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Abstract
Background. Osteoarthritis (OA) is a  serious degenerative joint disease. It is one of  the main causes 
of disability in the world. Current treatment modalities have numerous side effects. Subsequently, health 
experts are looking for alternative therapies.

Objectives. The aim of the study was to evaluate the early effects of low-level laser therapy (LLLT) vs in-
tra-articular (IA) corticosteroids (CS) on acute temporomandibular joint osteoarthritis (TMJOA).

Material and methods. Sixty rats were divided into 3 groups: group 1– untreated OA; group 2 – OA 
treated with CS; and group 3 – OA treated with LLL. Half of  the animals in each group were sacrificed  
at 1 and 4 weeks post treatment. The temporomandibular joint was dissected and evaluated histochemi-
cally, using quantitative real-time polymerase chain reaction (qRT-PCR), and radiographically.

Results. Histochemically, Safranin-O staining revealed an obvious reduction in proteoglycans in the un-
treated osteoarthritic group. However, both of the treated groups showed a moderate increase in glycos-
aminoglycan (GAG) staining. As for the qRT-PCR results, caspase-3 showed the highest mean value in the 
untreated OA group, followed by the CS group, while the lowest mean value was recorded in the LLL group. 
Radiographically, the condyle showed erosion, flattening, osteophyte formation, and sclerosis in the un-
treated group, but there was great improvement in both of the treated groups.

Conclusions. Both laser and cortisone showed reparative and formative effects, as evidenced by the incre-
ases in the proteoglycan content. However, LLL was superior in its anti-apoptotic effects. Cone beam com-
puted tomography (CBCT) is a valuable tool in assessing osseous abnormalities.
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Introduction
Osteoarthritis (OA) is a degenerative disease that com-

monly affects the temporomandibular joint (TMJ). It is 
identified by the disintegration of  the articular cartilage 
and the underlying subchondral bone. Progressive disinte-
gration of TMJ limits basic daily activities, such as talking 
and chewing. It also causes discomfort, joint pain, limita-
tion in mandibular movements, and stiffness. This eventu-
ally leads to the deterioration of the patient quality of life.1

Degradation in cartilage collagens and proteoglycans 
leads to fibrillation and fissures in the superficial layer 
of  the cartilage. This spreads to deeper layers and finally 
expands to form erosion.2 Apoptotic cell death of chondro-
cytes has been detected in the osteoarthritic cartilage. This 
is associated with matrix degeneration and calcification.3

Temporomandibular joint osteoarthritis (TMJOA) can 
be diagnosed both clinically and radiographically. The 
clinical symptoms are mainly tenderness and pain. The 
radiographic signs include cortical bone erosion, flatten-
ing of joint compartments and bony changes, such as scle-
rosis and osteophyte formation.4

It was proven in the 1940s that corticosteroids (CS) 
had strong anti-inflammatory properties. Both natural 
and synthetic steroids have become the most commonly 
used anti-inflammatory medications worldwide.5 How-
ever, repeated intra-articular (IA) CS injections cause 
pain, blushing of  the skin, swelling at the injection site, 
and an increased risk of  infection.6 The available forms 
of  IA drug delivery usually necessitate repeated injec-
tions, which generates high costs and affects the patient 
quality of life.7

Due to its non-invasiveness and the advantage of pro-
voking nearly no adverse effects, low-level laser therapy 
(LLLT) has been broadly used to alleviate pain in many 
musculoskeletal disorders.8 It is considered a  promising 
therapeutic intervention, mostly because of  its stimula-
tory effects on tissue metabolism and the ability to regu-
late the inflammatory process after injury. Other effects 
include better cellular oxygenation, the release of  neu-
rotransmitters associated with pain modulation, and the 
release of anti-inflammatory and endogenous mediators.9

The PubMed and Google Scholar search results from 
2008 to 2018 showed that the assessments of  the thera-
peutic effects of  LLLT on OA in previous clinical stud-
ies were focused mainly on monitoring the improvement 
in mandibular movements and pain reduction. Previous 

studies assessed the late effects of LLLT and CS on chron-
ic joint disorders. No radiographic studies have been per-
formed to assess the improvement in bony structures af-
ter LLLT. Previous comparisons were made between laser 
and systemic CS.

The aim of the study was to use an experimental animal 
model to accurately estimate the early effects of LLLT vs 
local injections of CS on acute TMJOA. This was assessed 
histochemically, on a molecular basis and radiographically.

