Long-term Failure of Thermal Shrinkage for
Laxity of the Anterior Cruciate Ligament

Jeffrey Halbrecht,” MD
From the Institute for Arthroscopy and Sports Medicine, San Francisco, California

Background: Appropriate treatment for anterior cruciate ligament laxity, owing to partial tears of the native ligament or lax
reconstruction, is unclear. Studies suggest that a significant percentage of these untreated tears may progress to complete tears
or the patient may develop additional injuries to the meniscus or articular cartilage. Shrinkage of the ligament or graft using ther-
mal energy has been proposed as a solution for this problem.

Purpose: To evaluate the long-term results using thermal energy to shrink laxity of the anterior cruciate ligament.
Study Design: Case series; Level of evidence, 4.

Methods: Nineteen patients with partial tears of the anterior cruciate ligament (n = 14) or stretched anterior cruciate ligament
grafts (n = 5) underwent thermal shrinkage treatment. Fourteen were available for follow-up at 1 and 5 years. At 1 year, there
were 12 partial tears and 2 grafts available for evaluation. At 5 years, there were 10 partial tears and 4 grafts. Preoperative, post-
operative, and intraoperative stability testing was performed using the KT-1000 arthrometer. Clinical results were evaluated using
the Cincinnati and Lysholm scoring systems.

Results: Intraoperative shrinkage averaged 2.12 mm (17%, P < .0001). At 1 year, 12 of the 14 patients remained stable (86%)
with a negative Lachman test result and mean KT-1000 arthrometer maximum side-to-side score of 1.29 mm (P < .001). The 2
failed shrinkages were partial tears of the native anterior cruciate ligament. For these 12 patients, Cincinnati scores improved
from 53 to 89 (P < .0001), and Lysholm scores improved from 55 to 89 (P < .0003). At 5-year follow-up, 11 of 13 patients had
gone on to complete failure (85%, P < .002; 8/9 partial tears and 3/4 grafts).

Conclusion: Thermal shrinkage provides short-term benefit in the treatment of anterior cruciate ligament laxity but leads to cat-
astrophic failure in the majority of patients at long-term follow-up. We can no longer recommend this procedure for the treat-
ment of anterior cruciate ligament laxity.
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Considerable controversy surrounds the diagnosis and Although modern techniques of ligament reconstruction
treatment of ACL laxity resulting from partial tearing of have resulted in reduced morbidity from surgery, compli-
the native ACL or a lax reconstruction. There is no con- cations may still occur. It would therefore appear desirable
sensus on the criteria for establishing the diagnosis of a to pursue a less invasive technique of treatment such as
partial tear of the ACL, and therefore the methods and tightening the lax ACL in situ, if this alternative could be
results of treatment vary widely. Several differing studies proved effective. Because collagen shortens in response to
suggest that a significant number of these tears may go on heat,"® one possible treatment option would be to shrink
to become complete tears or the patient may develop addi- the lax ligament using thermal energy.
tional injuries to the meniscus or articular cartilage.>*"? Although a number of authors have demonstrated suc-
Noyes et al, in particular, found that patients with more cess with attempted shrinkage of the ACL,"**** others
than 50% disruption of the ACL had a greater than 50% have shown a significant risk of failure with this treat-
risk of progression to complete failure.'® ment. "
The purpose of this study was to determine if radiofre-
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Presented at the interim meeting of the AOSSM, San Francisco,
California, March 2004.

No potential conflict of interest declared. MATERIALS AND METHODS
The American Journal of Sports Medicine, Vol. 33, No. 7
DOI: 10.1177/0363546504271975 Between 1997 and 1999, 200 patients were treated for
© 2005 American Orthopaedic Society for Sports Medicine ACL injury at the private practice of the lead author.

990



Vol. 33, No. 7, 2005

Figure 1. Striped painting technique used for thermal shrink-
age procedure. Note attempt to leave areas of vascularity.

