, 
250–258. https://doi.org/10.1080/08869634.2016.1201886 

Shadmanfar, S., Labibzadeh, N., Emadedin, M., Jaroughi, N., Azimian, V., Mardpour, S., 
et al. (2018). Intra-articular knee implantation of autologous bone marrow-derived 
mesenchymal stromal cells in rheumatoid arthritis patients with knee involvement: 
Results of a randomized, triple-blind, placebo-controlled phase 1/2 clinical trial. 
Cytotherapy, 20, 499–506. https://doi.org/10.1016/j.jcyt.2017.12.009 

Squillaro, T., Peluso, G., & Galderisi, U. (2016). Clinical trials with mesenchymal stem 
cells: An update. Cell Transplantation, 25, 829–848. https://doi.org/10.3727/ 
096368915X689622 

Vyas, C., Mishbak, H., Cooper, G., Peach, C., Pereira, R. F., & Bartolo, P. (2020). 
Biological perspectives and current biofabrication strategies in osteochondral tissue 
engineering. Biomanufacturing Reviews, 5, 1–24. 

Wu, Y., Gong, Z., Li, J., Meng, Q., Fang, W., & Long, X. (2014). The pilot study of fibrin 
with temporomandibular joint derived synovial stem cells in repairing TMJ disc 
perforation. BioMed Research International, 2014, Article 454021. https://doi.org/ 
10.1155/2014/454021 

Zaki, A. A., Zaghloul, M., Helal, M. E., Mansour, N. A., & Grawish, M. E. (2017). Impact 
of autologous bone marrow-derived stem cells on degenerative changes of 
articulating surfaces associated with the arthritic temporomandibular joint: An 
experimental study in rabbits. Journal of Oral and Maxillofacial Surgery, 75, 
2529–2539. https://doi.org/10.1016/j.joms.2017.05.001 

Zhang, M., Yang, H., Lu, L., Wan, X., Zhang, J., Zhang, H., et al. (2017). Matrix 
replenishing by BMSCs is beneficial for osteoarthritic temporomandibular joint 
cartilage. Osteoarthritis and Cartilage, 25(9), 1551–1562. https://doi.org/10.1016/j. 
joca.2017.05.007 

L.E.C. Pagotto et al.                                                                                                                                                                                                                            

https://doi.org/10.1080/08869634.2016.1201886
https://doi.org/10.1016/j.jcyt.2017.12.009
https://doi.org/10.3727/096368915X689622
https://doi.org/10.3727/096368915X689622
http://refhub.elsevier.com/S0003-9969(21)00067-4/sbref0130
http://refhub.elsevier.com/S0003-9969(21)00067-4/sbref0130
http://refhub.elsevier.com/S0003-9969(21)00067-4/sbref0130
https://doi.org/10.1155/2014/454021
https://doi.org/10.1155/2014/454021
https://doi.org/10.1016/j.joms.2017.05.001
https://doi.org/10.1016/j.joca.2017.05.007
https://doi.org/10.1016/j.joca.2017.05.007

	The efficacy of mesenchymal stem cells in regenerating structures associated with the temporomandibular joint: A systematic ...
	1 Introduction
	2 Materials and methods
	2.1 Protocol and registration
	2.2 Study selection and eligibility criteria
	2.3 Data extraction
	2.4 Quality assessment

	3 Results
	3.1 Study selection and characterization
	3.2 Main outcomes in animal studies
	3.3 Clinical outcomes in human studies

	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


