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Abstract

Anterior cruciate ligament (ACL) reconstruction is one
of the most common orthopedic procedures performed
worldwide. In this regard, magnetic resonance imaging
(MRI) represents a useful pre-operative tool to confirm
a disruption of the ACL and to assess for potential
associated injuries. However, MRI is also valuable post-
operatively, as it is able to identify, in a non-invasive
way, a number of aspects and situations that could
suggest potential problems to clinicians. Graft signal and
integrity, correct tunnel placement, tunnel widening, and
problems with fixation devices or the donor site could all
compromise the surgical outcomes and potentially predict
the failure of the ACL reconstruction. Furthermore, several
anatomical features of the knee could be associated
to worst outcomes or higher risk of failure. This review
provides a practical guide for the clinician to evaluate
the post-surgical ACL through MRI, and to analyze all
the parameters and features directly or indirectly related
to ACL reconstruction, in order to assess for normal or
pathologic conditions.
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Core tip: There are several original studies and reviews
in the literature that discuss magnetic resonance imaging
(MRI) evaluation after anterior cruciate ligament (ACL)
reconstruction. However, these are mostly focused on
a single aspect such as graft signal intensity, tunnel
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placement, joint anatomy, or complications. This is a first
known review to summarize all the aspects that should
be evaluated through MRI after an ACL reconstruction,
in order to perform a complete and global assessment of
the post-operative status. The iconographic sections with
practical and detailed explanation of measurements will
serve as a useful reference for the MRI evaluation after
ACL reconstruction in daily clinical practice.
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INTRODUCTION

Anterior cruciate ligament (ACL) reconstruction is one
of the most common orthopedic procedures performed
worldwide. It is considered the standard of care for
young active patients who wish to return to sport practice
after ACL injury™. Despite the lack of clear evidence of
its ability to reduce the onset and progression of knee
osteoarthritis (OA), ACL reconstruction is expected
to prevent further meniscal and cartilage lesions that
could occur in the ACL-deficient knee®®. Usually, ACL
reconstruction is performed arthroscopically (occasionally
combined with extra-articular plasty/augmentation) using
autologous graft such as Gracilis and Semitendinosus
tendons (HS), bone-patellar tendon bone (BPTB), and
Quadriceps Tendon (QT), or allogenic grafts such as
BPTB, Achilles Tendon, and Posterior or Anterior Tibialis
tendons. Graft fixation is obtained through a wide range
of fixation devices, different in function, shape, size,
material, biomechanical proprieties and positioning. The
outcomes of ACL reconstruction are generally good;
however, graft rupture or clinical failure can occur in
6%-12% of the cases™.

In the field of ACL injury and reconstruction, ma-
gnetic resonance imaging (MRI) represents a useful pre-
operative tool to confirm a disruption of the ACL and to
assess for potential associated injuries. However, MRI is
also valuable post-operatively to assess graft healing and
maturation, to determine its position, and to evaluate
potential complications or re-injury™®”\. For example, a
survey among expert surgeons of the German Arthroscopy
Association (AGA) showed that MRI represents one of the
decision-making criteria for return to sport activity in only
4% of those interviewed™.

The purpose of this review is to provide a practical
guide for the dlinician to evaluate the post-surgical ACL
through MRI, and to analyze all the parameters and
features directly or indirectly related to ACL reconstruction,
in order to assess normal or pathologic conditions.

Baishidenge ~ WJO | www.wjgnet.com

639

Grassi A et al. MRI after ACL reconstruction

Figure 1 Various graft signal intensity. The signal intensity is usually
calculated through the SNQ (signal-digital noise ratio), which is obtained through
the following formula: SNQ = (ACL graft signal - PCL graft signal)/background
signal. According to these measurements, we could have a hyperintense graft
(A), a graft with reduced intensity signal but not yet analogous to native ACL
(B) and a graft iso-intense to PCL (C). PCL: Posterior cruciate ligament; SNQ:
Symbol of national quality; ACL: Anterior cruciate ligament.

