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Abstract More than two million people tear their anterior
cruciate ligament (ACL) each year, and ACL reconstruc-
tion occupies a significant proportion of everyday ortho-
pedic practice, being one of the most commonly performed
sports medicine surgical procedures. Patients with postop-
erative symptoms are frequently imaged to monitor liga-
ment grafts and to identify complications. Given the
number of patients undergoing ACL reconstruction,
knowledge of the potential complications of this surgery is
essential for radiologists. This article provides a review of
imaging of ACL reconstruction procedures and the poten-
tial complications specific to this surgery.
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Introduction

The anterior cruciate ligament (ACL) injury is a common

sports injury with over two million cases occurring every
year. The number of ACL injuries has undoubtedly
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increased over the years with the greater participation of
young adults in sporting activities [1]. Initial ground con-
tact flatfooted or with the hindfoot, knee abduction and
increased hip flexion may be risk factors for anterior cru-
ciate ligament injury as well as oxidative stress and col-
lagen disorders [2]. In females, the laxness of the anterior
cruciate ligament (ACL) is strictly related to estrogen
levels across phases of menstrual cycle [3]. ACL recon-
struction occupies a significant proportion of everyday
orthopedics, being one of the most commonly performed
sports medicine procedures. Nevertheless, cell-based ther-
apy just used in other pathologies should be useful in
treatment of ACL injuries [4, 5].

The aim of the surgical treatment would be to restore func-
tion, minimize symptoms, improve quality and minimize the
risk of future complications [6, 7]. Therefore, it is imperative for
radiologists to be familiar not only with the normal postoper-
ative appearance but also with the possible complications after
surgery that can be diagnosed with imaging.

Surgical procedures

The most commonly used methods for ACL reconstruction
are autologous bone-patella tendon-bone graft and autolo-
gous four-strand hamstring graft. The bone-patella tendon-
bone graft is composed of the middle third of the patellar
tendon along with a bone fragment from the distal pole of
the patella and the tibial tubercle. The four-strand ham-
string graft is made of distal semitendinosus and gracilis
tendons that are sutured together. They replace the
anteromedial bundle of native ACL. Some authors suggest
the use of a double-bundle graft to replicate a more phys-
iologic function of ACL and to provide greater biome-
chanical stability [8—10].
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Tunnels

Anatomic techniques include reconstruction of the femoral
and tibial tunnel. The key factor for a correct and long-
lasting ACL reconstruction is an accurate position which
assures graft isometry independently of the knee move-
ments [11].

Femoral tunnel

Surgical bony landmarks used are: the footprint of the
femoral attachment of the ACL and the lateral inter-
condylar ridge (resident’s ridge), commonly located ante-
riorly to the femoral attachment of the ACL [12, 13].

Althouth today there are several dynamic and static
imaging modalities, the first technique used for immediate
postoperative examination is radiography in frontal and
lateral views in maximum extension [14-21]. To establish
optimal placement of the femoral tunnel Bernard and
Hertel’s grid is used in lateral view. The optimal placement
for deep-shallow direction and for high-low direction is a
ratio, respectively, of 24 and of 28% [22, 23]. Another
study suggests that only 3D computed tomography (CT) is
able to depict the femoral tunnel in both directions, com-
pared to radiography and magnetic resonance imaging
(MRI) [24, 25]. In a frontal radiographic view, there is an
additional measurement, the femoral angle, between the
femoral tunnel and a line drawn along the diaphysis. This
measures approximately 39°, but, if it is <17°, it is possible
for rotatory instability of the knee to occur [26]. On MRI,
the femoral tunnel is evaluated on both the coronal and
sagittal planes. Its correct positioning on sagittal MRI
images is located at the intersection of two lines: the first
line drawn along the posterior cortex of the femur and the
second line tangent to the roof of the intercondylar region
(Fig. 1). On coronal images, the femoral tunnel should
open superiorly above the lateral femoral condyle at the
10-11 o’ clock position in the right knee and the 1-2 o’
clock position in the left knee, considering a clock face
imposed with the center in the intercondylar notch (Fig. 2)
[11, 27, 28].

