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BASIC SCIENCE lution resulting in a more limited depth of tissue
. . penetration, usually only 0.4 mm to 0.9 mm. This
he thermal effect of heat shrinkage on collagen is depth of penetration is highly dependent upon the

dependent upon three issues: temperature, ime,.amperature setting of the probe, the electrical con-
and tissue (or the quality of the collagen). The effec- j,cion path, and the thermal conductivity of the tis-
tive temperature falls within a range. This effect is ¢ o

dependent on the amount of time the tissue is exposed
to that temperature, and is highly dependent upon the
collagen cross linking of the tissue which in turn is
dependent upon the age of the patient.

The critical temperature range to achieve shrinkage
in capsular or ligamentous tissue is 65°-75°C. Very
little shrinkage occurs at temperatures less than 65°C.
The maximum shrinkage occurs in the temperature
range from 70-75°. With increasing age collagen cross
links begin to fail which will further influence the
effect of heat. Currently, there are two methods used
to achieve this heating: the laser and radiofrequency
energy. The use of the Holm!um YAG laser has de- stiffness and viscoelastic properties that peaks 2
clined in recent years primarily because of cost and

safety issues. In contrast, radiofrequency ener trea’t—W%ks after surgery. Afterwards a gradual improve-
y : ’ q y 9y . ment occurs to the mechanical properties of the tissue,

ment ha_s gained great acceptance over th(_e past S ng by 12 weeks, the tissue regains its normal me-
years with both monopolar and bipolar devices be- chanical propertie:s

COX]Ipn%r?gag?;)rledg\r/]i;ger:iriir(:; both a probe and a The loss of tissue stiffness reaches a peak of 50% to
P 9 P 60% at 2 weeks, shows considerable healing and a

grounding plate. Energy from the probe tip passes ;
through tissue to the grounding plate. In tissues that return toward normal stiffiness bY 6 weel_<s, but does
not actually return to a normal tissue stiffness level

have low impedance, such as joint capsule or Ilgamen—unt” 12 weeks after RF heat application. This same

tous tissue, sufficient heat penetrates the tissue to L X . .
cause cell death to a depth of about 3-4 mm. Becausepattem of healing is seen with the viscoelastic prop-

articular cartilage has much higher impedance, the erties of tissue which show a reduction up to 6 weeks,

energy path actually flows through the irrigation so- and do hot return to _n_ormal until 12 weeks after
surgery. Initially a significant thermal effect is seen

histologically which is followed by a highly active
cellular response that returns almost, but not entirely,
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With bipolar probes, the energy passes through the
irrigation solution from the probe tip and back to
itself. The depth of penetration is from 3 mm to 5 mm
in soft tissue, such as joint capsule, with surface
ablation and caramelization of the tissue. In articular
cartilage, this depth of penetration is from 1.5 mm to
3 mm, but is highly dependent upon the probe tem-
perature, which in turn is controlled by the power
applied.

In vivo studie$ of radiofrequency (RF) energy ap-
plications in capsular tissue show an initially signifi-
cant thermal effect with a significant drop in tissue

Plano, TX 75093, U.S.A. - _ and fibroblastic invasion are observed. There is almost
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6 weeks after thermal application, this angiogenic and an arthroscopic technique, and to do this in a manner
fibroblastic response is dramatic with islands of hya- that ideally reduces inflammation.
linized, denatured collagen. By 12 weeks, the hyalin-  Why would thermal chondroplasty reduce inflam-
ized collagen has been completely replaced, althoughmation? Normally, in fibrillated cartilage, regardless
the tissue remains somewhat hypercellular. This re- of the cause, collagen and proteoglycan epitotes are
sponse is similar to previously published laser stud- released that go to the synovial membrane. The syno-
ies2-6 vial membrane then releases various substances, in-
A more extensive cellular response has been re-cluding many of the metalloproteinases that cause
ported in studies of RF treated tissue. The RF energy further degradation of the cartilaginous surface. This
treated the tissue to a depth of 3to 4 mm in contrast creates a Cyc]ic process resumng in more inflamma-
to the 1 mm to 2 mm depth for the laser studies. It tion leading to swelling and pain. Annealing the chon-
takes longer for the larger amount of tissue to be dral surface minimizes or reduces the release of epi-
replaced. This tissue heals by replacing the damagediptes and matrix components that cause inflammation
tissue with fibroblasts. These fibroblasts arise from g thereby reduces the pain.
beneath the tissue they replage. Th?s suggests that if aAp earlier study on the effect of monopolar RF on
radiofrequency heat were applied using a grid pattern, partia| thickness articular cartilage defects in sheep
viable fibroblasts would remain between the treated |g54 to the conclusion that monopolar RF caused long

