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ACL Reconstruction: Problems, History and Future.
Part 1
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Summary. Damage to the anterior cruciate ligament (ACL) of the knee joint is a common in-
Jury in sports medicine. Before advances in arthroscopy and surgical techniques, an ACL damage
was considered a career ending injury for many athletes. Since the 1990s, there has been a rapid
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development of arthroscopic surgery for ACL and continuous improvement of these techniques.
Today’s athletes can expect a pre-injury level of stability and function after an ACL reconstruc-
tion. Modern surgical interventions have come a long way, having studied both the successes
and failures of previous surgical techniques. In the United States, an ACL damage is diagnosed
annually from 100,000 to 200,000 cases, making this the most common ligament injury [9, 10].
This number continues to increase in both the general population and in individuals who play
sports. Football players sustain the greatest number of ACL injuries (53% of the total), with skiers
and gymnasts also at bigh risk. The bistory of ACL reconstruction can be traced as far back as the
Egyptians times. Research and innovation are constantly evolving, and this leads to improved
clinical results. The knowledge of the evolution of ACL reconstruction is invaluable fo those who
continue to try to improve the outcomes of the procedure and reduce the risks of repeating mis-

lakes of the past.

Key words: ACL; reconstruction; anatomy; biomechanics; arthroscopy.

Introduction

Damage to the ACL of the knee joint is a common
injury in sports medicine. Before advances in arthros-
copy and surgical techniques, an ACL damage was con-
sidered a career ending injury for many athletes. Since
the 1990s, there has been a rapid development of ar-
throscopic surgery for ACL and continuous improve-
ment of these techniques. Today’s athletes can expect
a pre-injury level of stability and function after an ACL
reconstruction. Modern surgical interventions have
come a long way, having studied both the successes and
failures of previous surgical techniques. An ACL injury
is one of the most commonly seen injuries in sport and
has a devastating influence on activity levels of patients
and quality of life.

ACL injuries account for anywhere between 25 and
50% of ligamentous knee injuries [1] and pose unique clin-
ic problems because of their poor capacity to undergo bio-
logical healing due to the local intra-articular conditions.

Gottlob et al. [2] estimated that approximately 175,000
primary ACL reconstruction surgeries were performed an-
nually in the USA with an estimated cost of over US $2
billion. Complete ACL rupture can induce other pathologi-
cal knee conditions including knee instability, damage to
menisci and the chondral surface, and osteoarthritis, Stud-
ies have repeatedly shown that patients with complete ACL
rupture have chronic knee instability and secondary dam-
age to menisci and chondral surfaces [3].

Approximately 70% of ACL injuries are noncontact in-
juries, and the remaining 30% are contact injuries [4]. A
deceleration event and a sudden change in direction with
a planted foot (i.e. cutting maneuver) is the most common
mechanism of non-contact ACL injury [5].

ACL injuries that occur without physical contact be-
tween athletes, are referred to as non-contact ACL injuries,
and occur through a non-contact mechanism of injury in
sports in which sudden deceleration, landing and pivoting
maneuvers are repeatedly performed [6).

Female athletes had a higher incidence of ACL inju-
ries compared with their male counterparts. Studies have

shown that the incidence in female athletes is two to eight
times higher than in males in soccer, basketball, and vol-
leyball [7, 8].

In the United States, an ACL damage is diagnosed annu-
ally from 100,000 to 200,000 cases, making this the most
common ligament injury [9, 10]. This number continues to
increase in both the general population and in individuals
who play sports. Football players receive the greatest num-
ber of ACL injuries (53% of the total); skiers and gymnasts
are also at high risk [11].

Anatomy

The ACL is attached medially to the anterior intercon-
dylar area of the tibia, partially connecting to the anterior
horn of the lateral meniscus; it ascends posterolaterally,
twisting on itself and fanning out to attach to the postero-
medial surface of the lateral femoral condyle. It is antero-
lateral to the posterior cruciate ligament [12].

It is suggested that the ACL can be divided into two
functional and anatomic separate bundles: the antero-
medial (AM) and the posterolateral (PL) bundles. This
classification is based on their tibial insertion sites, and
this division can be achieved by the varying orientation
and tensioning patterns of the fibers during knee range
of motion (13, 14].

