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Summary. Anterior cruciate ligament (ACL) injury is one of the most commonly seen
injuries in sport and bas a devastating influence on patients’ activity levels and quality
of life. For patients, whose history and results of physical examination suggest an ACL
injury, MRI is indicated to confirm the diagnosis and to determine whether there are con-
comitant injuries. There are limited data of the need for immediate ACL reconstruction.
Surgeons need to discuss with the patient the option of a structured accelerated course of
rebabilitation as an alternative to immediate reconstruction. If an initial strategy of re-
habilitation was chosen, serial evaluation of knee function and functional recovery in the
first 3 montbs after the injury would recommend. If there is residual instability (greater
than grade 2) at the time of subsequent assessment, the surgery is necessary (o avoid fur-
ther damage to the articular cartilage and meniscus. When reconstruction is advised as
the correct management of an ACL injury, there are various options. The type of a graft,
single-bundle or double-bundle reconstruction, graft placement, and whether to use the
transtibial, far anteromedial portal, or tibial tunnel-independent technique are choices
that must be made. Each option has its own advantages and disadvantages, with single-
or double-bundle strategy, proper placement of grafis, and the use of autografts affect the
clinical outcome and quality of life of patients. The selection of the best autograft tissue
type remains controversial, with the patellar tendon (PT), the hamstring (HS) tendon, and

the quadriceps tendon each having their proponents.
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Introduction

Anterior cruciate ligament (ACL) ligament injuries of
the knee are a common injury in sports medicine. Before
advances in arthroscopy and surgical techniques, an ACL
damage was considered a career ending injury for many
athletes. Since the 1990, there has been a rapid devel-
opment of arthroscopic surgery for the ACL and improve-
ment of these techniques. Today’s athletes can expect a
pre-injury level of stability and function after ACL recon-
struction. Procedures have come a long way by learning
from both the successes and failures of previous surgical
options. ACL injury is one of the most commonly seen in-
juries in sport and has a devastating influence on activity
levels of patients and their quality of life.

Diagnosing Anterior Cruciate Ligament Injuries

The most common history of an ACL injury may be of
a noncontact deceleration, jumping, or cutting action, fre-
quently involving changing direction. This frequently in-
volves rotational maneuvers or lateral bending of the knee
into a valgus position with the knee extended and the tibia
rotated [1, 2]. If the ACL injury results from direct contact,
present in about one-third of patients, there is often a his-
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tory of hyperextension or valgus stress on the knee [3].
Post injury swelling of the knee frequently occurs at about
4 hours and aspiration usually reveals hemarthrosis.

Physical examination frequently establishes a diag-
nosis of ACL injury, especially if the examination is done
soon after the injury before swelling, pain, and muscle
guarding occurs. Anterior stability of the knee is usually
assessed with the Lachman test [4-7]. The Lachman test
is usually performed at 20-degree to 30-degree angle
of knee flexion while stabilizing the distal femur with
one hand. A manual force is then applied to the proxi-
mal tibia with the opposite hand, and anterior laxity is
assessed the degree of anterior translation of the tibia
relative to the femur. This should be compared with the
non-injured knee. The Lachman test has been found to
have a sensitivity of 85% and a specificity of 94% for ACL
rupture. The KT 1000 arthrometer (a presurgical and
post-surgical tool used to measure anterior-posterior
slippage and side-to-side laxity of the knee [8]) has also
been used to measure ACL laxity. However, the use of
these devices is limited in the acute setting when pain
and muscle guarding are present. They may be more
valuable to document surgical results both intraopera-
tively and in the postoperative period.
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Plain radiographs will rule out fractures, loose bodies,
degenerative disease, osteophyte formation, and other as-
sociated injuries. They may also result in a diagnosis of
Segond fracture or avulsion fracture of the lateral capsule,
which is pathognomonic of an ACL tear [9]. Using arthros-
copy as the gold standard, magnetic resonance imaging
(MRI) has a specificity of 95% and a sensitivity of 86% for
diagnosing ACL injuries [10]. Magnetic resonance imaging
is able to visualize both bundles of the native ACL, an im-
portant information for surgical reconstruction when the
double-bundle technique is used [11-15].

Treatment of Anterior Cruciate Ligament Injuries

Regardless of whether surgical or nonsurgical treat-
ment is ultimately pursued, patients should be advised to
ice, compress, elevate, and limit the use of the injured knee
immediately after the injury. If the injury to the ACL also
affects the associated structures within the knee, including
the menisci, PCL, medial collateral ligament, or lateral col-
lateral ligament, surgical reconstruction is needed.

Nonsurgical (Conservative) Management of Anterior
Cruciate Ligament Injuries

Nonoperative therapy involves 3 months of supervised
physiotherapy; anti-inflaimmatory medications; range-of-
motion training; gradual strengthening of the quadriceps,
hamstrings, hip abductors, and core muscles; and a pro-
gressive return to activity. Reevaluation is recommended
6 to 12 weeks after the initial injury to assess the effec-
tiveness of rehabilitation and to consider the need for de-
layed ACL reconstruction. Functional braces have not been
shown to provide adequate restoration of stability [19].

