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Abstract

Purpose  'We compared the effectiveness of mechanical
debridement (MD) and bipolar radiofrequency chondro-
plasty (RF) with regard to clinical outcome, rate of revi-
sion, and progression of knee osteoarthritis.

Methods Sixty patients with MRI-detected grade III car-
tilage lesions on the medial femoral condyle were consid-
ered for the study. For MD (group 1; n = 30), each lesion
was debrided using a mechanical shaver. For RF (group 2;
n = 30), each lesion was smoothed using a temperature-
controlled RF probe set at 50 °C.

Results The 10-year follow-up was available for 47
patients (78.3 %). Sixty per cent of group 1 (n = 18) under-
went revision during the follow-up period. In contrast, the
revision rate in group 2 was 23.3 % (n = 7; p = 0.061). The
mean survival was 94.1 months (95 % CI 77.1-111.3) and
62.5 months (95 % CI 45.9-79.2) for group 2 and group 1,
respectively. Patients who did not require revision (group 1,
n =29; group 2, n = 13) were assessed before surgery and 1,
4, and 10 years after surgery using the knee injury and oste-
oarthritis outcome score (KOOS). At follow-up, the KOOS
was higher for group 2 than group 1. At the time of surgery,
no patient showed any radiological signs of osteoarthritis.
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The width of the medial joint was 5.4 mm (95 % CI 4.3—
6.5) and 5.6 mm (95 % CI 4.9-6.3) in the MD and RF
groups, respectively (n.s.). During the follow-up period,
the joint space width narrowed continuously in both groups
(p < 0.001), but more rapidly in the group 1 (n.s).
Conclusion Compared to conventional MD, 50° RF treat-
ment appears to be a superior method based on short- and
medium-term clinical outcomes and the progression of knee
osteoarthritis. Clear predictors for the indications of differ-
ent cartilage treatments and more randomized clinical trials
are needed.

Level of evidence 1.

Keywords Knee - Cartilage - Arthroscopy -
Radiofrequency - Debridement - RCT

Introduction

Cartilage lesions are detected in approximately 60 % of all
knee arthroscopies [8, 35]. Recently, the International Carti-
lage Repair Society (ICRS) grading system has become the
norm [4]. Low-grade lesions (ICRS grade I and II) are char-
acterized by softening and superficial fissures without sub-
chondral bone contact. Deep cartilage lesions (ICRS grade
III) are fissures and flakes reaching the subchondral bone. A
complete defect (ICRS grade IV) is defined by complete loss
of the cartilage layer with widely opened subchondral bone.
The different stages of the disease are approximate orienta-
tions for different treatment options. Low-grade lesions are
usually not addressed surgically. Complete defects with a
small diameter (<1.5-2.0 cm) can be treated with bone mar-
row stimulation, such as drilling, abrasion, or microfrac-
turing (Steadman et al. 2003). Lesions with a diameter of
1.5-2.0 cm should undergo osteochondral transplantation or
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chondrocyte transplantation [10, 16, 21]. However, no clear
consensus has been met regarding the best treatment of deep
grade III cartilage lesions, though they are a significant risk
factor for the progression of osteoarthritis [6]. For many
years, mechanical debridement (MD), or shaving, was con-
sidered the method of choice [28].

MD aims to produce stable and nearly smooth articu-
lar cartilage surfaces, remove loose flakes, and potentially
stimulate the regeneration of articular cartilage. The most
important disadvantages of MD are the inability to control
ablation within the deep layer and the removal of intact tis-
sue surrounding the lesion [9, 23]. The application of ther-
mal energy is sufficient to smooth the articular cartilage
surface within deep lesions [2].

Thermal application is possible through the use of laser
devices or the application of monopolar or bipolar radiofre-
quency (RF). Laser or monopolar RF energy produces high
temperatures within the cartilage layer (>100 °C), smelt-
ing the matrix and causing cell death among chondrocytes
[9]. Earlier investigations demonstrated that the temperature
should not be >52 °C [1, 12, 14]. Though several clinical
studies have reported that RF treatment can be effective in
the short or middle term, no clinical data have been published
regarding long-term results [3, 5, 11, 18, 19, 25, 27, 30, 32].

The present randomized study compared the effective-
ness of MD and 50 °C controlled bipolar RF chondroplasty
at 50 °C in patients with grade III cartilage lesions and a
concomitant medial meniscus tear. Clinical outcomes, the
rate of surgical revision, and the progression of knee oste-
oarthritis were compared between the two procedures. We
hypothesized that RF treatment produces better long-term
clinical outcomes than MD.

