
A

c
f

a

P
U
0

Chondrocyte Viability and Metabolic Activity After Treatment
of Bovine Articular Cartilage With Bipolar Radiofrequency:

An In Vitro Study

David Amiel, Ph.D., Scott T. Ball, M.D., and James P. Tasto, M.D.

Purpose: Some controversy exists regarding the effects of radiofrequency (RF) probes on articular
cartilage. To further elucidate these effects, we examined the chondrocyte viability and metabolic activity
after treatment of fresh bovine articular cartilage with bipolar RF probes. Type of Study: In vitro
assessment. Methods: Three fresh bovine knees served as a baseline control for chondrocyte viability,
yielding 6 samples (1 from each medial femoral condyle and 1 from each lateral femoral condyle). After
the baseline expected chondrocyte viability was determined, 3 additional bovine knees served as the
experimental specimens for the study. Under sterile conditions, 2 different bipolar RF probes were used
to treat the articular surface in a light contact mode, moving at a linear rate of 3 to 4 mm/s to provide tissue
debridement. Full-thickness articular cartilage was then harvested from each of the treatment areas. Six
samples per probe were then assessed for chondrocyte viability using fluorescent double-staining followed
by confocal microscopy; 6 samples per probe were assessed for metabolic activity using an 35SO4
incorporation assay; and 12 additional untreated samples were obtained to serve as controls for viability
(n � 6) and metabolic activity (n � 6). Results: The depth of chondrocyte death (mean � standard
deviation) was 109.4 � 22.1 �m after treatment with the ACD-50 probe, and was 172.3 � 34.3 �m after
treatment with the 2.5-mm/90° probe. The 35SO4 uptake (mean � standard deviation) was 2584 � 1388
cpm/mg dry cartilage for the ACD-50 probe and 1995 � 852 cpm/mg of dry cartilage for the 2.5-mm/90°
probe. The 35SO4 uptake for the control was 2647 � 1380 cpm/mg dry cartilage. Conclusions: The 2
probes tested created a well-controlled debridement with smooth edges and a defined margin of chon-
drocyte death that extended approximately 100 to 200 �m deep to the treatment area. There does not
appear to be a significant effect on the metabolic activity of the chondrocytes adjacent to the treatment
zone, but with the small sample size we lacked sufficient statistical power to definitively determine these
effects. Clinical Relevance: The 2 bipolar radiofrequency probes tested created a well-controlled
debridement in normal articular cartilage with smooth edges and a defined margin of chondrocyte death
that extended approximately 100 to 200 �m into the treatment area. Key Words: Bipolar radiofre-
quency—Cellular viability—Cartilage debridement.
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rticular cartilage defects are frequently seen dur-
ing knee arthroscopy procedures. Minor grade I
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Arthroscopy: The Journal of Arthroscopic and Related Sur
esions (modified Outerbridge classification) are gen-
rally not treated. However, researchers believe that
esions of grade II and above have a tendency to
rogress and may predispose the joint to early degen-
rative changes. For several years, power tools have
een used on these lesions to stabilize the edges of the
efect with the intention of stopping or slowing their
rogression. Mechanical debriders (shavers) are used
o remove fibrillations or loose flaps of cartilage, but
hese tools often leave a roughened edge after debride-
ent. Also, holmium:YAG lasers have been used in

rthroscopy for meniscectomy and chondroplasty, but
hey have been shown to be a potential cause of
503gery, Vol 20, No 5 (May-June), 2004: pp 503-510
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504 D. AMIEL ET AL.
atrogenic subchondral bone necrosis1,2 and chondro-
yte death.

