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ABSTRACT

Knee osteoarthritis is not always well controlled bsual treatments, therefore new therapeutic nittsuch as
radiofrequency and ozone injection should be ingattd. Comparing the efficacy of two methods: efdiquency
and intra-periarticular ozone injection. This ranadzed clinical trial study was performed in an aeadc Pain
Clinic of Guilan University of Medical Sciences limn from September 2014 to June 2015. The reseaah
carried out on seventy-two patients, were randoafligcated in two groups by triple blocks. thirtywgpatients in
ozone group received intra-periarticular ozone otjen and 36 patients in RF group, after a positdiagnostic
genicular nerve blocks received Conventional Radmiency(CRF)and then intra articular Pulse
Radiofrequency(PRF). The evaluation was based snaV/iAnalog Scale (VAS) and Oxford Knee Score (OKS)
before and 12 weeks after the procedure. The aisalyas performed by paired t-test, Fisher, Chi squand
Mann-Whitney-U tests in SPSS versionl8. In Ozoneapgthe mean of initial OKS was 38.77+7.75 compare
41.22+7.44 in RF group. After 12 weeks, it dimieidhto 21.77+7.78 and 2246.21 respectively (p=0.000h
Ozone group VAS decreased from 9+1.43 to 3.384p#9.0001) while in RF group from 9.44+0.85 to 241706
(p=0.0001). Comparing two methods, there was noifigant difference between two groups based on
OKS(p=0.23) and VAS (p=0.202). Also RF resultedniore acceptable pain relief based on OKS amongests)j
older than 65 years (p=0.0001). Both radiofrequerayd intra-periarticular ozone injection have goatinical
effects on knee osteoarthritis with superiorityasfiofrequency in age above 65 years old.
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INTRODUCTION

Osteoarthritis is the most common type of arthfitislt is a cause of significant disability andcdeased quality of
life in persons older than 65 leading to an ecowoimipact.[2]Knee osteoarthritis contributes 23% aif
osteoarthritis which 27% of people under 70 arecéd by.[3] More than one-third of people abovek65wn as
elderly are affected by knee osteoarthritis amorickv 80 percent have some movement limitation&][#4,is a
joint failure, wherein all the structures undergathmlogic changes.[1]The risk factors are advarages, female
gender, genetic, diet, obesity, previous damageskisg, occupation and metabolic diseases, amongivage and
obesity are the two major ones. [3, 6] To allevig@n and restore the joint function, treatments te
pharmacologic including oral analgesics, topicardag and nutritional supplements or non-pharmaéoiogluding
weight loss, social support, orthotics, approprfat#wear, knee bracing and exercise and in thestage patients
with uncontrolled pain, total joint replacement cha considered. However these treatments are soegeti
disappointing and may cause dangerous complications

It is important to note that 53% of patients conéirto have knee pain after surgery.Since knee f@iata complex
anatomy of the nerve supply, invasive treatmengsdifficult to perform. Therefore it is necessaoyitvestigate
new therapeutic methods with more effectivenesdesxliside effects.[1, 4, 7-12]

Two new therapeutic methods to manage kneeosteiiarthre Radiofrequency and intra-periarticularofe
injection. Studies have shown that these methodseHiective with no serious side effects. Thoseep&d who
cannot take medication or their symptoms are radrgdo conservative treatments and are not apatepsurgical
candidates because of co-morbidities, benefit fronese treatments.[4, 6-10, 13-16]For Conventional
Radiofrequency [CRF] a high frequency alternatingent is used. An electrode is placed on the tangeve and
thermo-coagulation induces tissue destruction bydpcing heat up to 60-80°CRF is safer than chemical
neurolysis. Pulse Radiofrequency [PRF] is an adtiva to CRF in which temperature remains belows8%5-so the
tissue injury will not develop.[10, 17]

Ozone therapy is another method which inducesiafi@mmatory and analgesic effects and within literapeutic
concentrations, can relieve pain and improves Kueetion without serious adverse effects. [9] Ozamelso
bacteriostatic, fungicidal and virucidal, therefonéth minimal infection risk. It also stimulates ehoxygen
metabolism and activates the immune system. Détakibn effect of ozone is performed by activataimetabolic
processes in liver and kidney. [18, 19]

This study compares the effectiveness of thesermethods on the knee osteoarthritis pain relief famgttion
improvement.

MATERIALSAND METHODS

This clinical trial study was conducted at an acaidepain clinic of Guilan University of Medical Stice (GUMS),
in Iran from September 2014 to June 20150n theeptgtiwith knee osteoarthritis which was diagnosaset on
ACR (American College of Rheumatology) criteria.@@)It was registered in Iranian Registry of Clalidrials
(IRCT) with the number of 12156186N6.This study wasried out after acquisition of permission frame Ethics
Committee of Research & Technology of Vice-charwship of GUMS.