Some patients with ACL injuries may not be candidates
for surgery because of serious comorbid medical condi-
tions including serious cardiac, renal, or hepatic disease or
because they no longer wish to participate in strenuous
physical activities. For individuals who optimal for con-
servative treatment, physical therapy with an experienced
physical therapist or athletic trainer aimed at strengthen-
ing the muscles around the knee, especially the quadriceps
femoris and hamstring muscles, is pursued. However, with-
out surgical repair, the knee generally remains unstable
and prone to further injury [14].

Long-term studies have shown that there is a signifi-
cant increase in rates of damage to menisci and articular
cartilage associated with delayed reconstruction. The rate
of healing for meniscal tears is faster when performed at
the same time as ACL reconstruction as opposed to being
performed alone [14]. Generally, about one-third of pa-
tients who are selected as suitable for conservative treat-
ment are able to complete the therapy regimen without
the need for surgical intervention. However, patients with
high level of sports activity show poor results after conser-
vative treatment of ACL ruptures[15-18].

Operative Strategies. Timing of Surgery

A systematic review that included 3583 patients from
observational studies suggested that no statistically signifi-
cant differences in subjective objective measures of out-
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comes were related to the timing of ACL surgery [19]. How-
ever, the timing of surgery may affect the development and
severity of related soft-tissue damage. A retrospective study
in which early ACL reconstruction (ie., within 12 weeks af-
ter injury) was compared with later reconstruction showed
higher rates of damage to medial meniscal and medial tibio-
femoral cartilage in the group receiving later treatment [20).

Similarly, another observational study that included
more than 5000 patients showed that the risk of medial
meniscal surgery was twice as high when ACL reconstruc-
tion was delayed for more than 5 months after injury and
six times as high if delayed for more than 1 year; these risks
appeared to be greater among patients younger than 17
years of age [21]. It has been hypothesized that restoring
anterior—posterior and rotatory knee laxity may prevent
subsequent instability and resulting damage to articular
cartilage, the meniscus, or both.

The American Academy of Orthopaedic Surgeons Evi-
dence-Based Guidelines (Table 1) [22] on the management
of ACL injuries recommends 12 weeks of non-operative
treatment for acute isolated ACL tear followed by a reeval-
uation of the need for surgery [21]. When ACL reconstruc-
tion is indicated, the guidelines recommend that surgery
should be performed within 5 months after injury to avoid
recurrent instability and resulting additional damage to
the meniscus, articular cartilage, or both [22, 23).

Surgical Management of Anterior Cruciate Ligament
Injuries

Because of the frequent failure of nonsurgical ap-
proaches to ACL injuries, surgery remains the treatment
of choice in almost all athletes who want to remain ac-
tive. Unfortunately, surgery is not universally successful.
Some problems that have resulted in failed ACL recon-
struction are graft impingement on the intercondylar
roof, graft tension, non-anatomic femoral and tibial
tunnel placement (not reproducing the histological
and biomechanical characteristics of the native liga-
ment), and incomplete replication of an intact ACL, in
particular omitting reconstruction of the posterolateral
(PL) bundle [24]. Despite these efforts, 15% to 25% of
patients who undergo ACL reconstruction continue to
suffer pain and instability in their injured knee.

Often, when reconstruction is performed, there is a piece
of the ruptured ACL remaining that can be either removed or
left in the knee. If the ligament piece is left in place, it can im-
pact visualization during surgery and possibly impact the qual-
ity of the reconstruction. In 1% to 9.8% of reconstructions, im-
pingement or a Cyclop-lesion (focal nodule[s] of fibrous tissue
sitting in the intercondylar notch anterior to the reconstructed
ACL) may occur when parts of the ACL are left [24].

When the ruptured ACL is left in place, mechano-
receptors may help with reinnervation. Sensory neu-
rons involved in kinesthesia may also be preserved in
the ruptured ACL. It has been suggested that the ACL
functions as a sensory organ not only provide proprio-
ceptive feedback but also initiate protective and stabi-
lizing muscular reflexes. In a study, patients who had
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Table 1
Summary of the AAOS Evidence-Based Guidelines for the Diagnosis and Treatment of ACL Injury
Strength of
Stage of Care Evidence

Diagnosis
A relevant history and musculoskeletal examination are effective diagnostic tools for injury of the ACL. High
MRI is useful for the assessment of ACL injury and concomitant injury to ligaments, ,
the meniscus, or articular cartilage. High
Treatment
There is limited evidence available to compare the effectiveness of nonoperative treatment Limited
of an ACL tear with reconstruction in patients with recurrent instability, but there is support o
for consideration of ACL reconstruction because the procedure reduces pathologic laxity. Limited
There is limited evidence to support nonoperative management for less active patients with less laxity. High
Either single or doublebundle reconstruction can be used. Outcomes for the procedures ,
have been shown to be similarly good. High
Autografts of the hamstrings (the tendons of the semitendinosus and gracilis muscles) .
and the patellar tendon have been shown to have outcomes that are similarly good. High
Similar outcomes have been reported for autografts and allografts, although the results may Hioh
not be generalized to all patients. 8

undergone surgery 3 months to 3.5 years after the ACL
injury had the remainder of the ruptured ACL “adapted
to the posterior cruciate ligament and sometimes with
scar tissue connected to the femur,” whereas the second
group had “[free floating] ACL remnants.” In the first
group, mechanoreceptors of Ruffini and, in 1 patient’s
specimen, Golgi-like organs were present. In the second
group, no significant numbers of mechanoreceptors
were found. If reinnervation of the ACL causes resto-
ration of kinesthesia and if ACL remnants can be left
without risking impingement in the post reconstruction
knee biomechanics, it seems to be of benefit [24].