More recently, radiofrequency (RF) devices have
een used to treat articular cartilage defects. Several
tudies performed on living or fresh tissue have at-
empted to evaluate the effects of RF devices on
hondral cell viability.3-7 When standard histologic
echniques were used on acute or chronic specimens,
hey appeared to have minimal or no detrimental ef-
ects on chondrocyte viability. Turner et al.3 compared
rthroscopic shavers to bipolar RF probes in a sheep
odel and found that the latter gave a better histologic

ppearance and showed no evidence of subchondral
ecrosis. Kaplan and Uribe4 reported similar findings
n human chondromalacic cartilage that was treated
ith bipolar RF probes. Based on the histologic find-

ngs of their study, these authors concluded that RF
nergy may smooth fibrillated cartilage with no dele-
erious effect to the remaining chondrocytes or matrix.

However, subsequent studies using viable cell stain-
ng and confocal laser microscopy have shown large
argins of chondrocyte death adjacent to the treat-
ent zone. Lu et al.5 first published these findings in

001, reporting up to 1,000 �m (1 mm) deep cell
eath to the treatment area in fresh bovine articular
artilage. Similar results were also seen in human
hondromalacic cartilage, with cell death extending
eyond 2 mm and reaching the subchondral bone in 13
f 20 specimens.6 Furthermore, these authors com-
ared histologic findings to results with viable cell
taining and confocal microscopy and concluded that
istologic assessments underestimate cell death.7

The contradictory findings of the aforementioned
ublications led us to the current study to further
lucidate the effect of bipolar radiofrequency probes
n articular cartilage. In the previous studies, RF
robes were tested in a highly controlled manner with
he probes mounted on jigs applying a predetermined
ressure (contact mode) or in a noncontact mode with
generalized effect of “smoothing” or “annealing” the

urface. In the senior orthopaedic author’s (J.P.T.)
ractice, these probes have been used in a contact
ode for debridement of loose flaps or fibrillations.
e therefore sought to test these probes in a more

linically applicable fashion using a free-hand tech-
ique with light contact at a constant rate to affect
urface debridement. We hypothesize that this will
ead to some margin of chondrocyte death deep to the
reatment zone. Furthermore, to our knowledge, no
tudy to date has assessed the chondrocytes within the
reatment area for metabolic activity. This warrants

valuation to determine if adjacent cells, which are w
hought to be alive based on confocal microscopy,
ay be damaged but not dead (showing decreased
etabolic activity). We hypothesize that there will be

ome detrimental effect on the metabolic activity of
he surrounding cells.

METHODS

Fresh adult bovine cartilage was used in this study
rom 1- to 2-year-old animals with closed epiphyses.
he animals were killed and the knee joints were
arvested en bloc without violation of the joint cap-
ule. The knees were kept at approximately 4°C and
elivered to our laboratories 3 to 6 days after death.
hese delays were necessary because of California

egulations and logistic infrastructure.

odel Validation

A model validation study was performed to ensure
hat adequate chondrocyte viability was maintained
uring the 3- to 6-day period of storage before arrival
t our laboratories. On arrival, the knee joints were
pened under sterile conditions using a medial parapa-
ellar arthrotomy. Full thickness cartilage specimens
ere harvested from the central, weight-bearing por-

ion of the medial and lateral femoral condyles. Six
pecimens were harvested (one from each medial femo-
al condyle and one from each lateral femoral condyle).
he cartilage specimens were then evaluated for chon-
rocyte viability using a dual staining protocol followed
y confocal microscopy as described subsequently.8

xperimental Model

After verifying that an adequate level of chondro-
yte viability was maintained during the storage pe-
iod, we proceeded to the experimental portion of the
tudy. Three additional bovine knees were obtained as
escribed previously. On arrival to our laboratories,
ach knee joint was exposed under sterile conditions
sing a medial parapatellar arthrotomy. Using a felt-
ipped surgical marker, grids consisting of 6 1-cm2

oxes were created on the medial and lateral femoral
ondyles to demarcate the treatment areas (Fig 1). The
istal femur was then isolated and submerged in a
arge sterile basin filled with 6 L of normal saline at a
emperature of 28°C.