Cruciate ligaments consist of a highly organized col-
lagen matrix, which accounts for approximately three
fourths of their dry weight. Collagen type I (90%), type
III (10%). In the ACL, the collagen is organized into mul-
tiple fiber bundles 20 um that are grouped into groups
20-400 pm in diameter. Occasional fibroblasts and oth-
er substances, such as elastin (5%) and proteoglycans
(1%), compose dry weight. Water makes 60% of the net
weight under physiologic conditions. At the microscop-
ic level, ligament and tendon insertions into bone have
a distinct structure consisting of collagen fibrils directly
continuous with fibrils within the bone. A calcified fa-
cade, similar to that seen between osteoid and mineral-
ized bone, can be distinguished.
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The cruciate ligaments are named for their attach-
ments on the tibia and are important to the function of the
knee joint. The cruciate ligaments stabilize the knee joint
and prevent anteroposterior displacement of the tibia on
the femur. The existence of many sensory endings also im-
plies a proprioceptive function. These ligaments are intra-
articular; however, because they are covered by synovium,
they are considered extrasynovial. They receive their blood
supply from branches of the middle genicular and both
inferior genicular arteries [15].

The ACL originates from the medial surface of the
lateral femoral condyle posteriorly in the intercondylar
notch in the form of the segment of a circle. The an-
terior side of the attachment is nearly straight, and the
posterior side is convex. The ligament courses anteriorly,
distally, and medially toward the tibia. Over the length
of its course, the fibers of the ligament undergo slight
external rotation. The average length of the ligament is
38 mm and the average width 11 mm. About 10 mm be-
neath the femoral attachment, the ligament stands out,
as it proceeds distally to the tibial attachment, which is
a wide, depressed area localized anterior and lateral to
the medial tibial tubercle in the intercondylar fossa. The
tibial attachment is oriented in an oblique direction and
is wider than the femoral attachment. There is a well-
marked slip to the anterior horn of the lateral meniscus
[15]. In summary, proximal to distal, the anatomic cen-
trum of the ACL femoral footprint, as a whole, is 43% of
the distance from the proximal articular cartilage margin
to the distal articular margin. Such a line can be identified
and quantitated arthroscopically [16).

On MR, the ACL is best visualized on sagittal images.
Because of its oblique course, the ACL should routinely be
imaged on two or three sagittal sections. A normal ACL
has a relatively low signal, but toward the distal insertion,
the ACL may appear linear. The specificity of the examina-
tion is higher in the sagittal level compared to that in the
coronal level, and it is better imaged in the T2 sequence. A
rupture in the fibers or a soft tissue mass in the notch with
high-signal characteristics resulting from edema and hem-
orrhage indicates an ACL tear. Partial ACL tears may be im-
aged by increased signal, thickening or redundancy in the
ligament. However, accurate diagnosis of partial injuries
remains challenging. Arthroscopic evaluation of the ACL
remains the gold standard for assessing suspected partial
and complete tears [14, 15].

Biomechanics

The ACL is the main static stabilizer against anterior
translation of the tibia on the femur and accounts for up
to 86% of the total force resisting anterior draw. At differ-
ent stages of knee motion, distinct parts of the ACL appear
to differently stabilize the knee joint. Clinical studies have
not revealed distinct bundles, so that the bundles seem
to be more functional, rather than anatomical structures.
The anteromedial bundle becomes strained at 90 de-

grees of flection, and the posterolateral bundle becomes
strained as full extension of the knee joint is approached.
The ACL also plays a lesser role in resisting internal and
external rotation. The maximum tensile strength of the
ACL is approximately 17252270 N, which is less than the
maximum force that occurs in vigorous athletic activi-
ties. Stability is enhanced by dynamic stabilizers, such as
the muscles that apply a force across the knee joint. For
the muscles to aid in protective stabilization of the knee,
effective proprioceptive feedback regarding joint posi-
tion is crucial. It appears that the ACL plays an important
proprioceptive function because a variety of mechanore-
ceptors and free nerve endings have been identified. In
humans with ACL-deficient knees, a significantly higher
threshold for detecting passive motion of the involved
knee has been suggested. The afferent and efferent sig-
nals concerning the ACL are carried by branches of the
posterior tibial nerve [14].

