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remains the primary indication for revision 
ACLR.11 Greis et al. proposed three etiologies 
for ACLR failure: 1)  errors in surgical tech-
nique; 2)  failure of graft incorporation; and 
3) trauma.12 Graft failure from technical errors 
or failure of incorporation is often cited as the 
single most common cause for ACLR failure, 
with incidence estimates ranging from 0.7% to 
8%.13-16

Technical errors including tunnel placement, 
graft selection, graft fixation and tensioning 
are implicated in anywhere from 21-79% of all 
ACL reconstruction failures.17-22 Tunnel place-
ment has been shown to be the most common 
technical error leading to failure of ACLR.17-19 
A review of common surgical reasons for fail-
ure of ACL reconstructions was previously 

Anterior cruciate ligament ruptures (ACLR) 
are common injuries with an incidence 

ranging from 37 to 84 per 100,000 persons.1-3 
The number of ACL reconstructions (ACLRs) 
performed in the USA greatly increased from 
50,000 per year in 1995 to nearly 200,000 in 
2012. Overall, reported long-term failure rates 
range from 1.8-27%.4, 5 When necessary, the 
outcomes following revision ACL reconstruc-
tion have been steadily improving, however 
they remain inferior when compared with that 
seen following primary ACLR.6-9

ACL reconstruction failure is defined as 
painful stiffness, a flexion contracture great-
er than 10 degrees, or recurrent laxity in the 
context of activities of daily living (ADLs) 
or sports.10 Recurrent laxity, or patholaxity, 
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ACLR as acutely as possible, our preference is 
to allow for pain and swelling to resolve and for 
the patient to recover full range of motion and 
quadriceps strength prior to surgery.

Femoral tunnel placement

The primary purpose of ACLR is to restore 
knee stability and function. The importance of 
bone tunnel placement cannot be understated. 
It is one of the most cited technical errors lead-
ing to ACLR failure in the form of recurrent 
laxity or outright graft failure. It is imperative 
that the surgeon have an understanding of the 
native anatomical footprints as well as poten-
tial pitfalls in order to ensure proper femoral 
and tibial bone tunnel placement.

The femoral bone tunnel has been impli-
cated in up to 50% to 79% of ACL failures.31 
A keen understanding of the native anatomy 
of the ACL femoral footprint is required in 
order to optimize femoral bone tunnel place-
ment. Arnoczky’s anatomical description pub-
lished in 1983 serves as a foundation for our 
understanding of the ACL.32 He described two 
distinct anatomical and functional bundles, the 
anteromedial bundle (AMB) and posterolat-
eral bundle (PLB). The femoral attachment is 
a semi-circle, wider in the cranio-caudal than 
ventral-dorsal dimension, and located approxi-
mately 8 mm posterior to the posterior femo-
ral cortex and 4 mm anterior to the posterior 
condylar articular surface (Figure 1).32, 33 The 
length of the ACL has been shown to range 
from 12-23 mm proximal-distal and the diam-
eter from 7-13 mm anterior-posterior.34-36 An-
other useful metric that has been elucidated is 
the relationship of the ACL footprint to the ar-
ticular margin. Studies show that the superior 
margin of the ACL footprint is 1.8±1.3 mm in-
ferior to the “over-the-top” position, the poste-
rior-most aspect of the footprint is 2.5±1.1 mm 
anterior to the posterior articular surface, and 
the inferior-most portion of the footprint is 
2.8±1.5  mm from the posterior articular sur-
face.34 The goal of femoral bone tunnel place-
ment in ACLR is to maximize coverage of the 
anatomical footprint.

There are several challenges to femoral 

published by the senior author (E.J.S.).23 The 
purpose of the current review is to provide an 
update on some of the more recent advances in 
ACLR surgery and how to mitigate technical 
errors which may contribute to failure.

Operative indications and timing

The initial evaluation of a patient with a sus-
pected ACL rupture includes a thorough his-
tory and physical examination. Patients may 
report a pivoting mechanism of injury with 
or without associated contact. Typically, the 
affected knee will swell within a short period 
of time due to disruption of the blood supply 
along the ACL and the development of a hem-
arthrosis.24 Clinicians should have a high in-
dex of suspicion for concomitant meniscal or 
articular cartilage injuries. Physical examina-
tion findings for ACL ruptures or insufficiency 
include a Lachman, pivot shift, and anterior 
drawer test. Of these special tests, the Lach-
man test is the most sensitive for a complete 
rupture on an awake patient with a recent me-
ta-analysis demonstrating a sensitivity of 96% 
compared with gold standard MRI or diagnos-
tic arthroscopy.25

The acute phase of injury is characterized 
by inflammation, pain, and decreased range 
of motion. Shelbourne et al. demonstrated 
that ACL reconstruction performed prior to 
7 days after injury led to an increased rate of 
arthrofibrosis compared with those reconstruc-
tions performed after 21 days.26 However, 
more recent meta-analyses have shown that 
ACL reconstructions performed in the acute 
phase of injury do not have a higher risk of 
postoperative arthrofibrosis as long as swell-
ing has reduced and full range of motion has 
been achieved.27, 28 Thus the status of the knee 
with respect to the acute inflammatory phase 
of injury is more important than the duration 
of time since injury.

In addition, early ACLR, defined as recon-
struction before 10 weeks following injury, has 
been shown to be cost-effective compared to re-
habilitation and delayed reconstruction with no 
difference in clinical outcomes.29, 30 Although 
it is presumably more cost effective to perform 
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pingement on the posterior cruciate ligament 
(PCL). A study by Lee et al.37 showed greater 
rotational instability measured by a residual 
positive pivot-shift and worse Lysholm scores 
associated with increasingly vertical femoral 
tunnel placement.

Anterior malposition of the femoral tunnel 
will cause graft impingement on the anterior 
aspect of the intercondylar notch or increased 
tension in flexion leading to stretching and 
gradual increase in graft laxity. Maak et al.38 
found that tunnels placed in a more anterome-
dial position demonstrated the highest amount 
of impingement compared to tunnel placement 
centrally or posteriorly on the footprint. Ante-
riorly placed femoral tunnels have also demon-

bone tunnel placement including poor visu-
alization, poor exposure of the posterior con-
dylar wall, and poor access to the appropri-
ate starting point. Adequate visualization of 
the lateral aspect of the intercondylar notch 
is of paramount importance. A low threshold 
to perform a notchplasty will optimize visu-
alization and prevent improper placement of 
the femoral tunnel (Figure 2A). Additionally, 
the notchplasty should be carried out all the 
way posteriorly to visualize the most posterior 
aspect of the intercondylar notch. The notch-
plasty should not stop at the ridge, colloquially 
known as “resident’s ridge,” but rather contin-
ue posteriorly to the posterior condylar articu-
lar margin as noted by the presence of white 
periosteal fibers at the most posterior aspect of 
the notch (Figure 2B).