Material and methods

Ethical statement

All the experiments were conducted in the animal 
house at the Faculty of  Medicine at Cairo University, 
Egypt, in accordance with the recommendations and with 
the approval of the Ethics Committee on Animal Experi-
mentation of the Faculty of Dentistry at Cairo University 
(approval No.16/9/15).

Animals

Sixty healthy adult female albino rats, approx. 3–6 months  
old and weighing about 180–200 grams were used in this 
study. The animals were housed in a  sterile, controlled 
environment (temperature 23 ±5°C; 12-hour dark/light 
cycles). They were fed with a standard pellet diet and tap 
water ad libitum. They were kept individually in stainless 
steel cages. The animals were randomly distributed into 
3 groups of 20 animals each, as shown in Table 1.

Induction of osteoarthritis

To induce OA in the TMJ of  the rats, a  single IA in-
jection of 2 mg/joint of monosodium iodoacetate – MIA 
(Sigma-Aldrich Chemical Co., St. Louis, USA) dissolved 
in 50 µL sterile 0.9% saline was administered into the right 
TMJ of each rat.10

Confirmation of osteoarthritis induction

After 7 days, blood samples were collected once from all 
the animals. We used the orbital sinus blood sample col-
lection method as one of the general commonly accepted 
methods of blood collection, approved by the Ethics Com-

Table 1. Experimental groups

Study design Group 1 (OA) Group 2 (CS) Group 3 (LLL)

Number of rats 20 20 20

OA induction IA injection of 2 mg of MIA

Treatment no treatment IA injection of dexamethasone LLLT

Date of sacrifice 1 and 4 weeks after OA confirmation 1 and 4 weeks after dexamethasone administration 1 and 4 weeks after LLLT

CS – corticosteroid; IA – intra-articular; LLL – low-level laser; LLLT – low-level laser therapy; MIA – monosodium iodoacetate; OA – osteoarthritis.
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mittee on Animal Experimentation. It yields a moderate to 
large volume of blood. It is rapid and sterile samples can be 
obtained. It was performed by inserting a heparinized cap-
illary tube gently but firmly at the medial canthus of the eye 
into the retro-orbital plexus for the biochemical estimation 
of C-reactive protein (CRP). The normal CRP value report-
ed in previous studies was 300–600 µg/mL. The animals 
presenting CRP levels above normal were included in our 
study.11 In our experiment, the mean CRP value ± standard 
deviation (SD) in the rats was 722.8 ±0.57 µg/mL.

Dexamethasone administration

Seven days after the induction of  OA, the animals 
in group 2 were sedated and given a  single IA injection 
of 1.2 mg/kg dexamethasone (Amriya Pharmaceutical In-
dustries, Alexandria, Egypt).12

Laser application

For laser irradiation, an Epic™ 10 indium gallium arsenide 
phosphide (InGaAsP) system laser (Biolase, Irvine, USA) was 
used. The rats in group 3 received mild chloroform sedation 
and the tissue over the TMJ region, 5–10 mm posterior to 
the lateral eye canthus, was irradiated. Seven sessions of 60 s 
of  low-level laser (LLL) were performed every other day 
during a 2-week period. The physical parameters shown in 
Table 2 were selected in accordance with a study performed 
by Khozeimeh et al.13 The laser was applied at 3 points: the 
capsule, the retrodiscal area and the condylar neck.14

Animal sacrifice and tissue preparation

The animals were sacrificed by intraperitoneal injec-
tions of 500 mg/kg sodium pentobarbital, as approved by 
the Ethics Committee on Animal Experimentation.15 The 
temporomandibular joint was then dissected. The tissues 
were preserved in 10% neutral buffered formalin for 24 h, 
then dehydrated in ascending grades of ethyl alcohol, im-
mersed in xylene, and embedded in paraffin wax. Sections 
about 3–4-micrometer-thick were prepared.

Investigation techniques

Histochemical examination (Safranin-O staining) 

Safranin-O, used in the articular cartilage staining, 
binds to glycosaminoglycans (GAGs) and shows an or-
ange-red color. The intensity of the staining demonstrates 
the proteoglycan content in the cartilage tissue – a deep 
red color represents a normal cartilage, while orange and 
faint red colors represent a loss of proteoglycans.

