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INTRODUCTION                                                                 

Temporomandibular joint disorders (TMD) are the 
main cause of pain in the orofacial region from a non-dental 
origin. TMD is a collective term describes clinical signs 
and symptoms involve temporomandibular joint (TMJ), 
muscles of mastication and other associated structures. 
Various invasive and non-invasive treatment modalities 
were applied and include NSAIDS, physiotherapy, occlusal 
therapy, splints and surgeries[1].

The low level laser therapy (LLLT) as a treatment 
moderately is relatively a recent treatment method uses 
diode soft laser to generate a low-level energy with a 
wavelength range of 630 - 1300 nm. At that energy level, 
it does not affect skin temperature, however, it has an 
anti-inflammatory and analgesic effect by enhancing 
the mitochondrial cellular respiration and increases 
ATP production. Moreover, it improves the blood 
microcirculation and lymphatic flow which reduce edema 
and decrease prostaglandin E2 and cyclooxygenase-2 
levels. Although multiple reports recommended LLLT[2 - 5], 
other authors did not recommend it[6].

Regeneration of the TMJ using stem cells is also 
another relatively recent maneuver to treat TMD. 
Mesenchymal stem cells (MSCs) could be isolated from 
many sources such like the bone marrow (BM), adipose 
tissue, umbilical cord, dental pulp, synovial fluid, can 
differentiate into different cell types. Their regenerative 
capacity and immunoregulatory properties enable their 
use in multiple conditions[8 - 10] including TMD[11 - 13]. High 
chondrogenic capability was reported on using stem cells 
from the tissues of the synovial joint[14, 15]. Synovial fluid 
(SF) is a clear viscous liquid that is rich with hyaluronic 
acid. In normal joints, the number of synovial fluid-derived 
MSCs (SF-MSCs) is very low, however, it is reported that 
SF-MSCs markedly increased when the joint was injured 

and in osteoarthritic diseases[16, 17]. Up to the best of my 
knowledge, there are no studies to compare the effect of 
the LLLT and the SF-MSCs therapy in cases of TMD. 
Therefore, the current study aimed at comparing the 
efficacy of LLLT and the SF-MSCs therapy in cased of 
TMD.

ABSTRACT
Purpose: Temporomandibular joint disorders (TMD) might be the main cause of the non-dental orofacial pain. Various 
treatment modalities were introduced to treat that condition. Low level laser therapy (LLLT) had an anti-inflammatory and 
analgesic effect by enhancing the circulation and the cellular respiration. Synovial fluid-mesenchymal stem cells (SF-MSCs) 
had a regenerative and immunoregulatory effect. Both methods were applied as a treatment for the condition; but with no 
comparative studies in the literature. So, the current study aimed at evaluating their therapeutic effects.
Material and methods: A total of 27 patients with TMD in 40 TMJs were randomly divided into two equal groups. In group I, 
LLLT was applied at four successive weeks. For group II, SF-MSCs were isolated, proliferated and pooled at Passage 4 to be 
injected into the joint space at four successive weeks.
Results: SF-MSCs therapy was superior to the LLLT with regards to the enhancement of the maximum mouth opening and the 
reduction of the inflammatory cytokines IL-1β and TNFα. With regards to interleukin-6, there was no statistically significant 
difference. However, for pain reduction, LLLT was better than SF-MSCs; but not after the third week.
Conclusion: Both treatment methods are accepted modalities; but SF-MSCs were more superior and had more sustained 
results.



104

LLLT VS STEM CELLS IN TMD

MATERIALS AND METHODS                                                                  

Subjects:
A total of 27 patients with TMD in 40 TMJs were 

included in the current study from the outpatient department 
of Oral and Maxillofacial Surgery department within the 
age range of 14 to 49 years (mean age 20.85 years) were 
included in the current study. The patients consisted of 
17 females and 10 males. Inclusion criteria involved an 
otherwise healthy patient suffered clicking, peri-joint pain, 
and or limitation of mandibular movement who did not 
receive any medications within the previous three months. 
Exclusion criteria included any disease could affect 
the healing, hormonal disturbances (including diabetes 
mellitus), any bone or connective tissue disease, and 
bleeding or coagulation disorders. Patients were randomly 
divided into two equal groups using a computer permuted 
block stratified randomization generator (randomization.
com).