Sample Size:

To determine the required sample size, witl).05=10% , Z1p= 1.28 and a power of 90%, the minimum sample
size required in each group was calculated to bea36s .Allowing for losses, we finally estimatesbhaple size of
40 cases in each group.

A total of 72 patients in the age range of 30 toy88r participated in this study after filling cautwritten informed
consent. These patients were randomly allocataédidogroups intervened by Ozone and Radiofrequendyiple

blocks. The patients had moderate to severe knieeapdeast for 3 months with no response to usoakervative
treatments. Their radiologic K/L (Keller-Lawrenceda@ing Scale) scores were between 2 to 3.[21]Wkidgd the
patients with acute knee pain, prior knee surgetlyer connective tissue diseases affecting the,ksmeondary
osteoarthritis, serious neurologic or psychiatigocters, sciatic pain or any other neuropathio panticoagulant
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medications, having pacemaker, steroids injectiothé last three months, and prior electro acupuwadreatment.
(7, 9)One physician performed all procedures.

Ozone group patients received intra articular ozonection (16° O,-O; mixture 40ug/ml) and periarticular
injection (5° O,-O3 mixture 10pg/ml) by Ozone Generator HERRMANN. Tagients were required to rest for 30
minutes in functional position after the procedurbis procedure was performed three times duriegfitist week
and twice during the second week and once in avexy three weeks. Articular branches of variouvegisuch as
femoral, common peroneal, saphenous, tibial andratuir nerves which are known as genicular nemmesrivate
the knee joint.[15]

In Radiofrequency (RF) group the first step wapéoform diagnostic genicular nerve blocks undeorthscopic
guidance. The targets were superior-lateral, sapenedial and inferior-medial genicular nerves thass periosteal
areas connecting the shaft of the femur to bildegcondyles and the shaft of the tibia to the i@leepicondyle. If
a decrement of 50% was achieved in VAS that lagtednore than 6 hours, responses were considersitivgo
after injection of 1 ml of Bupivacaine 0.5%. Aftgiagnostic nerve blocks, the patient received cotiveal RF by
Diros3AP RF generator. 1ml of Lidocain1% underiktegzondition in a supine position was injectedatesthetize
the skin and soft tissue.

After making the knee joint visible antero-postdsiounder fluoroscopy guidance, a 10 cm, 22 gauwa s RF
cannula with a 10 mm active tip was advanced tosv#id target sites, areas connecting the shdfietepicondyle
until the cannula contacts to the bone(tunnel tiepha).

To identify the correct needle position, we usebl0aHz sensory stimulation above a threshold 0.4 Y&#nsory
test), and then a 2Hz stimulation above a thresb@d/olt (motor test) was used to avoid motor Banjury. After
assuring the correct needle placement in anteostepior and lateral view, 1ml of Lidocain1% wagegted and
afterwards RF generator was activated, rising eddettip temperature to 7dor 90 seconds.

The procedure was carried out for each geniculavenand then intra-articular PRF having a pulsethviof 10
milliseconds at 2 Hz and 65 Volt, using a 15 mmivactip SMK-C15 blunt needle was performed for 10
minutes.(Figl)

The evaluation of pain severity and knee functi@s Wwased on Visual Analog Scale (VAS) and Oxforeé&8core
(OKS) carried out once prior and once 12 weeks dfte treatment. OKS is a short, simple, practiealid and
sensitive scoring system, containingl2 questiorth egored from 1 to 5. [7, 22] The questionnai@sdil the
patients were filled out by one physician. The gratf were also asked to report any side effects Bikeding,
paresthesia, numbness, motor weakness, and thémjueks within the 12 weeks of the follow up. Medi
attention and other means were available for thienta subjected to the study.

Statistical Methodology:

To test all scale variables normality, KolmogorawiBhov test was used. Based on the normality ofates the
appropriate statistic tests were chosen. To competients’ characteristics variables, Chi-squasé dad Fisher test
were used. The differences of VAS and OKS betwberntwo groups at baseline were compared by usiimgdbt
test. Also Mann-Whitney-U test to compare the clesngf VAS from baseline until 12 weeks after treztinand
paired t-test to compare the changes of VAS fromeliae until 12 weeks after treatment were usec data
analysis was performed in SPSS software versioTti8.values were estimated as mean * standardtibeyaD).
P value of <0.05 was considered significant iraathlysis.