areas. This in turn would enhance or speed postoper-grm chondrocyte death while maintaining a smooth
ative healing. This concept was borne out by a study 4 icyjar surface out to 6 months. In contrast, partial

that showed a significant earl;I/ effect fduhe to that rlaPid thickness mechanical debridement resulted in progres-
revascularization and repopulation of the normal fis- gjye fiprillation down to the tidemark in subchondral

sule of thei gr_id byhfibrobtqusfs. oint e d bone. Full thickness debridement and “microfracture”
¢ nt C(iﬂctusmn, tI etstu 1es or;_lfqlnt_capsu eb emf?n— filled the defect with fibrous connective tissue with
? rale ﬁ. carésg arRI;ssaermo tLICta If?:i]nckan ies ?eren(f_ small islands of fibrocartilage. This lead to a recom-
I\é?a){uarlg :jeeveen d)e/nt bitetr?ey’ deathsof :r?eetration iSmendation against the use of thermal chondropl@&sty.
pe P ' P pent This was countered by as study of fresh human
highly power dependent, and that faster healing can be _ . : :
cartilage from total knee arthroplasty patients using a

achieved using a grid pattern. : . 2

The thermal effects on capsular tissue are different bipolar r_nultlelectro_dg wand. Cell V|al_)|I|ty was eval-
than those on articular cartilage. Collagen denatur- uated with H&E staining. '_I'he cpnclusm_n was th"’.‘t the
ation and shrinkage, whether you want to anneal achondrocytes remained viable in the bipolar radiofre-
surface, shrink an ACL, or treat cartilage begins at 9U€NCY energy (BRFE) treated areas. A smooth sur-
65°C and is optimal at 70-75°C. Cell death begins at fac_e could_ be produced and the acute effect of BRFE
45°C, and at 55-60°C all the cells within the tissue that indicated it was safe to apply to articular surfages.
reached that temperature have died. This means that _Th's study_ was rephcated_ qnly using confocal laser
any tissue treated with this temperature must contain Microscopy in vital cell staining. This study demon-
dead cells. The goal of femoral chondroplasty is to strated a depth of articular cartllage cell death that
minimize cell death so that the surface can be treatedf@nged from 1.5 mm to 2.5 mm. An increased depth of
without killing large numbers of cells deep into that Penetration occurred with higher power settings. It
cartilage surface. Capsular shrinkage, in contrast,Was felt that light microscopy could not accurately
causes collagen denaturation throughout the tissue andSS€ss chondrocyte viability and that BRFE created
all the denatured tissue is replaced through the healingsignificant chondrocyte death in human articular car-
process. This tissue is replaced in a 6-12 week time tilage with naturally occurring chondromalacia. The
frame. In articular cartilage, replacement does not warning was made that BRFE posed a danger for
happen. The cartilage loss that occurs at the time of creating full thickness articular cartilage death down
heat application is permanent. Cartilage does not re-to and including the subchondral botfe.
pair itself. Markel reports soon to be published studies sup-