The most common malposition of the femo-
ral tunnel is either too vertical or anterior, or a 
combination of both. A vertical tunnel place-
ment will lead to rotational instability or im-

Figure 1.—Two distinct anatomical and functional bundles 
of the ACL exist, the anteromedial bundle (AMB) and poste-
rolateral bundle (PLB). The femoral attachment of the ACL 
is a semi-circle, wider in the cranio-caudal than ventral-dor-
sal dimension, and located approximately 8 mm posterior to 
the posterior femoral cortex and 4 mm anterior to the poste-
rior condylar articular surface.

Figure 2.—A, B) Adequate notchplasty to the posterior as-
pect of the intercondylar notch with white periosteal tissue 
visible posteriorly.

A
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advanced imaging have corroborated a supe-
riority of AM technique over TT approach in 
tunnel placement.57-62 Schairer et al.63 found 
similar rotational stability between AM-drilled 
tunnel ACLR and native controls, both su-
perior to TT-drilled tunnels. A gait analysis 
conducted by Wang et al.64 also found greater 
stability in AM-drilled tunnels, however also 
notably found a significant extension deficit in 
the late stance phase when compared with the 
TT approach.

Early clinical data is conflicting. A recent 
study by Arno et al.65 compared tunnel place-
ment using TT and AM techniques demon-
strated that TT tunnels were placed more 
proximal in the footprint and therefore a more 
vertical graft compared with the intact ACL, 
however at mean follow-up of just over a year 
there was no difference in clinical outcomes. A 
prospective randomized trial by Zhang et al.66 
also found no difference in Lysholm scores or 
KT-1000 testing at a minimum of 12 months. 
Other short-term studies demonstrate higher 
outcome scores in patients treated with an AM 
technique, although there were no significant 
differences in objective physical examination 
testing.67, 68

Biomechanical studies also demonstrate 
an advantage to femoral tunnels drilled using 
the independent technique over the TT tech-
nique.47, 51 Franceschi et al.,69 in particular, 
demonstrated improvement in anterior-poste-
rior stability as well as rotational stability with 
AM drilling. Part of the reason is that optimal 
placement of the femoral tunnel as previously 
discussed is in the center of the femoral ana-
tomic footprint, which is easier to achieve with 
the AM technique.70

Though there is still a lack of mid-term and 
long-term outcome data on the AM technique, 
the overall trend has been away from TT tun-
nel drilling and towards an independent AM 
approach. A recent study showed the incidence 
of TT tunnel drilling decreased from 56.4% 
to 17.6%, while the incidence of anterome-
dial portal drilling increased from 41.3% to 
65.1%.71 A study by Duffee et al.72 showed that 
TT drilling was a predictor of subsequent ipsi-
lateral knee surgery, although no causality was 

strated worse outcomes, with a higher rate of 
postoperative instability on instrumented test-
ing and lower Lysholm scores.39 Recent finite 
element analyses (FEA) have shown greater 
instability, higher cartilage contact pressure 
and meniscal stresses with anterior tunnel 
placement.40 On the contrary, tunnels placed 
too posteriorly will increase the risk of violat-
ing the posterior cortex causing posterior wall 
blowout thereby compromising graft fixation 
or causing early graft failure.41, 42 Additional-
ly, FEA demonstrates increased peak stresses 
with posterior tunnel placement.40

When arthroscopically assisted ACLR 
gained widespread popularity, transtibial 
(TT) femoral drilling was the most common 
method with acceptable results. Studies dem-
onstrated that this led to anterior and superior 
graft placement.43 Anteromedial (AM) portal 
drilling, or the independent technique, became 
popularized as an alternative leading to more 
anatomic position of the femoral bone tunnel. 
Early studies such as the Danish registry sug-
gested a higher rate of revision of AM tech-
nique compared with TT approach.44 A cadav-
eric study by Giron et al.45 demonstrated no 
significant difference in tunnel location be-
tween TT, double incision, or AM techniques. 
Other cadaveric studies have refuted Giron’s 
findings suggesting that tunnel placement via 
TT approach leads to a more superior and pos-
terior tunnel with less adequate graft-footprint 
overlap.46-52 Several studies evaluating place-
ment of the femoral tunnel using TT approach 
only evaluated radiographic parameters, not as 
evidenced by visualization or advanced imag-
ing such as MRI.53

More recent studies have shown that while 
the TT approach may allow for adequate tun-
nel placement, it may require a more oblique 
tibial bone tunnel with a more proximal start-
ing point, leading to tibial tunnel shortening.54 
Tibial tunnel shortening may result in graft-
tunnel mismatch jeopardizing graft fixation 
and/or incorporation.54, 55 AM portal femo-
ral tunnels have performed well in cadaveric 
studies, showing that 75-97% of the tunnel 
overlaps the native footprint.50, 56 Other clini-
cal studies evaluating tunnel placement with 
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approximately 15 mm posterior to the anterior 
tibial plateau and an average insertion length 
of 30mm from anteromedial to posterolateral. 
Colombet et al.34 showed mean footprint an-
teroposterior and mediolateral diameters of 
17.6 mm and 12.7 mm, respectively.

Several studies have debated the optimal po-
sition of the tunnel in relationship to anatomi-
cal soft tissue or bony landmarks in the knee. 
Some soft tissue landmarks that have been 
advocated include the posterior aspect of the 
lateral meniscus or 7 mm anterior to the PCL 
(Figure 4). These landmarks, however, can be 
inconsistent and vary with the patient’s anat-
omy. Feretti et al.76 reported more reliability 
by measuring off the intermeniscal ligament in 
combination with the medial tibial eminence. 
McGuire et al.77 advocated a bony landmark 

established. There are no long term compara-
tive studies evaluating these techniques. Inder-
haug 73 in his 10-year prospective TT technique 
cohort had good Lysholm scores although 20% 
demonstrated a positive pivot-shift test postop-
eratively. Other long-term studies have shown 
a statistically significant greater incidence and 
severity of osteoarthritis, particularly in pa-
tients who had undergone meniscectomy and/
or also had chondral lesions.74, 75

The AM method has shown promise in ca-
daveric, biomechanical, and early clinical 
studies. The ability to drill tunnels indepen-
dently allows more flexibility to achieve op-
timal tunnel placement without compromising 
the tibial tunnel (Figure 3).