Patients with acute partial tears of the ACL, patients with
chronic partial tears, and patients with laxity of a recon-
structed ligament were included in the study. Nineteen
patients qualified for the study and agreed to the proposed
treatment and follow-up. In this original group, there were
14 partial tears of the native ACL and 5 stretched grafts.
The study design was approved by the hospital’s
Institutional Review Board, and all patients consented to
participate in the study. Patients were evaluated at 1 year
and at 5 years postoperatively to assess the short- and
long-term efficacy of this procedure.

To be included in the study, patients had to have a clin-
ical examination of less than a 1+ Lachman test result and
anegative or trace pivot-shift result, as well as at least 50%
ligament or graft integrity at arthroscopy, with intact bony
attachment at both the femur and tibia. Patients with menis-
cal tears were included, but those with more complex injuries
were excluded. Twelve patients were men and 7 were
women with a mean age of 36 years (range, 23-52 years).

At 1 year, 14 of the original 19 patients were available
for follow-up. Of the original 19 patients, 1 patient died
from unrelated causes, and 4 patients were lost to follow-
up. Of the remaining 14 patients, there were 12 partial
tears of the ACL and 2 stretched grafts. Patients were
evaluated with KT-1000 arthrometer (MedMetric Corp,
San Diego, Calif) testing, the Cincinnati knee score, and
the Lysholm score. There were 7 associated meniscal
repairs and 3 partial meniscectomies performed at the
index surgery.

At 5-year follow-up, 13 of the original 19 patients were
also available. Nine of these 14 were the same patients
who were available at 1 year. There were 9 partial tears of
the native ACL and 4 stretched grafts.

Because of the retrospective nature of this study, not all
data points were available for all patients. The data avail-
able are presented in Table 1.

All shrinkages were performed using a monopolar
radiofrequency device set at 67°C and 40 W of power
(Oratec Interventions Inc, Menlo Park, Calif).?® The probe
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Figure 2. Example of a failed ACL thermal shrinkage, with
complete ligament disruption.

was applied to obtain maximum shrinkage using a striped
“painting” technique over the anterior surface of the liga-
ment (Figure 1). This method attempts to leave untreated
areas of ligament between areas exposed to heat shrink-
age to preserve vascularity. Care was taken to avoid cir-
cumferential heating to maintain vascular integrity.

Patients underwent intraoperative KT-1000 arthrome-
ter testing before and after shrinkage while under anes-
thesia to determine the initial amount of stability obtained
at time zero.

Postoperative instruction was provided by the surgeon
and therapist to protect the shrunken ligament.
Immediately after surgery, patients were immobilized in a
locked hinged knee brace at 25° of flexion and kept non-
weightbearing for 3 weeks. At 3 weeks, patients were
allowed to begin range of motion and weightbearing as tol-
erated with the brace. At 6 weeks, all patients were tran-
sitioned into a functional ACL brace for another 6 weeks,
for a total of 3 months of protection. Impact, cutting, and
twisting sports were prohibited for 6 months.

Failure of the procedure was determined by arthroscopic
confirmation of a disrupted ACL (Figure 2) with an end
point of reconstruction or a KT-1000 arthometer manual
maximum of >3 mm with a positive pivot-shift result.
Success of the procedure was determined by a KT-1000
arthrometer test that demonstrated continued stability
with a <3 mm side-to-side difference by the KT-1000
arthometer manual maximum.

RESULTS

Preoperative Testing

Patients were examined under anesthesia before surgery.
All partial tears and stretched grafts had a 1+ Lachman
test result, and 6 patients had a trace pivot shift.

The mean preoperative side-to-side difference in the KT-
1000 arthometer manual-maximum drawer measured
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3.29 mm (range, 0-9 mm), and the mean total laxity was
12.9 mm (range, 9-19 mm).