On each medial and lateral femoral condyle, the
rticular surface was treated as follows: Treatment
reas 0a and 0b were treated with an ArthroCare
Sunnyvale, CA) 2.5-mm/90° probe; all 0a specimens

ere analyzed for chondrocyte viability (n � 6), and
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505BIPOLAR RADIOFREQUENCY EFFECT ON CELLULAR VIABILITY
ll 0b specimens were analyzed for 35SO4 uptake (n �
). Treatment areas 1a and 1b were treated with an
rthroCare ACD-50 probe; all 1a specimens were

nalyzed for chondrocyte viability (n � 6) and all 1b
pecimens were analyzed for 35SO4 uptake (n � 6).

Treatment areas 2a and 2b served as control speci-
ens in Fig 1. These areas were swept by an inactive
CD-50 probe in the identical fashion as the treated

pecimens. All 2a specimens were analyzed for chon-
rocyte viability (n � 6) and all 2b specimens were
nalyzed for 35SO4 uptake (n � 6). Additionally, one
ull thickness cartilage specimen measuring 1 � 0.2
m was harvested from each medial and lateral fem-
ral condyle (n � 6) and used as a negative control for
5SO4 uptake as described subsequently.

adiofrequency Probes

The 2.5-mm/90° probe is a bipolar multi-electrode
rthroscopic probe consisting of 7 active electrodes
nserted inside an alumina ceramic spacer, placed in-

IGURE 1. Treatment grid consisting of 1-cm2 boxes for testing
he bipolar radiofrequency probes, ACD-50 and 2.5-mm/90°. Site
a,0b illustrates the treated site with the 2.5-mm/90° probe. Site
a,1b shows the treated site with the ACD-50 probe. Site 2a,2b
hows the control site.
ide a stainless steel return electrode (304) 2.2 mm in t
iameter. The tip of the device is oriented at 90° to the
.4-mm stainless steel shaft. Each active electrode
onsists of a titanium wire 0.38 mm in diameter and
.4 mm in length. The 2.2-mm diameter ceramic
pacer separates the active electrodes from the return
lectrode by a 2-mm gap.

The ACD-50 probe is a bipolar arthroscopic probe
onsisting of a single active electrode separated from
he return electrode by a silicone polymer spacer. The
ctive electrode is made of a Molybdenum wire, 0.150
m in diameter and configured in a reverse U shape

.5 mm wide and 0.5 mm high. The silicone spacer
eparates the active electrode from the stainless steel
eturn electrode (2.2 mm in diameter) by a distance of
.9 � 0.3 mm.

reatment of the Chondral Surface

Treatment of the articular surface with the 2 RF
robes was performed in a free-hand manner patterned
fter the technique of the senior orthopeadist (J.P.T.).
he probe is used at a power setting of 4. It is oriented
t approximately 60° to the articular surface and used
n a light contact mode passing at a linear rate of 3 to

mm/s across the surface to affect volumetric de-
ridement of the surface. Clinically, this is the tech-
ique used by the senior orthopaedist author to de-
ride loose cartilage flaps or large fibrillations. The
rticular surface was kept entirely submerged in the
aline bath during treatment. No fluid flow was used,
n contrast to the usual arthroscopic environment in
hich these probes are used. Although the method
as kept constant from sample to sample, ultimately

he only control over variability in the amount of
ressure, angle of operation, and duration of treatment
f each area lies in the hands of the surgeon, just as in
he clinical setting.

After each area had been treated, the distal femur
as removed from the basin and returned to the sterile
rape. Osteochondral blocks from each treatment area
ere isolated and extracted using an oscillating saw,

nd then full-thickness cartilage was carefully dis-
ected free from the subchondral bone using a No. 20
calpel blade. For the specimens designated for 35SO4

ptake testing, the cartilage was trimmed down to
nly the line of treatment and a margin of 2 mm
ircumferentially surrounding it. This margin was
hosen to standardize the findings and to minimize
ariability that would be created if too much “healthy”
artilage were included that could mask the true ef-
ects of the RF probes on chondrocyte metabolic ac-