Tibial tunnel placement

Malpositioning of the tibial tunnel may 
not be as commonly implicated in revision 
ACLR as improper placement of the femoral 
tunnel, but it is equally as important to place 
this tunnel anatomically. Graft obliquity, im-
pingement, decreased range of motion, and 
graft-tunnel mismatch can all occur with sub-
optimal tibial tunnel placement. Again, an 
understanding of the anatomical footprint is 
essential. Arnoczky described the tibial attach-
ment of the ACL as anterior and lateral to the 
anterior tibial spine. He described anterior and 
posterior fibers that attach to the anterior and 
posterior horns of the lateral meniscus, respec-
tively.32 He showed the anterior edge inserts 

Figure 3.—Independent AM portal localization and drilling of the femoral tunnel allows for better recreation of the native 
anatomy. A) Distance to the back wall can be checked with the probe to avoid posterior wall blow-out. B) In-line viewing 
of the drilled tunnel can be achieved with the arthroscope placed in the AM portal confirming maintenance of the back wall 
throughout. C) AM drilled femoral tunnels better recreate the femoral origin than TT drilled tunnels.

Figure 4.—Landmarks for tibial tunnel placement.
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A more recent meta-analysis by Mariscalco 
et al.88 in 2014 showed no significant differ-
ence in failure rates, graft laxity, or patient-
reported outcomes comparing non-irradiated 
allograft ACLR and autograft ACLR. Craw-
ford et al.5 showed a higher infection rate and 
higher postoperative morbidity risk with non-
irradiated allografts compared with autograft 
(7% vs. 2.8%, respectively). Most studies have 
suggested that non-irradiated grafts outper-
form low-dose (<2.5 Mrad) irradiated grafts.89 
However, mid-term results published by Tian 

they called the “over-the-back ridge” (OTB), 
which was found to be a mean 6.2 mm poste-
rior to the posterior edge of the ACL footprint. 
Edwards et al.78 used the OTB and a point 
5 mm lateral to the medial tibial eminence. Ir-
respective of the referencing method utilized, 
optimal tibial tunnel placement can signifi-
cantly affect outcomes.

Improper tibial tunnel placement can cause 
graft impingement, usually due to excessive 
anterior placement leading to impingement on 
the roof of the intercondylar notch and higher 
failure rates.79, 80 Essentially, the graft must 
be placed sufficiently posteriorly to allow full 
extension to occur without impingement.81, 82 
Tunnels placed too posteriorly exhibit greater 
instability. Tibial tunnel placement should not 
be taken lightly, as even anatomically-placed 
tunnels can have notch impingement. A larger 
tibial tunnel diameter and lower drill-guide 
angle have been shown to increase the risk of 
notch impingement.83 Biomechanical studies 
have shown that drilling the tibial tunnel in 
the tibial footprint, or slightly anterior posi-
tion within the footprint, yields optimal results 
(Figure 5).84, 85

Graft choice

Autograft remains the gold standard for 
ACLR despite the donor site morbidity as-
sociated with its harvest. Allograft use as an 
alternative gained popularity in previous de-
cades, however carries its own risks of disease 
transmission, infection, higher incidence of 
graft failure in young patients, or potentially 
an immune reaction to the graft. Previous 
clinical data was compiled in a meta-analysis 
by Prodromos et al.86 in 2007 which demon-
strated a significantly higher rate of greater 
than 5  mm of laxity in allografts compared 
with autografts. At that time, ACLR was be-
ing performed with irradiated grafts, altering 
the biomechanical properties of the allografts. 
A study by van Eck et al.87 showed an overall 
failure rate of 13% between 6 and 18 months 
with irradiated allografts, warning that graft 
incorporation may take longer than autograft. 

Figure 5.—A, B) Localization of the tibial tunnel within the 
native footprint utilizing the posterior aspect of the anterior 
horn of the lateral meniscus as a soft tissue landmark.

A
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are comparable, BTB grafts outperform ham-
string on objective stability testing. Shakked et 
al.97 found that young active females had im-
proved objective measures of stability and sig-
nificantly fewer failures using BTB autografts 
compared with hamstring grafts.

Graft fixation and tensioning

There is a multitude of a graft fixation op-
tions in ACLR including interference screws, 
cortical-based tension devices, staples, cross-
pins, and press-fit. The variety of options 
and interchangeable nature of graft fixation 
represents the parity in techniques. Nonethe-
less, interference screws are one of the most 
common forms of both femoral and tibial fixa-
tion. They can be metal or bioabsorbable/bio-
composite. Meta-analyses show no significant 
differences between bioabsorbable and metal 
interference screws with respect to objective 
outcome measures including stability testing 
and graft failure.98, 99 The concern with bio-
absorbable screws is their propensity for post-
operative host reactions and screw breakage. 
Konan et al.100 found a 1-10% intraoperative 
screw breakage rate. Several studies have also 
shown a higher rate of knee effusions with 
bioabsorbable screws with no noted clinical 
significance.99 Irrespective of material, inter-
ference screws perform better when placed in 
parallel as divergent screws have been shown 
to cause graft failure.101, 102 Additionally, ec-
centric screw placement displaces the graft 
and alters the reconstruction kinematics and 
must be taken into consideration.103

The main concern with suspensory fixation 
including cortical-based tension devices, is 
loosening of the suspensory mechanism and 
subsequent graft laxity. Biomechanical studies 
have shown that these devices have sufficient 
ultimate failure strength required for ACLR.104 
Additionally, adjustable-loop suspension 
constructs have been shown to have higher 
amounts of loosening compared with fixed-
loop constructs and interference screws.105-107 
Furthermore, a meta-analysis by Colvin et 
al.108 suggested a trend toward decreased 
surgical failures with interference screw fixa-

et al.90 showed no difference in functional out-
comes comparing low-dose irradiated grafts 
and autografts. A recent meta-analysis by 
DiBartola et al.91 showed a dose-dependent 
negative effect of gamma irradiation on ten-
don allograft strength. For all these reasons, 
autograft remains the gold standard (Figure 6). 
In cases where autograft is not a good option, 
however, non-irradiated allograft has been 
shown to have good results.

Another contested debate in graft selection 
is bone-patellar tendon-bone (BTB) versus 
hamstring autograft. Some argue that BTB 
grafts incorporate better secondary to bony 
healing, decreased graft stretch, and consistent 
graft size. Others highlight postoperative ante-
rior knee pain, higher incidence of extension 
loss, and higher rates of postoperative compli-
cations with BTB autograft. Graft size is more 
variable for hamstring ACLR and smaller graft 
sizes have been shown to have a higher failure 
rate. Park et al.92 showed that hamstring auto-
grafts less than 8 mm in diameter had a signifi-
cantly higher failure rate. Furthermore, Spragg 
et al.93 showed a lower likelihood of failure 
with every incremental increase in graft diam-
eter. A long-term follow-up study by Bourke et 
al.94 and meta-analysis by Gabler et al.95 dem-
onstrated equivalent graft survival comparing 
BTB and hamstring. Li et al.96 published a me-
ta-analysis showing that while survival rates 

Figure 6.—Bone-patellar tendon-bone autograft ACL recon-
struction.
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tions following primary ACL reconstruction using allo-
genic and autogenic soft tissue grafts: increased relative 
morbidity risk is associated with increased graft diam-
eter. Knee 2013;20:520-5.