These complex anatomies make the ACL particularly
efficient for limiting excessive anterior tibial translation
as well as axial tibial and valgus knee rotations. Labora-
tory studies have determined load-elongation curve of a
bone-ligament-bone complex by a uniaxial tensile test.
The stiffness and ultimate loads are appropriate to repre-
sent the structural properties. In the same test, a stress—
strain relationship can also be obtained, from which the
modulus, tensile strength, ultimate strain, and strain en-
ergy density can be measured to represent the mechani-
cal properties [15].

The ultimate aim of an ACL reconstruction is to restore
the function of the intact ACL. Laboratory studies on hu-
man cadaveric knee designed to test the effectiveness of
an ACL reconstruction under clinical maneuvers, that is,
anterior drawer and Lachman test, reveal that most of the
current reconstruction procedures are satisfactory during
anterior tibial loads. However, they fail to restore both the
kinematics and the in situ forces in the ACL under rotatory
loads and muscle loads [14, 15, 17, 19].

The Early Years History

The cruciate ligaments have been known about since
old Egyptian times, and their anatomy was described in the
famous Smith Papyrus (3000 BC). Hippocrates (460-370
BC) also mentioned the subluxation of the knee joint with
ligament pathology, but Claudius Galen, a Greek physician
in the Roman Empire, was the first to describe the true
nature of the ACL.

Prior to Galen’s description, it was believed that the
cruciate ligaments were part of the nervous system, but
Galen was the first to describe the ACL as being a structure
that supports the joint and prevents abnormal knee mo-
tion. He called the cruciate ligaments genu cruciata, but he
did not describe in detail their function [19].

In 1836, the Weber brothers from Goettingen in Ger-
many noted an abnormal anterior-posterior movement of
the tibia after transection of the ACL. They also described
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the roll and glide mechanism of the knee and the tension
pattern of the different bundles of the cruciate ligaments
and, to our knowledge, were the first to describe that each
bundle of the ACL was tensioned in different degrees of
flexion of the knee joint [19].

In 1845, Amade Bonnet (1809-1858) of Lyon, France,
published his first cadaveric studies for the mechanism of
knee ligament injuries in his treatise on the treatment of
joint diseases. The first recorded description of rupture of
the ACL, however, was done by Stark in 1850 [19].

In 1875, the Greek Georgios C. Noulis [6] described
the technique of the Lachman test for the first time. He
wrote: “Fix the thigh with one hand, while with the oth-
er hand hold the lower leg just below the knee with the
thumb in front and the fingers behind. Then, try to shift
the tibia forward and backward. When only the ante-
rior cruciate ligament is transected, this forward move-
ment is seen when the knee is barely flexed, whereas a
backward movement is noted in 110 degrees of flexion
when the posterior cruciate ligament is transected.” His
110 degrees of flexion would translate into 70 degrees
of flexion today, since at that time they used 180 de-
grees as full extension.

In 1879, Paul Segond described an avulsion fracture of
the anterolateral margin of the tibial plateau. This is rou-
tinely associated with an ACL disruption. This fracture is
now known universally as the Segond fracture and is con-
sidered pathognomonic for an ACL tears.

In 1900, Battle first reported an ACL repair. It was done
two years earlier during treatment for dislocation of the
knee. The results were satisfactory. No further description
was made [19]. Battle published the first report and Mayo-
Robson performed the first repair.

In 1903, he reported the repair of both cruciate liga-
ments of the knee in a 41-year-old miner. A diagnosis of
rupture of the anterior and posterior cruciate ligaments
was made. Further arthrotomy revealed that the ligaments
had been avulsed from their femoral attachments, and they
were duly repaired with catgut sutures. After some weeks
of cast immobilisation, the knee was allowed to move; six
years postoperatively, the patient reported the knee to be
“perfectly strong” [9).

Mayo-Robson felt that this case should be published
and that surgical repair was both “feasible and hopeful.”
Yet later in 1903, Fritz Lange of Munich attempted to re-
place an ACL using braided silk attached to the semitendi-
nosus as a ligament substitute. This ultimately failed. The
importance of the ACL was recognized by Fick as early as
1911 [20].

