Autodigestion of a Hamstring |
Anterior Cruciate Ligament Autograft
Following Thermal Shrinkage
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Thermal and laser heat shrinkage of collagen re-
cently has been proposed as a means of treating selected
cases of shoubder instability®, While such treatment is
conlrgversial, clinzcal reports of capsular shrinkage pro-
cedures involving the shoulder have shown limited bat
promising results™ ", Thermal technology also has been
applicd to the treatment of anterior cruciate ligament
iaxity in the knec". Basic-science nvestigators have olu-
cilaled the macroscopic and molecular changes that oc-
cur in the eollagen fibrils following thermal shrinkape™”.
However, fong-term clinical follow-up to determine the
integrity of these strmetures following thermal shrinkage
is still lacking.

We present the case of a patient in whom an endao-
scopic reconstruction of the anterior cruciate ligament
was performed with 2 bamstring antograft, which, follow-
ing reinjury, underwent thermal shrinkage. The findings
at arthroseopy, both during the initial thermat shriskage
and at Gficen weeks posiwoperatively, are discussed

Cuase Heport

A sixteen-year-old female athlete sustained an Anboocr audale
ligament \ear while twisting ber Jeft knee dusing & baskeiball game,
She subscquently underwent an arthroscopically amsted reconstne-
tign of the anleder cmciate ligament wich 2 semitendimosus-pracilis
prafl and a parial latersl meniscertomy. The praft, a four-bendic con-
struck, was secured to the femur with endobutton fiimtion (Smith and
Nephew, Meniphis, Tepneser), mmd it was secured o the ohiawath a
soft-lizsue inierforonee soew and sature fixation. Foliowinp the re-
consiruetion, e inlraoperative LAchmaan test was negaiiee.

Pastoperatively, the palient lollowed a regimented, physical-
therapist-monitored protosol that included progressive range-of-
moiicn and strenplhening exercises. Four mombs posteperatively,
physical cxamination revealed a ncgative pival-shift testand a grade
of 1+ {less than five millimeters of side-to-sule difference), with a
Grm: end point, on the Lachmian test. Evaloation of lazity with a K¥-
2000 anthrometer (MEDimetric, San Dicgo, Califomia) revealed thal
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the value om the allected Sde was within three 2nd one-Balf millizse
ters of that on the nommoal side on maximun mansal lesting. Testing
wilh a dynamometer (Biodex, Shickey, Mew York) revealed quado-
ceps and hamstring torques of 83 and 43 parcent af body weight, re-
spectively, an the invaived side compared with 35 and 47 percent of
body welpht, reepectively, on the contralateral side. On the basis of
these paramelers, the patient was allowed (o progress ta full activity.

Five months following the izl reconsirection, the padenl sms-
tainad a iwislicy reanury to her [oft knee and {clt a pop, with immec-
diate pain and swaling, Chowcal exarinaticn sugeesied an mjucy io
thi anicrior crociale hgament praft as well as a medial meniscad tear,
Mapnetic cesonance imaping reviealsd a medial meniscal lear and
showed the anterior cruciate igament gralt to be In continuity. Aw
cxaminalion with ihe paiicnl under anesihesia revealed a grade of
24 o the pivot-shifest and a grade of 2+ ({live to ten_millimeters of
moreased anlenocposienes ranslation compared with the nommal
suleyon the Lichman test. Acthroscopy demonstrated gn irreparablic
tucket-handle tear of the medial meniseus aod showed that the ante-
rior craciate ligament praft was in comtmuity bul bad severe Loy
(Fig. 1), The medial meniscal 1car was debrided, and, sisce the ante-
rior ctuciate ligament grall appeared 1o Be intact with no evidenee of
bleeding, a thermal heat probe (ORATEC; ORATEC Inlervenlions,
Menlo Pask, Californiz) with radiofrequeency current o indwee col-
lagen shrinkape was used to tiphten the graft, Fhis procedure was
perfocmed at 85 degrees Celstos and forly watls of enerey, as reeom-
mended by the mannolacturer. The inlra-articular portion of the azte-
tior cruciate ligamenl prall sheank (Fig 20 it then was probed 10
verify that sppropriate tension had heen achieved. Following the
shrinkage procedure, an initaoperative Lachman test revealed noin-
creased anlerior tibiak ranstabon compared with the uninjured sde.

Fosioperatively, the patient participated in an active rebabilita-
tion propram with pratection of the thermalhy reared graft for twclve
wicks Physical e xamination of the knee an twelve weeks revealed a
nugalive pivot-shifi test amd a grade of 14+ on the Lachman test, and
the paticr was allowed to propress to fufl acriviy. Oue week later, she
sosiained a goncontact reinjury 1o her left knes, which produced fune-
tivnal inslabiliy. Physical cxamimation revealed a prade of 34+ [yreater
than fifteen millimeters of antberior ranslation of the tikia on the fe-
mur), with no apprectable end point, on the Lechman tesl.