GRAFT SIGNAL

The signal evaluation of the neo-ligament, whose
intensity is generally evaluated with a combined score
(Table 1) or with software (Figure 1), represents a dy-
namic field of research.

General healing process

From the biological point of view, the intra-articular
graft undergoes a maturation and remodeling process
lasting even beyond 24 mo, and consists of 4 steps: The
initial avascular necrosis, the revascularization, cellular
proliferation, and final remodeling™. It is generally
agreed that initially the graft undergoes necrosis, showing
hypocellularity especially in its central part. Cytokines are
released as a consequence of necrosis, which then trigger
growth factors for cell migration, proliferation, extracellular
matrix (ECM) synthesis, and revascularization™?.
Maximum cellularity is observed during the proliferation
phase as the cell number surpasses that of the intact
ACL in numerous animal models™. Cell numbers then
regress towards the intact ACL cellularity at the end of the
proliferation phase. The tissue remodeling phase is started
with cell-mediated restructuring of the extracellular matrix
as an adaptive response to mechanical loading on the
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tendon graft. This whole process from tendon graft toward
the acquisition of histologic and biomechanical properties
similar to the native ACL is known as “ligamentization”.

This process could be indirectly monitored through
MRI, as it has been proved that poor biomechanical
properties and an incomplete graft maturation are related
to a hyperintense graft signal on MRI®”. Weiler et af*”
demonstrated in an animal model that a significantly
elevated graft signal was present between the 6™ and 12"
weeks, and this condition was correlated to the lowest
tensile stress of the graft (estimated around the 7%-16%
of the initial values). However, from the 6™ to the 24"
month, the signal did not differ from that of the native ACL
and the tensile stress increased, reaching around the 60%
of the time-zero values. Furthermore, contrast-enhanced
MRI with gadolinium showed the return to a graft
signal similar to the native ACL by the 24™ month, thus
suggesting a late remodeling period. From the histological
point of view, hyperintense signal was correlated to
the presence of new hypervascular and hypercellular
reparative tissue.

Despite the normal maturation process, it is im-
portant to know that an increase of signal intensity of the
new-ACL, especially on the distal two-thirds, may also
be due to graft impingement. This complication occurs
when the grafts contacts the intercondylar notch during
the extension of the knee. This has been implicated in
the pathogenesis of the so-called “Cyclops lesion”, which
consist of a fibrous injury to the anterior side of the graft,
close to the site of greatest friction within the notch™*,

BPTB autograft

The structural composition of the graft and the presence
or absence of the bone plugs has been shown to present
different maturation behaviors and presentations with
MRI. When BPTB autograft tendons are used, in the first
month the graft usually presents a low-intensity signal
in T1 and T2 sequences, similar to the original patellar
tendon, mirroring the relatively avascular nature of the
donor structure. Subsequently, during the remodeling
phase, the graft is wrapped by synovial tissue and
vascularized (Figure 2), with the consequent increase of
MRI signal up to 16-18 mo. After this period, the graft
will shortly reach a signal very similar to original ACL”™”.

HS autograft

When Gracilis and Semitendinosus autograft tendons
are used, in the 1™ month it is possible to not necessarily
observe a hypointense signal as with the BPTB graft,
because of the multiple layer configuration of the graft
that could cause an accumulation of a thin liquid stratum
(hyperintense at the MRI) between the individual layers.
This finding, sometimes combined with small liquid
deposits in the tunnel-graft interface, can remain in
the first post-operative year. After that, the maturation
process continues similarly to that of the patellar
tendon®”), However, in a recent study on 26 patients
undergoing single-bundle ACL reconstruction, it has been
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Figure 2 Successful anterior cruciate ligament reconstruction with
Gracilis and Semitendinosus autograft with a normal healing process.
At the 6" month, it is possible to appreciate in the T2-Fast recovery sat-spin
echo (FRFSE) MRI a hyperintense line within the graft body. The graft is
surrounded by an intermediate signal intensity tissue (red arrows), representing
vascularization and synovialization (A). At the 12" month, the periligamentous
signal has disappeared and the graft signal decreased resembling that of PCL
(B). PCL: Posterior cruciate ligament; ACL: Anterior cruciate ligament; MRI:
Magnetic resonance imaging.

shown that the Gracilis and Semitendinosus autograft
demonstrated slower maturation at 6 mo compared
to an autograft quadriceps tendon with bone block,
when measured with the signal/noise quotient™, The
authors proposed the possibility of needing to modify
rehabilitation according to the extent of graft maturation
to prevent re-injury and maximize patient function.