Why then do we even consider using thermal chon- porting the conclusion that BRFE causes significantly
droplasty? The reasons proposed are to achieve argreater depth of chondrocyte death than monopolar
accurate debridement without damaging adjacent un-radiofrequency energy (MRFE). Also, even short
affected tissue, to physically smooth the cartilage in a treatment times of as little as 20 seconds can cause full
manner not achievable by mechanical means, to usethickness chondrocyte death in BRFE treated speci-
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mens, especially if pathologic thinning of the cartilage so, should we not be seeing an increasing number of
has occurred. complications reported in the literature? It may be that
What is the most effective treatment time? One the integrity of even dead articular cartilage provides
study treatd a 1 cnf area for 5, 10, 15, 20, 30, and 40 some resistance to delamination and that, because of
seconds with either a BRFE probe or a MRFE probe. the good articular surface congruity, some time may
A paintbrush treatment pattern was used. Confocal be required before delamination from full thickness
laser microscopy and scanning electron micrographscartilage death begins. Secondly, because of the spotty
(SEMs) were used to evaluate the surface. The MRFE application of this technique to the condyle, areas with
probe caused, at 5 seconds, 420 microns depth of cellnormal viable articular cartilage and bone remain in
death which increased to 850 microns at 20 seconds.the treated zones that support the condyle and prevent
The BRFE probe caused 920 microns of cell death at collapse from occurring. Thirdly, treatment may be in
5 seconds which increased to 2 mm at 20 seconds.a non-weight bearing area of the femur, which is less
This differing pattern of increasing cell death held true susceptible to progressive problems as might be seen
for longer periods too (30 and 40 seconds). Also, the in weight bearing area. Finally, there is considerable
SEM appearance of the human chondromalacia difficulty distinguishing between the effects of ther-
showed no statistical difference in smoothing, be- mal treatment and the natural progression of a disease.
tween 10 and 40 seconds, or for either device. The It may be that many negative results are being con-
conclusion was that 5 to 10 seconds of treatment doessidered the natural progression of a disease rather than
not smooth the surface for either monopolar or bipolar a negative result secondary to thermal chondroplasty.
RF energy. A 1-crharea requires 15 seconds to be  Future considerations should include a determina-
effectively smoothed. tion of whether thermal treatment is a beneficial pro-
Also, increasing the irrigation fluid flow increased cedure. Knowing that a smooth surface can be
the tissue cell death. This is because the increasedachieved and that this is maintained is not the same as
flow actively cools the probe tip. Consequently it proving that this is the safest device available to
takes more energy into the tissue to maintain the tip achieve this goal.#5.11-17
temperature. With the irrigation fluid at body temper-
ature less energy is required to drive the probe tip than
when the irrigation fluid is at room temperature. CLINICAL APPLICATIONS
Recent studies with body temperature lavage sug-
gest that it may be possible to achieve an equivalent
surgical result with thermal treatment or with mechan-
ical debridement. This is because mechanical debride-
ment removes 500 microns of tissue and results in an
additional 250 microns of cell death after surgery.
Monopolar RF kills 420 microns of cells within the
tissue and probably results in the death of another 250
microns depth suggesting an equivalency to mechan-
ical debridement. SEM indicates that a smooth surface pyje
may be achieved in 10 seconds, although not as
smooth as after 15 seconds. The observation suggests Clinically, RF energy can be used to treat several
that monopolar RF causes less chondrocyte death inconditions in the ankle. These include ankle instabil-
37°C lavage than in 22°C. This energy difference is in ity, meniscoid lesions, and arthrofibrosis. The stan-
part due to the active cooling of the tip in the lower dard ankle arthroscopy setup includes either a small or
temperature fluid. Active irrigation flow will have that standard sized arthroscope with a standard camera
effect also and result in the need for more energy to setup, shaver blades of different sizes, and inter-
maintain the tip temperature. This leads to the recom- changeable cannulas. Portal selection and placement
mendation that if monopolar RF is to be selected for is important. The basic working portals are the antero-
chondroplasty, 37°C lavage should be used with no medial (located medial and anterior to the tibial ten-
flow or reduced flow. don on the joint line to avoid the saphenous nerve and
The data suggest that Bipolar RF energy may causevein), the anterolateral portal (lateral to the peroneus
significant cell damage and that this damage may tertius tendon on the joint line to avoid the superficial
extend to the underlying subchondral bone. If this is peroneal nerve), and the posterolateral portal (lateral

As we know from the basic science, the triple helix
of collagen unwinds with heat while maintaining the
intermolecular cross-links. This boils down to two
physical effects: heat shrinks and weakens tissue.
Eventually the weakened tissue will remodel and nor-
mal strength be regained. These factors must be con-
sidered clinically and present treatment opportunities
as well as concerns.
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to the Achilles’ tendon, one cm above the fibular tip can also remove this tissue just as easily and probably
avoiding the sural nerve and the short saphenouswith less expense.

vein). Inflow can be through the scope and sometimes

also through the posterolateral portal. Knee

The technique of portal creation is important to In the knee, RF can be used to cut tissue, remove

avoid neurovascular injury. Find the joint line with 4 tissue, shrinkage tissue, and prepare the ACL/PCL site
needle and then inflate the joint. A shallow incision is by exposing the bony landmarks in the knee. Using

made in the skin with a 15-blade scalpel and the soft Rr anergy facilitates ACL guide wire placement by
tissue is spread with hemostats down to the joint gfficiently removing soft tissue in the area. It espe-

capsule. This moves the soft tissue out of the way and .l effective for PCLs. Using the posterior lateral or
avoids neurovascular injury. To begin, view antero- the posterior medial portal, a 45° or 90° angle RF
medially and instrument anterolaterally. Good water prope can elevate the capsule from the posterior aspect
flow and adequate distention are essential. An arthro- of the tibia to facilitate graft passing. RF facilitates the
scopic pump may be used, but with caution to avoid removal of soft tissue from the lateral femoral condyle
fluid extravasation. clearing the way for the notchplasty, performing lat-

The RF probe can be used to tighten the lateral era| retinacular releases, reaching difficult areas of the
ankle ligaments similar to a Brostrum procedure. The meniscus where a mechanical debrider is difficult to
indications for the procedure include the physical insert, lysis of adhesions in cases of arthrofibrosis, and
findings of an anterior drawer and a positive talar tilt shrinking the medial retinaculum.
sign. Clinically there should be a history of two to
three significant ankle sprains withe 6 nonths in- Patellofemoral Instability
terval characterized by ecchymosis, pain and swelling.
In addition the patient should have failed a six to nine
month program of conservative treatment.