MRI is necessary for evaluation of the height of the
femoral tunnel, but it is less useful to assess depth, if
compared with radiography or CT. Correct positioning of
the femoral tunnel is fundamental for perfect isometry and
to avoid unsuccessful surgery. The femoral tunnel can be
drilled with an anteromedial approach and a transtibial
approach. With the AM approach, the femoral tunnel is
drilled through the anteromedial portal, while the knee is in
maximum flexion between 125° and 130°. With the
transtibial technique, the femoral tunnel is drilled through
the tibial tunnel. The transtibial approach recreates a
femoral tunnel more vertically on the coronal plane, in a
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Fig. 1 Correct position of the femoral tunnel. Sagittal short tau
inversion recovery (STIR) image of the knee showing optimal
position of femoral tunnel (arrow), localized at the intersection of the
tangent to the posterior cortical femoral borderline and tangent to the
intercondylar notch

Fig. 2 Correct position of the femoral tunnel. Coronal STIR image of
the left knee showing optimal position of the femoral tunnel (arrows),
oriented at 2 o’clock

non-anatomic placement corresponding to a high position
in the notch in the anatomic footprint of native ACL.
Therefore, this technique has a residual pivot shift and has
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a worse outcome compared to the anteromedial portal. The
AM portal recreates a femoral tunnel more obliquely on the
coronal plane, in a low position in the notch in the ana-
tomic footprint of native ACL. This creates greater rotatory
stability [28]. Currently, this approach is the most fre-
quently used.

Tibial tunnel

Correct positioning of the tibial tunnel is oriented parallel
to the Blumensaat line on sagittal images on MRI or at
lateral radiograph. This is a line drawn along the inter-
condylar roof; so the proximal portion should be located
posterior to the intersection of the Blumensaat line with the
tibia and distal portion lying near the tibial tuberosity
(Fig. 3) [11]. Techniques used to assess the tibial tunnel are
lateral radiography or midsagittal MR imaging with the
knee in full extension. In addition, the tibial tunnel place-
ment is reported as a ratio in the anteroposterior direction
and its value is between 27 and 60% [29]. Other studies
show that the best means to evaluate the tibial tunnel are
radiography and CT-MIP.

Fixation techniques

Fixation techniques play a key role for optimal functional
stability after ACL reconstruction. For anchorage of grafts
interference screws, fixation devices such as endobutton or
transfixation devices such as a cross-pin are used. The

Fig. 3 Correct position of the tibial tunnel. Sagittal intermediate-
weighted image showing correct position of the tibial tunnel (arrows),
posterior to the superimposed Blumensaat line

interference screws are considered the best method to use,
although some studies have reported screw divergence or
graft damage [30]. The endobutton is a device that is
pushed through a small hole in the bone and deploys as a T;
a transfixation device, such as the cross-pin device, is
placed in femoral condyles perpendicular to the long axis
of the graft. In biomechanical analysis, the cross-pin is
considered a technique that provides pullout strength
comparable to other fixation devices. In early postoperative
follow-up, it is crucial to perform a radiography to localize
the endobutton or interference screw. Cross-pins are made
of bio-absorbable material and radiolucent, so in this case
MRI is necessary [31].

Neoligament

In the immediate postoperative period, on sagittal MRI, the
graft appears as a thick band of homogeneous low signal
intensity on short TE sequences [8]. After ACL recon-
struction, a gradual process of proliferation of synovial
tissue and vascularization of tendons, defined as “liga-
mentization,” is responsible for an increased signal of
grafts in all MRI sequences (Fig. 4). The time of “liga-
mentization” is different for patellar and hamstring ten-
dons. Patellar tendon ends the process at 24 months, while
the hamstring ends at 12 months returning its MRI char-
acteristics of a band of low signal intensity. The presence