ivity. Two millimeters was chosen based on previous
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506 D. AMIEL ET AL.
iterature that suggests that up to 2 mm of cartilage
urrounding the treatment zone may suffer chondral
ell death.5-7

iability Assessment

The cartilage tested for viability was first sliced into
ull thickness coronal sections approximately 500-�m
hick using a No. 20 scalpel blade. The slices were
hen placed into staining solution that contains 2,7�-
is(2-carboxyethyl)-5(6)-carboxyfluorescein, acetoxy-
ethylester (BCECF-AM), and propidium iodide.
CECF-AM is a fluorescein derivative that stains
iable cells green. Propidium iodide is a cell nucleus
tain that stains dead cells red. After approximately 40
inutes of incubation in the staining solution, carti-

age slices were removed and evaluated with a Zeiss
SM 510 Laser Confocal Scanning Microscope
quipped with a krypton and argon laser (Carl Zeiss,
hornwood, NY). During the validation phase of the
tudy, cartilage was evaluated for overall chondrocyte
iability. This was performed by randomly obtaining
mages from the superficial and deep regions of the
artilage. Seven images were obtained from each re-
ion in each specimen. Viable green cells and dead
ed cells were counted, and viability was then calcu-
ated for the superficial region, the deep region, and
hen overall per specimen.

In the experimental phase of the study, the cartilage
pecimens were evaluated under lower (5 �) magni-
cation to allow complete visualization of the treat-
ent area and the adjacent zone of cell death. The
eiss LSM 510 imaging software was used to super-

mpose an imbedded micrometer onto each image
hich allowed a calculation of the depth of cell death.
gain, 7 images were obtained from each specimen,

nd the depth of chondrocyte death was measured and
veraged. The point of greatest depth of chondrocyte
eath below the surface treatment was chosen in each
mage for our calculations.

lycosaminoglycan Synthesis (35SO4 Uptake)

Glycosaminoglycan synthesis was quantified by the
mount of 35SO4 incorporation in the sample tissue.
s described previously, the specimens designated for

5SO4 uptake were first trimmed to include only the
reatment zone and a circumferential margin of 2 mm
urrounding this zone. These specimens were then
ncubated in tissue culture media containing 5 �Ci/mL
f 35SO4 for 48 hours at 37°C. After incubation, the
issue samples were washed with distilled water to

35
emove unincorporated SO4, freeze-dried, and s
eighed. The tissue was hydrolyzed in 1N NaOH for
hours at 65°C, and the hydrolysate analyzed in a

iquid scintillation spectrometer for quantitation of
5SO4 incorporation.9 The results were calculated and
eported as counts per minute (cpm) per milligram dry
eight. Six specimens per probe plus 6 positive and 6
egative control specimens were evaluated. The neg-
tive control specimens consisted of full-thickness
artilage slices measuring 1 � 0.2 cm (roughly the
ame size as the experimental specimens). These spec-
mens were submerged in liquid nitrogen for 30 sec-
nds to cause complete chondrocyte death. The neg-
tive control provides the background for zero uptake
f 35SO4 because of cell death.

tatistical Analysis

Sample results are presented in the text as mean �
tandard deviation. All values were subjected to sta-
istical analysis using analysis of variance (ANOVA)
ith the level of significance at P � .05. The number
f specimens in this study needed to ensure recogni-
ion of statistical significance was calculated10 and
ound to be 6.2. We have assessed 6 sites for each
odality tested for statistical evaluation.