In 1913, Goetjes produced a detailed study of ruptures
of the cruciate ligaments. He discussed ligament function
and mechanisms of rupture, as determined by cadaver
studies. He advocated repair for the acute injury and con-
servative treatment for chronic ruptures. By 1916, Jones
had remarked that stitching the ligaments is absolutely fu-
tile: “Natural cicatricial tissue is the only reliable means of

repair.” Jones’ early observation was confirmed 60 years
later by Feagin and Curl [21] when they published their
long-term follow-up of West Point cadets who had had
ACL repair during their college years.

They concluded: “Long-term follow-up evaluations do
not justify the hope that anatomic repositioning of the re-
sidual ligament would result in healing”. Such views led to
a trend away from primary ACL repair (without augmenta-
tion) and instead towards the concept of immediate re-
construction of the ACL.

Autologous Fascia Lata and Meniscal Grafts

In 1912, K. H. Giertz operated on a 13-year-old girl with
a totally unstable knee. She had septic arthritis of her knee
when she was one year old. First, he corrected the fixed
flexion deformity of 45 degrees by an osteotomy. Two
weeks later, he stabilised the knee with free transplanted
strips of fascia lata, sutured on the medial side to the me-
dial femoral epicondyle and to the tibial tubercle, and on
the lateral side from the lateral epicondyle to the fibular
head. Postoperatively, the girl was asymptomatic and did
not attend for follow-up for 6 months. For all practical
purposes the knee was stable [13].

In 1917, Hey Groves published a short case report
on reconstruction of the ACL [22]. He detached a strip
of fascia lata from its insertion and directed it through
a tunnel in the tibia. In the following year (1918),
Smith published a paper reporting on nine cases he had
treated with Hey Groves’ technique. Smith was critical
of the incomplete nature of the construct, which failed
to strengthen the medial collateral ligament. One year
later, Hey Groves presented fourteen further cases in
which he modified his technique by leaving the graft
attached to the tibia and detaching it superiorly, follow-
ing the same route as in the previous cases. In 1920,
Hey Groves was the first to state clearly that flexion and
extension of the knee affect tension within the ACL [22].

The Hamstring Graft

In 1934, the Italian orthopedic surgeon Riccardo Ga-
leazzi described a technique for the ACL reconstruction
using the semitendinosus tendon. The tendon was re-
leased from its musculotendinous junction and placed
intraarticularly through a 5 mm diameter bone tun-
nel drilled in the tibial epiphysis and a tunnel drilled
through the lateral femoral condyle, where it was fixed
to the periosteum. Galeazzi used three incisions: one for
harvesting of the semitendinosus tendon, another for
arthrotomy, and a third laterally for fixation. He used
a cast for 4 weeks and partially weight bearing for 6
weeks. He reported on three cases. One patient, oper-
ated on in 1932, had a follow-up of 18 months, and
the final outcome was a stable knee with full extension
and only a mild reduction of flexion. Galeazzi was the
first that ever published the usage of hamstrings tendon
autograft in an ACL reconstruction.
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In 1939 Macey reported on using the semitendino-
sus tendon for the reconstruction of the ACL. Only the
tendinous portion of the semitendinosus muscle was
harvested. During harvesting, Macey stopped short of the
musculotendinous junction and attached the graft with
the knee held in full extension. For many years it was be-
lieved that Macey was the first one to ever use hamstrings
in an ACL reconstruction. The Orthopedic community
had failed to take into consideration Galeazzi’s publica-
tion 5 years earlier [19].

In 1950, Lindemann used the semitendinosus tendon
as dynamic stabilizer of ACL deficient knees. Augustine
reported a similar procedure [23]. In 1974, McMaster et
al. used the gracilis tendon alone [24]. It was left attached
distally, pulled through the tibial and femoral tunnels, and
fixed to the lateral condyle using a staple.

Patellar Tendon Grafts

In 1935, Campbell reported the first use of a tibia-based
graft of the medial one third of the patellar tendon, the
prepatellar retinaculum, and a portion of the quadriceps
tendon [25].

Campbell’s technique involved the drilling of two tun-
nels, one in the tibia and one in the femur. The graft was
sutured to the periosteum at the proximal end of the
femoral tunnel. The procedure did not achieve widespread
approval immediately. It was reintroduced by MacIntosh a
few years later.