Fig. 4 Signal of the graft ligamentization. Sagittal T1-weighted
image showing a normal increased signal of a patellar tendon graft
(arrows) at 12 months after surgery; normal aspect of the tibial tunnel
and screw (arrowheads)
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of normal increased signal in a double-bundle graft, due to
four separate strands, may be misdiagnosed as evidence of
a graft tear; however, in a double-bundle graft it is oriented
along the fibers, while a probable tear is perpendicular to
the graft [32]. An increased intrasubstance signal graft can
be seen after ACL reconstruction at long-term follow-up on
intermediate-weighted and T2-weighted MRI images.
Saupe et al. demonstrate that these signal changes do not
necessarily correlate with clinical instability or functional
limitations, but are probably due to variations of density of
the fiber bundles or structural alteration of the collagen
graft, or degenerative changes [33].

Complications
Graft tear

Graft tear is reported as the first cause of graft failure; it is
most commonly due to a new injury, above all in the
sporting population, but it could represent the result of a
graft impingement [34].

A graft tear can be partial or complete and clinically
manifests with knee instability. On MRI, a partial graft tear
appears as a focal area of increased signal intensity on T2-
weighted MR images with some fibers remaining intact
(Fig. 5a, b). A complete graft tear is defined by the absence
of intact fibers with an increased signal on T2-weighted
sequences (Fig. 6). Secondary signs maybe anterior tibial
translation and uncovering of the posterior horn of the
lateral meniscus [35].

Tunnel malposition and graft impingement

A too anterior position of the femoral tunnel is one of the
most common technical mistakes related to bone drilling,

Fig. 5 Post-traumatic partial
graft tear. Axial T2-weighted
(a) and sagittal fat-suppressed
intermediate-weighted

(b) images showing a partial
fluid-filled graft defect
(asterisks) with some fibers
intact (arrows)
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Fig. 6 Post-traumatic complete graft tear. Sagittal fat-suppressed T2-
weighted image showing a complete interruption of the graft fibers
(arrow)

which may cause a failure of ACL reconstruction [36]. A
femoral tunnel drilled too anteriorly may cause a tightened
graft when the knee flexes, graft stretching and laxity of the
graft on knee extended (Fig. 7 prendi caso di cicco). The
placement of the femoral tunnel too posteriorl leads to a
tightened graft in knee extension and laxity on flexion.
Roof impingement is the second cause of graft failure.
The main cause of roof impingement is the too anterior
positioning of the tibial fixation tunnel (Fig. 8). The tibial
tunnel should be parallel to the line of the roof of the notch
(Blumensaat line) in the sagittal plane, opening behind the
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Fig. 7 Too anterior femoral
tunnel. Sagittal fat-suppressed
intermediate-weighted images
of the extended knee showing a
femoral tunnel (arrowhead)
localized anterior to the
intersection of the tangent to the
posterior cortical femoral
borderline and tangent to the
intercondylar notch; the graft
looks wavy because of its laxity
(arrows)

Fig. 8 Too anterior tibial tunnel with complete graft tear. Sagittal
T1-weighted image showing an old, empty and ossified tibial tunnel
(arrows) localized anterior to the Blumensaat line. The graft was
reabsorbed

intersection of this line with the tibial plateau, with an
extended knee [37, 38]. Coronally, it should open opposite
the intercondylar notch [12]. If the tibial tunnel is posi-
tioned too far anteriorly, the graft comes into contact with
the roof of the intercondylar notch during knee extension
[38]. On sagittal MR images, the impinged graft appears
posteriorly bowed from the anterior margin of the inter-
condylar notch; increased signal intensity on T1- and T2-
weighted images is evident on the anterior two-thirds of the
graft [11, 27] (Fig. 9). Sometimes, it may be difficult to
distinguish between a graft tear or graft impingement: a

Fig. 9 Roof impingement. Sagittal intermediate-weighted image
showing the tibial tunnel anterior to the Blumensaat line. The graft
appears posteriorly bowed (arrows) with increased signal

signal hyperintensity almost equal to fluid on T2-weighted
images involving partial or full thickness of the graft,
associated with clinical instability, is strongly suggestive of
a tear of the graft [1].