Study design:
In group I patients, Low level Laser was generated by 

a 820 nm IR continuous GaAISs diode Laser (Mustang 
2000+, Russia) which has power density of 90 mW/cm2 

and energy density of 10J[19 - 21].  As shown in (Figure 1), the 
laser was applied to the TMJ by a red probe for 30 seconds 
at three points which were: (1) just anterior to the external 
auditory meatus while the patient was maximally opening 
his mouth, (2) just anterior to the condyle while the patient 
was closing his mouth and (3) inside the external auditory 
canal with the probe directed anteromedially and while the 
patient was closing his mouth. The session was repeated 
every week for four weeks. Before the first session, points 
were marked on the tragus-outer canthus line at 10 mm 
anterior to the tragus and 2 mm inferior to the line. And the 
auriculotemporal nerve was anesthetized with Articaine 
HCl 4 % with epinephrine 1:100,000 (Artpharmadent, 
Artpharma Co., Cairo, Egypt). Then, a synovial fluid (SF) 
sample was aspirated from the joint through the marked 
point for biochemical analysis. Another SF sample was 
aspirated once again from the joint through the marked 
point one week after the last session.

For group II patients, SF-MSCs were collected 
and prepared as previously described as follows[21]. SF 
was aspirated from The TMJ and then was diluted at                             
a ratio of 1:6 in a proliferation medium and was plated 
in 55-cm2 Petri dishes. After 3 or 4 days, the medium 
was changed to remove the non-adherent cells. Cells 
expansion was performed by culturing in a proliferation 
medium containing Dulbecco’s modified Eagle’s medium 
with low glucose D6046 (DMEM-LG, Merck, Germany)                                                                                                                             
(already contained 1 % glutamine) supplemented with 
10 % fetal bovine serum F4135 (FBS, Sigma-Aldrich, 
Merck, Germany), 1 ng/ml basic fibroblast growth factor                                                                                     
bFGF F5392 (Sigma-Aldrich, Merck, Germany)                                                   
and 1 % penicillin-streptomycin (Gibco, ThermoFisher, 
USA). The dishes were cultured at 37°C with 5 % of 
humidified CO2. The medium was unchanged for the 
initial 3 days and then were changed twice per week 
along with the removal of the non-adherent cells                                                                                 
until confluence. When the adherent cells reached about 
80 % of confluence, SF-MSCs were trypsinized (Trypsin-
EDTA 0.05 %, Gibco, ThermoFisher, USA) and plated 
at a density of 0.5 × 106 cells/dish. The medium was 
changed the following day and then every 2 – 3 days. 
At the last stage passage (P3),  pre-differentiation was 
performed by culturing SF-MSCs with differentiation 
medium composed of a Dulbecco’s modified Eagle’s 
medium with high glucose (DMEM-HG 6429) (Sigma-
Aldrich, Merck, Germany) (already contained sodium                                                                                                                 
pyruvate (110 μg/ml)) and supplemented with, bFGF                                                                                                                             
(1 ng/ml), 1 % penicillin-streptomycin (Gibco, 
ThermoFisher, USA), and chondrogenic supplements: 
proline 40 μg/ml (Sigma-Aldrich, Merck, Germany), 
L-ascorbic acid-2-phosphate 50 μg/ml, and dexamethasone 
107− M (Sigma-Aldrich, Merck, Germany). Then 
at passage 4 (P4), cells seeding in collagen sponges 
was performed using type III and I collagen sponges                       
(95 % of type I collagen; diameter 5 mm, thickness 
2 mm) (Symatèse Biomatériaux, Chaponost, France) at 
the density of 0.5 million cells per sponges and plated in                                                                     
a 48-well plate at 37°C in humidified atmosphere 
containing 5 % CO2 (v/v). Cells were pooled at P4 to be 
prepared for intra-articular injection at a concentration                                                               
of 2.5 million cells per 50 μL saline. Injection procedures 
were performed as follows. The surface of the skin of 
the pre-auricular region was disinfected with povidone                                                        
iodine 10 % antiseptic solution (Nile co, Egypt). Points were 
marked on the tragus-outer canthus line at 10 mm anterior 
to the tragus and 2 mm inferior to the line (Figure 2). The 
auriculotemporal nerve was anesthetized with Articaine 
HCl 4 % with epinephrine 1:100,000 (Artpharmadent, 
Artpharma Co., Cairo, Egypt). A SF sample was aspirated 
from the joint through the marked point for biochemical 
analysis, followed by intra-articular injection of 1mL of the 
prepared solution containing SF-MSCs at a concentration 
of 2.5 million cells per 50 μL was performed at the marked 
point once every week for four weeks. Another SF sample 
was aspirated from the joint through the marked point one 
week following the last injection.