Allografts
Even allografts exhibit a similar behavior; however, it
has been demonstrated that they have a much longer
maturating process> "), This has been confirmed by
the persistence of a higher signal intensity compared to
autografts for up to 2 years following ACL reconstruction™.
In summary, the MRI evaluation of the neo-ligament
signal indirectly allows us to obtain valuable information
of the state of maturation, giving the dlinician precious
insight that can help guide rehabilitation and physical
activity.

GRAFT INTEGRITY

Apart from incorrect tunnel placement, one of the most
common causes of ACL reconstruction failure is a new
injury. A new disruption of the reconstructed ligament
appears on MRI as increased signal intensity in the T2
sequence within the graft body”*®! (Figure 3). However,
this should be combined with a concordant clinical
examination and a clear medical history of a new trauma.
In fact, the mere MRI evaluation could sometimes
be misleading, because of the discordance between
clinical examination and MRI evaluation. In a series
of 50 revision ACL reconstructions with a graft lesion
confirmed by arthroscopy and clinical examination, the
graft was read intact on MRI evaluation in 24% of cases.
The discordance between MRI and clinical evaluation,
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Figure 3 Three years after an anterior cruciate ligament reconstruction
with Gracilis and Semitendinosus autograft in a 26-year-old-male. The
intercondylar space is occupied by mixoid tissue with slightly hyperintense
signal in proton density turbo-shin echo weighted images (white arrows). It is
not possible to distinguish the regular course of the graft.

and between MRI and arthroscopic evaluation was 52%
and 44% respectively, especially in the cases of an
insidious-onset mechanism of injury"*®!, With arthroscopic
evaluation as the diagnostic standard, the sensitivity
of MRI to diagnose an ACL graft tear was 60%, and
specificity 87%.

Therefore, it is possible to see an apparently normal
graft on MRI but clinically or arthroscopically injured or
elongated. To avoid this discrepancy and to improve the
diagnostic power, some authors suggest the use of MR-
arthrography, which can increase the sensitivity and
specificity toward values near 100%"!. Nevertheless
the MRI should be considered an additional and not
exclusive tool for the assessment of the post-operative
ACL.

TUNNEL POSITION

The correct positioning of the femoral and tibia tunnel
represents a key technical step for the success of ACL
reconstruction surgery. The MRI provides important
information about those aspects, especially regarding
the graft inclination.

Sagittal plane position

On the sagittal plane of the MRI the front border of
the tibial tunnel should be localized behind a line that
is tangential to the Blumensaat line (which is the line
tangential to the intercondylar roof), without going
beyond the midpoint of the proximal tibia with the knee
in full extension (Figure 4A). The tibial tunnel center
should ideally be located around the 42% mark of the
entire sagittal distance of the tibial plateau as measured
from the anterior edge of the tibia!®® (Figure 4A). It
has been demonstrated that the native ACL is located
between the 28% and 63% mark of the tibial plateau’s
antero-posterior diameter, with the center at 46%". If
the tunnel is too forward, the risk of impingement of the
graft with the intercondylar notch increases, possibly
causing extension deficit or a Cyclops lesion (Figure
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Figure 4 On the sagittal plane, the front border of the tibial tunnel. It
should be localized behind a line that is tangential to the Blumensaat line (line b);
however, without going beyond the midpoint of the proximal tibia with the knee
in full extension. The femoral tunnel should be located at the intersection of the
posterior femoral cortex (line a) and the lateral wall of the intercondylar notch
(line b). The position of the tibial tunnel entrance is measured as following: the
total antero-posterior diameter of the tibial plateau (line c) is measured in the
sagittal slice where the tibial entrance is better visualized. The location of the
anterior margin of the tunnel is obtained dividing the distance from the anterior
tibial plateau margin and the most anterior part of the tunnel entrance (point
1) for the total AP diameter (line c) and multiplying for 100. The location of the
posterior margin (point 3) and the center of the tunnel (point 2) are obtained
similarly (A). Sagittal view with a tibial tunnel positioned anterior to the midpoint
of the tibial plateau diameter, resulting in an increased risk of impingement (B).
Sagittal view with a tibial tunnel positioned too posterior, resulting in a vertical
graft (C). The native ACL is located between the 31% and 63% of the tibial
plateau diameter, with its center at 48%. ACL: Anterior cruciate ligament.