Graft Selection

The 2 most commonly used grafts in ACL reconstruc-
tion are the patellar tendon (PT) and the 4-strand ham-
string (HS) tendon made of gracilis and semitendonosus
tendons. Both PT and HS autografts result in a function-
ally stable knee in more than 95% of surgeries with a 3%
absolute difference in graft failure: 1.9% with PT and 4.9%
with HS tendon grafts. Benefits of PT grafts include that
they are readily accessible, have good structural fixation
properties, and have the potential for tendon-to-bone
healing. Detriments include anterior knee pain, loss of
sensation, patellar fracture, and inferior patellar contrac-
ture, although patellar knee pain has been associated
with less aggressive rehabilitation methods and the use
of open kinetic chain extension exercises. The use of PT
grafts has also been associated with post reconstruction
extensor quadriceps weakness [25].
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The HS tendon graft with all 4 strands equally tensioned
can withstand much greater tension strains than a 10-mm
PT graft. Some researchers have found that harvesting HS
grafts can severely reduce HS strength and endurance up to
9 months after the surgery [25,26]. Hamstring grafts can also
be difficult to harvest because graft diameter and lengths
are variable. A study of patients determined that HS graft
diameter was related to height but not to body mass index.
When height decreases below 147 cm and graft diameter
decreases below 7 mm, there is an association between graft
strength and its cross-sectional diameter [20).

In a meta-analysis, PT autografts were compared with
HS tendon autografts. Using KT-1000 arthrometer test-
ing, statistically significant differences between these graft
types were found: the PT group had a 79% side-to-side dif-
ference of 3 mm compared with 73.8% for the HS group,
leading the authors to conclude that PT autografts led to
more stable reconstructed knees than HS tendon grafts.
No significant differences between PT and HS grafts were
found between the proportion of patients requiring post-
operative meniscal surgery, and no statistically significant
differences were seen between PT autografts and HS auto-
grafts infection rates [14].

Quadriceps tendon grafts used for ACL reconstruction
have been associated with significantly less anterior knee
pain and graft-site morbidity compared with PT grafts.
These grafts are taken from the central third of the quad-
riceps tendon and are composed of the vastus medialis,
vastus intermedius, and rectus femoris, yielding a bilami-
nar graft. The mean cross-sectional area for a 10-mm-
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wid% quadriceps tendon graft is 64 mmz, larger than 37
mm* for the PT; hence, quadriceps tendon grafts produce
a broader anatomic insertion of the reconstructed ACL
to the tibia. This can decrease physiologic impingement
on the intercondylar notch in full extension of the knee.
Quadriceps muscle power is not compromised, despite
sacrificing a part of the tendon. Overall, quadriceps ten-
don grafts have the advantage of ease of excision and are
comparable with respect to graft size and strength with
both PT and HS grafts [27, 28].

The main advantage of allografts versus autografts is
avoidance of donor-site morbidity. Other advantages in-
clude savings in operative time of graft harvest, availability
of larger grafts, superior cosmesis, and the possibility for
multiple ligament reconstructions [29]. Potential disadvan-
tages include delayed graft incorporation, disease trans-
mission, potential immune reactions, altered mechanical
properties caused by sterilization, and cost of the allograft
[30]. Of primary concern is whether allografts are less sta-
ble than autografts [29-31]. A recent meta-analysis found
that allografts failed 3 times more frequently than auto-
grafts [29]. However, a recent study found that autografts
and nonirradiated (vs radiated or chemically processed)
allografts had similar side-to-side differences of 3 mm ac-
cording to the KT-2000 arthrometer [31].

Single-Bundle Versus Double-Bundle Reconstruction

Between 10% and 30% of patients reported persistent
instability in their reconstructed knee after single-bundle
surgery. This resulted in a return-to-sport rate of only 60%
to 70% for single-bundle restorations. Single-bundle recon-
struction can restore anterior-posterior knee stability but
produces knees that are unable to resist combined rotatory
loads and do not have normal rotational kinematics [32,33].
Double-bundle restored knees are better at resisting extrin-
sic forces placed on the knee [34-40]. Although the double-
bundle technique is better at restoring normal knee kine-
matics, there are some disadvantages. It is more difficult to
perform surgically and could be the cause of reconstruction
failures due to the improper positioning of bone tunnels.

Graft Placement

Placement of grafts can have a major impact on the
clinical outcome of ACL reconstruction. Impossibility to
regain full flexion postoperatively can be caused by high
graft tension during extension of the knee, which in turn
may cause the graft to stretch. This may occur when the
ACL graft is placed vertically at the apex of the notch, with
the tibial tunnel being in a vertical orientation at an angle
70 degrees from the medial joint line of the tibia and the
femoral tunnel and then drilled through that tibial tunnel.
Prevention of PCL impingement can be achieved by 3 dif-
ferent techniques: widening the notch so that the space
between the PCL and lateral femoral condyle exceeds the
diameter of the graft by 1 mm, constructing the tibial tun-
nel at an angle of 60 to 65 degrees with respect to the
medial joint line of the tibia, which moves the femoral
tunnel farther down the sidewall and decreases the risk
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of PCL impingement, and making certain that the lateral
edge of the tibial tunnel is placed through the tip of the
lateral tibial spine. There is no consensus on the amount
of ligament tensioning or the optimal knee flexion angle.
Some surgeons prefer to set the tension of the anterome-
dial (AM) bundle in moderate flexion and the posterolat-
eral (PL) bundle near full extension. The preference for
tensioning angles mirrors the position of the bundles to
provide the greatest strength when at the most tension in
intact knees [38, 39).