The steps for thermal stabilization of the lateral
ankle ligaments start with viewing the lateral liga-
ments through the anteromedial portal. The ankle is
everted and dorsiflexed to relax the lateral structures.
Any redundant capsule is removed to expose the un-
derlying ligament. The RF probe is inserted through

Arthroscopic surgery permits a careful assessment
of patellar tracking, the identification and removal of
loose bodies, and the debridement of any patellar
articular cartilage lesions associated with patellofemo-
ral instability.

One approach to recurrent patellar instability which
is especially helpful for a patient with open growth
plates is the medial retinacular plication combined
. with the lateral retinacular release. Arthroscopic and
the anterolateral portal and thermal shrinkage Startsarthroscopically assisted treatment of the acute patel-

posteriorly focusing init?ally on t.he calcaneofibular lar dislocation was reported in 1985 The traumatic
ligament and then moving anteriorly to address the oa; iy the medial retinaculum was arthroscopically

anterior taloflpular ligament. Postopere}tlvely, the_an— closed using #0 Vicryl. Although follow up was lim-
kle is immobilized and the patient remains non weight ited, this demonstrated that such a technique might
bearing for three weeks. A postoperative boot is used haye clinical usefulness. A later study used an open
until six weeks after surgery. After six weeks, exer- megial retinacular plication combined with an arthro-
cises are started using a brace to avoid inversion.scopic lateral retinacular release that addressed all
From three to six months, sports are allowed with patellofemoral instabilities, both acute and chrofic.

taping and bracing. _ These 24 patients were sutured with PDS and fol-
Other clinical applications for the ankle include |owed for 18 months with good results.

treating arthrofibrosis and meniscoid lesions. Patients A similar arthroscopic approach can utilize the RF
who fail to regain motion after trauma despite aggres- probe to shrink the medial retinaculum and perform a
sive physical therapy for several months, are candi- release laterally. Using a grid or strip pattern, the
dates for debridement of adhesions. The hard, densethermal probe starts inferiorly and moves proximally
posttraumatic scar can be divided and ablated by thetreating tissue from the medial gutter to the medial
RF probe. Afterwards a motorized shaver removes patella border. Shrinking the medial retinaculum
any residual debris and clears the gutters. Anothercauses it to both thicken and shorten. The tissue is
application for the RF probe is shrinking meniscoid initially weak and activities must be restricted for at
lesions at the anterolateral corner of the ankle. This least 3 months. However, the diminished pain associ-
may not be cost effective, however, because a shaverated with this technique facilitates the postoperative
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exercise resulting in less atrophy and a more rapid chanical debridement removes an excess amount of
restoration of quadriceps strength. healthy articular cartilage and may leave an unstable
The indications for this procedure are multiple (at margin. The surface also remains rough and irregular
least three) recurrent dislocations that have failed a permitting greater matrix permeability with increased
thorough course of physical therapy lasting at least water concentration and decreased cartilage stiffness.
three months. The procedure is contraindicated for Lasers were used in an attempt to overcome these
acute patellar dislocations to allow healing of the shortcomings. Raunset and Loh&e#t reported the
medial retinaculum detachment from the medial fem- results of a randomized clinical trial comparing exci-
oral epicondyle. All medial femoral tenderness should mer laser and mechanical debridement in the treat-
be resolved prior to performing this procedure even in ment of Outerbridg€ grade 2 or 3 lesions of the
recurrent dislocations. This medial retinacular shrink- articular cartilage. In 140 patients, the author found
age may also be used in conjunction with a distal that the laser group had a significant reduction in pain
realignment procedure such as the Elmslie-Trillat. (p = 0.05) and reactive synovitis (p 0.001). Despite
While our clinical series does not have sufficient these encouraging results, the laser has fallen out of
follow up to report yet, there are currently 13 patients favor in arthroscopic surgery because of cost, incon-
with an average follow up of 33 months (minimum 12 venience, and safety concerns. Bipolar RF energy
months) who underwent this procedure. There has (BRFE) appears to work in a fashion similar to lasers.
been no decline in the success rate using this proce-Loose or fibrillated surface cartilage is ablated. The
dure compared to the comparable open procedure. Thdining of weight bearing collagen on the AC surface is
advantages of this procedure are the lack of an inci- denatured as surface water is vaporized. A smooth
sion, decreased postoperative pain, and an easier reeoncentrated layer of collagen/scar forms as a surface
turn to full strength. The therapy goes quicker because layer (neosurface).
the patients are more comfortable, and respond to Turner compared the use of a mechanical rotary