Intraoperative Testing

After the thermal shrinkage procedure, each knee was
retested intraoperatively using a sterile KT-1000 knee lig-
ament arthrometer. The manual-maximum value
decreased by 2.12 mm (range, 1-5 mm; P < .0001). This
decrease represented a mean shrinkage of 17% (2.12/12.6;
P <.0001). Graft shrinkage averaged 3.17 mm compared to
1.80 mm for partial tears of the native ACL.

Short Term: 1 Year. At 1-year follow-up, 14 patients were
available for review. There were 12 acute or subacute par-
tial tears of the native ACL and 2 stretched grafts (1 patel-
lar tendon autograft and 1 Achilles allograft, both with
good tunnel position). There were 2 gross failures that
went on to reconstruction. Both were partial tears of the
native ACL. Of the remaining 12 patients, the results were
satisfactory at this early follow-up. KT-1000 arthrometer
results revealed a mean manual-maximum drawer
(injured — normal) of 1.29 mm (P < .01) (Table 1). Two of
the grafts had KT-1000 arthrometer maximum values of 5
and 6 but were still counted as successes at this stage
because they were both 2 mm tighter than preoperatively
and were clinically improved. Mean Cincinnati scores
improved from 49.17 preoperatively to 85.75 postopera-
tively (P < .01). The Lysholm score improved from 53.5 pre-
operatively to 88.08 postoperatively (P < .01). All patients
had full range of motion, and all were satisfied and would
do the procedure again.

Long Term: 5 to 7 Years. Thirteen patients of the original
group of 19 patients were available for follow-up at 5
years. This subgroup included 9 of the 14 patients who
were available at 1 year and 4 others from the original
group of 19. There were 10 partial tears of the ACL and 4
grafts. Eight of 9 partial tears and 3 of the 4 grafts had
gone on to complete failure. Six of these patients were con-
firmed failures as determined by an end point of recon-
struction. The other 2 patients were determined to have
failed based on increased KT-1000 arthrometer manual-
maximum values (4 and 7 mm, respectively; Table 1) and
positive pivot-shift results on clinical examination, but
they elected not to undergo reconstruction. The overall
failure rate was 85% (11/13, P < .002) (Table 2).

The remaining 2 patients remained stable as judged by
a KT-1000 arthrometer manual-maximum side-to-side dif-
ference of <3.0 mm. Mean Lysholm and Cincinnati scores
for these 2 patients showed a trend toward lower scores,
but no statistical significance could be determined (n = 2).

DISCUSSION

Partial Tears of the ACL

The prognosis for partial tears of the ACL seems to depend
on the extent of the tear. Several authors have shown that
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TABLE 2
Long-term Failure Rate”

No. Failed Failure Rate, %
Partial tears 8/9 89
Stretched grafts 3/4 75
Total 11/13 85 (P < .002)

“Minimum 5-year follow-up (range, 5-7 years). There were 14
patients: 9 partial tears and 4 stretched grafts.

tears involving greater than 50% of the ACL are more like-
ly to go on to failure,>>'® and tears involving less than 50%
of the ligament have a better prognosis.'®'® In one study of
32 patients with partial ACL tears left untreated, Noyes et
al reported that 38% progressed to full tears, with most
tears occurring at more than 2 years. In this study, the risk
of progression correlated to percentage tearing of the ACL.
Patients with 50% tears had a 50% risk of progression,
patients with 75% tears had an 86% risk of progression,
and patients with a 25% tear had a 12% risk of progres-
sion.'® However, other authors have been unable to corre-
late percentage tearing to clinical results®® or have failed
to mention percentage tearing at all.’>®

The expected clinical outcome for partial tears of the
ACL is controversial. A number of authors have reported
less than optimal clinical results in patients with partial
tears of the ACL treated nonoperatively. Buckley et al®
reported on 25 patients with partial tears of the ACL and
demonstrated excellent to good results in only 60% and
fair to poor results in 40%. Seventy-two percent continued
to have activity-related symptoms. Similarly, Barrack et al
showed that of 35 partial tears, only 23% had an excellent
result, 29% had a good result, 17% had a fair result, and
31% had a poor result.”