 6.	 Wright RW, Gill CS, Chen L, Brophy RH, Matava MJ, 
Smith MV, et al. Outcome of revision anterior cruciate 
ligament reconstruction: a systematic review. J Bone 
Joint Surg Am 2012;94:531-6.

 7.	 Feucht MJ, Cotic M, Saier T, Minzlaff P, Plath JE, Im-
hoff AB, et al. Patient expectations of primary and re-
vision anterior cruciate ligament reconstruction. Knee 
Surg Sports Traumatol Arthrosc 2016;24:201-7.

 8.	 Johnson WR, Makani A, Wall AJ, Hosseini A, Hampilos 
P, Li G, et al. Patient Outcomes and Predictors of Success 
After Revision Anterior Cruciate Ligament Reconstruc-
tion. Orthop J Sports Med 2015;3:2325967115611660.

 9.	G rassi A, Ardern CL, Marcheggiani Muccioli GM, Neri 
MP, Marcacci M, Zaffagnini S. Does revision ACL recon-
struction measure up to primary surgery? A meta-analysis 
comparing patient-reported and clinician-reported out-
comes, and radiographic results. Br J Sports Med 2016;

  10.	 Johnson DL, Fu FH. Anterior cruciate ligament recon-
struction: why do failures occur? Instr Course Lect 
1995;44:391-406.

  11.	C arlisle JC, Parker RD, Matava MJ. Technical consid-
erations in revision anterior cruciate ligament surgery. J 
Knee Surg 2007;20:312-22.

  12.	G reis PE, Johnson DL, Fu FH. Revision anterior cruci-
ate ligament surgery: causes of graft failure and techni-
cal considerations of revision surgery. Clin Sports Med 
1993;12:839-52.

  13.	 Holmes PF, James SL, Larson RL, Singer KM, Jones 
DC. Retrospective direct comparison of three intraar-
ticular anterior cruciate ligament reconstructions. Am J 
Sports Med 1991;19:596-9; discussion 9-600.

  14.	 Howe JG, Johnson RJ, Kaplan MJ, Fleming B, Jarvin-
en M. Anterior cruciate ligament reconstruction using 
quadriceps patellar tendon graft. Part I. Long-term fol-
lowup. Am J Sports Med 1991;19:447-57.

  15.	 Howell SM, Barad SJ. Knee extension and its relation-
ship to the slope of the intercondylar roof. Implications 
for positioning the tibial tunnel in anterior cruciate liga-
ment reconstructions. Am J Sports Med 1995;23:288-94.

  16.	 Karlson JA, Steiner ME, Brown CH, Johnston J. Ante-
rior cruciate ligament reconstruction using gracilis and 
semitendinosus tendons. Comparison of through-the-
condyle and over-the-top graft placements. Am J Sports 
Med 1994;22:659-66.

  17.	C ain EL, Jr., Gillogly SD, Andrews JR. Management of 
intraoperative complications associated with autogenous 
patellar tendon graft anterior cruciate ligament recon-
struction. Instr Course Lect 2003;52:359-67.

  18.	C arson EW, Anisko EM, Restrepo C, Panariello RA, 
O’Brien SJ, Warren RF. Revision anterior cruciate liga-
ment reconstruction: etiology of failures and clinical re-
sults. J Knee Surg 2004;17:127-32.

  19.	 Marchant BG, Noyes FR, Barber-Westin SD, Flecken-
stein C. Prevalence of nonanatomical graft placement in 
a series of failed anterior cruciate ligament reconstruc-
tions. Am J Sports Med 2010;38:1987-96.

  20.	 Wright RW, Huston LJ, Spindler KP, Dunn WR, Haas 
AK, Allen CR, et al. Descriptive epidemiology of the 
Multicenter ACL Revision Study (MARS) cohort. Am J 
Sports Med 2010;38:1979-86.

  21.	C hen JL, Allen CR, Stephens TE, Haas AK, Huston 
LJ, Wright RW, et al. Differences in mechanisms of 
failure, intraoperative findings, and surgical character-
istics between single- and multiple-revision ACL re-
constructions: a MARS cohort study. Am J Sports Med 
2013;41:1571-8.

  22.	 Kamath GV, Redfern JC, Greis PE, Burks RT. Revision 

tion compared with suspensory fixation. Oh 
et al.109 showed the combining interference 
screw and suspensory fixation increased the 
ultimate tensile strength and stiffness while 
decreasing graft slippage compared to either 
method alone. A systematic review by Balazs 
et al.110 also demonstrated stronger initial fixa-
tion with less laxity, however no difference in 
patient-reported outcomes at minimum 1-year 
follow-up. Smith et al.111 in an animal model 
showed suspensory fixation was associated 
with superior tendon-to-bone healing com-
pared with interference screw fixation. With 
varying existing data, methods for graft fixa-
tion remain surgeon preference.

Conclusions

When performed using sound techniques, 
ACLR can restore stability and function in a 
large number of active patients. The strides 
made in understanding ACL anatomy and 
function combined with the advancements in 
surgical technique will continue to improve 
our ability to achieve better outcomes. A grow-
ing body of literature and collective experience 
is at our disposal. Armed with a fundamental 
understanding of anatomy, tunnel placement, 
graft and fixation options, we can mitigate sur-
gical errors responsible for a large percentage 
of ACLR failures.

References

 1.	G ianotti SM, Marshall SW, Hume PA, Bunt L. Incidence 
of anterior cruciate ligament injury and other knee liga-
ment injuries: a national population-based study. J Sci 
Med Sport 2009;12:622-7.

 2.	 Nordenvall R, Bahmanyar S, Adami J, Stenros C, Wred-
mark T, Fellander-Tsai L. A population-based nation-
wide study of cruciate ligament injury in Sweden, 2001-
2009: incidence, treatment, and sex differences. Am J 
Sports Med 2012;40:1808-13.

 3.	 Griffin LY, Albohm MJ, Arendt EA, Bahr R, Beynnon 
BD, Demaio M, et al. Understanding and preventing 
noncontact anterior cruciate ligament injuries: a re-
view of the Hunt Valley II meeting, January 2005. Am J 
Sports Med 2006;34:1512-32.