Less commonly, the tibial tunnel is displaced too far
laterally so the graft impinges on the sidewall of the
intercondylar notch. If the tibial tunnel is too medially and
vertically positioned, the graft comes into contact with the
posterior cruciate ligament (PCL), limiting knee flexion
[39] (Fig. 10a, b). Graft impingement may be treated sur-
gically with arthroscopic “notchplasty” consisting of
resection of a small fragment of bone from the medial wall
of the lateral femoral condyle, while an interference screw

@ Springer



S28

Musculoskelet Surg (2017) 101 (Suppl 1):S23-S35

is inserted in the anterior aspect of the tibia to correct the
too anterior position [12, 38]. Other causes of graft
impingement may be anterior translation of the tibia, and
osteophytes from the intercondylar notch (Fig. 11), from
the tibial plateau and from the margins of the tibial tunnel
which are indicative for roof plasty and notchoplasty [35].

Anterior knee laxity

A complication after ACL reconstruction is anterior laxity
due to postoperative thickening of the posterior capsule
causing anterior tibial translation. This complication is
commonly assessed with clinical examination, but MRI
suggestive findings can be present. In this case, it is possible
to demonstrate the presence of anterior translation of the tibia
of more than 7 mm compared to the femur (Fig. 12). Positive
findings on MRI do not always correlate with an arthrometric
test, because of their low sensitivity and a low predictive
positive value. In this case, clinical examination has greater
sensitivity. Negative findings on MRI associated with a
negative clinical examination exclude the diagnosis of
anterior laxity, because of high specificity and a high nega-
tive predictive value of MRI signs [40, 41].

Cystic degeneration of the graft

This is a late complication, also known as ganglion cyst
formation, and may be responsible for pain and limitation
of motion, but is not related to graft failure. On MRI, it
appears as a large cystic lesion between the graft fibers
which result intact, thus being distinguished from graft
rupture (Fig. 13). Cystic lesion is usually localized adja-
cent to the tibial or femoral tunnel, which may be enlarged
with formation of fluid collections; fluid may extend
through the tibial tunnel into the joint space or distally into
the soft tissue anterior to the tibial tubercle [42].

Fig. 10 Incorrect position of
the tibial tunnel. Coronal

(a) and axial (b) fat-suppressed
intermediate-weighted images
showing a vertical (oriented to 6
o’clock) and too medial tibial
tunnel (arrows); the ACL graft
(black arrowheads) comes into
contact with the PCL (white
arrowheads)
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Fig. 11 Sagittal T1-weighted image showing an osteophyte (arrow)
from the intercondylar notch

Arthrofibrosis

Arthrofibrosis occurs in 1-10% of cases after ACL recon-
struction and is the second cause of loss of terminal
extension of the knee. The focal form, also known as
“Cyclope lesion” because of its arthroscopic appearance, is
a nodular lesion characterized by synovial hyperplasia and
excessive production of fibro-proliferative tissue which
may also contain osseous or cartilaginous tissue. It is typ-
ically localized on the anterior portion of the intercondylar
notch, appearing on MRI as a well-circumscribed nodule,
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Fig. 12 Anterior translation of the tibia. Sagittal T1-weighted image
showing anterior position of the tibia compared to the femur with
posterior border distance more than 7 mm (horizontal caliber)

Fig. 13 Cystic degeneration of the graft. Sagittal T1-weighted image
showing a large cystic lesion (arrows) adjacent to the femoral tunnel,
between the fibers of the graft

usually of 10-15 mm, with variable or intermediate signal
on all sequences (Fig. 14a, b) [43—45]. It has been reported
that a partially torn ACL graft with fibers lying in the
anterior intercondylar notch may mimic focal anterior
arthrofibrosis on MRI, also called “Pseudocyclops lesion”

[46]. A diffuse form of arthrofibrosis is possible, involving
anterior and posterior compartments between the ACL
graft and joint capsule and the infrapatellar fat pad; it has
similar signal intensity to focal form and is associated with
capsular thickening [47] (Fig. 15). Usually, the diffuse
form is confused with fibrotic scars related to previous
arthroscopy; however, fibrotic scars show a linear
hypointense strand and not a mass-like characteristic of
diffuse arthrofibrosis [31].