Femoral Tunnel Drilling Techniques

There are different techniques for creating the femo-
ral tunnel [38]. The transtibial technique (drilling through
the tibial tunnel) and the far anteromedial portal tech-
nique (drilling through the far anteromedial tunnel) are
frequently used in ACL surgeries to create a femoral bone
tunnel for the AM and PL graft in double-bundle recon-
structions.

Although both are commonly used, the far anterome-
dial portal approach makes it easier to access the femoral
footprint of the AM and PL bundles. This is because un-
like the transtibial technique, the placement of the femoral
tunnel is not limited by the site or angulation of the tibial
tunnel. For the far anteromedial portal procedure, the PL
bundle tunnel should be drilled at a knee position of 110
degrees of extension to avoid damage to the subchondral
bone, cartilage of the lateral femoral condyle, and peroneal
nerve [38]. For the transtibial technique, the knee should
be flexed at 90 degrees for drilling of the femoral bone
tunnel [36]. For the transtibial technique, the graft bending
angle of the AM and PL bundles are considerably larger
than that of the far anteromedial portal technique at low
flexion angles when the graft is fully stretched. Nishimoto
et al. believe that the far anteromedial portal technique
can produce a more obtuse bending angle at the femoral
tunnel in comparison to the transtibial technique and that
the former approach might reduce the abrasive stress at
this position in anatomic double-bundle ACL reconstruc-
tions [38].

Recently, investigators from Duke have emphasized
the importance of placing the ACL graft within the ACL
footprint on the femur to restore normal joint kinemat-
ics [41,42). In the tibial tunnel-independent technique,
the graft is placed closer to the center of the native ACL
attachment compared with the transtibial technique. Us-
ing MRI of 8 patients in each group, the transtibial tech-
nique placed the tunnel center on average 9 mm from the
center of the ACL attachment, compared with 3 mm for
the tibial tunnel-independent technique [41]. In another
study, the same group used MRI and biplanar fluoroscopy
to compare 12 patients where the graft was placed near
the antero-proximal border of the ACL and 10 patients
where the graft was placed near the center of the ACL [42].
Grafts placed antero-proximally on the femur were longer
and more vertical than the native ACL, whereas anatomi-
cally placed grafts more closely mimicked ACL motion and
length in the contralateral knee.
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Postoperative Rehabilitation

Goals of postoperative rehabilitation are to restore
normal joint motion and strength to the reconstructed
knee while protecting the graft [43]. As a consequence of
improvements in surgical techniques, graft selection, and
fixation methods, rehabilitation programs have changed
in recent years to permit immediate weight bearing, early
range of motion (within 1-2 weeks after the surgery), and
earlier return to sports (usually not before 6 months or
until there is return of at least 80% of thigh strength and
the ability to do sport specific agility drills). However, too
early return to sports activities may result in graft failure
and decisions regarding when to return to sports activities
should be based on the functional assessment rather than
on time from ACL reconstruction [43]. Generally, in the re-
habilitation program, closed kinematic chain exercises to
strengthen the hamstring and quadriceps are started early
[44]. Closed kinematic chain exercises are those in which
the foot is in contact with a solid surface such as with
squats and leg presses. Open kinematic chain exercises, in
which the foot is not in contact with a solid surface, such
as those using leg extension, are considered less safe in
the postoperative period and should be added no sooner
than 6 weeks after the surgery. Postoperative rehabilitation
should also include exercises to enhance core strength,
balance, and proprioception [45].

Future Directions

Future directions in ACL injury research will seek to
improve all aspects of care of the patient with an ACL in-
jury. Research in interface tissue engineering aims to im-
prove the regeneration of tissue interfaces to improve the
fixation of soft tissue grafts by devising a new generation
of integrative fixation devices for soft tissue repair [46).
Freeze-dried allografts offer potential advantages includ-
ing limited immunogenicity, ease of graft storage, and the
potential for improved biological function [47]. Platelet-
rich plasma has the potential to speed recovery after ACL
reconstruction by improving autograft maturation, donot-
site morbidity, pain control, and allograft incorporation
[48]. Other future developments in ACL reconstruction
may include repair of the injured ACL and newer synthetic
replacement grafts [49]. Whether the potential benefits
currently ascribed to each of the above areas will be borne
out, remains to be determined.

Conclusion

For the patients, whose history and results of physi-
cal examination suggest an ACL injury, MRI is indicated to
confirm the diagnosis and to determine whether there are
concomitant injuries or not.