 4.	 Frank RM, McGill KC, Cole BJ, Bush-Joseph CA, Bach 
BR, Jr., Verma NN, et al. An institution-specific analysis 
of ACL reconstruction failure. J Knee Surg 2012;25:143-
9.

 5.	C rawford DC, Hallvik SE, Petering RC, Quilici SM, 
Black LO, Lavigne SA, et al. Post-operative complica-

                  COPYRIGHT
© 

2017 EDIZIONI MINERVA MEDICA 

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



CRUCIATE LIGAMENT RECONSTRUCTION FAILURE	 HAMULA

Vol. 68 - No. 2	 Minerva Ortopedica e Traumatologica	 107

  40.	 Westermann RW, Wolf BR, Elkins J. Optimizing Graft 
Placement in Anterior Cruciate Ligament Reconstruc-
tion: A Finite Element Analysis. J Knee Surg 2016;

  41.	R ue JP, Busam ML, Detterline AJ, Bach BR, Jr. Posteri-
or wall blowout in anterior cruciate ligament reconstruc-
tion: avoidance, recognition, and salvage. J Knee Surg 
2008;21:235-40.

  42.	 Mitchell JJ, Dean CS, Chahla J, Menge TJ, Cram TR, 
LaPrade RF. Posterior Wall Blowout in Anterior Cruci-
ate Ligament Reconstruction: A Review of Anatomic 
and Surgical Considerations. Orthop J Sports Med 
2016;4:2325967116652122.

  43.	D argel J, Schmidt-Wiethoff R, Fischer S, Mader K, 
Koebke J, Schneider T. Femoral bone tunnel placement 
using the transtibial tunnel or the anteromedial portal in 
ACL reconstruction: a radiographic evaluation. Knee 
Surg Sports Traumatol Arthrosc 2009;17:220-7.

  44.	R ahr-Wagner L, Thillemann TM, Pedersen AB, Lind 
MC. Increased risk of revision after anteromedial com-
pared with transtibial drilling of the femoral tunnel dur-
ing primary anterior cruciate ligament reconstruction: 
results from the Danish Knee Ligament Reconstruction 
Register. Arthroscopy 2013;29:98-105.

  45.	G iron F, Buzzi R, Aglietti P. Femoral tunnel position 
in anterior cruciate ligament reconstruction using three 
techniques. A cadaver study. Arthroscopy 1999;15:750-
6.

  46.	 Strauss EJ, Barker JU, McGill K, Cole BJ, Bach BR, 
Jr., Verma NN. Can anatomic femoral tunnel placement 
be achieved using a transtibial technique for hamstring 
anterior cruciate ligament reconstruction? Am J Sports 
Med 2011;39:1263-9.

  47.	 Steiner ME, Battaglia TC, Heming JF, Rand JD, Festa A, 
Baria M. Independent drilling outperforms conventional 
transtibial drilling in anterior cruciate ligament recon-
struction. Am J Sports Med 2009;37:1912-9.

  48.	G avriilidis I, Motsis EK, Pakos EE, Georgoulis AD, 
Mitsionis G, Xenakis TA. Transtibial versus anterome-
dial portal of the femoral tunnel in ACL reconstruction: 
a cadaveric study. Knee 2008;15:364-7.

  49.	T udisco C, Bisicchia S. Drilling the femoral tunnel dur-
ing ACL reconstruction: transtibial versus anteromedial 
portal techniques. Orthopedics 2012;35:e1166-72.

  50.	T ompkins M, Milewski MD, Brockmeier SF, Gaskin 
CM, Hart JM, Miller MD. Anatomic femoral tunnel 
drilling in anterior cruciate ligament reconstruction: use 
of an accessory medial portal versus traditional transtib-
ial drilling. Am J Sports Med 2012;40:1313-21.

  51.	 Bedi A, Musahl V, Steuber V, Kendoff D, Choi D, Al-
len AA, et al. Transtibial versus anteromedial portal 
reaming in anterior cruciate ligament reconstruction: an 
anatomic and biomechanical evaluation of surgical tech-
nique. Arthroscopy 2011;27:380-90.

  52.	G adikota HR, Sim JA, Hosseini A, Gill TJ, Li G. The re-
lationship between femoral tunnels created by the tran-
stibial, anteromedial portal, and outside-in techniques 
and the anterior cruciate ligament footprint. Am J Sports 
Med 2012;40:882-8.

  53.	 Gougoulias N, Khanna A, Griffiths D, Maffulli N. ACL 
reconstruction: Can the transtibial technique achieve 
optimal tunnel positioning? A radiographic study. Knee 
2008;15:486-90.

  54.	P iasecki DP, Bach BR, Jr., Espinoza Orias AA, Verma 
NN. Anterior cruciate ligament reconstruction: can ana-
tomic femoral placement be achieved with a transtibial 
technique? Am J Sports Med 2011;39:1306-15.

  55.	 Heming JF, Rand J, Steiner ME. Anatomical limitations 
of transtibial drilling in anterior cruciate ligament recon-
struction. Am J Sports Med 2007;35:1708-15.

  56.	R obert HE, Bouguennec N, Vogeli D, Berton E, Bowen 
M. Coverage of the anterior cruciate ligament femoral 

anterior cruciate ligament reconstruction. Am J Sports 
Med 2011;39:199-217.

  23.	R yan MK, Small W, Strauss EJ. Surgical reasons for 
failure of anterior cruciate ligament reconstruction. Min-
erva Ortop Traumatol 2014;65:111-24.

  24.	A rnoczky SP. Blood supply to the anterior cruciate liga-
ment and supporting structures. Orthop Clin North Am 
1985;16:15-28.

  25.	L eblanc MC, Kowalczuk M, Andruszkiewicz N, Simu-
novic N, Farrokhyar F, Turnbull TL, et al. Diagnostic ac-
curacy of physical examination for anterior knee insta-
bility: a systematic review. Knee Surg Sports Traumatol 
Arthrosc 2015;23:2805-13.

  26.	 Shelbourne KD, Wilckens JH, Mollabashy A, DeCarlo 
M. Arthrofibrosis in acute anterior cruciate ligament re-
construction. The effect of timing of reconstruction and 
rehabilitation. Am J Sports Med 1991;19:332-6.

  27.	 Smith TO, Davies L, Hing CB. Early versus delayed 
surgery for anterior cruciate ligament reconstruction: a 
systematic review and meta-analysis. Knee Surg Sports 
Traumatol Arthrosc 2010;18:304-11.