Materials and methods

Patients

Patients who presented with a medial meniscus tear
and idiopathic grade III cartilage defect(s) of the medial

femoral condyle were considered for participation in the
study. Exclusion criteria were previous injuries (ligaments,
fractures, or patellar dislocation) or previous operations.
Sixty patients with knee pain (<3 months) and grade III
cartilage lesions detected on MRI were enrolled. After the
approval of the regional ethics committee, patients who
provided informed consent were randomly assigned to
undergo MD (group 1) or RF (group 2) on the morning
of the day of the procedure using blind, sealed envelopes
constructed using a random numbers table technique. The
patients remained blinded to the chondral treatment pro-
cedure. No patient demonstrated any radiological signs of
osteoarthritis in the pre-operative radiographs (varus or
valgus dysalignment, osteophytes >1 mm, or subchondral
sclerosis). The pre-operative data for all patients are pro-
vided in Table 1.

Operative procedure

All patients underwent partial or subtotal medial meniscec-
tomy to treat a symptomatic medial meniscopathy. In group
1, the meniscectomy was performed using a full-radius
resector (Arthrex, Naples, FL, USA). The instrument was
moved over the lesions three times by permanent suction
for approximately 5 s. The top of the instrument had only
mild contact with the surface. No significant manual pres-
sure was applied to avoid a deep abrasion.

In group 2, we used the Paragon T2 device (AC5531-
01, Arthrocare, Austin, TX, USA). This instrument con-
tains a temperature indicator to signal heating over 50 °C,
the critical temperature for articular cartilage damage. A
temperature violation was not observed in any patient. This
probe also had only mild contact with the surface, and the
surgeon did not apply significant manual pressure (setting
40 W).

A Redon drain was positioned for 24 h in all knees. All
patients took varying doses of ibuprofen depending on
the level of pain and the amount of swelling experienced.
All patients completed a physical exercise programme for
6 weeks.

Table 1 Baseline data for all

patients Group 1 Group 2 p value

n 30 30 -

Male/female 15/15 13/17 n.s.
Age (years) 53.8 (40.4-47.2) 42.9 (39.0-46.7) n.s.
BMI (kg/m?) 27.7 (26.1-29.4) 26.6 (24.7-28.5) n.s.
History of disease (months) 9.0 (7.5-10.5) 7.4 (5.6-9.2) n.s.
Medial joint space width (mm) 4.2 (3.4-5.0) 4.7 (4.1-5.4) n.s.
Diameter of the MFC defect (mm?) 21.0(19.7-22.9) 20.3 (18.8-21.8) n.s.
Extent of meniscectomy, partial/subtotal 19/11 55/8 n.s.

Data are given as mean (95 % CI) unless otherwise noted

n.s. not significant
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During the observational interval, no patient underwent
additional treatments, such as slow-acting drugs in osteoar-
thritis (SADOA) or disease-modifying osteoarthritis drugs
(DMOAD).

Self-reported assessment and radiography

The patients were evaluated using the knee injury and
osteoarthritis outcome score (KOOS) before surgery (base-
line) and at 1-, 4-, and 10-year follow-ups [20]. The KOSS
profiles were evaluated according to the KOOS guidelines
(www.koos.nu).

We used the Tegner score to assess each patient’s activ-
ity level before the onset of symptoms and at the time of
follow-up [29]. To assess the score before the onset of
symptoms, patients had to estimate their activity level
retrospectively.

The medial joint space width and varus angle (anatomi-
cal axis) were radiologically evaluation by an independent
and blinded observer using standard weight-bearing radio-
graphs in a 30° flexion position. No patient had a patho-
logical varus. Articular cartilage lesions were classified
according to the ICRS score at the start of the study [4].

All patients meeting the inclusion criteria who agreed
to participate in the study provided informed consent.
This study was approved by the regional ethics committee
(Medical Cabinet of Thuringia, Germany. 1026/05/111).
A control group in which no chondral treatment was per-
formed for a grade III defect was not allowed.

Statistical analysis

For validation of the study, sample size calculations were
performed a priori (G Power version 3.1, Heinrich Heine
University, Diisseldorf, Germany) based on a significance
level of 0.05 and power of 0.80 for the measurement of
clinical scores. This calculation estimated that 25 patients
were needed for each group.