4B), while a tunnel too posterior could lead to a vertical
graft (Figure 4) responsible of an incomplete control
of knee antero-posterior and rotatory stability™®. A
controversial matter of debate is the correct positioning
of the femoral tunnel. Despite the fact that the most
accurate evaluation is obtained through arthroscopy,
MRI could be helpful to identify gross malpositioning.
It is generally accepted that the femoral tunnel should
be located at the intersection of the posterior femoral
cortex and the lateral wall of the intercondylar notch®®
(Figure 4A).

Regarding the bi-dimensional sagittal inclination,
considering that the native ACL sagittal inclination
ranges between 50°-60°**, the graft inclination after
ACL reconstruction should not exceed 60° (Figure 5A).
A greater laxity could be linked to ACL reconstructions
with sagittal graft inclination > 60° (Figure 5B).

Coronal plane position

Similarly, on the coronal plane, the graft inclination
should be less than 75° (Figure 6A), as an excessively
vertical graft sub-optimally controls rotatory laxity
compared with a more horizontally placed graft™’
(Figure 6B). Usually, the coronal position of the tibial
tunnel entrance does not represent an issue in the MRI
evaluation after ACL reconstruction, as it is generally
in the correct position under the femoral notch in the
vast majority of the cases thanks to intra-operative
anatomical landmarks; such as the anterior horn of
lateral meniscus and the medial tibial eminence.
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Tunnel inclination could therefore be correlated with
success or failure of ACL reconstruction. Hosseini et
al®®, reported a mean sagittal graft inclination of 69°
in patients with failed ACL reconstruction scheduled for

a revision procedure. Similarly, Mall et ai** reported

greater laxity in knees with sagittal graft inclination >
60° (Figure 5B); however, this did not affect general
outcomes and the ability of these National Football
League (NFL) athletes to return to high level sports
practice. Furthermore, Fujimoto et a/*”’ found a mean
coronal graft inclination of 79.5° in patients with grade
3 laxity after ACL reconstruction. Several factors could
influence graft inclination, such as surgical experience,
knee anatomy, and surgical technique. It has been
demonstrated that trans-tibial (TT) femoral tunnel
drilling tended to result in more vertical grafts in the
sagittal plane compared to anteromedial portal (AMP)
drilling (72° vs 53°)*® or other methods of independent
femoral tunnel drilling.

TUNNEL ENLARGEMENT

Tunnel morphology and possible enlargement should be
evaluated appropriately using radiographs, computed
tomography (CT), or MRI®, It has been demonstrated
that intra-observer kappa scores for CT, radiographic
and MRI evaluation of tunnel enlargement were 0.66,
0.50 and 0.37 respectively, and inter-observer kappa
scores were 0.65, 0.39 and 0.32 respectively. Thus,
MRI is considered a sub-optimal and not reliable tool
to evaluate the progression of tunnel enlargement,
while the CT represents the most reliable one. A precise
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Figure 5 Measurement of the sagittal obliquity of the graft.
The inclination is calculated measuring the angle between the
perpendicular line (line ¢ and d) to the proximal tibial axis (line a and
b), and the line which best defines the course of intra-articular part of
the graft (line e and f). A high angle represents a vertical graft in the
sagittal plane (A). Vertically positioned graft, with an angle of 78°, far
higher than the normal range 50°-60° (B).