In 1944, Abbott noted that, in the absence of a frac-
ture, examination of the knee joint was all too often
superficial and cursory, with many ligamentous injury
patterns grouped together as “internal derangements
of the knee” and treated inadequately [26]. He advised
that to avoid the later development of a painful, unsta-
ble joint with recurrent effusions, subsequent arthritic
changes, and the attendant permanent disability, “a far
greater precision in diagnosis and therapy is a necessity
in a joint of such manifold complexity”.

Bone-Patellar Tendon-Bone Grafts

In 1963, Jones published a new surgical technique for
the reconstruction of an irreparably damaged ACL [27].
Jones commented that while the need for surgical recon-
struction of an irreparably torn ACL had long been ap-
preciated, there was a need for a satisfactory technique to
address the problem. The technique described was consid-
ered simpler and more “nearly physiological” than previ-
ous techniques. Jones described his technique as having
the greatest application to old injuries, whilst suggesting
that surgical repair was still the procedure of choice for
acute injuries. The Jones’ procedure uses a medial parapa-
tellar incision extending from one inch distal to

the patella to just distal to the tibial tubercle. After
drilling of a femoral tunnel, the middle third of the pa-
tellar tendon is incised throughout its length, with the
incisions continuing proximally across the patella and
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into the quadriceps tendon. A saw is then used to cut a
triangular block of bone from the superficial cortex of
the patella in line with the longitudinal incisions. The
articular surface of the patella is not breached. In this
manner, a graft consisting of a bone block from the pa-
tella and the central one third of the patellar tendon
is created, which is still in continuity with the tibia
through the tibial insertion of the patellar tendon. This
graft is then passed through the femoral tunnel, em-
bedding the patellar component of the graft within the
femoral tunnel, when pulled taut patellar tendon and
the skin incision are then closed. Jones reported on 11
patients who underwent this procedure with excellent
clinical outcomes.

Criticism of the technique centered around the fact
that because the graft was so short, the femoral tunnel
had to be drilled at the anterior margin of the notch
and not at the insertion of the native ACL. However,
the technique was simple and caused minimal surgical
trauma, and so gained widespread acceptance.

Bruckner described a similar technique in 1966, us-
ing the medial one third of the patellar tendon [28].
The graft, harvested with a patellar bone block, was left
attached to the tibia and then passed through a tibial
tunnel, giving the graft more working length than in
Jones’ technique. After being passed through the joint,
the graft was then placed in a socket in the femur and
secured to the lateral aspect of the lateral femoral con-
dyle of the femur with sutures passing through a button.

By 1969, Franke had further developed the tech-
niques described by Jones and Bruckner. Franke pio-
neered the use of free bone-patellar tendon-bone graft
consisting of one quarter of the patellar tendon with
blocks of bone derived from the patella and proximal
tibia at opposite ends of the graft [29]. His graft was
fixed with a wedge-like piece of bone anchored in the
tibial plateau and a shell-like piece of bone implanted
into the femoral condyle. Although very similar to the
Jones and Bruckner techniques, this was the first de-
scription of a free graft used in this manner.

In 1979, Marshall et al. also used the central third
of the patellar tendon but left it distally attached, and
they added for length a strip of the quadriceps tendon,
which was secured in the over-the-top position to the
lateral condyle [30].

By the 1990s, the technique of using a free bone-
patellar tendon-bone graft harvested from the central
one third of the patella became the “Gold Standard” of
treatment. This technique was broadly termed the Jones
Procedure in reference to the pioneering work done by
Kenneth Jones in the 1960s [27]. It was popular because
it was relatively simple and because it yielded consis-
tently good results. During this period, researchers de-
vised the metal interference screw as a form of tibial
and femoral graft fixation. Bioabsorbable interference
screws soon followed.
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Synthetic Grafts

