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ABSTRACT

Osteoarthritis is one of the degenerative diseasesLow level laser therapy (LLLT) has been prdsmtias non-
operative treatment in physiotherapy. But the ald# evidences of finding the radiological and hiemical
effectiveness of LLLT are very few. So, the purpbsleis study is to find the radiological and bieenical effect of
Low level laser therapy (LLLT) in the treatment @$teoarthritis. 34 subjects who fulfilled the irgln and
exclusion criteria were divided into two groups {ie Laser group — ALG & Placebo Laser group - PLuidh
randomized sampling method. ALG was treated witivadaser head, whereas PLG treated same like AUG
without emission of energy. Both groups were appléh kinesio tape for 4 weeks. The frequenchetiteatment
was three times per week for 4 weeks in both groBpbjects were assessed at baselifleart! 8" week. Contact
area (mm) — medial & lateral and cartilage thickness (pemtage) - medial & lateral was measured by Magnetic
resonance image (MRI) and CTX-Il (umg/mmol) wassuesd by urine analysis. A statistically signifitgp <
0.05) difference between both groups were notateaperiod of 8 week for contact area (lateral) &adX-11 and
insignificant (p> 0.05) difference in contact area (medial) and tage thickness (medial & lateral) were noted. In
conclusion, the low level laser therapy is helpgfulmodifying the biochemical components and leadsnake
changes in the cartilage which subsequently imptheequality of life of OA patients.

Keywords: Low level laser therapy, Magnetic resonance imagentact area, Cartilage thickness, CTX-II,
Osteoarthritis.

INTRODUCTION

Osteoarthritis is one of the degenerating diseastbscharacteristic features of pain, joint inflamtion, impaired

muscular stability and functional incapacity. Is@ldamages the articular cartilage and sub chobdre and leads
to joint space narrowing (JSN). The life time rigskdeveloping OA of the knee as per the CentreDisease

Control is estimated to be 46% and its prevaleadedreased according to aging population [1,2bdired quality

of life and significant physical disability accouot its morbidity and increased mortality riskg.[3
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Bio chemical analysis confirms that inflammation thie synovial membrane plays a key role in the gath
physiology of OA [4]. Synovial cells are stimulatég this exaggerated inflammation which releasesmibal
substances such as cytokines, and chemokines.€llnéac activities such as collagen type Il C-tedppde (CTX-

II) and functions of articular tissues are affected this whole chemical substances which may leadoint
degradation and injury which leads to joint spaagowing [5,6].

Reducing symptoms, minimizing disability and limii the progression of biochemical and structurainges are
the main goals in the treatment of OA [7]. Accoglito European League against Rheumatism (EULAR)t mbs
the acute and chronic musculoskeletal conditiomsbeatreated by Low Level Laser Therapy (LLLT) [1].

Various animal studies have proven the positiveafbf laser on cartilage formation chemical changech as
production of superoxide dismutase, stress protamasproliferation of chondrocytes. It also deceeti®e arthritic
degenerating process and increasing the regene@tiarticular cartilage and stress proteins arigshes repair of
cartilaginous erosion by increasing the numberthaofrocyte production and thickness of articulatilege [8,9].
Evidences suggest that effective treatment proesdare developed in treating OA. Over the past desades
LLLT has been applied with the wave length of (60000 nm) red to infra red ta vitro cellular studies anth
vivo animal studies [10,11]. However the clinical edfiy of LLLT in radiological and biochemical perspee for
the treatment of OA in human population is stilbdable and needs to be investigated. Hence thelagital
(MRI) and biochemical analysis such as CTX-1l wesed to find the effect in LLLT [12,13,14].

MATERIALS AND METHODS

Participants: Participants were recruited from the University pited, Prince Sattam Bin Abdul Aziz University,
Al-Kharj, Saudi Arabia. To be included in the stuggrticipants have knee osteoarthritis in one kpai above 40
cm in VAS scale, osteoarthritis levels 2—4 accaydio Kellgren—Lawrence grade,[15] aged between rdb 6
years, both genders, have knee pain and functisability for at least six months.

Participants were excluded if they had cancer, etiedy osteoarthritis hip, knee joint arthroplagbynt diseases,
deformities, ankylosis, intense synovitis, or wegeeiving anti analgesics, depressants, inflammateedications
or using medication affecting bone and cartilage also the usual contraindications for laser ther&udy was
approved by University research human ethics cotamiaccording to the Helsinki Declaration 1l. Allbgects
provided written informed consent to participateha study.