All statistical analyses were performed using SPSS ver-
sion 20.0 (Chicago, IL, USA).

The time interval between operation and revision was
calculated using the Kaplan—Meier analysis, and we tested
for differences using the Mantel-Cox log-rank test.

The KOOS and joint space measurements are presented
as mean (95 % CI). The Tegner score was calculated as
median (range). For a comparison of dichotomous param-
eters between the groups, Chi-square test was used. Contin-
uous parameters were compared between the groups using
the Mann—Whitney U test. The Wilcoxon signed-rank test
was used for comparisons between the pre-operative data
and results obtained during follow-up. A p value <0.050
was considered significant.
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Table 2 Baseline data for patients lost to follow-up

n 10

Male/female 4/6

Age (years) 40.3 (31.8-48.8)
BMI (kg/m?) 25.9(21.4-29.7)
History of disease (months) 6.8 (3.1-10.4)
Medial joint space width (mm) 49 (3.4-6.4)

Diameter of the MFC defect (mm?) 20.2 (17.3-23.0)
Extent of meniscectomy, partial/subtotal 6/4

Data are given as mean (95 % CI) unless otherwise noted

Results
Follow-up, survival to revision, and loss to follow-up

Ten patients (one from group 1 and nine from group
2) were lost to follow-up (16.6 %, Table 2). The clini-
cal course of these patients is unknown. The loss of these
patients decreased the study power to 0.69. In addition,
three patients (two from group 1 and one from group 2)
died during the follow-up period. Therefore, it was only
possible to evaluate the 10-year post-operative time course
in 47 (78.3 %) patients. Eighteen patients (60.0 %) in group
1 underwent revision surgery: 11 were unicondylar or total
replacements, 5 were osteotomies, and 2 were revision
arthroscopies. The rate of revision in group 2 was 23.3 %
(n = 7). The difference between the groups was not sig-
nificant. The baseline data for these patients are provided
in Table 3.

The time to a required revision in group 1 was
62.5 months (95 % CI 45.9-79.2). In group 2, the mean
survival was 94.1 months (95 % CI 77.1-111.3). This dif-
ference was significant (p = 0.022, log Mantel-Cox). The
Kaplan—Meier curve is shown in Fig. 1.

Self-reported assessment

Patients who did not require revision (baseline data in
Table 4) were assessed pre-operatively and at 1-, 4-, and
10-year follow-ups. The subjective outcome assessed
by KOOS was better in group 2 (n = 13) than in group
1 (n = 9; Table 5). The KOOS profiles are presented in
Figs. 2 and 3.

Pre-operatively, patients in both groups had a moderate
activity level without any significant difference between
the two groups. The Tegner activity scores are presented
in Table 6. The onset of disease caused a significant reduc-
tion in activity level, and patients from both groups ben-
efitted from the operation. However, RF-treated patients
achieved a higher activity level 1 and 4 years after surgery
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Table 3 Baselin.e data 1.°0.r n Group 1 Group 2 p value
patients undergoing revision
surgery 18 7
Male/female 9/9 4/3 n.s.
Age (years) 41.6 (36.8-46.4) 43.3 (31.8-54.4) n.s.
BMI (kg/m?) 28.1(25.9-30.4) 27.4 (21.0-33.8) n.s.
History of disease (months) 7.8 (6.1-9.6) 8.1 (3.3-12.2) n.s.
Medial joint space width (mm) 3.7 (2.6-4.7) 4.7 (3.1-6.3) n.s.
Diameter of the MFC defect (mm?) 21.9 (19.9-23.8) 19.6 (14.9-24.2) ns.
Extent of meniscectomy, partial/subtotal 8/10 5/2 n.s.
Data are given as mean (95 % CI) unless otherwise noted
n.s. not significant
? One patient from the MD group died during the 10-year follow-up period. He did undergo arthroplasty
15 months after the arthroscopy
104 compared to MD-treated patients. The patients’ activity lev-
els decreased in both groups over time, and activity levels
were similar at the 10-year follow-up.
_ 0.8 Factors (e.g. age, gender, history, diameter of the defect,
S and extent of meniscus surgery) that predict the outcome
% 0.6 - reggrding self—repqrted assessment, progres.si.on of radio-
@ logical osteoarthritis (JSN), or need for revision were not
= found in the long-term follow-up.
S 04 -
E Radiolosical investicati
o adiological investigation
0,2
‘ng[gﬂz; At the time of surgery, no patient had any radiological
=+ Group 1-censored signs of osteoarthritis (i.e. osteophytes or subchondral
007 : Groulp z'censc:red : : : : sclerosis). The medial joint width was similar in both
0 20 40 60 80 100 120 groups (group 1: 5.4 mm, 95 % CI 4.3-6.5; group 2:

Survival [months]

Fig. 1 Survival to revision (Kaplan—Meier). The mean survival
in group 2 was 94.1 (95 % CI 77.1-111.3) months. The time to a
required revision in group 1 was 62.5 (95 % CI 45.9-79.2) months,
p<0.001

5.6 mm, 95 % CI 4.9-6.3). During the follow-up period,
the joint space width narrowed continuously in both
groups (Table 7). The joint space narrowing tended to
increase more rapidly in group 1, but the difference from
group 2 was not significant.

Table 4 Baseline data for

. . n Group 1 Group 2 p value

patients undergoing 10-year

follow-up 9 13
Male/female 6/3 5/8 n.s.
Age (years) 47.2 (41.3-54.0) 44.0 (37.9-50.0) n.s.
BMI (kg/m?) 720.4 (24.1-30.7) 27.1 (24.1-29.6) n.s.
History of disease (months) 10.1 (7.9-13.6) 6.8 (4.4-10.8) n.s.
Medial joint space width (mm) 5.4 (2.8-5.6) 5.6 (3.6-5.8) n.s.
Diameter of the MFC defect (mm?) 21.3(16.3-24.9) 20.3 (18.1-22.9 n.s.
Extent of meniscectomy, partial/subtotal 8/1 1172 n.s.

Data are given as mean (95 % CI) unless otherwise noted

n.s. not significant

# Two patients from the RF group died 5 and 7 years after the arthroscopy. A revision was not required
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Table 5 Knee injury and

o Group 1 Group 2 p value
osteoarthritis outcome score
(KOOS) Mean 95 % CI Mean 95 % CI
n=9 n=13
Baseline
Symptoms 6.3 0.1-12.6 21.1 12.1-30.1 0.012
Pain 11.7 4.3-19.1 16.4 5.0-27.8 n.s.
Function in activities of ~ 10.1 3.7-16.5 17.2 6.8-27.4 n.s.
daily life
Function in sports/recrea- 7.3 24-11.9 18.3 9.6-27.0 0.036
tion
Knee-related quality of 6.9 3.1-10.7 17.8 9.2-25.1 0.032
life
KOOS 9.1 4.1-14.3 17.8 8.9-26.6 n.s.
1-year follow-up
Symptoms 53.9 49.9-57.9 81.5 77.9-85.1 0.001
Pain 54.6 47.9-61.3 81.5 78.3-84.7 0.001
Function in activities of ~ 59.6 55.8-63.2 81.7 78.9-84.5 0.001
daily life
Function in sports/recrea- 47.3 43.4-62.1 68.2 58.2-85.1 0.001
tion
Knee-related quality of ~ 54.8 46.3-63.4 81.7 77.4-86.1 0.001
life
KOOS 56.9 53.2-60.4 81.6 78.8-84.4 0.001
4-year follow-up
Symptoms 57.9 44.1-71.7 70.8 63.9-77.7 0.050
Pain 59.3 42.1-76.4 76.4 70.6-82.1 0.026
Function in activities of ~ 53.2 39.7-66.7 70.9 64.0-77.9 0.010
daily life
Function in sports/recrea- 47.1 42.5-71.9 67.5 62.5-82.8 0.004
tion
Knee-related quality of ~ 59.7 43.8-75.6 70.3 63.3-77.3 0.147
life
KOOS 56.4 42.6-70.3 72.8 66.9-78.7 0.013
10-year follow-up
Symptoms 337 26.2-41.1 50.4 47.1-53.9 <0.001
Pain 40.7 29.1-52.3 452 39.0-51.3 n.s.
Function in activities of ~ 27.2 16.6-37.7 56.9 49.1-64.7 <0.001
daily life
Function in sports/recrea- 21.6 18.1-45.8 40.7 33.4-47.8 n.s.
tion
Knee-related quality of  41.6 27.9-55.4 50.4 44.4-56.4 n.s.
life
KOOS 33.1 25.3-40.9 50.8 46.9-54.8 <0.001
n.s. not significant
Discussion Different methods are available for the treatment of grade III

The most important finding in the present randomized study
was that RF treatment produced better clinical outcomes
and lower revision rates than a simple MD over short- and
middle-term follow-up. The rate of needed revisions was
significantly lower after RF treatment. After the long-term
follow-up, the treatments did not differ meaningfully.