  28.	 Kwok CS, Harrison T, Servant C. The optimal timing 
for anterior cruciate ligament reconstruction with re-
spect to the risk of postoperative stiffness. Arthroscopy 
2013;29:556-65.

  29.	 Mather RC, 3rd, Hettrich CM, Dunn WR, Cole BJ, Bach 
BR, Jr., Huston LJ, et al. Cost-Effectiveness Analysis of 
Early Reconstruction Versus Rehabilitation and Delayed 
Reconstruction for Anterior Cruciate Ligament Tears. 
Am J Sports Med 2014;42:1583-91.

  30.	 Saltzman BM, Cvetanovich GL, Nwachukwu BU, Mall 
NA, Bush-Joseph CA, Bach BR, Jr. Economic Analy-
ses in Anterior Cruciate Ligament Reconstruction: A 
Qualitative and Systematic Review. Am J Sports Med 
2016;44:1329-35.

  31.	 Morgan JA, Dahm D, Levy B, Stuart MJ. Femoral tun-
nel malposition in ACL revision reconstruction. J Knee 
Surg 2012;25:361-8.

  32.	A rnoczky SP. Anatomy of the anterior cruciate ligament. 
Clin Orthop Relat Res 1983;19-25.

  33.	A mis AA, Dawkins GP. Functional anatomy of the an-
terior cruciate ligament. Fibre bundle actions related to 
ligament replacements and injuries. J Bone Joint Surg Br 
1991;73:260-7.

  34.	C olombet P, Robinson J, Christel P, Franceschi JP, Djian 
P, Bellier G, et al. Morphology of anterior cruciate liga-
ment attachments for anatomic reconstruction: a cadav-
eric dissection and radiographic study. Arthroscopy 
2006;22:984-92.

  35.	 de Abreu-e-Silva GM, de Oliveira MH, Maranhao GS, 
Deligne Lde M, Pfeilsticker RM, Novais EN, et al. 
Three-dimensional computed tomography evaluation of 
anterior cruciate ligament footprint for anatomic single-
bundle reconstruction. Knee Surg Sports Traumatol Ar-
throsc 2015;23:770-6.

  36.	 Kopf S, Musahl V, Tashman S, Szczodry M, Shen W, Fu 
FH. A systematic review of the femoral origin and tibial 
insertion morphology of the ACL. Knee Surg Sports 
Traumatol Arthrosc 2009;17:213-9.

  37.	L ee MC, Seong SC, Lee S, Chang CB, Park YK, Jo H, 
et al. Vertical femoral tunnel placement results in rota-
tional knee laxity after anterior cruciate ligament recon-
struction. Arthroscopy 2007;23:771-8.

  38.	 Maak TG, Bedi A, Raphael BS, Citak M, Suero EM, 
Wickiewicz T, et al. Effect of femoral socket position 
on graft impingement after anterior cruciate ligament 
reconstruction. Am J Sports Med 2011;39:1018-23.

  39.	 Khalfayan EE, Sharkey PF, Alexander AH, Bruckner 
JD, Bynum EB. The relationship between tunnel place-
ment and clinical results after anterior cruciate ligament 
reconstruction. Am J Sports Med 1996;24:335-41.

                  COPYRIGHT
© 

2017 EDIZIONI MINERVA MEDICA 

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



HAMULA	CRUCIATE  LIGAMENT RECONSTRUCTION FAILURE

108	 Minerva Ortopedica e Traumatologica	 June 2017

Jupiter DC, Noble PC, et al. Comparison of 2 femoral 
tunnel locations in anatomic single-bundle anterior cru-
ciate ligament reconstruction: a biomechanical study. 
Arthroscopy 2012;28:1481-9.

  71.	T ibor L, Chan PH, Funahashi TT, Wyatt R, Maletis GB, 
Inacio MC. Surgical Technique Trends in Primary ACL 
Reconstruction from 2007 to 2014. J Bone Joint Surg 
Am 2016;98:1079-89.

  72.	D uffee A, Magnussen RA, Pedroza AD, Flanigan DC, 
Kaeding CC. Transtibial ACL femoral tunnel prepara-
tion increases odds of repeat ipsilateral knee surgery. J 
Bone Joint Surg Am 2013;95:2035-42.

  73.	I nderhaug E, Strand T, Fischer-Bredenbeck C, Solheim 
E. Long-term results after reconstruction of the ACL with 
hamstrings autograft and transtibial femoral drilling. 
Knee Surg Sports Traumatol Arthrosc 2013;21:2004-10.

  74.	L eiter JR, Gourlay R, McRae S, de Korompay N, Mac-
Donald PB. Long-term follow-up of ACL reconstruction 
with hamstring autograft. Knee Surg Sports Traumatol 
Arthrosc 2014;22:1061-9.

  75.	 Janssen RP, du Mee AW, van Valkenburg J, Sala HA, 
Tseng CM. Anterior cruciate ligament reconstruction 
with 4-strand hamstring autograft and accelerated reha-
bilitation: a 10-year prospective study on clinical results, 
knee osteoarthritis and its predictors. Knee Surg Sports 
Traumatol Arthrosc 2013;21:1977-88.

  76.	 Ferretti M, Doca D, Ingham SM, Cohen M, Fu FH. Bony 
and soft tissue landmarks of the ACL tibial insertion site: 
an anatomical study. Knee Surg Sports Traumatol Ar-
throsc 2012;20:62-8.

  77.	 McGuire DA, Hendricks SD, Sanders HM. The rela-
tionship between anterior cruciate ligament reconstruc-
tion tibial tunnel location and the anterior aspect of 
the posterior cruciate ligament insertion. Arthroscopy 
1997;13:465-73.

  78.	E dwards A, Bull AM, Amis AA. The attachments of the 
anteromedial and posterolateral fibre bundles of the an-
terior cruciate ligament: Part 1: tibial attachment. Knee 
Surg Sports Traumatol Arthrosc 2007;15:1414-21.

  79.	 Howell SM, Taylor MA. Failure of reconstruction of the 
anterior cruciate ligament due to impingement by the 
intercondylar roof. J Bone Joint Surg Am 1993;75:1044-
55.

  80.	A lmekinders LC, Chiavetta JB, Clarke JP. Radiographic 
evaluation of anterior cruciate ligament graft failure with 
special reference to tibial tunnel placement. Arthroscopy 
1998;14:206-11.

  81.	 Howell SM. Principles for placing the tibial tunnel and 
avoiding roof impingement during reconstruction of a 
torn anterior cruciate ligament. Knee Surg Sports Trau-
matol Arthrosc 1998;6 Suppl 1:S49-55.