Forty eight subjects were selected for the exarnanst but only 34 (28 men and 6 women) fulfillee ttriteria, 17
of whom were in the active LLLT group and 17 in filacebo LLLT group. Contact area in fhfmedial & lateral)
and cartilage thickness in percentage (medial &r&d} was measured by Magnetic resonance image )(lsifd
CTX-ll (umg/mmol) was measured by urine analyschtéque. Parameters were measured at baselinegisvaad
8 weeks of treatment.

The demographic data such as age, height, weigiit,aBd OA grade of the patients were noted. A dedacase
history and physical status were recorded. Varexaminations were conducted prior to treatmentrgeoto rule
out other diseases and to attain patient homogeneit

Randomization: 34 subjects were randomized into one of two grqéusive and Placebo) by an investigator not
involved in assessment, diagnosis or treatmentd&aization was performed by using sealed randoritligdf
envelopes. Subjects and the physiotherapist regperisr the evaluation were unaware of randomaratiesults.

Assessment:All subjects were evaluated by the same blindedsigltlyerapist at three different measurement
intervals: baseline (T1), after four weeks (T2) affter 8 weeks (T3) after LLLT. The physiotherapists trained to
evaluate the same way all patients at all times.

MRI analysis: The image was taken with a 3T scanner (Generalrigle@/l), with 8 channel phased array TR Knee
coil. Subjects were placed supine on the top ofltlagling apparatus, with 2@f knee flexion and 0of foot
external rotation. The images were acquired witHaaal applied on the joint and multi slice T2 weighimages
were taken. Contact area and cartilage thickness measured by semi-automated spline based sofpageam
[16].
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Biochemical analysis:Fasting morning urine samples were collected frdntha subjects to analyze the urinary
levels of collagen type Il C-telopeptide fragme¢(@3 X-11). It was measured by the Urine cartilapsT§Cll) EIA
(Immunodiagnostic systems holdings, NE35 9PD, UWnikingdom).This assay uses a monoclonal antibody
MAbF46 specific for a six amino- acid epitope (EKEFH derived from the collagen type Il C-telopepti@d X-II

was assessed by a standard colorimetric methodhEatatistical analysis, the CTX-II values wergdrithmically
transformed to obtain normality. The urine samplese stored at 220°C until measurement. [17]

Intervention: Subjects in the active laser group received LLLTilevkhe placebo group received placebo therapy
three times a week for four weeks following initedsessment. Both the groups’ participants have brercised
and applied with kinesio tape (KT) three times akvéor 4 weeks which could support the joints anasahes
without restricting range of motion with added bignef lymphatic drainage.

Laser Irradiation: Treatments were administered with an FISIOLASERARC- Ga As diode laser with
parameters of power 25mW, continuous wave and weagth 905 nm. The dose delivered was 6 J per [poirg
points for a total dose of 48 J/&nThe size of the point in the focus of the lasghtlwas nearly 1 cfrand the
power density was approximately 25mW. The laser in@asliated on the medial and lateral knee joine land
epicondyle of tibia and femur and posteriorly temdd the biceps femoris muscle and semitendinosuscha. In
the placebo group, procedures were identical biltout emission of energy [18].

Exercises:All patients followed the same exercise trainingggamme for 45 minutes. 10 minutes warming up with
ergometer bike followed by 30 minutes of strengthgnexercise and 5 minutes of stretching of hamgs;
guadriceps, adductors, and gastrocmenius.

Statistical analysis: Inter group analysis of the data were analysedndgpendent t test for all the variables. For
intra group analysis, evaluation times were conmgpdrg repeated-measures ANOVA. Analyses were coeduct
using the Statistical Package for Social Scien8&SS version 17; SPSS Inc., Chicago, IL, USA). khalevel of
0.05 was set for all data analysis.

RESULTS

Forty eight subjects enrolled to take part in thedg and 34 subjects were included in the studyatng to
selection criteria. They were randomly allocatedwo different groups active laser group (n=17) atatebo laser
group (n=17).

Of the 34 subjects, all completed the study witlofe-up evaluation. A summary of the demographied bhaseline
values for subjects that completed the study isigeal in Table -1. The table includes the number of subjects in
each treatment group, mean baseline values of lagight, weight, BMI and OA grade which shows the
homogeneityg >0.05) of groups.

A comparison was analyzed for all the parameterdhe patients completing the study. Mean, SD, atest p-
values for Contact area (medial & lateral), Cagtlahickness (medial & lateral) and CTX-II of aetiand placebo
group’s baseline and after 8 week sessions aremexsinTable-2.