therapy very quickly. shaver to a BRFE probe in debriding roughened AC in
_ _ a sheep modée The sheep were sequentially sacri-
Articular Cartilage ficed at specific intervals between time 0 and 24

The management of articular cartilage lesions (AC) \év(flrilii(r?. l)htehec?\;ltgﬁgﬁ ;vca:)srirlstsolgtgel;a% dg:/ilgse(ioi(w::
either partial or full thickness remains controversial. g 9 sy )
Some lesions are silent and neither progress or pro-Ioared to the control non-treated ca_rtllage. By every
duce symptoms. Others as seemingly inconsequential.meas‘ure the BRFE probe was superior to the mech_an—
. L . Ical shaver. None of the AC specimens treated with
as a soft surface blister may produce significant dis- : L
. . the BRFE device, regardless of the time interval used,
comfort. Deeper lesions may cause mechanical, Ioosedemonstrated anv evidence of chondrocvte death. or
body like symptoms and inflammation with associated : y . Y ’
. . . ) . _osteonecrosis. In fact the mechanical shaver had a
pain and swelling. These lesions may also increase in _,__ . .
statistically higher number of empty lacunae and hy-

size. Fibrillated articular cartilage will continue to pereosinophilia (p< 0.05). In a pilot study again
propagate even with simple cyclical loading and par- comparing the mechanical shaver to a BRFE on

tial thickness lesions may propagate by delamination roughened sheep articular cartilage, Gamberdela

and fragmentation or progressive fibrillation. Full found with electron micr that the mechanicall
thickness grade 4 lesions can expand by continuedd : 0 croscopy that In€ mechanicatly
delamination along the calcific zone. ebrided surfz?lce at three months remained roughened
and propagating. In contrast, the BRFE ablated sur-
Surgical Management face remained stable and smooth. No chondrocyte
death was found in these animals at three months.
The current objective in the treatment of these le-
sions includes the removal of loose or degenerated Safety
cartilage with the objective of leaving as smooth a
surface layer as possible. Debriding the cartilage until  The use of BRFE on articular cartilage began in
no further separation can be probed or visualized 19962 Initially the articular cartilage on the portion of
stabilizes the edges of the lesion. These surgical ob-the femoral condyle that was to be removed during the
jectives are currently accomplished with mechanical notchplasty segment of an ACL reconstruction was
shavers, hand instruments, or thermally with lasers. treated. This treated articular cartilage was evaluated
Unfortunately these devices are far from optimal. Me- histologically using standard staining techniques. The



ARTHROSCOPIC THERMAL SURGERY 45

articular cartilage underlying the ablated area demon- GAG synthesis as measured by 35 S@rorporation

strated a zone of injury of approximately 100 to 200 to measure metabolic activity. They found that the

microns with the remainder of the articular cartilage bipolar wand would remove tissue leaving a defect on

appearing normal. In order to further establish the the articular cartilage surface. The remaining surface

safety of BRFE in articular cartilage debridement, six was smooth and showed red staining that did not

fresh femoral condyles from patients undergoing total penetrate beyond 200 microns. When they looked at

knee arthroplasty for unicompartmental disease were metabolic activity, there was no significant difference

treated. Patients with inflammatory arthritis or con- between the control and the BRFE treated articular

dyles with full thickness loss were excludedihe cartilage indicating viability of the remaining articular

purpose of this study was to determine the viability of cartilage.

the remaining articular cartilage following ablation of

superficial degenerative articular cartilage and to TECHNIQUE

quantify the volume of tissue ablation given the BRFE

setting. Each of the specimens was placed in a testing Proper technique in the debridement of articular

jig simulating the arthroscopic environment including cartilage using RF is critical in order to avoid collat-

a flow of normal saline. eral tissue damage. As with any surgical device im-
Areas of degenerated and normal articular cartilage proper use can cause injury.