RESULTS

The patients for the study were selected from altethforty-seven patients with knee pain duringstugly period.
Among them,56 did not meet the inclusion critendBLof them refused to enter the study for persmadons. The
remaining 80 patients were enrolled in this clihiceal and were divided into Ozone and RF groupsur patients
allocated to Ozone group, lost the follow up aretéifiore were deleted from the study. One had aid@ccand was
referred to an orthopedic surgeon for the brokesekat one week post-procedure. Another patientahsidnilar
accident at the second week. The other two diccamte to complete the questionnaire after 12 weeks.
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In RF group, four patients did not complete thetgeol. One was pain free after diagnostic nerveldcand the
other three did not have a positive response tgndistic nerve blocks. A total of 72 patients (ia #ge range of 51-

78 year), half in each group with similar distrilout of gender, age and BMI (Body Mass Index) corguethe
study, which the mean of BMI of participants in @eoand RF groups was 28.64+ 4.98 and 26.13+3.03 (p=
0.06).Also the mean of age was 66.69+8.95 and &8.38 (p= 0.459) respectively. Twenty patients 766) in
ozone group and 32 patients (88.9%) in RF groupevedrove 65 years old. Considering the gender loligioin,
females have formed 86.1% and 77.8% of contribuibraention groups respectively (p=0.461)

No severe side effects were reported. We recoraddatolerable mild to moderate swelling around tbint in
some patients that was not considered a seriouplazation.

Based on both VAS and OKS we found that both grogsponded well to treatments and the pain severity
decreased significantly after 12 weeks comparehl batseline.(Fig 2&3) (Table 1)

By comparing the two methods, although relief ohgaased on VAS and OKS was more prominent in Ritgr
but not significant (p>0.05). (Table 2).Having sad patients in two different age groups, below ahdve 65
years, RF resulted in more acceptable pain rebated on OKS among subjects older than 65 year§ip&D)
(Table 3)

DISCUSSION

The study focused on comparing radiofrequency amth® injection in making relief of the knee ostéodtis pain,
due to lack of profound findings in the relateddé#s. We hope this study promises further studiesording to the
results, both proposed procedures were acceptadl¢oterable for the patients, inducing analgesid enproved
knee function, which agrees with the previous fingi of others. These methods are relatively newtheikfore,
their real mechanisms of action are not complekelgwn. However, the findings of the current studyveell as
those of the others confirm their effectiveness thiedapeutic role.[3, 7-10], [23-25]

Our present understanding from Ozone therapy anth@Eates that the mechanisms of action of thesthouls are
different from each other and as well as from cotie@ally available methods. For example, the maidm of
CRF action is based on the theory that the heaiced lesion in the nerve supply to a painful strieestsuch as knee
joint, can relieve pain and restore function[7]dinge joints such as knee, PRF takes effect on inenoells. The
electrical field affects these cells, and consetiyeghe production of pro-inflammatory cytokinesiterleukin-B,
Tumor necrosis factor and interleukin-6 occurs.sTimethod does not cause neuronal or tissue dartteegefore
can be applied for peripheral nerves.[10] In oztirerapy, a soluble gas mixture with oxidizationiatt is used.
When pure oxygen passes through a high voltageiegria@b-13V] in a generator, ozone is produced. 1@zo
increases antioxidant capacity and oxygen delivéoy tissues by neo-angiogenesis.[26, 27]lt blocks
phosphodiasterase-A2 and therefore can induceirdl@inmatory and analgesia effects. The mechanidwciw
ozone can raise the pain threshold is probablystiaulation of the anti-nociceptive apparatus miediaby
endogenous serotonin and opioids.[9, 13, 28]

In this study 86.1% of the patients in ozone grand 77.8% in RF group were female. Likewise 66.7¢paifents
in ozone group and 88.9% in RF group were abovgedfis old. Considering the selection strategy ¢iepts in

this study and the above statistics, the two factdifemale gender and advanced age are confirsmked the major
ones. [1, 6]The evaluation was based on VAS and @KSsidering that VAS and OKS are different typéscales
for evaluation. So that VAS only measures painnsity while OKS measures disability due to pairis ithe reason
for the difference observed in our results by VA ©KS. Bellini M et al. used cooled RF as a ndeehnology
for knee OA. They demonstrated that this technigae the potential to significant improve in pairddanction of

the knee joint.[15]

Pattnaik M et al. reported that PRF of the sensami motor nerves of the knee joint is a minimallyasive and
effective modality in improvement of knee functi@®] Schianchi PM Recommended Intra-articular PRFaa
minimal invasive method with encouraging successiraarticular pain.[30]

Eyigor C et alin 2014 studied the efficacy of Intra-articular PRpplication in knee OA. They found this
intervention safe and effective for this purpost[8 study by Karman H et al. in 2010 focused oaly intra-
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articular PRF showed the reduction of knee ostkedtis pain. The pain severity by VAS score chahdem

6.1+1.9 to 4.1+£1.9 after 6 months. [10]In companmisby our data the change of VAS of 9.44+0.85 @/21.06
after 12 weeks showed better consequences. ltlisved that the reason is the CRF performed aftegrobstic
nerve blocks additionally to PRF. It is worthwhite mention that the follow up duration in our studgs shorter
than the work done by Karman H et al. If we coudvén evaluated our patients after 6 months, we ntighe had
different results.