Figure 6 Measurement of the coronal
obliquity of the graft. The inclination is cal-
culated measuring the angle between the
tangent line to the tibial plateau (a and b) and
the line which best defines the course of the
intra-articular part of the graft (c and d). A high
angle represents a vertical graft in the coronal
plane (A). Vertically positioned graft, with an
angle of 88°, far higher than the normal value <
75°(B).

tunnel measurement is in fact mandatory, as it could
represent an indication for a staged revision procedure
(usually with a tunnel diameter > 15 mm). However,
through MRI it is possible to identify liquid collection and
cyst formation inside the tibial tunnel, responsible of
potential tunnel widening (Figure 7). Usually in Gracilis
and Semitendinosus ACL reconstruction, such situations
could occur within the first post-operative year. A
hyperintense signal due to liquid collection in the tendon-
tunnel interface could be present; however, with the
tendency for spontaneous resolution®”. Usually, tunnel
enlargement occurs within the first 3 month and tends to
remain stable up to 2 years if no tunnel malpositioning or
graft lack of healing is present.

The exact etiology of tunnel widening is unknown®”,
despite the fact that it has been related to several factors
such as mechanical or biological mechanisms. Size
mismatch between tunnel and graft dimension could
allow sagittal micromotion at the graft-tunnel interface:
This phenomenon, known as the “windshield wiper
effect”, has been indicated as a potential cause of tunnel
enlargement especially in the tibia, proximal to the
fixation site. Similarly, longitudinal elongation, known as
the “bungee cord effect” could also play a role. The use of
a Gracilis and Semitendinosus graft coupled with cortical
devices, that produce a low stiffness construct with a long
tunnel length, have been demonstrated to be subjected
to this phenomenon, leading to tunnel enlargement
in the femoral side™". Furthermore, tunnel malposition
could generate abnormal stresses and motion of the graft,
leading to tunnel lysis. As tunnel enlargement has been
noted to stabilize after the first 3 month post-operative,

October 18, 2016 | Volume 7 | Issue 10 |



Figure 7 Coronal slice of a proton density spectral attenuated inversion
recovery weighted mri 3.5 years after anterior cruciate ligament reconstruction
with gracilis and semitendinosus autograft in a 29-year-old female. It shows
tibial tunnel macroscopic enlargement (A). In the sagittal T1 Turbo-Spin Echo
weighted image, it is possible to note a cyst with hyperintense signal (B).

it is believed that the bone-to-bone or the tendon-to-
bone healing within the tunnel could also influence the
mechanical behavior of the graft. For the aforementioned
reasons, early and aggressive rehabilitation, could
potentially contribute to this phenomenon as well.

Regarding biological factors, it has been proposed that
tunnel enlargement has been associated with allograft use
secondary to a subdlinical immunologic reaction™, and
to the presence of inflammatory cytokines within synovial
fluid between the bone-graft tunnel interfaces, because
of their osteolytic activity. Finally, a 12% increase size of
the graft due to swelling has been reported through MRI
after ACL reconstruction, and the consequent increased
pressure within the tunnel could be responsible for
necrosis and further cytokine release.

Despite the fact that tunnel enlargement does not
appear to adversely affect clinical outcomes in the short
term, the long-term relationship with potential knee
laxity or increased traumatic failure is unknown®%,
Moreover, large tunnels could seriously complicate the
revision procedure, especially regarding graft placement
and fixation, sometimes requiring a staged procedure.