However, other authors have reported a more optimistic
outcome. Messner and Maletius reported a mixed progno-
sis in their long-term follow-up of patients with partial
tears of the ACL.M At 18- to 25-year follow-up, of 22
patients evaluated, all patients had decreased their activ-
ities from contact sports to physical fitness. Eight had a 1+
Lachman test result, 2 had a 2+ Lachman test result, and
1 had a positive pivot-shift result. Ten of the 22 had
Fairbank changes. However, none of the patients went on
to ligament reconstruction, and the authors’ conclusion
was that partial ACL tears did not lead to “major” insta-
bility at 20-year follow-up.

Sommerlath et al also suggested a more optimistic prog-
nosis in their series of 19 patients with 9- to 15-year follow-
up,” concluding that in general, patients did well with
nonoperative treatment. However, at long-term follow-up,
more than 50% of the patients demonstrated decreased
sports participation and slight signs of degenerative
osteoarthritis. Despite a mean increase at long-term follow-
up of 1 mm in laxity based on arthrometer testing, none of
the patients went on to reconstruction, and the Lysholm
score remained good at 93.

In a review of the existing literature on partial ACL
tears, Rauch et al also seemed to support a moderately
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optimistic outcome, averaging 84% of the patients with
good results, with 6% going on to subsequent ACL recon-
struction and 5% going on to meniscus surgery. They con-
cluded that the results of studies demonstrated a high
variability and were mostly retrospective and that further
prospective controlled studies were necessary."”

A critical review of the literature, as discussed above,
suggests that although some patients will do well with a
partial tear of the ACL, there is an increased risk of pro-
gression to complete rupture in patients with more exten-
sive tears. In addition, there appears to be an increase in
radiographic evidence of degenerative osteoarthritis and
decreased functional scores at long-term follow-up in
many patients. Based on these findings, surgical interven-
tion would seem to be indicated if stability could be
obtained with a relatively minor procedure.

Thermal Shrinkage

A monopolar radiofrequency probe transmits radiofre-
quency energy from the probe through tissue to a ground-
ing pad. Heat penetration in tissues with low impedance,
such as ligamentous tissue, causes collagen denaturation
and shortening, along with associated cell death to a depth
of 3 to 4 mm."

Thermal energy is capable of shortening ligamentous
tissue by disrupting its collagen cross-links and unwind-
ing its triple helix structure. Initial biomechanical
strength is diminished and returns to close to normal by
12 weeks. "

The ability of heat to shrink collagen both in vivo® and
in vitro® has been proven by several authors, with shrink-
age to 70% of the resting length demonstrated using an
Achilles tendon model in vitro in a saline bath at 70°C.**
However, excessive heating may cause significant tissue
damage. Localized in vitro shrinkage of the patellar ten-
don resulted in an immediate reduction in tensile
strength, as measure by load to failure, to one third that of
historical controls.?* The exact shrinkage effect on collagen
is dependent on many factors, including method of heat
delivery, temperature of the probe, and length of heat
application.

Initial thermal effects cause an initial significant drop
in tissue stiffness, reduction in viscoelastic properties, and
histological changes of hyalinization and denatured tis-
sue."® Loss of tissue stiffness maximizes at 50% to 60% at
2 weeks, gradual improvement occurs by 6 weeks, and it
returns to almost normal mechanical properties by 12
weeks.’

ACL Shrinkage Studies

Several other authors have evaluated the short-term
effects of thermal shrinkage for ACL laxity. Thabbit, in
1998, was the first to report on a combined series of
patients with ACL laxity and graft laxity treated with
monopolar electrothermal shrinkage.”® He immobilized his
patients at 25° and reported 23 of 25 patients with good
and excellent results. Only 2 patients were considered fail-
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ures at 1.5-year follow-up: 1 patient with a complete fail-
ure and 1 with a 4-mm KT-1000 arthrometer difference.