Benson suggested the potential biological and bio-
mechanical significance of pure carbon in 1971 [31].
During the 1970s and early 1980s, a group from Cardiff
experimented extensively with the use of carbon im-
plants as an agent for the induction of new tendon syn-
thesis in animal models [32]. Jenkins argued that "since
a high proportion of the tissues of living organisms is
composed of carbon compounds, it would not perhaps
be surprising that implants of the pure element should
be well tolerated by these tissues” [32]. Initial results
were promising with new tendon being formed around
the carbon grafts at three months after implantation
and no obvious clinical dysfunction in an ovine model
[32]. Jenkins et al. concluded that filamentous carbon
is accepted in living tissues with virtually no adverse
reaction and that it can be used to induce the forma-
tion of new tendon or ligament with a physical strength
equal to that of the normal structure [32]. The implants
were extremely well tolerated in the ovine model with
regard to foreign body response, and this encouraged
the Cardiff group to progress to clinical trials in the
human lower limb [33]. This study included two ACL
reconstructions in isolation and thirty-one combined
knee ligament procedures. The two ACL reconstructions
were reviewed yearly postoperatively (maximum three
years), and both reported a significant improvement
in the function of their knees. The only complication
documented in this preliminary report was of sinus for-
mation overlying graft material in two ankles where the
graft was considered too superficial. No complications
were reported in the knee group.

In 1983, Rushton et al. reported the clinical, ar-
throscopic, and histological findings in ten knees that
had undergone an ACL reconstruction using a carbon-fi-
bre graft [34]. Carbon-fibre ACL grafts had been implant-
ed into thirty-nine patients; ten patients had experienced
pain and discomfort postoperatively. All ten patients had
synovitis with evidence of carbon fibre in the joint. Oc-
casionally, the fibre stained the articular surface and
menisci. The femoral notch of some patients contained
inflamed synovium. Such synovium was stained black.
In some patients a “new ligament” appeared to have
formed, but gentle probing with a blunt hook revealed
this to be a thin, fibrous sheath covering unchanged car-
bon-fibre graft. Histologically two patients demonstrated
a fibroblastic response to the carbon fibre. Five patients
showed evidence of chronic synovial inflammation, and
papillary proliferation of the synovium was present in all
ten knees. A mild foreign-body giant-cell reaction to the
carbon-fibre filaments and hemosiderin was seen in sur-
face cells of the synovium, in macrophages, and around
some fragments of carbon fibre. Other complications in-
cluded ulceration of the skin over subcutaneous carbon-
fibre knots used to secure the graft, similar to the findings
of the Jenkins study three years earlier [33].
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The Use of an Allograft

During the 1980s, a remarkable interest developed in
the use of allograft tissue for an ACL reconstruction. The
first experimental published studies concerning the me-
chanical, biological, and functional properties [35-37]
were compensatory, and this led sports medicine surgeons
to adopt allografts in an ACL reconstruction in humans.

In 1983, Webster and Werner conducted a study on
dogs where they harvested flexor tendons from the
forepaws and hind-paws of mongrel dogs [35]. These
tendons were freeze-dried and then thawed, rehydrat-
ed, and implanted in recipient dogs as an ACL substi-
tute graft. The purpose of the study was to ascertain
whether or not freeze-dried grafts functioned as well
as autografts over time. The use of allografts in theory
would decrease the surgical morbidity associated with
autograft harvest and would also allow for more pre-
cise graft size, shape, and quantity to be implanted
than would an autograft. Webster and Werner reported
preliminary results similar to those for patellar tendon
graft for graft strength and similar to normal the ACL
for mode of failure.

In 1985, Curtis et al. reported on a similar study, where
freeze-dried fascia lata grafts were implanted in dogs as an
ACL substitute graft [36]. All grafts were found to be intact
at sacrifice with no overt evidence of biological incompat-
ibility. The knees displayed only mild instability to clinical
testing without evidence of arthrosis. Histologically, the
grafts appeared to function as collagenous scaffolding for
revascularization and fibrovascular creeping substitution.
Shino et al. echoed these findings. They found no signifi-
cant differences between the mechanical properties of al-
lografts and autografts and also reported no evidence of
implant rejection.