Given the limited data showing that immediate ACL re-
construction and initial rehabilitation followed by surgery
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(if needed) are associated with similar outcomes in such
patients, you need to discuss with the patient the option
of a supervised, structured, accelerated course of rehabili-
tation as an alternative to immediate reconstruction. If an
initial strategy of rehabilitation is chosen, serial evaluation
of knee function and functional recovery in the first 3
months after the injury would recommend. If residual lax-
ity (greater than grade 2) exist at the time of subsequent
assessment, the surgery has to avoid further damage to ar-
ticular cartilage and menisci.

Immediate ACL reconstruction for a top-level athlete
with the same injury should be recommended.

When reconstruction is advised as the correct man-
agement of an ACL injury, there is a variety of options.
Which type of graft, deciding on a single-bundle versus
double- bundle reconstruction, choosing the placement
of grafts, and whether to use the transtibial, additional
anteromedial portal, or tibial tunnel-independent tech-
nique are choices that must be made. Each choice has its
advantages and disadvantages, with the double-bundle
strategy, proper placement of grafts, and the use of auto-
grafts found to result in better clinical outcomes and in
greater patient satisfaction.

The selection of the best autograft tissue type remains
controversial, with PT, HS tendon, and quadriceps tendon
each having their proponents.

High-level evidence suggests that recreational patients
can initially be treated nonoperatively or operatively for
anterior cruciate ligament tears.

ACL reconstruction is recommended for patients with
increased or persistent laxity after nonoperative treatment.

The return to sport after ACL reconstruction surgery
should occur after a minimum of 9 months and should await
the results of return to sport testing (patient performance in
tests of symmetric quadriceps strength and Hop test).

Conflict of interest. The authors declare no conflict
of interest. This publication has not been, is not and will
not be the subject of commercial interest in any form.

References

1. Krosshaug T, Nakamae A, Boden BP. Mechanisms of anterior cru-
ciate ligament injury in basketball video analysis of 39 cases. Am ]
Sports Med. 2007; 35:359-3067.

2. Boden BP, Torg JS, Knowles DB. Video analysis of anterior cruci-
ate ligament injury: abnormalities in hip and ankle kinematics. Am
J Sports Med. 2009; 37:252-259.

3. Beynnon BD, Fleming BC. Anterior cruciate ligament strain in-
vivo: a review of previous work. ] Biomech. 1998; 31:519-525.

4. Benjaminse A, Gokeler A, Vand der Schans CP. Clinical diagnosis
of an anterior cruciate ligament rupture: a meta-analysis. ] Orthop
Sports Phys Ther. 2006; 36:267-288.

5. Solomon DH, Simel DK, Bates DW. The rational clinical ex-
amination. Does this patient have a torn meniscus or ligament
of the knee? Value of the physical examination. JAMA. 2001;
286:1610-1620.

6. Galway HR, MacIntosh DL. The lateral pivot shift: a symptom
and sign of anterior cruciate ligament insufficiency. Clin Orthop.
1980; 147:45-50.




BicHuk opromneii, TpaBmMaTonorii Ta mporedysants, 2020, Ne 3: 63-70

7. Ostrowski JA. Accuracy of 3 diagnostic test for anterior cruciate
ligament tears. J Athl Train. 2006; 41:120-121.

8. Noyes FR, Mooar PA, Matthew DS. The symptomatic an-
terior cruciate-deficient knee, part 1. J Bone Joint Surg Am.
1983;65:154-162.

9. Sherman MFE Warren RE, Marshall JL. A clinical and radiographi-
cal analysis of 127 anterior cruciate insufficient knees. Clin Orthop.
1988, 227:229-237.

10. Spindler KP, Wright RW. Clinical practice. Anterior cruciate liga-
ment tear. N Engl ] Med. 2008; 359:2135-2142.

11. Chhabra A, Starman J§, Ferretti M. Anatomic, radiographic, bio-
mechanical, and kinematic evaluation of the anterior cruciate liga-
ment and its two functional bundles. ] Bone Joint Surg Am. 2006;
88(suppl 4):2-10.

12. Steckel H, Vadala G, Davis D. 2D and 3D 3-Tesla magnetic reso-
nance imaging of the double bundle structure in anterior cruciate
ligament anatomy. Knee Surg Sports Traumatol Arthrosc. 2006;14:
1151-1158.

13. Starman JS, Vanbeek C, Armfield DR. Assessment of normal ACL
double bundle anatomy in standard viewing planes by magnetic
resonance imaging. Knee Surg Sports Traumatol Arthrosc. 2007;
15:493-499.

14. Fithian DC, Paxton EW, Stone ML. Prospective trial of a treat-
ment algorithm for the management of the anterior cruciate liga-
ment-injured knee. Am ] Sports Med. 2005; 33:335-346.

15. Barrack RL, Bruckner JD, Kneisl J. The outcome of nonopera-
tively treated complete tears of the anterior cruciate ligament in
active young adults. Clin Orthop Relat Res. 1990; 259:192-199.

16. Noyes FR, Barber SD, Mooar LA. A rationale for assessing spotts
activity levels and limitations in knee disorders. Clin Orthop Relat
Res. 1989; 246:238-249.

17. Scavenius M, Bak K, Hansen S. Isolated total ruptures of the an-
terior cruciate ligament: a clinical study with long-term follow-up
of 7 year. Scand ] Med Sci Sports. 1999; 9: 114-1109.