Jong Choi W et al.in 2010 found that CRF reducesergh pain of knee osteoarthritis. The averageiagkeeir study
was 67.917.1 and 62.22+7.59 years in our studyh Baidies had the same follow up duration of 12ksekn their
study VAS diminished from 78.2+13.8 to 42.4+25.41@KS from 27.4+10.2 to 39.8+6.5.(7)In our studg thitial
VAS was 9.44+0.85 and 2.77+1.06, 12 weeks aftecgntare and OKS diminished from 41.22+7.44 to 221612
seems that our results were better by VAS and Oi&Std the differences between two methods.Aftegribiatic
nerve blocks, we followed CRF by performing intréeular PRF.

Morreti M et al. in 2010 showed that intra-artiautezone injection was effective for the functiordasymptoms of
knee osteoarthritis. Their patients with the average of 54 years old received intra articular ezimjection (5°
0,-O; mixture 15ug/ml) and hyaluronic acid, we had aesige improvement by VAS because of the differente
methods.(3)In various conditions, different concatidbns of oxygen-ozone mixture have been recomee:nEor
example inozone therapy for lumbar disc herniatzane is administrated in the form of an oxygenrezmixture
at a concentration of 27 pg/ml, in degenerativeals like knee osteoarthritis it has been usedramge of 3-
11pg/ml peri-articular and 30-40ug/ml intra-artenulEven in metastatic tumors a concentration fgddl is used.
But nontoxic concentrations vary from 1pg/ml to 40pl.(23, 32) Several studies indicate that peticalar
injections(local anesthetics, steroids, ozone)emsy to use, cost effectiveness, safe with no nwjorplications
and have agood efficacy in knee pain control. By Way we know that stimulation of fibers in thenjpand
surrounding tissues produces nociception, therdfegesource of knee osteoarthritis pain is relévegeri-articular
structures in additional to articular.(33-36) Weedisa mixture with concentration of 40ug/ml intréieadar.
Additionally we performed peri-articular injecti@&of mixture in mediolateral sides of knee, whereastiidy by
Morreti only a solution with 15ug/ml concentratisras used intra-articular. Although the average @afgeatients
was less than ours and received hyaluronic acildiition to ozone injection, but we had better ltesit seems
that more concentration of §@s) mixture and more treatment sessions together patti-articular injection in
addition to intra- articular injection give bettesults.(3)

The limitations of the present study were: first d@& not know whether the effectiveness of our trestt will
continue in the long term or not, second we caieosure enough about the safety of these proceduths long
term, third in RF group we denervated only threanbhes innervating knee joint, the results couldehlaeen
different with denervating other branches.

Figure 1: radiofrequency neurotomy of genicular nerves (A& B), Intra-articular pulsed radiofrequency(C)
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Table 1: The means of pain severity in RF and Ozone groups before and after treatment and itschanges (by VAS & OKS)
Before treatment After treatment P-Value Mean of changes+ SD | P-Value
Ozone (VAS) 9+1.43 3.38+1.79 0.0001 5.61+2.14 0.202
Radiofrequency (VAS) 9.44+0.85 2.77+1.06 0.0001 6.66+0.84 )
Ozone (OKS) 38.77+7.75 21.77+7.78 0.0001 17+6.89 0.23
Radiofrequency (OKS) 41.22+7.44 22+6.21 0.0001 19.22+4.98 )
Table 2: The means of changes of pain severity in RF and Ozone groups ( by VAS & OKS)
Mean of changes+ SD P-Value
Ozone (VAS) 5.61+2.14 0.202
Radiofrequency (VAS) 6.66+0.84 )
Ozone (OKS) 17+6.89 0.23
Radiofrequency (OKS) 19.22+4.98 )
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Table 3: The means of changes of pain severity in RF and Ozone groups (by VAS & OKS) according to age
Age(year) Group Number Mean of changes+ SD P-Valye

Ozone (VAS) 12 5.66+1.3 0.549

<65 Radiofrequency(VAS 4 60 )
Ozone(OKS) 12 16.2+6.18 0423
Radiofrequency(OKS) 4 20+2.3 )
Ozone(VAS) 24 5.58+2.48 0623

=65 Radiofrequency(VAS) 32 6.75+0.85 )

- Ozone(OKS) 24 17.3747.32 0.0001
Radiofrequency(OK¢ 32 30.374£3.9. )

CONCLUSION

It seems that both radiofrequency and intra-pecialetr ozone injection have good clinical effect r@fiving knee
osteoarthritis pain. But it is interesting to ndb&t in patients older than 65 years, Radiofrequersulted in a
superior improvement. Of course further studies ente experience are essential to establish the abthese
methods in management of knee osteoarthritis.
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