RESULTS

ontrol Study

The percent viability of the chondrocytes within the
ovine articular cartilage is given, with the viability
roken down by sample (animals 1, 2, and 3), location
medial or lateral femoral condyle), and cartilage re-
ion (superficial or deep) (Table 1). All samples were
mmersed for a minimum of 2 hours in culture media
efore staining.
The average cell viability varied from 69% to 96%.

n all animals, the cell viability was higher in the

TABLE 1. Viability of Fresh Bovine Articular Cartilage

Animal 1 Animal 2 Animal 3

edial femoral condyle (MFC) 85% 69% 96%
MFC superficial zone 93% 78% 98%
MFC deep zone 71% 50% 92%

FC (lateral femoral condyle) 88% 80% 96%
LFC superficial zone 96% 93% 98%
LFC deep zone 62% 65% 89%

verall viability (both condyles) 87% 72% 96%
Overall superficial zone 94% 85% 98%
Overall deep zone 68% 58% 91%
uperficial layers than in deeper chondral layers. This
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507BIPOLAR RADIOFREQUENCY EFFECT ON CELLULAR VIABILITY
ay be explained by the fact that, although the ani-
als were killed several days before the study, the

uperficial layers were still in direct contact with sy-
ovial fluid and the deeper layers were not. This study
hows that use of freshly harvested bovine cartilage is
valid model to study the effect of RF devices. The

onfocal microscopic images in Fig 2A through C
llustrate the superficial zones of articular cartilage of
ovine knee samples 1, 2, and 3. Images in Fig 2D
hrough F illustrate the deep zone of articular cartilage
f bovine knee samples 1, 2, and 3.

xperimental Study: Radiofrequency Treatment
Gross Appearance: Both the ACD-50 and the 2.5-
m/90° RF probes provided tissue debridement. As

een in Fig 3, a shallow, narrow trough was created
ith each probe. The articular cartilage before treat-
ent had a normal appearance (no surface fibrilla-

ions), and after treatment, the troughs had a smooth
order in all samples, with no cracks or fissures.
Viability Assessment: Representative confocal mi-

roscopic images for the 2 probes tested are illustrated
n Fig 4. These images show the margin of chondro-
yte death surrounding the defects by the probes. In all
amples an obvious area of superficial debridement
nd a surrounding rim of red-stained cells that repre-
ents the margin of chondrocyte death were seen. As
n previous studies,5,7 the depth of chondrocyte death
as calculated as the deepest margin seen in a given

mage. As seen in Fig 4, a peripheral rim of chondro-
yte death extending to each side of the trough is also

IGURE 2. Confocal micros-
opy images of bovine articular
artilage. Green cells are alive,
ed cells are dead. Panels A
hrough C represent the super-
cial zones of the articular car-

ilage of bovine knee samples
A) 1, (B) 2, and (C) 3, respec-
ively. Panels D through F rep-
esent the deep zones of the ar-
icular cartilage of bovine knee
amples (D) 1, (E) 2, and (F) 3,
espectively. (Original magnifi-
ation �10)
een. c
The ArthroCare ACD-50 probe had the smallest
argin of chondrocyte death, which measured

09.4 � 22.2 �m. The depth of chondrocyte death for
he 2.5-mm/90° probe was 172.3 � 34.3 �m (Table
). The margin of cell death did not approach the
ubchondral bone in any of the samples tested with
ither probe (Fig 4). In the control viability specimens,
o cell death or surface trough was seen, as would be
xpected.

lycosaminoglycan Synthesis

The 35SO4 uptake indicating glycosaminoglycan
ynthesis (metabolic activity) was assessed after de-
ridement of the bovine articular cartilage with the 2
robes. Table 3 illustrates the mean values found after
reatment with each probe, as well as the 35SO4 uptake
f the control, untreated cartilage.

35SO4 uptake for the control, untreated cartilage
as 2,647 � 1,380 cpm/mg of dry tissue. 35SO4

ptake for the cartilage treated with the ACD-50 probe
nd the 2.5-mm/90° probe was found to be 2,584 �
,385 cpm/mg and 1,975 � 852 cpm/mg of dry car-
ilage, respectively. The negative control specimen
cartilage submerged in liquid nitrogen for 30 seconds
o cause complete chondrocyte death) was measured
s 22 � 12 cpm/mg dry cartilage.