In 1986, Nikolaou et al. seemed so sure of the future of
freeze-dried allografts that they attempted to design and
implement an experimental model for testing the feasibil-
ity of cryopreserved an ACL allotransplantation. Groups of
dogs were used to evaluate the effect of cryopreservation
on ligament strength and to compare the relative perfor-
mance of both autograft and allograft ACL transplants up
to 18 months after implantation. The ligaments were ex-
amined mechanically, histologically, and microangiograph-
ically. They reported that the cryopreservation process and
duration of storage had no effect on the biomechanical
or structural properties of the ligament. The mechanical
integrity of the allografts was similar to that of the auto-
grafts, with both achieving nearly 90% of control ligament
strength by 36 weeks.

Revascularization approached normal by 24 weeks in
both autograft and allograft. No evidence of structural
degradation or immunological reaction was seen. Based
on these results, Nikolaou et al. believed that a cryopre-
served ACL allograft could provide the ideal material for an
ACL reconstruction and so outlined a surgical technique
for harvesting and implanting this graft clinically.
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In 1987, Jackson et al. reported disappointing results of
implanted freeze-dried bone-ACL-bone graft in goats [37].

By 1991, however, the same group reported much
better results in a similar trial whereby the graft mate-
rial was frozen in sifu and then subjected to a freeze-
thaw process whereby the graft material was devital-
ized and devascularized prior to harvesting [38]. This
resulted in a significant increase in graft strength and
a decrease in knee laxity at six weeks and six months.
The authors deduced that the loss of strength seen in
allografts postoperatively was not a result of the freez-
ing and revascularization process, but rather the conse-
quence of improper orientation and tensioning of the
graft. They concluded that techniques of implantation
that precisely provide proper orientation and tension-
ing of the graft might minimize the loss of strength.

During the 1980s, techniques for arthroscopic ACL
reconstruction were becoming increasingly popular.
There were two distinct schools of thought with regard
to this. Some surgeons preferred the outside-in method,
where the ligament is routed into the joint through a
femoral tunnel [39, 39]. Yet other surgeons preferred
the inside-out technique, where the ligament is routed
from inside the joint into a femoral socket [41]. Despite
the differing techniques, the 1980s were a time when
arthroscopic ACL reconstruction became popularized,
leading to a much better understanding of the ligament
and its sites of attachment.
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BiHOB/IEHHA MTePeTHBOT XPECTOMOiOHOT 3B’ AI3KH: MPOOIEMH,
icropis Ta mariGyrHe. Yacruna I

3asipruii LM.", Kocmpyo 0.0.*

"Kniniuna nixapns ‘Geogpania’ Jlepacasrozo ynpasninns cnpasami, M. Kuis

21V “Tncmumym mpasmamonoeii ma opmonedii HAMH Vicpainu”, m. Kuig

Pestome. [Toukooncerns nepeorsoi xpecmonodionoi 36’asku (1IX3) KoiHH020 Cyenoba
— NOWUpera mpaema 6 CnopmueHitl meouyuni. /10 nosu apmpockonii ma eHooCKOniMHUxX
Xipypaiunux memooux noukooxens I1X3 esancanuca mpasmor, AKa CnpuduHand 3aKin-
uenHa Kap’epu 0ns bazamovox cnopmemenis. 3 1990-x pokie cnocmepizacmscs OYpXau6uL
possumor apmpockoniunoi xipypeii IIX3 ma nocmitine 600CKOHANCHHA UUX MEMOOUK.
Cb0200HIUHE JC CROPMCMENL MONCYIMb OUIKYBAMU BIOHOBLCHNA CIELIKOCME Ma PYHIKYI0-
HY8anHA Nicaa pexonempykuii I1X3 00 moz2o pieHa, AKull 6oHu manu 00 mpaemu. Tenepiui-
Hi Xipyp2iuni 6mpyuans npoiui 0062Ull WIAX, BUSHUBIUL AK YCRIXU, MAK i He60ai no-
nepeonix xipypeiunux memoois. ¥ CIIIA mpaemu IIX3 wopiurno cmarnoeaams 6io 100 000
00 200 000 sunaorxis, w0 pooums ix HAUNOWUPEHIUOW0 MPABMOIO 36’A30K. LI KinbKicmb
NPOO0BACYE 3DOCMAMU AK 8 UILOMY, MAK i ceped 0Cib, AKi 3aumaromscs cnopmom. Pym-
oonicmu 3a3narome Haloinbwoi Kinokocmi mpaem IIX3 (53% 6i0 3azansroi Kinekocmi),
JUNCHUKL A 2IMHACIIU MAKONC MAIOMb SUCOKULL PUSUK OMPUMAMU §T NOUKOONCEHH.
Icmopia pexoncmpyruyii IIX3 npocmencyemupca wje 3 wacig 0asmix c2unmsan. Jocnioncenns
ma iHHOBaYii 6 Yitl 2anY3i PO3BUBAIOMbCA 0e3NEPEePEHO, MOMY KAIHIMHI De3YIbMAamu no-
CMIIHO NOKPAUYIOMbCA. SHAHNA e80M0Uill pexoncmpyruyii [IX3 6e3uinmi 014 mux, Xmo
HAMARAEMBCA NOJINUUMY De3YMAm NPOUEOYPU | SMEHUUMU DUSUK NOBMOPEHHS NO0-
MUTLOK MUHYL020.