Quantitative real-time polymerase chain reaction  
for caspase-3 expression 

The mRNA expression level was quantified by quan-
titative real-time polymerase chain reaction (qRT-PCR). 
From each sample 1000 ng of the total RNA was used for 
complementary DNA (cDNA) synthesis by reverse tran-
scription, using a high-capacity cDNA reverse transcrip-
tase kit (Applied Biosystems, Foster City, USA). Comple-
mentary DNA was subsequently amplified with a  Syber 
Green I PCR Master Kit (Fermentas, Waltham, USA) in 
a  48-well plate, using a  Step One instrument (Applied 
Biosystems) as follows: 10 min at 95°C for the enzyme 
activation, followed by 40 cycles of 15 s at 95°C, 20 s at 
55°C and 30 s at 72°C for the amplification step. Changes 
in the expression of each target gene were normalized in 
regard to the mean critical threshold (CT) values of  the 
glyceraldehyde-3-phosphate dehydrogenase – GAPDH 
housekeeping gene, using the ΔΔCt method. We used 
1 μM of both of the primers specific for each target gene. 
The primer sequences and annealing temperatures spe-
cific for each gene are presented in Table 3.

Cone beam computed tomography examination 

The head of  a  rat, stored in a  plastic container filled 
with formalin, was placed on the ProMax® 3D Mid CBCT 
machine (Planmeca Oy, Helsinki, Finland), located at the 
Department of Oral and Maxillofacial Radiology, Facul-
ty of Dentistry at Cairo University, with the use of laser 
guiding beams. The rat’s head was imaged using the fol-
lowing parameters: 90 kVp, 10 mA, field of view (FOV) 
of 4 cm × 5 cm, and resolution of a voxel size of 100 µm, 
at an exposure time of  12 s. The CBCT images were  

Table 2. The parameters of the laser device

Characteristics Explanation

Laser type InGaAsP diode laser

Brand Biolase

Model number Epic 10

Wavelength 940 nm

Operation mode continuous wave

Power output 0.2 W

Spot size 300 μm

Energy 4 J

Irradiation time 20 s/point

InGaAsP – indium gallium arsenide phosphide.

Table 3. Primer sequences and annealing temperatures specific for each gene

Target gene Primer sequence: 5’–3’
Gene bank 
accession 
number

Caspase-3
forward: TGACAGCCAGTGAGACTTGG  
reverse: GACTCTAGACGGCATCCAGC

NM004346.3

GAPDH
forward: CACCCTGTTGCTGTAGCCATATTC  

reverse: GACATCAAGAAGGTGGTGAAGCAG 
XR598347.1

GAPDH – glyceraldehyde-3-phosphate dehydrogenase.
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acquired in the Digital Imaging and Communications in 
Medicine (DICOM) format and assessed using a Romexis  
Viewer v. 4.6.2.R (Planmeca Oy). On the axial image, the 
long axis of the sagittal image was aligned to pass along 
the long axis of the condyle in an anteroposterior direc-
tion, so the sagittal image became a true sectional image 
aligned with the direction of the condyle. Sagittal images 
of  1-millimeter thickness were used to assess various 
bony changes affecting the condyle (Fig. 1).

Statistical analysis

Values were presented as mean and SD. Data was 
checked for normality, using the Kolmogorov–Smirnov 
test of normality. The results indicated that most of  the 
data was normally distributed (parametric data); there-
fore, the one-way analysis of variance (ANOVA) test was 
used to compare between the groups. This was followed 
by Tukey’s post hoc test when the difference was found to 
be significant. The unpaired t-test was used to compare 
the same treatment group on the 2 observation dates. 
The significance level was set at p < 0.05. The statistical 
analysis was performed using the SPSS v. 16.0 software for 
Windows (IBM Corp., Armonk, USA).

Results

Histochemical results (Safranin-O staining)

Group 1 (untreated osteoarthritis) 

At 1 week: Safranin-O staining showed a moderate re-
duction in GAG staining, presented as a  faint red color, 
distributed along the fibrocartilage layer of the temporal 
bone, disc and condyle. Some areas of a generalized loss 
in GAG staining, presented as an orange color, were ob-
served in the cartilage layer of the condyle (Fig. 2A).

At 4 weeks: Safranin-O staining showed an obvious reduc-
tion and a generalized loss in proteoglycan staining, present-
ed as an orange color and distributed along the fibrocartilage 
layer of the temporal bone, disc and condyle (Fig. 2B).