  82.	A mis AA, Jakob RP. Anterior cruciate ligament graft 
positioning, tensioning and twisting. Knee Surg Sports 
Traumatol Arthrosc 1998;6 Suppl 1:S2-12.

  83.	 Van der Bracht H, Bellemans J, Victor J, Verhelst L, 
Page B, Verdonk P. Can a tibial tunnel in ACL surgery be 
placed anatomically without impinging on the femoral 
notch? A risk factor analysis. Knee Surg Sports Trauma-
tol Arthrosc 2014;22:291-7.

  84.	 Kato Y, Ingham SJ, Kramer S, Smolinski P, Saito A, Fu 
FH. Effect of tunnel position for anatomic single-bundle 
ACL reconstruction on knee biomechanics in a porcine 
model. Knee Surg Sports Traumatol Arthrosc 2010;18:2-
10.

  85.	 Bedi A, Maak T, Musahl V, Citak M, O’Loughlin PF, 
Choi D, et al. Effect of tibial tunnel position on stability 
of the knee after anterior cruciate ligament reconstruc-
tion: is the tibial tunnel position most important? Am J 
Sports Med 2011;39:366-73.

  86.	P rodromos C, Joyce B, Shi K. A meta-analysis of sta-
bility of autografts compared to allografts after ante-

footprint using 3 different approaches in single-bundle 
reconstruction: a cadaveric study analyzed by 3-di-
mensional computed tomography. Am J Sports Med 
2013;41:2375-83.

  57.	 Noh JH, Roh YH, Yang BG, Yi SR, Lee SY. Femoral 
tunnel position on conventional magnetic resonance im-
aging after anterior cruciate ligament reconstruction in 
young men: transtibial technique versus anteromedial 
portal technique. Arthroscopy 2013;29:882-90.

  58.	A bebe ES, Moorman CT 3rd, Dziedzic TS, Spritzer CE, 
Cothran RL, Taylor DC, et al. Femoral tunnel placement 
during anterior cruciate ligament reconstruction: an in 
vivo imaging analysis comparing transtibial and 2-inci-
sion tibial tunnel-independent techniques. Am J Sports 
Med 2009;37:1904-11.

  59.	 Hantes ME, Zachos VC, Liantsis A, Venouziou A, Kara-
ntanas AH, Malizos KN. Differences in graft orientation 
using the transtibial and anteromedial portal technique 
in anterior cruciate ligament reconstruction: a magnetic 
resonance imaging study. Knee Surg Sports Traumatol 
Arthrosc 2009;17:880-6.

  60.	A hn JH, Lee SH, Yoo JC, Ha HC. Measurement of the 
graft angles for the anterior cruciate ligament recon-
struction with transtibial technique using postoperative 
magnetic resonance imaging in comparative study. Knee 
Surg Sports Traumatol Arthrosc 2007;15:1293-300.

  61.	 Kopf S, Forsythe B, Wong AK, Tashman S, Anderst W, 
Irrgang JJ, et al. Nonanatomic tunnel position in tradi-
tional transtibial single-bundle anterior cruciate ligament 
reconstruction evaluated by three-dimensional comput-
ed tomography. J Bone Joint Surg Am 2010;92:1427-31.

  62.	 Silva A, Sampaio R, Pinto E. ACL reconstruction: 
comparison between transtibial and anteromedial por-
tal techniques. Knee Surg Sports Traumatol Arthrosc 
2012;20:896-903.

  63.	 Schairer WW, Haughom BD, Morse LJ, Li X, Ma CB. 
Magnetic resonance imaging evaluation of knee kin-
ematics after anterior cruciate ligament reconstruction 
with anteromedial and transtibial femoral tunnel drilling 
techniques. Arthroscopy 2011;27:1663-70.

  64.	 Wang H, Fleischli JE, Zheng NN. Transtibial versus 
anteromedial portal technique in single-bundle ante-
rior cruciate ligament reconstruction: outcomes of knee 
joint kinematics during walking. Am J Sports Med 
2013;41:1847-56.

  65.	A rno S, Bell CP, Alaia MJ, Singh BC, Jazrawi LM, Walk-
er PS, et al. Does Anteromedial Portal Drilling Improve 
Footprint Placement in Anterior Cruciate Ligament Re-
construction? Clin Orthop Relat Res 2016;474:1679-89.

  66.	 Zhang Q, Zhang S, Li R, Liu Y, Cao X. Comparison of 
two methods of femoral tunnel preparation in single-
bundle anterior cruciate ligament reconstruction: a pro-
spective randomized study. Acta Cir Bras 2012;27:572-
6.

  67.	 Mardani-Kivi M, Madadi F, Keyhani S, Karimi-Mo-
barake M, Hashemi-Motlagh K, Saheb-Ekhtiari K. 
Antero-medial portal vs. transtibial techniques for drill-
ing femoral tunnel in ACL reconstruction using 4-strand 
hamstring tendon: a cross-sectional study with 1-year 
follow-up. Med Sci Monit 2012;18:CR674-9.

  68.	 Koutras G, Papadopoulos P, Terzidis IP, Gigis I, Pap-
pas E. Short-term functional and clinical outcomes after 
ACL reconstruction with hamstrings autograft: tran-
stibial versus anteromedial portal technique. Knee Surg 
Sports Traumatol Arthrosc 2013;21:1904-9.

  69.	 Franceschi F, Papalia R, Rizzello G, Del Buono A, Maf-
fulli N, Denaro V. Anteromedial portal versus transtibial 
drilling techniques in anterior cruciate ligament recon-
struction: any clinical relevance? A retrospective com-
parative study. Arthroscopy 2013;29:1330-7.

  70.	D riscoll MD, Isabell GP, Jr., Conditt MA, Ismaily SK, 

                  COPYRIGHT
© 

2017 EDIZIONI MINERVA MEDICA 

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



CRUCIATE LIGAMENT RECONSTRUCTION FAILURE	 HAMULA

Vol. 68 - No. 2	 Minerva Ortopedica e Traumatologica	 109

versus metallic interference screw fixation in anterior 
cruciate ligament reconstruction: a meta-analysis of ran-
domized controlled trials. Arthroscopy 2010;26:705-13.

100.	 Konan S, Haddad FS. A clinical review of bioabsorb-
able interference screws and their adverse effects in 
anterior cruciate ligament reconstruction surgery. Knee 
2009;16:6-13.

101.	 Ninomiya T, Tachibana Y, Miyajima T, Yamazaki K, 
Oda H. Fixation strength of the interference screw in the 
femoral tunnel: The effect of screw divergence on the 
coronal plane. Knee 2011;18:83-7.

102.	L emos MJ, Jackson DW, Lee TQ, Simon TM. Assess-
ment of initial fixation of endoscopic interference femo-
ral screws with divergent and parallel placement. Ar-
throscopy 1995;11:37-41.