@ Springer

lesions. First, it is possible to treat conservatively by SADOA
or DMOAD. Patients who suffer from a concomitant degenera-
tive meniscus tear mostly undergo arthroscopy. In this situation,
the surgeon must decide on a treatment for the cartilage lesion.
Partial resection of the loose meniscus fragments often produces
good short-term results because of the reduction in meniscus-
related symptoms, but deep cartilage lesions (grade III) or



Knee Surg Sports Traumatol Arthrosc (2016) 24:1560-1568

1565

Fig. 2 KOOS profiles of group 100
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Symptoms
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Pain

Symptoms

Fig. 3 KOOS profiles of group 2

complete defects (grade IV) must be considered as the initial
phase in the development of osteoarthritis. Without treatment of
the cartilage lesions, more than 50 % of these patients develop
osteoarthritis within 10 years [24]. For the treatment of com-
plete defects (grade IIIb or grade VI), the guidelines give rela-
tively clear directions [16]. Small full-thickness cartilage defects
(diameter < 1 cm) should be treated by bone marrow techniques

Function in activities of
daily life

.=

Function in
sports/recreation

Function in activities of
daily life

Pain Knee-related quality of life

Function in
sports/recreation

Knee-related quality of life

(e.g. microfracture), whereas defects with a diameter > 1 cm
should undergo autologous chondrocyte transplantation (ACT),
osteochondral transplantation (OATS), or cell-free autologous
matrix-induced chondrogenesis (AMIC). However, the best
treatment for deep grade III cartilage lesions is controversial.
Simple MD aims to smooth the joint surface and remove loose
flakes or osteophytes. This procedure became very popular
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Table 6 Tegner activity score

Group 1 Group 2 p value
Median Range Median Range
n=9 n=13
Before history 5 3-8 5 3-8 n.s
Baseline 3 1-3 3 1-4 n.s
1-year control 4 2-4 5 2-6 0.049
4-year follow-up 3 2-5 5 2-6 0.030
10-year follow-up 1 1-3 1 1-3 n.s.
n.s. not significant
Table 7 Joint space narrowing
Group 1 Group 2 p value
Mean (mm) 95 % CI Mean (mm) 95 % CI n.s.
n=9 n=13
Baseline 5.4 43-65 5.6 49-63 ns.
1-year 4.2 3.0-53 54 4.6-6.2 <0.049
control
4-year 3.6 2446 5.1 4.3-59 <0.013
follow-up
10-year 2.1 0.9-32 34 2444 ns.
follow-up

n.s. not significant

during the era of arthroscopy and is one of the most commonly
performed arthroscopic operations [17]. Experimental studies
regarding the effect of shavers have demonstrated that shav-
ing leads to uncontrollable effects within the chondral matrix
and structure [7, 31]. Spahn et al. [23] investigated the cartilage
layer after shaving and monopolar RF treatment using scanning
electron microscopy. Mechanical shaving produces a rough sur-
face with grooves and open-laying collagen fibres. This causes
nearly uncontrolled destruction within the ultrastructure of the
chondral matrix. During a 15-month observational study in rab-
bits, Mitchell and Shepard observed a significant progression of
the knee osteoarthritis after shaving. The grade of osteoarthritis
varied in accordance with the depth of the shaving and the types
of instruments used [15]. In previous randomized clinical inves-
tigations, shaving did not produce any positive effect compared
to control groups. No scientific evidence supports the use of
mechanical shavers to treat cartilage lesions [13]. In a study of
patients who did undergo control arthroscopy after osteotomy,
we observed complete defects after MD in approximately 30 %
and no effects in the remaining patients [26]. In contrast, among
patients who underwent RF treatment, 81.6 % demonstrated
regeneration (grade III to grade I). In the current study, patients
who underwent this treatment had significantly worse short- and
middle-term outcomes, which may be the reason for the signifi-
cantly higher revision rate in this group. Thus, MD of grade III
lesions is not indicated.