FIXATION DEVICES

Fixation devices can be an issue in ACL post-operative MRI
evaluation, because metallic devices could be responsible
for disturbing artifacts (Figure 8). However, artifacts
derived from metallic devices such as interference screws
can be managed with software techniques to reduce
metallic-hardware artifacts, reduction of slice thickness,
and use of interecho spacing or short tau inversion
recovery (STIR) techniques™. The use of bioabsorbable
devices reduce the problems related to artifacts. However,
despite possible artifacts due to fixation devices, their
macroscopic mobilization, migration or rupture could be
easily evidenced on MRI, and represent the cause of a
potential reconstruction failure. Interference screws can
migrate inside the joint damaging articular cartilage;
suspensory extra-cortical systems can move inside
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Figure 8 Proton density fat saturation coronal magnetic resonance imaging.
The metal interference screw on the femoral side (black asterisk) is responsible of
marked artifact that could hinder the evaluation of tunnel placement, differently from
the bioabsorbable interference screw on the tibial side (white asterisk).

the tunnel causing reduction of graft tensioning; cross
pin fixation can migrate inside the soft tissues irritating
muscles or tendons; while bioabsorbable materials
can generate foreign-body inflammatory reaction. The
latter circumstance could represent a severe event, due
to an immune-mediate response. The production of
inflammatory cytokine and the creation of a granuloma
inside the bone around the screw or even in the
surrounding soft-tissues, could possibly compromise the
trabecular architecture weakening the bone®®". Normally,
bioabsorbable screws made in Poly-L-lactide (PLLA) or
hydroxyapatite-PLLA have been reported to reabsorb
slowly, necessitating up to 4 years to degrade®. Poly-D-L-
lactide (PDLLA) screws have been reported clearly visible
with MRI at 6-8 mo, show fragmentation and connective
tissue ingrowth at 12-16 mo, and can be fully reabsorbed
after 22 mo™®., Differently, Polyglycolic Acid (PGA) screws
have been shown to be completely reabsorbed even after
6-12 mo™”.,

DONOR SITE PATHOLOGY

The MRI could be considered a precious tool also to
evaluate aspects not directly relating to the neo-ACL,
but closely related to reconstruction surgery, as those
deriving from graft harvesting.

BPTB autograft

For example, the patellar tendon after the harvesting of
its middle third, could appear thickened with enhanced
signal in T1 and T2 sequences® (Figure 9). A gap
between the medial and lateral third of the patellar
tendon could be present, despite the fact it tends to
disappear with time (Figure 10). In this regard, MRI
studies have revealed the permanence of the tendon gap
even after 10 years from reharvesting, and an increase
of tendon thickness from 2 to 10 years, significantly
higher compared to normal tendon™, Although rare,
a patellar fracture, patellar tendon tears, bursitis or
hematoma, especially after BPTB graft reharvesting, can
be observed.
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Figure 9 Anterior cruciate ligament reconstruction with
bone-patellar tendon bone autograft in a 30-year-old male
at 2 years of follow-up. Donor site pathology is displayed
as a hyperintense signal (asterisk) in the proton-density fat
saturation axial images surrounding the split patellar tendon (A).
In the sagittal proton density weighted slice, the post-operative
patellar tendinopathy is displayed as an increase of signal
intensity within the tendon itself (asterisk), that resulted in an
enlarged and swollen tendon (B).

Figure 10 Natural history of bone-patellar tendon bone harvesting in a 21-year-old male. It is possible to appreciate a bone defect (asterisk) on the anterior surface of the
patella (A), the split hypointense patellar tendon (asterisk) (B), and another squared bone defect (asterisk) at the level of the central part of the anterior tibial tubercle (C).

Figure 11 Sagittal proton density weighted images of anterior cruciate
ligament reconstruction with Gracilis and Semitendinosus Autograft in a
26-year-old male at 1.5 years follow-up. It is possible to appreciate a localized
area of low to intermediate signal intensity extending anterior to the distal anterior
cruciate ligament graft (black arrows) consistent with local arthrofibrosis.
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Sometimes, the Hoffa fat-pad could present an
inflammatory reaction, highlighted by a hyperintense
T2 signal at MRI fat-suppression sequences, due to
hypertrophy and edema.

Another relatively frequent complication that can
occur in the anterior knee compartment often related
to graft harvesting is arthrofibrosis (Figure 11). Defined
as a generic condition of post-operative stiffness (either
extension or flexion), arthrofibrosis is believed to occur
from ACL reconstruction being performed before post-
traumatic inflammation has subsided or secondary to
prolonged immobilization after ACL reconstruction. The
arthrofibrosis can be diffuse or focal, and presents as
an area of low-intermediate signal intensity extending
anterior to the distal ACL'® (Table 1).