Figure 1: A case in group I where the low level laser therapy probe is 
applied anterior to the external auditory meatus.
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Figure 2: A case in group II where the synovial fluid-mesenchymal stem 
cells are injected into the joint through a point on the tragus-outer canthus 
line 10 mm anterior to the tragus and 2 mm inferior to the line as the blue 
line indicates.

All laboratory work was done at Alberg advanced 
labs.

This study complied with the Declaration of Helsinki 
(revised in 1975), and with CONSORT (Consolidated 
Standards of Reporting Trials) principles and the regional 
ethical review board approved the study. All patients 
provided informed consent.

Investigated parameters:
Two levels of assessment were conducted; the clinical 

level and the laboratory level investigation.

Clinical assessment:
Before the beginning of every session and at one week 

after the last session, the patient was asked to encircle 
the number that best described his pain level (if any) in 
the articular and or periarticular area (during rest or on 
function) on a numeric scale (NS) form (with a 10 cm 
line with equally spaced numbered markings from 0 to 
10, where 0 represented no pain and 10 represented the 
worst possible pain)[22]. Also, the maximum mouth opening 
(MMO) was measured with a ruler in millimeters.

Laboratory assessment:
A total of 50 µL of each eluted SF sample of SF 

were investigated to determine the concentration of 
the inflammatory cytokines interleukin-1β (IL-1β), 
interleukin-6 (IL-6), and tumor necrosis factor-α (TNFα) 
by an ELISA (Biotek IBL Hamburg, Germany). The results 
were read using a microplate reader at a wavelength of a 
450-nm[23].

Statistical analysis:
Statistics were performed with SPSS software (version 

19, IBM Co, USA).

RESULTS                                                                          

Clinical results:
As table 1 depicts, pain level decreased within both 

groups over time but not after the fourth week. Pain level 
in group I was lower than that in group II only at the second 
and the third weeks; and otherwise there is no difference 
in-between. The preoperative difference was statistically 
insignificant.

Table 1: Pain score (using the numeric scale) for the both groups:

Group I
(mean±SD*)

Group II
(mean±SD*)

Unpaired 
student t test

Intergroup
significance‡ Intragroup significance¥

preoperative 7.5 ± 0.3 7.8 ± 0.3 t = 2
p = 0.073 insignificant Not applicable

At the 2nd week 4.9 ± 0.5 6.1 ± 0.4 t = 8.831
P < 0.0001 significant

Gp I: sign  (t = 19.94, 
P < 0.0001)
Gp II: sign  (t = 15.21, 
P < 0.0001)

At the 3rd week 1.5 ± 0.1 4.6 ± 0.2 t = 62
P < 0.0001 significant

Gp I: sign  (t = 29.82, 
P < 0.0001)
Gp II: sign  (t = 15, 
P < 0.0001)

At the 4th week 1.2 ± 0.5 1.2 ± 0.7 t = 0
p = 1 insignificant

Gp I: sign  (t = 2.63, 
P = 0.0122)
Gp II: sign  (t = 20.89, 
P < 0.0001)

At 1 week after 
the last session 1.1 ± 0.3 1.2 ± 0.3 t = 1.054

p = 0.2985 insignificant

Gp I: insig (t = 0.767, 
P = 0.448)
Gp II: insignificant 
(t = 0, P = 1)

* SD: Standard deviation, ‡: the significance between the values of both groups at the same session at α = 0.05, ¥: the 
significance within each group tested to the values of the previous session at α = 0.05, Gp I: group I, Gp II: grop II, sign: 
significant, insig: insignificant.
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Table 2 depicts that despite the preoperative difference 
was statistically insignificant, MMO has enhanced over 
time in both groups on successive visits, however, that 
enhancement ceased in group I at the first week after the 
last session. Moreover, in every visit, the enhancement in 

group II was better than that in group I.

Laboratory results:
Table 3 depicts that all the inflammatory cytokines were 

reduced in both groups due to the treatment they received. 
Despite group II patients showed more reduction in both 
IL-1β and TNFα, there was no significant difference 
between both groups regarding the reduction in IL-6. The 
preoperative difference was statistically insignificant.