@ Springer

RF treatment (monopolar or bipolar) produces thermal
energy, which has a smelting effect within the cartilage lay-
ers. Thus, this method causes smoothing of the degenerated
articular cartilage surface. After the procedure, the carti-
lage appears to regenerate. However, uncontrolled heating
of the cartilage is associated with irreversible cell necrosis
and destruction of the tissue ultrastructure. RF energy can
cause the temperature within the cartilage to rise by 100°
or more [34]. This effect is not controlled during surgery.
After this procedure, the restoration of normal tissue is
improbable [12, 22, 31]. Furthermore, thermoablation has
another severe side effect; it alters the subchondral bone.
Osteonecrosis occurs in a number of cases, possibly due to
ischaemia of the blood vessels within the bone [5]. Clini-
cal trials contain reports of the contradictory effects of RF
treatment in regard to clinical outcome, cartilage restora-
tion, and the progression of knee osteoarthritis. Osti et al.
[18] observed a better 5-year outcome after microfracturing
compared to RF treatment in a case series of ACL-deficient
patients. Kang et al. [11] also reported worse results after
monopolar RF treatment of cartilage lesions compared to
simple debridement.

Regarding monopolar RF treatment, Barber and Iwasko
[2] found that its use as an adjuvant to mechanical chondro-
plasty with a shaver for the treatment of grade III chondral
lesions does not affect MRI findings or pain and functional
outcomes compared with mechanical chondroplasty using
a shaver only. Voloshin et al. reported a significant posi-
tive effect in 88 % of patients after treatment with bipolar
RF energy. They performed five control arthroscopies, and
more than 50 % exhibited partial or complete filling of the
defect. The authors concluded that bipolar radiofrequency
chondroplasty is an effective method for treating partial-
thickness cartilage lesions [33].

Our study is the first long-term study in this field of
investigation. Patients undergoing RF treatment benefitted
more from surgery than those undergoing MD, as the clini-
cal knee score was higher in RF-treated patients at 1 year
[25].

Patients in both groups had to accept a decrease in their
physical activity level (Tegner score). The better outcome
regarding activity level during short- and middle-term fol-
low-up after RF may be caused by the better clinical out-
come (KOOS). After 10 years, the activity level in both
groups was less than the pre-operative level. There are
two possible reasons for this result. First, the progression
of osteoarthritis can reduce the activity level. Second, as
patients age there is a “natural” reduction in physical activ-
ity. However, the results in both groups worsened over time,
and neither treatment option completely avoided the pro-
gression of osteoarthritis over the long term.

The pace of osteoarthritis progression in patients who
underwent MD did not differ from the natural progression
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of the disease. Taking grave study-related limitations into
account, we conclude that careful RF treatment is sufficient
to decelerate osteoarthritis progression in a small number
of patients. Among patients who underwent RF, better out-
comes were observed at the short- and mid-term follow-ups,
as well as at the 10-year assessment. Furthermore, the inci-
dence of osteoarthritis, as indicated by joint space narrow-
ing, was lower in this group. Thus, patients who underwent
bipolar RF treatment benefitted during the study period.

Although this study was randomized, the relatively
small number of patients in both treatment groups resulted
in only moderate statistical power. Significantly more
RF-treated patients than MD-treated patients were lost to
the 10-year follow-up. We speculate that these patients
declined a control because they were unsatisfied with
the results. These patients possibly suffered from a post-
arthroscopy osteonecrosis. This complication occurs more
frequently after RF treatment than other procedures [30].
However, these patients were lost after the fourth post-
operative year. Therefore, the RF-related osteonecrosis is
more improbable, attenuating the beneficial effect of RF
treatment considerably.

Another limitation is the absence of a real control group
with an untreated cartilage lesion. Though we decided
against this for ethical reasons, the lack of such a control
group makes it difficult to appraise the effect of RF in both
groups. Furthermore, all patients had a symptomatic medial
meniscus tear, which often produces grave clinical symp-
toms. The short-term and 1-year clinical results were likely
influenced by the extent of meniscus resection.

Taken together, our results indicate that the positive
effect of MD is doubtful. RF treatment at 50 °C produced
better clinical outcomes in the short- and middle-term fol-
low-up, but this method is also not sufficient to stop the
progression of osteoarthritis.

Conclusion

Compared to conventional MD, bipolar temperature-
controlled RF treatment at 50 °C appears to be a superior
method regarding short- and medium-term clinical out-
comes and the progression of knee osteoarthritis. Clear pre-
dictors of the indications of different cartilage treatments
are needed. Moreover, because the power of this study is
limited, more randomized controlled trials in this scientific
field are needed in the future.
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