The analysis of the mean contact area infmedial) scores of the two groups (active laseugres placebo laser
group) at the base line (122.56 + 63.51 vs. 12%.82.59,p >0.05) and 8 weeks after treatment (76.85 + 62221 v
110.85 + 61.89p>0.05) is demonstrated Fig-1. The analysis of the mean contact area in“ifiateral) scores of
the two groups (active laser group vs placebo Igsaup) at the base line (89.64 + 33.43vs. 87.82.¥1,p >0.05)
and 8 weeks after treatment (35.87 + 32.76 vs.775.82.56 p <0.05) is demonstrated Fig-1.

The analysis of the mean cartilage thickness icgeage (medial) scores of the two groups (actiserl group vs
placebo laser group) at the base line (-7.86 %8.87.56 + 8.9p >0.05) and 8 weeks after treatment (-5.21 £ 10.91
vs. -6.96 + 10.23p >0.05) is demonstrated iRig-2. The analysis of the mean cartilage thickness mcgrgage
(lateral) scores of the two groups (active laseugrvs placebo laser group) at the base line (£ 422 vs -1.52 +
7.8,p>0.05) and 8 weeks after treatment (-2.34 + 1022274 + 9.45p <0.05) is demonstrated Fig-2.
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The analysis of the mean CTX-Il values of the twoups (active laser group vs placebo laser groughesbase line
(0.23 £ 0.09 vs. 0.24 + 0.0 >0.05) and 8 weeks after treatment (0.20 + 0.010v83 + 0.02,p <0.05) is
demonstrated ifig-3.

A set of (ANOVA) tests for independent samples egpkeated measures were used to assess the effitactive
and placebo LLLT treatment for subjects with congadedata at baseline, at 4 weeks and 8 weekstefgment is
presented imable-3.

The repeated measures assessed longitudinallyetientent sessions through 8 weeks shows that datiee group
has the significant difference (= 0.000) in contact area (lateral) and CTX-Il grsficant difference in other
parameters such as contact area (medial), cartiligkness (medial & lateral) but insignificant fdifence in all
parametergp >0.05) in placebo laser group.

DISCUSSION

Osteo arthritis is one of the degenerating diseffeeting parts of the joint like sub chondral bpagnovium and
joint capsule. It is a simple wear and tear phemamebut has an active phase and reparative pr¢t8ksThe
active degeneration phase involves release of akveatrix metallo protienases (MMP) leading to lent
destruction of articular cartilage. The real cao$eOA is unknown. This study evaluates the radialahand
biochemical effects of low level laser therapy (ODLon subjects with knee OA. Compared to placebmigs
significant results were obtained in cartilage khigess and biochemical activity.

As per the world association of laser therapy (WAH®Bse of 3J on specific points of knee joint pritlgarelieved
pain, in the laser group, [20]. Similar results e&vebtained by Bjordal et al on knee OA subjectd.[®leta analysis
on effect of LLLT on pain relief by Brosseauet estates, significantly increased levels of neuwmesmitter levels
like serotonin may be the reason for endogenousmpaidulation [22].

Higher contact area and deformation MRI valuesuhbject with OA are likely related to the reducednpressive
stiffness of the cartilage due to the damaged gefianetwork [23]. In our study, histo morphometngwed that the
laser, especially 904m, stimulated an increase of collagen Il fibéisese collagen fibers were more prevalent in
all irradiated groups, contributing to the repdidamaged cartilage. Several studies, clinical exmkrimental, have
shown the effects of laser photo bio stimulatiomizcreased cell proliferation and repair cartiléigeue [24,25].

Animal studies show the modulating positive effestiess of LLLT in treating inflammatory process aadtilage
regeneration in OA [26] but some studies prove mwifse [27]. Morphological studies indicate the tigla of
biochemical components in the cartilage like ECiilated GAGs and collagen network to susceptibibtynjury
in OA [28]. Also, degenerative and regenerativepprties of cartilage depend upon the type of celtafcollagen
type Il C-telopeptide) and its proteins. [29].

The specific epitope six amino acid sequence (EKBPOT2), is observed exclusively in collagen typeCt
terminal telopeptide. OA subjects show 1.35 folcré@ases in Cartilap (collagen type Il C-telopeptiae compared
to normal [30].