were treated and grossly appearing untreated normal ) )

articular cartilage served as the control. A number of Fibrillated Articular Cartilage

staining techniques were employed to evaluate the |, yeating fibrillated articular cartilage, a low to
matrix, .ground substance, as well as chondrocytes. g range setting should be used. The BRFE wand
The initial appearance of the excavated surfaces wheregpq,1d move continuously over the degenerated carti-

the tissue had been ablated remained smooth and,ge maintaining minimal contact (1-2 mm off of the
indistinguishable from the control areas including the g, itace). The fibrillated cartilage will dissolve and in

appearance of the nuclei within lacunae. The healthy some cases contract leaving a smooth surface. For
appearing cartilage that was treated also demonstrateq 5 gmented articular cartilage or loose flaps of articu-
an area of apparent injury, but the depth did not 5 cartilage, a mid-range setting seems to work best.
exceed 200 microns. A direct correlation existed be- A continuous movement of the wand with slight con-
tween the amount of tissue ablated and the power (. ith the tissue to be removed is best. Two to three
setting a_lp_plled, but no significant increase m_the de- second bursts of energy are utilized while observing
gree of injury was observed. The exposure time and e tissye to observe the degree of cartilage ablation.

contact pressure of the device was felt to be safe andgiq contact with healthy or normal appearing artic-
effective for use on degenerated articular cartifage. 5y cartilage.

Lu et al. subsequently published two studies regard-
ing the effects of RF energy on articular cartilage. The Unstable Edges
first study? used a monopolar device on sheep articular . ) i
cartilage and demonstrated full thickness articular car-  FOr articular cartilage lesions bordered by unstable
tilage necrosis at time zero and at 6 months. The €d9€s, these edges should be probed to test edge

second study used a live cell-dead cell assay at time stability. Any cartilage that can be eIevated'off the
zero to determine the viability of human articular SUrface should be ablated using the technique de-

cartilage treated with BRFE. They found that BRFE Scribed. The wand should then be passed along the
resulted in full thickness red staining and concluded rémaining cleavage plain utilizing a low setting to seal
that this indicated that the entire thickness of cartilage € €dge by removing the cleavage defect.

ar_ld ao!jacent b.one was deaql. _Several pro_blems eXislsecond Look

with this study included the finding by Yetkinler that

live/dead cell assay can over simulate cell death by Second look experience reveals no detrimental ef-
more than 50964 The specimen slides in Lu’s studies fects with BRFE use on articular cartilage. Six cases
also show no removal of articular cartilage when the where BRFE had been used on articular cartilage
surface was treated which may be inconsistent with underwent repeat arthroscopy greater than 2 years
appropriate energy applicatiéri® Ball and Amil at following the BRFE debridement. In one case there
the University of California in San Diego reproduced was expansion of a grade 4 lesion. The remainder of
the study using the same viability stains and added the cases had new pathology as the reason for arthro-
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scopy. There was no evidence of articular cartilage slowly reconstitutes itself over a period of months.
breakdown or necrosis of the treated areas and palpa-Arnoczky?526 has similar data with rabbit patellar
tion of the surface was similar to the surrounding tendons. Schulz et @l showed similar results, with
untreated articular cartilage. The use of BRFE in ar- reconstitution of only 84% of tissue strength at 12
ticular cartilage spans five years and more than 500 weeks post thermal treatment. The initially optimistic
cases (JU). To date no cases of avascular necrosisgvaluation by Hayashi of biopsies in 199bas later
acute articular cartilage breakdown with loose body tempered when reporting a “persistent synovial, cel-
formation or chronic effusions have been seen. lular, and vascular reaction even after 1 year postop-
eratively, the cause of which is uncle&r.”

At this point there are only a few clinical studies
using this technology. Two techniques are currently
being performed: pure thermal techniques for multi-
directional instability without mechanical lesions and

Clinical Use

Delaminating articular cartilage lesions causing ef-
fusions and pain are ideally suited for BRFE treat-
ment. This is especially true of symptomatic intercon- *". ) e )
dylar groove lesions. They are particularly difficult to Mixed thermal plus mechanical fixation techniques for
reach with standard mechanical devices and fre- those patients with Bankart or SLAP lesions. Variable
quently progress if unstable edges remain. PatientsPatient demographics, commingling lax patients, sub-
with these lesions (some of which had previously 'uxators, and dislocators, and varying techniques
undergone mechanical debridement) have been fol-makes assessment of these ,prellmlnar_y reports diffi-
lowed for greater than 18 months in a prospective cult. Thermally necrosing one’s suture line would not

study. No evidence of progression as documented byS€em par;icula_rly desirable. S_hrinking _unattached tis-
MRI has been observed (JU). sue, that is using thermal shrinkage without securely

repairing the Bankart lesion to the glenoid, seems
mechanically undesirable as well.