103.	 Higano M, Tachibana Y, Sakaguchi K, Goto T, Oda H. 
Effects of tunnel dilation and interference screw position 
on the biomechanical properties of tendon graft fixation 
for anterior cruciate ligament reconstruction. Arthros-
copy 2013;29:1804-10.

104.	P etre BM, Smith SD, Jansson KS, de Meijer PP, Hack-
ett TR, LaPrade RF, et al. Femoral cortical suspension 
devices for soft tissue anterior cruciate ligament recon-
struction: a comparative biomechanical study. Am J 
Sports Med 2013;41:416-22.

105.	 Barrow AE, Pilia M, Guda T, Kadrmas WR, Burns TC. 
Femoral suspension devices for anterior cruciate liga-
ment reconstruction: do adjustable loops lengthen? Am J 
Sports Med 2014;42:343-9.

106.	 Johnson JS, Smith SD, LaPrade CM, Turnbull TL, 
LaPrade RF, Wijdicks CA. A biomechanical comparison 
of femoral cortical suspension devices for soft tissue an-
terior cruciate ligament reconstruction under high loads. 
Am J Sports Med 2015;43:154-60.

107.	 Mayr R, Heinrichs CH, Eichinger M, Coppola C, 
Schmoelz W, Attal R. Biomechanical comparison of 2 
anterior cruciate ligament graft preparation techniques 
for tibial fixation: adjustable-length loop cortical button 
or interference screw. Am J Sports Med 2015;43:1380-5.

108.	C olvin A, Sharma C, Parides M, Glashow J. What is the 
best femoral fixation of hamstring autografts in anterior 
cruciate ligament reconstruction?: a meta-analysis. Clin 
Orthop Relat Res 2011;469:1075-81.

109.	 Oh YH, Namkoong S, Strauss EJ, Ishak C, Hecker AT, 
Jazrawi LM, et al. Hybrid femoral fixation of soft-tis-
sue grafts in anterior cruciate ligament reconstruction 
using the EndoButton CL and bioabsorbable inter-
ference screws: a biomechanical study. Arthroscopy 
2006;22:1218-24.

110.	 Balazs GC, Brelin AM, Grimm PD, Dickens JF, Keblish 
DJ, Rue JH. Hybrid Tibia Fixation of Soft Tissue Grafts 
in Anterior Cruciate Ligament Reconstruction: A Sys-
tematic Review. Am J Sports Med 2016;

111.	 Smith PA, Stannard JP, Pfeiffer FM, Kuroki K, Bozyn-
ski CC, Cook JL. Suspensory Versus Interference Screw 
Fixation for Arthroscopic Anterior Cruciate Ligament 
Reconstruction in a Translational Large-Animal Model. 
Arthroscopy 2016;32:1086-97.

rior cruciate ligament reconstruction. Knee Surg Sports 
Traumatol Arthrosc 2007;15:851-6.

  87.	 van Eck CF, Schkrohowsky JG, Working ZM, Irrgang 
JJ, Fu FH. Prospective analysis of failure rate and pre-
dictors of failure after anatomic anterior cruciate liga-
ment reconstruction with allograft. Am J Sports Med 
2012;40:800-7.

  88.	 Mariscalco MW, Magnussen RA, Mehta D, Hewett 
TE, Flanigan DC, Kaeding CC. Autograft versus non-
irradiated allograft tissue for anterior cruciate ligament 
reconstruction: a systematic review. Am J Sports Med 
2014;42:492-9.

  89.	P ark SS, Dwyer T, Congiusta F, Whelan DB, Theodo-
ropoulos J. Analysis of irradiation on the clinical effec-
tiveness of allogenic tissue when used for primary ante-
rior cruciate ligament reconstruction. Am J Sports Med 
2015;43:226-35.

  90.	T ian S, Wang B, Liu L, Wang Y, Ha C, Li Q, et al. Ir-
radiated Hamstring Tendon Allograft Versus Autograft 
for Anatomic Double-Bundle Anterior Cruciate Liga-
ment Reconstruction: Midterm Clinical Outcomes. Am 
J Sports Med 2016;

  91.	D iBartola AC, Everhart JS, Kaeding CC, Magnussen 
RA, Flanigan DC. Maximum load to failure of high dose 
versus low dose gamma irradiation of anterior cruciate 
ligament allografts: A meta-analysis. Knee 2016;

  92.	P ark SY, Oh H, Park S, Lee JH, Lee SH, Yoon KH. Fac-
tors predicting hamstring tendon autograft diameters and 
resulting failure rates after anterior cruciate ligament 
reconstruction. Knee Surg Sports Traumatol Arthrosc 
2013;21:1111-8.

  93.	 Spragg L, Chen J, Mirzayan R, Love R, Maletis G. The 
Effect of Autologous Hamstring Graft Diameter on the 
Likelihood for Revision of Anterior Cruciate Ligament 
Reconstruction. Am J Sports Med 2016;44:1475-81.

  94.	 Bourke HE, Salmon LJ, Waller A, Patterson V, Pincze-
wski LA. Survival of the anterior cruciate ligament graft 
and the contralateral ACL at a minimum of 15 years. Am 
J Sports Med 2012;40:1985-92.

  95.	G abler CM, Jacobs CA, Howard JS, Mattacola CG, 
Johnson DL. Comparison of Graft Failure Rate Between 
Autografts Placed via an Anatomic Anterior Cruciate 
Ligament Reconstruction Technique: A Systematic Re-
view, Meta-analysis, and Meta-regression. Am J Sports 
Med 2016;44:1069-79.

  96.	L i S, Su W, Zhao J, Xu Y, Bo Z, Ding X, et al. A meta-
analysis of hamstring autografts versus bone-patellar 
tendon-bone autografts for reconstruction of the anterior 
cruciate ligament. Knee 2011;18:287-93.

  97.	 Shakked R, Weinberg M, Capo J, Jazrawi L, Strauss E. 
Autograft Choice in Young Female Patients: Patella Ten-
don versus Hamstring. J Knee Surg 2016;

  98.	E mond CE, Woelber EB, Kurd SK, Ciccotti MG, Cohen 
SB. A comparison of the results of anterior cruciate liga-
ment reconstruction using bioabsorbable versus metal 
interference screws: a meta-analysis. J Bone Joint Surg 
Am 2011;93:572-80.

  99.	 Shen C, Jiang SD, Jiang LS, Dai LY. Bioabsorbable 

Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material 
discussed in the manuscript.

                  COPYRIGHT
© 

2017 EDIZIONI MINERVA MEDICA 

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.