18. Wittenberg RH, Oxfort HU, Plafki C. A comparison of con-
servative and delayed surgical treatment of anterior cruciate
ligament ruptures: a matched pair analysis. Int Orthop. 1998;
22:145-148.

19. Andernord D, Karlsson J, Fu FH, Samuelsson K. Timing of surgery
of the anterior cruciate ligament. Arthroscopy 2013;29:1863-71.
20. Magnussen RA, Pedroza AD, Donaldson CT. Time from ACL in-
jury to reconstruction and the prevalence of additional intraarticu-
lar pathology: is patient age an important factor? Knee Surg Sports
Traumatol Arthrosc 2013;21:2029-34.

21. Sri-Ram K, Salmon L], Pinczewski LA.. The incidence of sec-
ondary pathology after anterior cruciate ligament rupture in 5086
patients requiring ligament reconstruction. Bone Joint J 2013; 95-
B:59-64.

22. SheaKG, CareyJ L, Richmond J. The American Academy of Or-
thopaedic Surgeons evidence-based guideline on management
of anterior cruciate ligament injuries. ] Bone Joint Surg Am 2015;
97:672-4.

23. Maletis GB, Chen J, Funahashi TT. Age-related risk factors for
revision anterior cruciate ligament reconstruction: a cohort study
of 21,304 patients from the Kaiser Permanente Anterior Cruciate
Ligament Registry. Am ] Sports Med 2016;44:331-6.

24. Recht MP, Piraino DW, Cohen MA, et al. Localized anterior ar-
throfibrosis (cyclops lesion) after reconstruction of the anterior
cruciate ligament: MR imaging findings. Am ] Roentgenol. 1995;
165:383-385.

25. Aune AK, Holm [, Risberg MA. Four-strand hamstring tendon
autograft compared with patellar tendon-bone autograft for an-
terior cruciate ligament reconstruction: a randomized study with
two-year follow-up. Am J Sports Med. 2001; 29:722-728.

26. Tuman JM, Diduch DR, Rubino LJ. Predictors for hamstring graft
diameter in anterior cruciate ligament reconstruction. Am J Sports
Med. 2007; 35:1945-1949.

27. DeAngelis JP, Fulkerson JP. Quadriceps tendon—a reliable al-
ternative for reconstruction of the anterior cruciate ligament. Clin
Sports Med. 2007; 26:587-590.

28. Lee §, Seong SC, Jo H. Anterior cruciate ligament reconstruction
using quadriceps tendon autograft. ] Bone Joint Surg Am. 2007;89
(suppl 3): 116-126.

29. Prodromos C, Joyce B, Shi K. A meta-analysis of stability of auto-
grafts compared to allografts after anterior cruciate ligament recon-
struction. Knee Surg Sports Traumatol Arthrosc. 2007; 15:851-856.
30. Krych AJ, Jackson D, Hoskin TL. A meta-analysis of patellar ten-
don autograft versus patellar tendon allograft in anterior cruciate
ligament reconstruction. Arthroscopy. 2008; 24:292-298.

31. Sun K| Tian S, Zhang J. Anterior cruciate ligament reconstruc-
tion with BPTB autograft, irradiated versus non-irradiated allograft:
a prospective randomized clinical study. Knee Surg Sports Trauma-
tol Arthrosc. 2009; 17:464-474.

32. Ristanis S, Stergiou N, Patras K. Excessive tibial rotation during
high-demand activities is not restored by anterior cruciate ligament
reconstruction. Arthroscopy. 2005; 21:1323-1329.

33, Tashman S, Collon D, Anderson K. Abnormal rotational knee
motion during running after anterior cruciate ligament reconstruc-
tion. Am J Sports Med. 2004; 32:975-983.

34. Adachi N, Ochi M, Uchio Y. Reconstruction of the anterior cruci-
ate ligament: single versus double-bundle multistranded hamstring
tendons. ] Bone Joint Surg Br. 2004; 86:515-520.

35. Hamada M, Shino K, Horibe S. Single- versus bi-socket ante-
rior cruciate ligament reconstruction using autogenous multiple-
stranded hamstring tendons with endoButton femoral fixation: a
prospective study. Arthroscopy. 2001; 17:801-807.

36. Yasuda K, Kondo E, Ichiyama H. Anatomic reconstruction of
the anteromedial and posterolateral bundles of the anterior cru-
ciate ligament using hamstring tendon grafts. Arthroscopy. 2004;
20:1015-1025.

37.Mae T, Shino K, Miyama T. Single- versus two-femoral socket an-
terior cruciate ligament reconstruction technique: biomechanical
analysis using a robotic simulator. Arthroscopy. 2001; 17:708-716.
38. Nishimoto K, Kuroda R, Mizuno K. Analysis of the graft bending
angle at the femoral tunnel aperture in anatomic double bundle an-
terior cruciate ligament reconstruction: a comparison of the trans-
tibial and the far anteromedial portal technique. Knee Surg Sports
Traumatol Arthrosc. 2009; 17:270-276.

39. Yagi M, Wong EK, Kanamori A. Biomechanical analysis of an
anatomic anterior cruciate ligament reconstruction. Am J Sports
Med. 2002; 30:660-666.

40. Yamamoto Y, Hsu WH, Woo SL. Knee stability and graft function
after anterior cruciate ligament reconstruction: a comparison of a
lateral and an anatomical femoral tunnel placement. Am J Sports
Med. 2004;32: 1825-1832.