. . Some studies report only thermal treatniéft
The preliminary evidence suggests that the use of oyt mixing techniques. Unfortunately with this
BRFE for degenerative articular cartilage debridement group of manuscripts, it is difficult to differentiate

appears safe and as effective as mechanical debridegigiocating patients from both subluxating patients
ment. The benefit of a residual smooth articular car- 54 patients with pain ascribed to increased joint
tilage surface, improved surgical access, and minimal yyansiation. Success rates vary tremendously from
collateral damage is attractive. As with any surgical 70%30 76%2° to virtually 100%2° Why these results
cutting device, improper use including prolonged ex- e 5o different is unclear. While many of these au-
posure times on articular cartilage may cause signifi- o feel that these results are equal to traditional
cant damage. Much research still needs to be donegre techniques, published studies with traditional ar-
especially for optimal power settings, and the mechan- y,scopic suture techniqé€s® or open techniqué®4?
|pal alterations that occur in the treated articular car- yq.id suggest otherwise. The second technique uses
tilage. thermal capsulorrhaphy to augment suture reconstruc-
Shoulder tion of Bankart or SLAP lesions in the shouldérzs
While these techniques have been purported to show
While there are many studies that look at the time improvement over traditional arthroscopic suturing
zero mechanical data of thermal energy treatmenttechniques, current techniques have shown similar
effects on collagen and articular cartilage, there is lessresults without thermal treatmépg® especially with

Conclusion

available literature on the clinical effects over time.
There may be little correlation between time zero in
vitro mechanical data and clinical outco@feWe do

interval closure.
As yet there are no well-designed studies that sug-
gest thermal capsulorrhaphy is of significant benefit

know that heated collagen shortens and that the tem-over traditional suture capsulorrhaphy in the shoulder.
peratures required accomplishing this (65°C) are far Prospective, randomized studies are lacking. The dis-
higher than the temperatures at which cell death oc- closed and undisclosed financial interest of the sur-
curs (45°C¥ This heated killed tissue becomes ne- geons who presented early data for this technique
crotic and for this dead tissue to become reconstituted,remains a concern. The laboratory data are also wor-
substantial remodeling will be required. risome because of the extensive time intervals needed
Hecht et al° have demonstrated the extensive deg- for the treated tissue to reconstitute its mechanical
radation of mechanical properties in this tissue which properties in vivo:5.26.56There are very limited post-
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TasLe 1. Comparison of Complication of Arthroscopic  injury with thermal treatment has been reported to
Suture Versus Thermal Capsulorrhaphy occur in 8% by D’Alessandré? Greis et af° and
Miniaci et aPl; permanent nerve injuries have also

Arthroscopic Suture Thermal h e
been reported (Savoie, personal communication). Ax-
Recurrence 8-15% 0-47% illary nerve injuries can occur even with experienced
izm’;‘:;snerve niury gﬁ?eported %3(3/%9 nknown | SUr@eons. The basic science data vary but there is
(VI T
Capsular necrosis Not reported Unknown some concern about the possibility from thermal dam-