Table 2: The maximum mouth opening (in mm) for the both groups:

Group I
(mean±SD*)

Group II
(mean±SD*)

Unpaired 
student t test

Intergroup
significance‡ Intragroup significance¥

preoperative 12 ± 0.9 11 ± 2.3 t = 1.812
p = 0.078 insignificant Not applicable

At the 2nd week 25 ± 1.1 25 ± 1.4 t = 0
p = 1 insignificant

Gp I: sign  (t = 40.91, 
P < 0.0001)
Gp II: sign  (t = 23.25, 
P < 0.0001)

At the 3rd week 33 ± 2.0 37 ± 3.6 t = 4.344
p < 0.0001 significant

Gp I: sign  (t = 15.67, 
P < 0.0001)
Gp II: sign  (t = 13.9, 
P < 0.0001)

At the 4th week 39 ± 1.4 41 ± 0.5 t = 6.017
p < 0.0001 significant

Gp I: sign  (t = 10.99, 
P < 0.0001)
Gp II: sign  (t = 4.92, 
P < 0.0001)

At 1 week after 
the last session 39 ± 0.2 42 ± 1.1 t = 12

p < 0.0001 significant Gp I: insignificant  (t = 0, P = 1)
Gp II: sign  (t = 3.7, P = 0.0007)

* SD: Standard deviation; ‡: the significance between the values of both groups at the same session at α=0.05; ¥: the significance 
within each group tested to the values of the previous session at α=0.05; Gp I: group I; Gp II: grop II; sign: significant; insig: 
insignificant.

Table 3: Pre and post-operative values for the inflammatory cytokines in both groups:

 IL-1β IL-6 TNFα

Preop
(mean±SD*)

Postop
(mean±SD*)

Preop
(mean±SD*)

Postop
(mean±SD*)

Preop
(mean±SD*)

Postop
(mean±SD*)

Group I 15.6 ± 0.2 3 ± 0.3 12.2 ± 2.4 0 27 ± 4.6 7.7 ± 0.2

Group II 15.5 ± 1.3 1.01 ± 0.9 11.3 ± 1.9 0 25 ± 0.1 0

Student t vales 
(intergroup)

t = 0.34
P = 0.7357

insignificant

t = 9.38
p < 0.0001
significant

t = 1.315
P = 0.196

insignificant

-
-

insignificant

t = 1.944
P = 0.0593

insignificant

t = 172.2
p < 0.0001
significant

Student t vales 
intragroup: Gp I

t = 168.7
p < 0.0001
significant

t = 22.73
p < 0.0001
significant

t = 15.83
p < 0.0001
significant

Student t vales 
intragroup: Gp 
II

t = 40.98
p < 0.0001
significant

t = 26.6
p < 0.0001
significant

t = 1118
p < 0.0001
significant

IL-1β: interleukin-1β, IL-6: interleukin-6, TNFα: tumor necrosis factor-α, Preop: preoperative, Postop: at 1 week after the 
last session, * SD: Standard deviation; ‡: the significance between the values of both groups at the same session at α = 0.05, 
¥: the significance within each group tested to the values of the previous session at α=0.05, Gp I: group I, Gp II: grop II, sign: 
significant, insig: insignificant.
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DISCUSSION                                                                          
Temporomandibular joint disorders (TMD) are the 

main cause of the non-dental orofacial pain[1]. Various 
invasive and non-invasive treatment modalities were 
applied including the low level laser therapy (LLLT) 
which has an anti-inflammatory and analgesic effect by 
enhancing the mitochondrial cellular respiration and 
increases ATP production. It decreases inflammatory 
cytokines such as prostaglandin E2 and cyclooxygenase-2 
levels. Moreover, it improves the blood microcirculation 
and lymphatic flow which reduce edema. Many and 
multiple differences in the laser type, wave length, period 
of application, area of application led to variant and 
sometimes contradicting results ranging from the grate 
support to considering it has the same effect of a placebo[2 - 

6]. Mesenchymal stem cells (MSCs) from different sources 
were used in the treatment of TMDs for their regenerative 
capacity and immunoregulatory properties[8 - 13]. Synovial 
fluid-derived MSCs (SF-MSCs) are very little in normal 
joints, but increases in injured and osteoarthritic joints[16, 

17]. SF-MSCs have high chondrogenic capability, that 
is why it is used to treat injured tissues in the joint[14, 15]. 
Up to the best of my knowledge, there are no studies to 
compare the analgesic and anti-inflammatory effect of the 
LLLT to the regenerative effect of SF-MSCs in cases of 
TMD. Therefore, the current study aimed at comparing 
the anti-inflammatory analgesic strategy of LLLT versus 
the regenerative strategy of the SF-MSCs therapy to treat 
TMD.