Group 2 (intra-articular corticosteroids) 

At 1 week: Safranin-O staining of  the cartilaginous 
extracellular matrix appeared fairly homogenous, with 
moderate GAG staining, presented as a  red color along 
the fibrocartilage layer of  the temporal bone, disc and 
condyle (Fig. 3A).

At 4 weeks: Safranin-O staining showed a moderate in-
crease in GAG staining, appearing as a  red color in the 
fibrocartilage layer of the temporal bone, disc and condyle 
(Fig. 3B).

Group 3 (low-level laser therapy) 

At 1 week: Safranin-O staining showed a uniform mod-
erate increase in GAG staining, presented as a red color 
seen in the fibrocartilage layer of the temporal bone, disc 

Fig. 1. A photomicrograph showing the method by which the condyle was 
imaged using cone beam computed tomography (CBCT)

Fig. 2. A photomicrograph of the sagittal section of the temporomandibular 
joint (TMJ) from the untreated osteoarthritis (OA) group: A – 1 week, 
showing a moderate reduction in glycosaminoglycan (GAG) staining, 
presented as a faint red color (arrows) (Safranin-O, ×40); inset – an obvious 
reduction in GAG staining, seen as an orange color (arrows) (Safranin-O, 
×100); B – 4 weeks, showing an obvious reduction in GAG staining, 
presented as an orange color (arrows) (Safranin-O, ×100)

C – the condyle; D – the disc; T – the temporal bone.

Fig. 3. A photomicrograph of the sagittal section of TMJ from the corticosteroid 
(CS) group: A – 1 week, showing moderate and homogenous staining, 
presented as a red color (asterisks and arrow); B – 4 weeks, showing a moderate 
increase in GAG staining, presented as a red color (arrows) (Safranin-O, ×100)
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and condyle. Areas of weak staining, appearing as an or-
ange color, were observed in the condylar head, just be-
neath the fibrous covering (Fig. 4A).

At 4 weeks: Safranin-O staining of  the cartilaginous 
GAG was intense and homogenous, presenting as a deep 
red color along the fibrocartilage layer of  the temporal 
bone, disc and condyle, indicating intact aggrecan con-
tent (Fig. 4B).

Quantitative real-time polymerase chain 
reaction results (caspase-3)

At both 1 and 4 weeks, the highest mean value was re-
corded in the untreated OA group, followed by the CS 
group; the lowest value was recorded in the LLL group. 
The ANOVA test revealed that the differences be-
tween the 3 groups were highly statistically significant 
(p = 0.001) at week 1; at week 4, the differences were ex-
tremely statistically significant (p < 0.0001). Tukey’s post 
hoc test revealed no significant difference between the CS 
and LLL groups (Tables 4,5).

Cone beam computed tomography 
examination results

The sagittal images obtained by CBCT revealed erosion, 
flattening in the articular surface of  the condylar head 
and osteophyte formation in the untreated OA group at 
week 1 (Fig. 5A). At week 4, sclerosis was observed in the 
condylar head (Fig. 5B). In the CS group, at week 1, ero-
sion was observed in the condylar head (Fig. 5C); at week 
4, minimal sclerosis was observed (Fig. 5D). As for the 
LLL group, at week 1, minimal erosion was observed in 
the condylar head (Fig. 5E); at week 4, minimal sclerosis 
was observed (Fig. 5F).

Discussion
Due to the expanding predominance of  OA and the 

absence of cure, it is becoming an increasing burden for 
countries worldwide. Therefore, enhancements in the 
prevention and treatment of  the disease are urgently 

Table 4. Caspase-3 relative quantitation at 1 week (ANOVA test)

Groups Mean SD

1 week

OA1 3.37a 0.17

CS1 2.71b 0.45

LLL1 2.37b 0.17

F-value 14.573

p-value 0.001*

SD – standard deviation; * statistical significance (p < 0.05); Tukey’s post hoc 
test – means sharing the same superscript letter are not significantly different.

Table 5. Caspase-3 relative quantitation at 4 weeks (ANOVA test)

Groups Mean SD

4 weeks

OA4 3.63a 0.24

CS4 2.64b 0.35

LLL4 2.27b 0.13

F-value 37.948

p-value <0.0001*

* statistical significance (p < 0.05); Tukey’s post hoc test – means sharing 
the same superscript letter are not significantly different.