41. Abebe ES, Moorman CT III, Dziedzic TS. Femoral tunnel place-
ment during anterior cruciate ligament reconstruction: an in vivo
imaging analysis comparing transtibial and 2-incision tibial tunnel-
independent techniques. Am J Sports Med. 2009; 37:1904-1911.
42. Abebe ES, Kim JP, Utturkar GM. The effect of femoral tunnel
placement on ACL graft orientation and length during in vivo knee
flexion. ] Biomechanics. 2011; 44:1914-1920.

43. Shelbourne KD, Klotz C. What I have learned about the ACL:
utilizing a progressive rehabilitation scheme to achieve total knee
symmetry after anterior cruciate ligament reconstruction. J Orthop
Sci. 2006; 11:318-325.

44. Wright RW, Preston E, Fleming BC. A systematic review of anterior
cruciate ligament reconstruction rehabilitation: part I open versus closed

08



BicHuk opromneii, TpaBmMaTonorii Ta mporedysants, 2020, Ne 3: 63-70

kinetic chain exercises, neuromuscular electrical stimulation, accelerated
rehabilitation, and miscellaneous topics. ] Knee Surg. 2008; 21:225-234.
45. Risberg MA, Holm 1, Myklebust G. Neuromuscular training ver-
sus strength training during first 6 months after anterior cruciate
ligament reconstruction: a randomized clinical trial. Phys Ther.
2007, 87:737-750.

46. Moffat KL, Wang IN, Rodeo SA. Orthopedic interface tissue en-
gineering for the biological fixation of soft tissue grafts. Clin Sports
Med. 2009; 28:157-176.

47. Mahirogullari M, Ferguson CM, Whitlock PW. Freeze-dried al-
lografts for anterior cruciate ligament reconstruction. Clin Sports
Med. 2007; 26:625-637.

48. Lopez-Vidriero E, Goulding KA, Simon DA. The use of platelet-
rich plasma in arthroscopy and sports medicine: optimizing the
healing environment. Arthroscopy. 2010; 26:269-278.

49. Weitzel PP, Richmond JC, Altman GH. Future direction of
the treatment of ACL ruptures. Orthop Clin North Am. 2002;
33:653-061.

BiHOBIEHHA TEPeTHBOL XPECTONMOTiOHOT 3B’ A3KH:
npooseMu, icropis Ta maoyTHe. Yacruna I1

3asipnuit LM.', Kocmpy6 0.0.2

’K/nm%mnmpﬂﬂ ‘©eopania’” Jlepacasrozo ynpasninns cnpaeowu M. Kuis

21V “Incmumym mpasmamonozii ma opmonedii HAMH YxpazHu M. Kuig

Pestome. [lowrxodncenns nepeorsoi xpecmonodionoi 36’ a3ku (1IX3) — oona 3 naiioineiu
YACIUX MPABM Y CROPINE, KA MAE PYUMHIBHILL 81IUE HA DI6eHb AKIMUBHOCIE NAUIEHMIE Ma
AKICMb IXHb020 HCUMMA. Y NAUIEHMIB, ULl anamHes ma Pe3yIbmamu KIHiuH020 00CMeNCeH-
Ha ceiouams npo mpaemy I1X3, MPT noxasane 0as niomeepoxcerts 0iazHo3)y ma 6USHACHNHA
HAABHOCII CYRYMHIX YUUKOONCeHb. Jani, wjo Ceiouams npo HeoOXiOHICb He2atiHoi PeKoH-
cmpykuyii I1IX3, oomexnceni. Xipypeu nosurni 002060pUMLL 3 NAYIERMOM Bapianm cmpyKmy-
D0Ba1020 NPUCKOPeH020 KYPCy peadinimayii ax ansmepHamuey He2aiinit PeKxoHCcmpyKui.
AK0 6Y10 00PAHO NOUAMKO8Y CMPamezito Peaviimauii, DeKomeHoYEMbCA NOCI006HA OliH-
Ka QYHKUIT KOHHO20 CY2n100a ma PYHKUYIOHANILHO20 BIOHOGNCHHA 8 NEPuLl 3 MICAYL Nicia
mpaemit. AKUO Ha MOMEHM NOOANBULOT OYIHIU ICHYE 3AMIUK08A HeCMAOINbHICMb (0iNbiua 3a
2-11 cmyniny), onepauis HeoOXioHa ONA YHUKHEHHSA NOOANbUL020 NOUKOONEHHS CY2l10006020
Xpawa ma menicka. Y 6unaoxy AKuo peKomeHoo8ano onepamueHe JUKyeanns npu nouKo-
Oxcenni I1X3, icnytoms pizui apianmu. Tun mpancnaanmama, 00HO- i 0801Y4KOBA MeXHi-
K, MICUe DOIMIUEHHA MPAHCIAAHMAIMIE Ma BUKOPUCAHHA MPAHCMIOIANLHO20 00CHIYNY,
000amK06020 AHMEPOMEIIAILHO0 NOPMANLY A00 MEXHIKU HE3ANCHCHO20 BEAUKO20MINKOB020
Kanany — ye 6uoip, axuil Heooxiono 3pooumu. Koxcen sapianm mace ceoi nepesazi ma Heooi-
Kl 3a604KU cmpamezii no06iin020 6mpyuarts, NPASUILHO20 POSMIUEHH MPAHCHAAHMAMIE
ma BUKOPUCANHS AYMOMPAHCIAAHMANIG, AKT BNAUBAIOMb HA KATHIUHULL De3ybmam ma
AKICMb Hcumms, nayieumig. Cynepedniusum 3anuuaemscs 8Uoip HAuKpawj0eo muny mkanum
O AYMOMPAHCIAAHMAMA: CE0IX NPUXUNGHUKIE MAE BUKOPUCTIANHA AK CYXONCUNKIE HANIE-
CYXONCUNKOB020 Ma KPABCULKO20 M A3I6, MAK | 6AACHOL 36’ A3KU HAOKOMHHUKA, d MAKONC C)-
XONCUNKA HOMUPUZONIOB020 M A3 CNEZHA.