No statistical significance at the level of P � .05
as detected when compared with the control. How-

ver, the higher than expected standard deviations
esulted in a lower statistical power than our ad hoc

alculations accounted for. Therefore, we are unable
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508 D. AMIEL ET AL.
o conclude with certainty that the probes had no
ignificant effect on chondrocyte metabolic activity.

DISCUSSION

Since their introduction, RF probes have become
ery popular with arthroscopists. This is largely be-
ause of their relative ease of use, efficiency in de-
ridement, and the macroscopically aesthetic effects
hey have on the treated tissues. However, over the
ast few years, the safety of these devices has been

5,7,11,12

IGURE 3. Gross morphology of bovine knees (A) before and (B)
fter treatment with radiofrequency (RF) probes. Note coblation on
he articular cartilage surface in panel B.
uestioned. a
Initially, Turner et al.3 reported the effects of bipo-
ar RF probe treatment on articular cartilage in an in
ivo sheep model. These authors created a roughened
rticular surface that was then treated with either an
rthroscopic shaver or an RF probe. After 0, 6, 12, and
4 weeks, the treated cartilage was evaluated histo-
ogically using a modified Mankin scale, and the au-
hors reported significantly better results in the RF
robe group at all time points. They noted no patho-
ogic changes in the subchondral bone. Subsequently,
aplan and Uribe4 reported similar benign findings. In

his study, radiofrequency energy was used to treat the
rticular cartilage of human knees that were undergo-
ng total knee arthroplasty. Histologically, the surface
brillations of the cartilage were smoothed out, the
hondrocytes appeared viable, and no deleterious
hange in the tissue architecture was observed. These
uthors concluded that RF energy was safe for use on
rticular cartilage.

However, in a subsequent series of studies,5-7,11,12

arge margins of chondrocyte death were seen after
reatment of the articular surface with RF probes.
hese authors used a viable staining technique fol-

owed by confocal laser microscopy to assess chon-
rocyte viability. The depth of cell death below the
urface treatment penetrated as deep as 2 to 3 mm,
ven extending to the subchondral bone in some spec-
mens. These studies were well designed and highly
ontrolled. The probes were mounted on mechanical
igs that provided precise pressure application and
uration of treatment along the articular surface. In
eviewing these studies, the published confocal im-
ges showed a smooth surface with no evidence of
issue debridement, suggesting that the devices were
sed for surface “annealing” rather than debridement.
In the current study, the 2 probes tested (ACD-50 and

.5-mm/90°) showed a well-defined zone of ablation
ith a consistent margin of chondrocyte death (100 to
00 �; Fig 4). This is approximately one-tenth the depth
f penetration seen in the previous studies.5-7,11,12

The described study shows a number of differences
rom the previous studies. First, the RF probe treat-
ent conditions were very different. The probes were

sed with a free-hand technique, simulating actual
linical use in contrast to the mechanical jig set up.
heoretically, this could affect variability, because
bviously the only control over duration of application
nd amount of pressure lies in the hand of the opera-
or. However, this potential limitation exists in the
veryday use of these devices during arthroscopy.
urthermore, we actually found relatively little vari-

bility from sample to sample, as evidenced by the
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509BIPOLAR RADIOFREQUENCY EFFECT ON CELLULAR VIABILITY
elatively low standard deviations (109.4 � 22.2 �m
or the ACD-50 probe and 172.3 � 34.3 �m for the
.5-mm/90° probe), and this speaks to the reproduc-
bility of our treatment method.

Secondly, in the current study, the probes were used
o affect debridement of the articular surface as would
e done for debriding a loose cartilage flap. In previ-
us studies, published images show no clear debride-

IGURE 4. Control articular cartilage specimens, (A) for lateral an
ith 2.5-mm/90° probe, (C) for lateral and (D) medial. Panels E an

he lateral and (F) medial condyle. (Original magnification �5)