Laser radiation stimulates the blood and bone marells to act directly on the cartilage defectdieg to

activation of chondrocytes and growth of fibroustit@ge which facilitates repair. It stimulates tbpecialized
phenotype cells through synovial fluid to promoteatame chondrocytes and increases the proliferatbn
heterogenic cells in the cartilage regeneration &@kés the control of ECM. Laser application pregichatural
environment for chondrocytes to restore and repdich totally depends upon the movement velocitymattrix

fibrillar components. It allows the diffusion of B and structural modification in cartilage and pies

regeneration which was provenvivo experiment on reshaping of porcine ears [31].

The mechanical effect of laser application on watertent such as gas bubbles oscillation and lesating effect
on chondrocytes may fasten the repair processifg#fie formation of new collagen and PGs in thédilege [33]
Finally the results of our study provide the evidewnf LLLT dependent reduction of pain and the apgis ability
to inhibit the proliferation of collagen type Il ©lopeptide makes it an ideal treatment for subjedth late stages
of OA. The study also helps to understand and cehmgrd the radiological and biochemical changesL&fTLin
OA and also make the path way for the future amalys
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Table-1
Active Laser Group | Placebo Laser Group| p - value
n=17 n=17
Age(Years) 58+6 60+8 0.3767
Height (cm 168 + € 165 ¢ 0.187:
Weight (kg) 72 +12 68 + 10 0.2593
BMI (Kg/m?) 26.9+48 28.3+35 0.2986
OA grade 3.1+0.71 3.2+0.68 0.6520
Table-2
Base line Value (T1) After 8 weeks (T3)
Active Laser Placebo Laser p- Active Laser Placebo Laser p-
Group Group value Group Group value
Contact Area Medial 122.56 + 63.51 121.81 +62.59 0.9726 76.8221 110.85 +61.89 0.120
(mn?) Lateral 89.64 + 33.43 87.98 +32.71 0.8846 35.82%6 75.87 + 32.56 0.0011
Cartilage Thickness | Medial -7.86 +9.8 -7.56 £ 8.9 0.9261 -5.21 +10.91 -6.96 + 10.23 0.6328
(Percentage) Lateral -1.49 £9.22 -1.52+7.8 0.991p -2.34 270, -1.74 £9.45 0.8601
CTX-Il pg/mmaol) 0.23+0.09 0.24 £ 0.06 0.681p ®20.01 0.23 + 0.02 0.0001
CTX-II- Collagen-I1I telopeptide,
Table-3
Active Laser Group (n=17) _value Placebo Laser Group (n=17) -value
T1 T2 T3 P T1 T2 T3 P
. 122.56 98.21 76.85 121.81 115.67 110.85
ContactArea | M98 | 6351 | 6146 | 6221 | 913 | ie250 | +e0.87 | 6189 | O8O
(mn?) 89.64 50.34 35.87 87.98 80.01 75.87
Lateral | 53 4 +32.81 x327¢ | 9000 | 357 +33.21 +325¢ | 05%4
. -7.86 -6.86 -5.21 -7.56 -7.01 -6.96
Cartilage Thicknesg €92 | +gg +95 +1001 | 074 +8.9 +9.54 +1023 | 2980
(Percentage) -1.49 -2.01 -2.36 -1.52 -1.64 -1.74
Lateral | g5 +9.58 +o76 | 0965 +738 +8.6 +945 | 097
CTX-Il (ug/mmol) 0.23+ 0.01] 0.21+0.01| 0.20+0.01| 0.000 | 0.24+0.06| 0.23+0.06( 0.23+0.02| 0.770

CTX-II- Collagen-II telopeptide, (T1-base line, &Rer 4 weeks, T3-after 8 weeks)

Fig-1: Pre (base line) and post (after 8 weeks) uas of contact area (mr¥) of Active and Placebo
Laser groups
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Fig-2: Pre (base line) and post (after 8 weeks) uads of cartilage thickness (percentage) of Active
and Placebo Laser groups
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Fig-3: Pre (base line) and post (after 8 weeks) was of CTX-Il (ug/mmol) of Active and Placebo
Laser groups
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CONCLUSION

In conclusion, the low level laser therapy is helgh modifying the biochemical components and &&ul make
changes in the cartilage level which subsequentpyrove the quality of life of OA patients.

The major study limitations were the small numbEpatients and the absence of a control group, hviaould
allow us to assess the natural course of the dismas absence of follow up.
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Future studies should increase the number of gatierclude a control group, and add a group whédeives only
exercise from the very beginning and a long-terftofoup assessment. Ultimately, it might be feassitd include
Low level laser therapy in the management proto€platients with knee OA.
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