Kmouoei cnoea: nepeons xpecmonodiona 36 a3xa; apmpockonis; peKoHcmpyKuyis; JiKy-
BaAMMA.

BoccraHOB/IEHHE NEPETHEH KPECTOOOPA3HOM CBA3KH:
po06IeMBl, HCTOpHA U Oyaymee. Yacrs II

Basupmoiti LM.", Kocmpyo AA?

'Knunuveckas 60ﬂbHuua ‘@eoparun” Iocyoapcmeennozo ynpasnenus denamu, 2. Kueg

TV Uncmumym mpagmamonozuu u opmoneouy HAMH Ypauns”, 2. Kueg

Pestome. [lospexcoerue nepedreii rpecmoodpasnoi ceasku (IIKC) — 00Ha u3 Haubdo-
Jee acmulx mpasgm 6 cnopme, OKA3ul6aouas Paspyuumenstoe 6030elicmeue Ha  Yposers
AKMUBHOCU NAYUCHINOS U KAMECMBO UX JCUHU. BONbHbIM, Hell anamHes 1 pe3yabmanbi
KAUHUMECKO20 UCCNI008aHUA ceudemenscmeyiom o mpaeme IIKC, noxaszano MPT ong noo-
meepacoenus Ouazro3a U ONPeoereHUs HANHUL CONYMCMEYIouwUx nospexcoenutl. Jarnmbsie,
CBUOCMENLCMBYIOUUE O HEOOXOOUMOCIU HeMednenHot pexoncmpyruuu [IKC, ozpanuyerbL.
Xupypau 00xHCHbE 00CYOUMb € NAUUCHIMOM 6APUAHTT CIPYKIMYDUPOBAHIHO20 YCKODEHH020
Kypca peabumumanii Kax ansmepHamuey HemeoreHHol pexoncmpykyuu. Ecuu Obiia ol-
Opana Havanvhas cmpamezus PeaduIUmail, PeKomeroyemcs nocaeoosamenbHas oyeHKa
PYHKUUY KONCHHO20 CYCMABA U PYHKUUOHANLHO20 80CCIMAHOBICHU 8 NEPBble 3 MecAyd Nno-
cne mpasmul. Ecau 6 momernm nocaeoyouert ouenKy cycmasa npucymemeyent 0Cmamouras
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HeCMaoULHOCMYb (00NbIUE HeM 2-1i CIenenlt), HeoOX0OUMO ONePamueHoe eMeUamerscmeo
60 usbexcanue Oanbheliuezo noePeNCOeHis CYCmasgHo20 XPAua U Menucka. B cayuae ecu
Dpexomendyemcs onepamusroe sevwenue npu nospexcoenuu 1IKC, cyuecmgyrom paznudroie
sapuarmot. Tun mpancnaanmama, 00HO- UL 08YX1YHKO8AL MEXHUKA, MECIMO DASMEleHUs
MPAHCIAGHMAMA, UCNONB308aHUE MPAHCMUOUANLHO20 00CMYNA, OONOIHUMENLHOZ0 AHIMe-
DomeouansHo20 NOPMAna U MexXHUKL He3asUcumMo20 OONbIEOePU08020 KAHANA — 6blO0D,
KOMOpwlti HE0OX00UMO Coenamp. Kaxcowui eapuanm umeem céou npeumyuecmsa u Heoo-
CMAMKLL: 00HO- UM OBYXNYHKOBASL MEXHUKA, NPABUNbHOE PA3Melenue mpancnianmama
U UCNONB30BAHUE AYMOMPAHCIAGHIMAMA GIUSION HA KIUHUHECKULL Pe3YIbMam U Ka4ecmeo
HCUSHU NAYUEHN08. CIOPHBIM OCIMACMCA 8bI00D HAULY MU0 MUNA MKANel 0118 AYymOmpPar-
CIAAHMAMA: CB0UX CMOPOHHUKOB UMEeN KAK UCNONb308AHUE CYXOMCUMUS NOLYCYXONCUNHOLL
U NOPIMHANCHOU MbLULY, MAK U UCNONB308AHUE COOCMBEHHOLL CBA3KU HAOKONCHHUKA, d MAKKHCe
CYXONCUNUS HeMbIPEX2NAB0T Mbitljbi 0EOPa.

Kmoueevie cnoea: nepeonss Kpecmooopasnas Céasxa; apmpockonis; PeKxoHcmpyruus;
JieHenue.
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