Other differential diagnoses of arthrofibrosis include
villonodular synovitis and synovial chondromatosis as an
intra-articular foreign body, although it is uncommon after
ligament surgery [48]. There is a higher prevalence of
arthrofibrosis in patients who have had an ACL recon-
struction within 4 weeks after the trauma and in those who
had signs of knee inflammation at the time of surgery [49].
Arthrofibrosis can be treated with arthroscopic debridement
and manipulation.

Tunnel cyst

The formation of tunnel cyst after ACL reconstruction has
been reported in 2.2% of cases, femoral tunnel cysts being
less common than tibial tunnel cysts [12, 50].

Cystic degeneration of the tibial tunnel can be associ-
ated with a widening of the tunnel; more than 13 mm
which is the normal admitted value observed during the
first 18 months after ACL reconstruction [36] (Fig. 16). Its
pathogenesis is unclear; some cases report the presence of a
communication between the tunnel and pretibial cyst
probably due to a graft failure (Fig. 17). In other cases,
there was not a reported communication and the cause was
found in an adverse reaction to material used for the screw
[poly (r-lactic acid)}—PLLA], with consequent formation
of a foreign body. In this last case, patients are symp-
tomatic for inflammatory tissue, and MRI findings on T2-
weighted and STIR consist of the presence of multilocu-
lated cystic formation in the pretibial region, in the inter-
condylar notch or in the popliteal fossa with reactive
marrow edema surrounding the tibial tunnel cyst [51].

Septic arthritis

Is a rare complication, affecting less than 0.5% of patients,
usually caused by Staphylococcus aureus. MR imaging may
support the clinical suspicion demonstrating the presence of
joint effusion, synovial hyperplasia, osteomyelitis with
bone erosion, edema of bone marrow and soft tissue, and
soft tissue abscesses (Fig. 18a, b). Less commonly, a sinus
tract can be seen as a linear channel extending from bone to
skin surface and characterized by low signal intensity on
T1-weighted and high signal intensity on short tau inversion
recovery (STIR) images [52].
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Fig. 14 Cyclope lesion. Axial fat-suppressed intermediate-weighted (a) and sagittal T1-weighted (b) images showing well-circumscribed
nodular structure in the anterior portion of the intercondylar notch, appearing with intermediate signal on both sequences (arrows)

Fig. 15 Diffuse form of arthrofibrosis. Sagittal T1-weighted image
showing a mass-like of intermediate signal (arrows) in the Hoffa’s fat
pad and capsular thickening (arrowheads)

Osteoarthritis

Even if long-term squeal of ACL reconstruction has not yet
been defined, such ligament reconstruction does not protect
the knee joint from osteoarthritis; on the contrary, ACL
reconstruction could be a risk factor for tibiofemoral
osteoarthritis, as a long-term complication, 2—15 years

@ Springer

Fig. 16 Enlarged tibial tunnel (arrows) on sagittal intermediate-
weighted image

after surgery, because of the potential alteration of the
natural symmetry of the knee, causing compression of
articular cartilage and changes in joint biomechanics [53].
Ostheoarthritic changes may appear on the tibiofemoral or
patellofemoral joint, in case of inability of surgery to
restore a biomechanical function. Reported risk factors for
osteoarthritis seem to be meniscal injury, an interval more
than 6 months from injury to reconstruction, and an age
over 25 years at the time of surgery [54].
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Fig. 17 Tibial tunnel cyst. Coronal fat-suppressed intermediate-
weighted image showing fluid signal in the tibial tunnel (arrow-
heads), extending into a multiloculated cystic formation located in
pretibial subcutaneous region (arrows)

Patients may be symptomatic for pain and limited
extension or may not reveal symptoms, resulting positive
for radiographic or MRI findings [55].