Appravimately two weeks following the reinjury, a rovision an-
terioe cricinte Bpament reconstruction With nse of 3 bone-patellar
tenduoe-lxvar autograft and 2 medial meniseal Tepair were peformed
arthroscopicalty. During the procedurs, 0o remnant of the previeus
bamsting zuiepralt was identifiable in the notch between she 3ial
apd femoral tunnels (Figs. 3-A and 313). Following De rooonsimc-
tion, an mtracperatve Lachman test was negative Nine moeaths fol-
kowing the revision, the patient had no subjective instability and the
Lachman lesl was aegatve,

THscussion
Thabit reporied using a monopolar device to treat

native and reconstructed anterior cruciate ligaments that
were lax but in continnity's. He recommended leaving
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Figs I thvough 3 B:- Arthroscopic views of the left knec.

Fig. 1: The hamstring anterior cruciate Bpament autoaeaft (ACT. Graft) is shown affer the reinjury. Althouph the grafl had scvcre laxity, &
was in contmuite. PCL = posterior cociate Ligament, and LFC = lateral femoral condyle.

the posterior aspect of the lipament untreated to allow radiofrequency treatment of the antedor cruciate liga-
for revascularizstion and suggested a three to six-month  ment, prior to return Io fall activity. In an anecdetal re-
period of activity modification and rehahilitation after port ot dwcnly-frve patients who were thus freated and

BG 2

The hareering anterior crucizie ligament autopraft (ACL Graft) is shawn after heat-probe ireatment. PCL = posterior eruciate lipament,
amd LFC = lamecal emoral candyle
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Figs. 3-A and I-E: Fifteen wecks after thermal shrinkage of the autegraft and owo weeks after the reiojury. Nothing res-mbbng an anicriar
cruciate ligamean graft was seen in the noich betwesn the izl and firmoral tonoels (The arrgw points to the femroral tuencl.) PCL = posterior
crudate ligament, I FC = latemal (emoral condyle, MFC = medial fcmoral condyle, and 1bia = tibial plaican.

were followed for a maximum of 1.5 years, Thabit re- XT-1000 arthrometer values thatl were within two milli-
ported gross ligamentous fallure in one patient and  meters of those for the coniralateral, normal kaee",

Increased laxity (as measured with the KT-1000 arthrem- Several basie-science studics bave elecidated the
cter) m apother. The other Iwenty-three patients had wacroscopic and molecular changes that occur in the
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cuilagen fibrils following thermal shrinkage*. On the
basis of both cadaveric and animal medels, these reports
suggest that thermal energy resulis in denateration of
the collagen microstructere’*, The long-term cifects of
these structural changes on the biomechanical projrr-
ties of coltagen are unknown

Schaefer et al. demonstraled, in a rabbit model, that
laser-induced patellar tendon shrinkage (an averags of
6.6 percent) resulted in the tendoms strctehing out be-
yond pretrcatment lengihs over an eight-week peried.
Biomechanical testing revealed that the tendons were
wignificantly less stifl compared with the protreatment
vaiues (p = (,03) and that marked histological changes
were present. However, the rabbit imbs were aot immio-
bilized during the postoperative period, so activity was
essentially unrestricted

In our patient, laxity developed alier mjury to a
hamsiring amenor cruciate ligament autograll. After
heat shrinkage of the graft, two mechanisms for failure
secm plausible, and both may have been comigibutory.
First, biomechanical aiteration of the praft may have
predisposed the graft to failure when the paticnt re-
turned to sports activity. Wall et al., in a study of bo-
vin¢ tendons, showed that shrinkage of greater than 15

to 20 perceat resulted in substantial material property
changes and depaturation of 1he fibrillar microstruc-
ture®™. “The amount of shrinkage required to decrease
anterior-posicrior transtation frum preater than ten mii-
fimeters to fess than thece millimeters {assuming that
the anterior cruciste lipament in our patient was thirty
millimeters in length) would be on the order of 40 pet-
cent. Therefore. the estimated degrec of shrinkage re-
quired in this case was markedly greater than what is
recommended in the literature,

Second, complete resorption of the graft cocurred,
suggesting that alteration in the eollagen structure of the
graft and heat-relaled necrosis may have led to immune-
mediated awtodigestion. While other mechanisms may
have been responsible for this phenomezon, none are
apparent o us.

We acknowledge the limitations of a single easc re-
port, however, on the basis of our findings, we caution
against the use of thermal shrnkage in the treatment of 5
lax aniemior criciate ligament grafl. We believe that addi-
tional work is necessary to characterize the response of
host and graft colager tissue 1o laser and thermal energy
before this modality can b safely applicd to such iga-
ment grafls.
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