Fig. 4. A photomicrograph of the sagittal section of TMJ from the low-level 
laser (LLL) group: A – 1 week, showing a moderate increase in GAG staining, 
presented as a red color (arrows); areas of weak staining appearing as an orange 
color (dotted arrows) were observed; B – 4 weeks, showing an intense increase 
in GAG staining, presented as a deep red color (asterisks) (Safranin-O, ×100)

Fig. 5. The sagittal section of the condyle: A – the untreated OA group, 
1 week, showing erosion and flattening in the condylar head (arrow) and 
osteophytes (dotted arrow); B – the untreated OA group, 4 weeks, showing 
sclerosis in the condylar head (arrow); C: the CS group, 1 week, showing 
erosion in the condylar head (arrows); D – the CS group, 4 weeks, showing 
minimal sclerosis (arrow); E – the LLL group, 1 week, showing minimal 
erosion in the condylar head (arrow); F – the LLL group, 4 weeks, showing 
minimal sclerosis in the condylar head (arrow)
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needed. Human clinical studies have many limitations. 
The unexpected and slow course of  the disease and the 
late appearance of clinical symptoms in human patients 
prevents precise investigation of  the structural changes 
and molecular events within the joint. In our study, we 
used an in vivo preclinical animal model to accurately 
evaluate the early effects of LLLT vs CS on acute TMJOA 
– histochemically, on a molecular basis and radiographi-
cally. Without the use of animal models, the limitations 
inherent to clinical trials would hinder the ongoing pro
gress in learning about and treating the disease.16

In the current study, we used MIA to induce OA. The IA 
injection of MIA resulted in the disorganization of the ar-
ticular cartilage by hindering the activity of GAPDH in chon-
drocytes. This eventually led to the disruption of glycolysis 
and cell death. These chondrocytes have nearly identical his-
topathology as compared to human OA. The MIA-induced 
OA animal model almost exactly mimics the pain and struc-
tural changes accompanying the disease in human patients.17

We started treatment 7 days after the confirmation 
of  OA. Guzman et al. observed extensive chondrocyte 
degeneration and the collapse of the cartilaginous matrix 
with a marked loss of chondrocyte by 5 or 7 days.17

The confirmation of  OA induction in our study was 
performed through a  biochemical analysis of  CRP. Sev-
eral studies have proven the presence of  a  relationship 
between CRP and OA, in which the elevated values 
of acute phase proteins, especially CRP, were correlated 
with the disease. C-reactive protein is widely accepted as 
a clinical measure of disease activity. Its use as a marker 
of arthritic disease has been supported in many studies.  
Connolly et al. reported that the CRP values were signifi-
cantly higher in arthritic rats than in normal controls,11 
which concurred with the results obtained in our study.

In our experiment, dexamethasone was used as a stan-
dard, traditional way to treat OA. Corticosteroids are 
gold standard anti-inflammatory agents. Their effects are 
mediated through binding to the glucocorticoid receptor, 
which translocates from the cytoplasm to the nucleus and 
binds to glucocorticoid response elements. This regulates 
the transcription of certain genes, thus reducing pro-in-
flammatory cytokine synthesis.18

Low-level laser therapy is a treatment modality that has 
been used as alternative to the traditional CS treatment. 
It has an extensive variety of effects at the molecular, cel-
lular and tissular levels. Within the cell, LLLT increases 
the adenosine triphosphate (ATP) production in the mi-
tochondria, modulates reactive oxygen species (ROS) and 
induces transcription factors. These transcription factors 
synthesize proteins that trigger more downstream effects, 
such as increased cell proliferation, migration and tissue 
oxygenation, and the modulation of  the levels of  cyto-
kines, growth factors and inflammatory mediators.19

The articular cartilage is made of chondrocytes and ex-
tracellular matrix, consisting mainly of proline, hydroxy-
proline, phenylalanine, GAGs, and proteoglycans. Using 

Safranin-O, a  detailed cartilage histology is shown. The 
concentration and intensity of the red staining of the ar-
ticular cartilage measures the GAG content.20

Our histochemical results coincide with those 
of  Wang  et  al., who observed cartilage degeneration 
following the IA injection of MIA, detectable as a loss 
of Safranin-O staining, indicating a reduction in GAGs 
in the cartilage and a reduction in chondrocytes.10

Our findings are also in agreement with a  study by 
Lu et al., in which the CS treatment had a protective 
effect on the articular cartilage in models of OA.21

Gottlieb et al. evaluated the influence of LLLT on the 
proteoglycan content in the arthritically changed carti-
lage in animals and found that the changes in the irra-
diated joints were less severe, and that LLLT accelerated 
the metabolic rate in the hyaline cartilage and increased 
proteoglycan synthesis.22 This was compatible with the 
findings of our study.