In 2002, Kahn et al reported on 38 patients with native
or reconstructed ligaments and associated laxity treated
with radiofrequency thermal energy.® At a mean follow-up
of 17 months, the side-to-side KT-1000 arthrometer differ-
ence was 2.3 mm, with the Lysholm knee scores improving
from 52 to 74. Only 1 patient had failed treatment at this
point and required a reconstruction.

Indelli et al recently reported on 28 partial tears of the
ACL treated with monopolar shrinkage at a minimum 2-
year follow-up, with only 1 early failure at 8 weeks and
with 26 knees demonstrating a KT-1000 arthrometer dif-
ference between 0 and 2 mm.”

Spahn and Schindler examined 14 patients with elon-
gated ACL grafts treated with bipolar electromagnetic
energy at a mean of 9.4 months. Lysholm scores improved
from 35.9 to 88.5, and tibial translation was reduced from
13 to 2 mm.*

Most recently, Carter et al reported their short-term
results on a series of 18 patients, including 7 grafts and 11
partial tears.” At 20-month follow-up, 11 of 18 patients had
gone on to failure (6/7 grafts and 5/11 partial tears). They
concluded that this procedure had limited application,
although it may have a role in the treatment of acute par-
tial tears of the native ACL.

Several case reports regarding the failure of thermal
shrinkage of the ACL have also been reported, one with
“autodigestion” and complete resorption of a hamstring
autograft due to suspected heat necrosis® and the second
reporting “spontaneous simultaneous” rupture of both
ACL and PCL after radiofrequency thermal treatment of
both ligaments.'® Failure of isolated heat shrinkage has
also recently been reported for the PCL."

A number of animal studies have been performed sug-
gesting poor results with thermal shrinkage of the ACL.
Scheffler et al were able to create an ACL elongation model
in a sheep.”® After elongating the native ACL, thermal
shrinkage was able to restore stability to almost normal at
time zero. However, despite protected postoperative load-
ing with an Achilles tenotomy, at 24 weeks, restretching of
the shrunken ligaments had occurred with a significantly
lower stiffness and failure load for the radiofrequency-
treated ligaments.

Kondo et al shrank pig ACL in vitro using an elec-
trothermal device at either 28 or 45 W and an application
time of 30 or 60 seconds. Although shrinkage of up to 26%
was obtained, all groups demonstrated a significant reduc-
tion in stiffness under tensile testing.” Finally, Lopez and
Markel recently reported 100% failure after thermal
shrinkage using a monopolar technique in a dog model,
with all failures occurring by 55 days after surgery.10

Current Study

The current study confirms previous experimental and
clinical data that found effective initial shrinkage of the
ACL can be obtained using a monopolar electrothermal
probe. Similar to some of the other published short-term
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studies, our early follow-up data at 1 year suggest that
this procedure can be effective in maintaining a stable
knee at this short-term follow-up. However, our longer
follow-up clearly indicates an extremely high catastrophic
failure rate of 85% at 5 years. Even the remaining patients
who did not go on to reconstruction or definitive failure
showed a decrease in both Lysholm and Cincinnati scores
and a trend toward increased laxity compared to their 1-
year results, although scores remained improved com-
pared to preoperative levels.

The increased long-term failure rate may be explained

by a persistent mechanical weakness resulting from the
effects of thermal treatment. Although some experimental
studies have suggested that mechanical strength returns
to almost normal by 12 weeks after thermal shrinkage,’
other studies have suggested that cyclic creep remains
increased for longer periods.” Recent clinical data in the
shoulder have also been reported suggesting long-term
failure after thermal capsular shrinkage and have led to
increased caution regarding its use for shoulder instability."
Our long-term follow-up data would suggest similar con-
cerns for its use for ACL instability.

CONCLUSION

Although thermal shrinkage of a lax ACL is effective in
shortening the ligament in the short term, longer term follow-
up suggests an extremely high rate of catastrophic failure.
Based on our data, we can no longer recommend this pro-
cedure.
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