In the current study, the inclusion and exclusion criteria 
were set to allocate a homogenous study population has no 
healing problems as far as possible. That was reflected in 
the insignificant difference between both groups regarding 
the preoperative values of the studied parameters. They 
were selected from patients who did not receive treatment 
in the previous period to assure no interaction of these 
treatment with the current investigated modalities. LLLT 
reduced pain faster than did SF-MSCs therapy; but as the 
fourth week began, LLLT had no superior effect over SF-
MSCs therapy. Moreover, at the fifth week, both treatments 
did not show more palliative effect than the previous week. 
That might mean that LLLT had a marked direct analgesic 
effect by enhancing the circulation; and so washing away 
the inflammatory cytokines and enhancing the intracellular 
and the extracellular respiration of the cells, and thus 
eliminated the noxious stimuli irritating the nerve endings 
and decreased the edema which might compressed over the 
nerve. The regenerative effect might requested more time 
to exhibit that analgesic effect by ceasing the degenerative 
process and the associated release of noxious substances 
and then reversing it by regenerating the torn tissues and 
the necrotic cells. Once the joints in both groups were 
stabilized, the effect of both treatment was comparable. 

With regards to the enhancement of in the mouth 
opening, LLLT might reached that effect by merely 
removing the noxious stimuli and thus reducing the 

pain-associated trismus. However, regeneration stopped 
the degeneration process which might have resulted in 
mechanical roughness caused limitation of the movement. 
The immunoregulatory and analgesic effect of the SF-
MSCs also aides in freeing the movement. That might gave 
the reason why these two strategies went comparably within 
the first period of the treatment. And at the fourth week, the 
cumulative effect of the regeneration exceeded the effect of 
the LLLT which failed to show further movement freeing 
effect. Regeneration is a sustained cumulative process in 
comparison with the simpler anti-inflammatory process of 
the LLLT.

With regards to the inflammatory cytokines reduction, 
both groups were effective but regeneration was more 
effective for IL-1β and TNFα; but not for IL-6. That 
might be the result of the mechanism by which LLLT 
decreased the cytokines which might was only removing 
the produced cytokines and not preventing its formation as 
was in the case of the regeneration. Another reason might 
be the sustained cumulative effect of regeneration which 
with time replaced the cytokines-releasing cells with new 
healthy cells and thus had a more pronounced effect.

The results of the current study emphasized the results 
of multiple studies advocated LLLT[2 - 5] and its anti-
inflammatory analgesic effect provided by circulation 
enhancement, but was in disagree with other studies 
which considered LLLT ineffective[6]. That weakness 
point in the studies of the LLLT might issue from the 
inconsistency in the protocol of LLLT application as there 
were wide controversy about the best protocol regarding 
the mechanism of laser generation, wave length value, 
period of application, area of application, and other factors. 
That led to no generally accepted LLLT protocol[6, 24 - 27]. 
With regards to the stem cells therapy, the current study 
agrees with the previous work of multiple authors[8 - 15] who 
advocated regeneration as a mechanism of replacing the 
diseased cells with new healthy cells capable of producing 
a new SF which led to lubricating the joint and so reducing 
pain and enhancing the movement, in addition to reducing 
the noxious stimuli to the nerve and even regenerating the 
nerve endings themselves on the long run and reducing the 
concentration of the inflammatory cytokines in the SF.

CONCLUSION                                                                   

Temporomandibular joint disorders might be the main 
cause of the non-dental orofacial pain. Various invasive 
and non-invasive treatment modalities were applied. 
LLLT had an anti-inflammatory and analgesic effect by 
enhancing the circulation and the cellular respiration. SF-
MSCs had a regenerative and immunoregulatory effect. In 
the current study, SF-MSCs therapy was superior to the 
LLLT with regards to the enhancement of the MMO, and 
the reduction of the inflammatory cytokines. However, 
for pain reduction, LLLT was better than SF-MSCs; but 
not after the third week and even at the fifth week. Both 
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treatment methods are accepted modalities, but SF-MSCs 
were more superior and had more sustained action.
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