Regarding the qRT- PCR results, the apoptotic marker 
caspase-3 showed the highest value in the untreated os-
teoarthritic group. This is consistent with a study of disce
ctomy-induced TMJOA conducted by Kourí-Flores et al., 
who demonstrated that gene expression of the death re-
ceptor family and immuno-histochemical staining of cas-
pase-3 revealed the caspase-dependency of the apoptotic 
process was.23

This is also in agreement with Chagin et al., who ob-
served chondrocyte apoptosis on day 1 after the MIA injec-
tion. Condylar apoptosis reached a peak on day 3, resulting 
in the hypocellular changes in the cartilage and disc. They 
found that chondrocyte apoptosis in the early stages was 
an essential initiator of cartilage disintegration.24

In our study, the caspase-3 values decreased in both 
of  the treated groups. These findings coincide with 
Lee et al. who reported that dexamethasone had an anti-
apoptotic effect on gentamicin-induced ototoxicity.25 
The protective mechanism involved hindering the mi-
tochondrial apoptosis pathway and the down-regulation 
of the pro-apoptotic protein Bax.25

Our results are also in agreement with Lin et al., who 
demonstrated that LLLT improved the cartilage struc-
ture, prevented articular cartilage disintegration and no-
ticeably reduced the expression of caspase-3 in a surgery-
induced OA model in rabbits.26

In our study, we used CBCT to evaluate bony changes in 
TMJ. Since the early 1980s, computed tomography (CT) 
has been one of the most preferred modalities of imaging 
for assessing the osseous changes in the condyle, tempo-
ral bone, and other articulating and non-articulating sur-
faces in TMJ. The accuracy of  CT in detecting osseous 
changes is as high as 87%. The images were obtained in 
the sagittal plane, which is desirable for the assessment 
of osteophytes, erosion, flattening, and sclerosis.27

In our study, in the untreated osteoarthritic group, the 
condyle revealed erosion, flattening of  the articular sur-
face of  the condylar head and osteophyte formation at 
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1 week. At 4 weeks, sclerosis was observed. This concurs 
with a study conducted by Wang et al., in which erosion 
was observed at 1 and 2 weeks after OA induction.10 How-
ever, osteophytes were observed at 4 weeks and sclerosis 
at 8 weeks.10 This was attributed to the fact that MIA-in-
duced arthritis progressed in a dose-dependent manner. 
The higher the dose, the greater and faster the destruc-
tion. In our study, OA was induced by the IA injection 
of 2 mg/joint of MIA, while in the study by Wang et al., 
a lower dose (0.5 mg/joint) was used. The temporal bone 
presented with nearly no changes compared to the con-
dyle. This resembles the radiographical evaluation per-
formed by Mani and Sivasubramanian, who reported that 
the condylar bony changes were greater than the temporal 
bone changes.28

In our study there was a great improvement in both the 
CS- and LLL-treated groups. These findings are in accor-
dance with Ringold et al., who found that patients receiv-
ing IA CS therapy showed improvement in CT images 
in a  follow-up analysis.29 No radiographic studies were 
performed to assess improvement in bony structure after 
LLLT. However, its effectiveness in improving mandibular 
movements and in reducing pain have been proven clini-
cally in many studies.30

More animal studies are required to determine the ide-
al physical parameters of LLLT, such as duration, energy 
doses and frequency. Also, recent investigatory methods 
must be used to assess the therapeutic effects of  LLL 
in treating OA with a  long-term follow-up. In addition, 
more experiments are needed to study the combined 
early effect of both glucocorticoids and LLL in treating 
acute OA.

Conclusions
From our study, it was concluded that using the present 

laser parameters, LLLT was as effective as dexametha-
sone in its formative effects, as indicated by an increase in 
proteoglycan synthesis. However, LLLT was superior in 
its anti-apoptotic effects. An in-depth radiological evalu-
ation is important to assess disease activity, and to help 
plan the treatment modality and monitor the therapeutic 
response.
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