Kmouoei cnoea: [1X3; pexoncmpykuyia; anamomis; 6lomexanixa; apmpockonis.

BoccraHoB/IeHHE TIEpeTHEN KPECTOOOPA3HOM CBA3KH:
poOIeMBL, HCTOPHA U Oyaymee. Yacrs I

Sasupmoii 1M, Kocmpy6 A.A?

"Knunumeckas 6onwruya ‘Peoganus’ locydapemsennozo ynpaenenus oenami, 2. Kues

IV ‘Uncmumym mpagmamonozuu u opmoneoun HAMH Ypauns”, 2. Kueg

Pestome. Ilospexcoenus nepeoneii Kpecmooopasnoil ceasku (IIKC) konenmnozo cycma-
8a — pacnpocmpanenman mpasma 8 CnopmueHol meouyure. o nosenenus apmpockonuu
U IHOOCKONUMECKUX XUPYDU4ecKux memooux nogpecoenus IIKC cuumanucy mpasmot,
Komopas npugooum K OKOHUAHUI0 Kapbepsl 0as muo2ux cnopmemenos. C 1990-x 20006
Haooaemcs 0yproe passumue apmpockonuueckoil xupypeuu IIKC u nocmosamnmoe yco-
gepuiencmeosarnie IMux memooux. Cospementole CHOPMCMeHb. MOZYM 0XUOANb 60C-
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CMAHOBACHUA CIMAOUNGHOCIU U PYHKUUU nocre pexonempykyuu IIKC 00 mozo YpoeHs,
KOMOPbiLl Oy umenu 00 mpagmul. Co8peMeHHble ONepamuHble Meuamenscmed npout-
S OUMENbHbIL 1YMb, USYHUE KAK YCNexXu, Max u Heyoavuu npeovioyujux xupypeuve-
cKux memooos. B CIIIA nospexcoenus IIKC exnce20010 ouazrocmupyromes om 100 000 do
200 000 cryuaes, wmo deraem ux camoil pacnpocmpanennolt mpagmoil ca30k. Hmo xKo-
JUHeCmB0 NPoooaAcaem YEeIUMUBAMbCA KAK 8 URIOM, MAK U CPeou Jul, KOmopsie 3ani-
MAOMCA CROPMom. QymooaUCbL NOKYHA0M Hauborsuiee Koaruwecmeo mpaem IKC (53%
0m 001420 HUCIA), JWOINCHUKLL U 2UMHACTIbL MAKHCe UMEIOM OOIbULOLL PUCK NOJYUUMD ee
nospexcoenue. Hcmopus pexoncmpyxyuu IIKC npocrexcusaemcs euje co spemen 0pesHux
eeunman. Uccneoo8anus u uHHoBAYUL 8 IMOLL 00IACMU PA3BUBAIOMC HeNPEPbIBHO, NO-
IMOMY KAUHUYECKUE De3YAbMAambl NOCMOAHHO YAVUUAIOMCA. SHANUS 360I0UUL DEKOH-
cmpyryuu IIKC becyennsi On8 mex, Kmo Cmpemumcs YayHiuums pe3yismamao. npoyeoypui
U YMEHbUUMb DUCK NOBMOPEHUL OUUOOK NPOUIOZ0.

Kmioueeguwte cnoea: IIKC; pexoncmpykuyus; anamomus; OUOMeXanuKa; apmpockonus.
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