Intra-articular bodies

A rare complication after ACL reconstruction is the pres-
ence of intra-articular bodies, composed of articular carti-
lage or cortical bone (Fig. 19a, b). This represents another
potential cause of decreased range of motion after ACL

Fig. 18 Septic arthritis. Sagittal
T2-weighted (a) and axial fat-
suppressed intermediate-
weighted (b) images showing
joint effusion (asterisks), bone
erosion and bone marrow edema
adjacent to the femoral screw
(arrowheads)

reconstruction. On MRI, they have an intermediate to low
signal on T2-weighted sequences or high intensity and
signal equal to that of bone marrow on TI1-weighted
sequences. They can be secondary to a chondral injury
occurred during initial trauma [56].

Donor site abnormalities

Such abnormalities are more frequent when the patellar
tendon is used as graft material. On MRI, it can appear as a
pathological area with non-tendinous-like signal, thicken-
ing of a tendon or a scar formation in the central part.
Patellar entrapment syndrome is a cause of limited motion
with loss of extension or flexion: it is related to adherence
of the rotula to adjacent infrapatellar fat pad [57].

Device complications

Interference screws, pins and other types of graft fixation
materials can be a cause of complications or lead to failed
surgery. The most common complication is the fracture of
the device or/and intra- or extrarticular migration [58]
(Fig. 20). In early postoperative healing, cross-pins can
fracture with a breach of the femoral cortex and migration
of fragments, often inside or posteriorly to the joint. Cross-
pins can also protrude beyond the proximal cortex of the
lateral femoral condyle, becoming prominent. Another
possible complication is partial or complete resorption of
the pin. These complications are better visualized with
MRI on the coronal and sagittal planes. MRI findings
positive for mobilization devices should be correlated with
clinical findings of joint instability or pain, as demonstrated
by Studler et al. [32]. In this study, a negative value of
cross-pin angle (on the axial plane with respect to the
transepicondilar line) was significantly associated with
cross-pin fractures.
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Fig. 19 Chondromatosis:
Sagittal fat-suppressed
intermediate-weighted image
(a) and lateral X-ray

(b) showing confluent intra-
articular bodies (arrows),
composed of calcified tissue
evident in the retroquadricipital
recess

Fig. 20 Device mobilization. Sagittal fat-suppressed T2-weighted
image showing migration of femoral screw (arrows) into biceps
femoris muscle

Endobutton evaluation is made with radiography in

anteroposterior (AP), latero-lateral (LL) and intercondylar
notch view. The normal position of the endobutton is seating

@ Springer

Fig. 21 Failure of fixation hardware. Coronal fat-suppressed inter-
mediate-weighted image showing femoral bone marrow edema
(arrows) and bone resorption suggesting an inflammatory reaction
to the transfixation material

on the femoral cortex. When the distance between the
femoral cortex and the endobutton is >1 mm (evaluated by
AP radiography with a tangent line to the femoral cortex), the
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endobutton is considered floated. The most frequent com-
plications related to endobutton are migration, dropping into
the knee joint and hanging into the femoral tunnel [59]. In
double-bundle reconstructions, there is a major incidence of
migration of the posterolateral bundle [56].

Certain biomaterials used can cause a severe inflam-
matory reaction within the bone structures and also possi-
bly in the neighboring soft tissues because of the immune
reaction triggered leading to manifestations such as bone
marrow edema, synovitis as well as bone resorption around
the bone plugs [32] (Fig. 21).

Conclusion

ACL reconstruction is one of the most commonly per-
formed interventions of everyday orthopedic procedures,
particularly because of the increasing number of sports
injuries. Given the increasing number of patients under-
going ACL reconstruction, it is fundamental for radiolo-
gists to be familiar with these procedures and their
complications.
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