age3 due to temperature changes at the nerve despite
appropriate technique. While many of these injuries
spontaneously resolve, they carry morbidiy! and
operative biopsy results. These limited data give indi- have not been unreported with arthroscopic suturing
cations that the tissue may take up to two years to betechniques.
fully reconstitutec® Many experienced authors have  Several authors report capsular necr¥sig61.64ut
expressed concerns with the widespread release of thisagain the rate is unknown. While unreported with
technigue with little clinical data to support2g:57.58 suture techniques, this clearly does occur with some
Why is there so much interest? The advantage frequency after thermal shoulder capsulorrhaphy and
seems to be that the thermal techniques are easiergreates a significant technical problem with subse-
however they are not without complications. Compli- quent revision surgery. Necrosis of other thermally
cations have been noted in four areas secondary totreated tissues has been noted as #efpplying the
thermal capsulorrhaphy: 1) recurrence 2) stiffness 3) thermal treatment using a grid or stripe pattern has
axillary nerve injury 4) and capsular necrosis. An been proposed to correct this problehil but whether
additional group might be those with a “wrong diag- this will avoid capsular necrosis is unknown. If the
nosis” or the patients who in retrospect were inappro- capsular necrosis is extensive enough it may require
priate for any capsulorrhaphy procedure, suture or either an allograft or a distant site autograft to effec-
thermal (Table 1). Many of these complications are tively reconstruct the capsule. Since any technique
unique to thermal techniques. needs to anticipate failure, a technique that compro-
The most frequent complication with shoulder sta- mises a later bail out procedure creates a significant
bilization using arthroscopic suture techniques is re- problem.
current instability. Recurrence after a thermal proce- While a wrong diagnosis is not a failure of the
dure has been reported to occur between 0% and 47%technique per se, the ease of application of the thermal
However, the data are difficult to sort out as previ- techniques will certainly result in patients having ther-
ously noted due to differences in patient populations, mal treatment for whom capsulorrhaphy of any type is
treatment parameters, and treated pathology. inappropriate. Separating the patient with asymptom-
While stiffness does occur with conventional ar- atic laxity from a patient with symptomatic instability
throscopic techniques, it seems rayé.38.39Stiffness remains the ultimate challenge to the shoulder clini-
can occur with thermal capsulorrhaphy but the rates cian.
are unknown, with many thermal capsulorrhaphy  Four studies have dealt specifically with the prob-
studies failing to report this complication. Cuillo re- lem of thermal technique complications. Jensen re-
ports a post thermal capsulorrhaphy stiffness rate of ports open revision of a series of 11 failed thermal
10%, as does Miniacéi Six patients were biopsied capsulorrhaphy patients eight with thin friable tissue,
by Hayashi et al with late shoulder stiffnédsut it is and two with frank capsular necro$sPost thermal
unclear from what size population they were drawn. surgery biceps tendon subluxation was noted in two.
This group reported a significant synovial reaction that For the patients with capsular necrosis a careful re-
persisted even at one year in these patients, the causeonstruction was adequate and donor tissue not re-
of which was unknown.Stiffness that is refractory to  quired. One of the authors (SW) has a clinical expe-
subsequent treatment seems unique to thermal techrience with 15 patients reoperated upon for failed
niques, as the orthopedist's experience with capsularthermal capsulorrhaphy with 100% arthroscopic eval-
release in the non-thermally treated patient has gen-uation of the post thermal patierf&No axillary nerve
erally been good. injuries were noted, but recurrent instability, capsular
Axillary nerve injuries are theoretically possible necrosis, and stiffness refractory to subsequent arthro-
with conventional surgery, but lab studies have shown scopic release were reported. Of note is the fact that in
that this is also unlikely® Temporary axillary nerve  this series the worst outcomes were in the stiff pa-
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tients. Ten of these had recurrent dislocations and two
of these were found to have severe capsular necrosis.
There were no nerve injuries and one subluxing biceps 1
tendon. Four demonstrated stiffness, but only one
obtained a reasonable relief of his symptoms with a
capsular release. One patient with shoulder stiffness (a

former professional pitcher) reported that his career .

was ended by his thermal procedure. Miniacci reports
a series of interest in that all procedures were per-
formed for one diagnosis (multidirectional instability)
by one surgeof! He showed a 47% failure rate with
a 10% incidence of stiffness and a 21% incidence of
axillary nerve injury that was fortunately only tempo-
rary. Sperling et al noted that multiple recurrences,
prior surgery, contact sports, associated injuries re-
quiring repair, and multidirectional instability were
relative contraindications for this techniggre.

If confronted with a patient who has failed thermal

capsulorrhaphy several steps should be taken before g,

any salvage procedure is performed. First, obtain a
preoperative EMG to evaluate and document the sta-
tus of the axillary nerve. Next, be certain to anticipate

the potential need for donor tissue for the reconstruc-
tion if there is insufficient remaining native tissue.

Consider that capsular necrosis will usually make an
arthroscopic revision impossible. Post thermal adhe-
sive capsulitis is a real problem. For these patients, an
arthroscopic release is not universally successful. Be

certain to warn patients to anticipate a lengthy and 9.

possibly incomplete recovery.

In summary, while early reports are encouraging, 10.

prospective, comparative studies of any type are lack-
ing at this time. Benefits at this time seem to be

limited to ease of application over more traditional 11

suture techniques. Little has been published to dem-
onstrate a clinical advantage of thermal energy over

other techniques and there are reported disadvantagesi.,.

The traditional arthroscopic suturing techniques at this
time offer all the advantages without the risks of

axillary nerve injury, capsular necrosis, and appar- 13,

ently with less stiffness. Until the outcomes and com-
plication rates are clearly defined by appropriate stud-

ies, it may be prudent to take the time to master the 14

admittedly more difficult arthroscopic suture tech-
niques rather than considering thermal capsulorrha-

phy.
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