TABLE 2. Depth of Chondrocyte Death

2.5 mm/90° ACD-50

nimal 1 MFC 149.0 � 47.2 �m 130.0 � 7.9 �m
nimal 1 LFC 172.3 � 34.3 �m 109.4 � 18.5 �m
nimal 2 MFC 183.3 � 34.4 �m 47.0 � 12.0 �m
nimal 2 LFC 220.0 � 17.9 �m 126.3 � 20.8 �m
nimal 3 MFC 145.0 � 32.1 �m 122.1 � 19.5 �m
nimal 3 LFC 164.2 � 39.8 �m 121.7 � 22.5 �m
ean value � SD 172.3 � 34.5 �m 109.4 � 22.1 �m
NOTE. Six sites were tested. d
ent of the surface. This suggests that the probes were
ested as annealing devices. If large margins of chon-
rocytes are killed, the smooth surface that is created
y such treatment will degrade without cells remain-
ng to maintain the extracellular matrix.13

Finally, the probes tested in the current study have

edial condyles. Panels C and D are from articular cartilage treated
ow articular cartilage specimens treated with the ACD-50, (E) for

TABLE 3. 35SO4 Uptake for Glycosaminoglycan
(GAG) Synthesis

Control* 2.5 mm/90°* ACD-50*

FC 2,713 � 908 2,040 � 1,315 2,429 � 441
FC 2,581 � 1,981 1,951 � 288 2,739 � 2,129

FC � MFC 2,647 � 1,380 1,995 � 852 2,584 � 1,385

NOTE: Metabolic uptake of 35SO4 chondrocytes from articular
artilage treated with the 2.5-mm/90° probe and the ACD-50
robe, and adjacent control tissue (see Fig 1). Six sites were tested.
esults expressed as mean values � standard deviation.
*All results are expressed as counts per minute (cpm) per mg of
d (B) m
d F sh
ry cartilage.
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510 D. AMIEL ET AL.
ot been assessed in previous studies. Any or all of
hese differences may account for the smaller margin
f cell death seen in the present study.
With respect to the metabolic activity of the chon-

rocytes adjacent to the treatment zone, the RF probe
reatment does not appear to cause a deleterious effect.
owever, as noted previously, because of the small

ample size and the relatively large standard devia-
ions seen with 35SO4 uptake, we lack sufficient sta-
istical power to express the results at the 95% level of
onfidence.

Given the various findings of all of the studies
ssessing RF devices, it is important to point out some
imitations in applying these laboratory studies di-
ectly to the clinical setting. First, a wide range of RF
robes exist, and individual probes clearly have dif-
erent characteristics. Furthermore, a number of meth-
ds of application can be used (contact v noncontact,
inear sweep v paintbrush, surface annealing v de-
ridement). If one is to draw conclusions from this or
ny other RF probe study, these conclusions should
nly be applied to the probes tested and the conditions
nder which they were tested. For example, the probes
ssessed in the current study may have different ef-
ects if used in a different manner (such as a paint-
rush stroke with a goal of annealing the surface).
urther laboratory study is clearly warranted to further
efine the role of RF probes in arthroscopy and the
ethods with which they should be used.
Finally, we noted a paucity of clinical literature

egarding the outcomes after RF probe treatment of
rticular cartilage defects of the knee. We found only
ne prospective study of RF probes. In a 2-year pro-
pective analysis of RF versus mechanical debride-
ent of isolated patellar chondral lesions in 2002,
wens et al.14 reported superior clinical outcomes

fter debridement of patellar grade II and III chondral
esions with a bipolar radiofrequency probe (20 pa-
ients) as compared with treatment with a mechanical
haver (19 patients). The patients were assessed using
he Fulkerson-Shea Patellofemoral Joint Evaluation
core.

In summary, further basic science studies are
eeded to assess the multitude of RF probes that are

vailable and to better define the most appropriate use
f such devices in arthroscopic surgery and in the
reatment of chondral defects. Long-term, prospective
tudies should also be undertaken with magnetic res-
nance imaging or second-look arthroscopic evalua-
ion to appropriately assess the effects on the articular
artilage. In the meantime, these devices should be
sed with caution in the clinical setting.
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