HS autograft
Regarding the “pes-anserinus”, it occasionally is subjected
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Table 1 Figueroa’s score

Item Points
Integration: Synovial fluid at tunnel-graft interface
Positive 1
Negative
Ligamentization: Graft signal pattern (> 50%)
Hypointense 3
Isointense 2
Hyperintense 1
Characterization of graft
Poor 2
Adequate 3-5

The Figueroa score is based on the sum of the points achieved in the 2
items: 2-points represents an insufficiently mature graft, while a score
between 3 and 5 points represents a good ligamentization process and
graft integration.

to donor-site pathology. A light fluid collection along the
donor site can be present in the first post-operative month,
until its complete disappearance around 12-18 mo. Tendon
regeneration has been documented to occur through the so-
called “lizard’s tail effect”, even if the quality for reharvesting
could be questioned™”. A 2014 systematic review of 18
publications demonstrated a mean regeneration rate for the
semitendinosus and gracilis tendons of 70% or higher*"..
However, more recent literature supports a complete
regeneration of the Semitendinosus during the 3"-6"
month in 60% of the cases, while Gracilis regeneration
has been reported to be present after its harvesting in
30% of the cases (Figure 12). Complete regeneration of
the whole “pes anserinus” was only noted in 10% of the
cases, often with an ectopic re-insertion 1-2 cm below the
joint line at the level of Sartorius fascia or medial head of
Gastrocnemius. In 15% of the cases, complete absence of
both tendons was noted. An initial hypertrophy, followed
by a progressive volume reduction was described along
the first 2 post-operative years, accompanied by muscular
atrophy, retraction and fatty infiltration in up to 90% of the
cases ™.

JOINT MORPHOLOGY AND ACL
RECONSTRUCTION

Tibial slope
Christensen at al** evaluated the MRI of 35 patients with
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Figure 12 Natural history of Gracilis and Semitendinosus
harvesting. Two years after anterior cruciate ligament
reconstruction in a 21-year-old male, in the axial view it is
possible to appreciate a well represented “pes anserinus” with
regenerated Sartorius fascia (black asterisk), Gracilis tendon
(red asterisk) and hypertrophic Semitendinosus tendon (white
asterisk) (A). Conversely, seven years after anterior cruciate
ligament reconstruction in a 35-year-old male, it is possible
to identify the Sartorius fascia (black asterisk) with a thin and
hypotrophic Gracilis (red asterisk) and Semitendinosus (white
asterisk) tendons (B).

early ACL failure and 35 with no evidence of ACL graft
failure, particularly medial (Figure 13A) and lateral (Figure
13B) tibial plateau sagittal slope. They found a higher
lateral tibial plateau slope in patients that experienced
graft failure (8.4° vs 6.5°). They estimated an odd ratio
for graft failure of 1.6, 2.4 and 3.8 with a slope increase
of 2°, 4° and 6° respectively. These findings were more
evident in females. A similar conclusion was presented
by Webb et a/** using lateral radiographs. They
described an incidence near 60% of graft re-rupture or
contralateral ACL injury in patients with tibial slope >
12°. An increased tibial slope, especially the posterior
slope of the lateral tibial plateau, is in fact a recognized
risk factor for non-contact ACL injury®®. However, there
are some controversies in the literature, as some studies
describing increased medial tibial plateau being the more
important risk factor to ACL injury. Others believe the
meniscal slope is a more accurate measure rather than
the bony tibial plateau slope. Furthermore, different
landmarks for measuremet, knee or long-leg X-ray, use
of MRI, and other features, increase the variability of the
measurement and the absence of complete agreement
regarding this issue. However, despite the controversy
in the literature, it is well accepted that increasing the
posteriorslope overall increases risk of ACL injury or graft
failure.

Notch shape

Notch shape is also considered a risk factor for non-
contact ACL injury. A narrow notch has been measured
in ACL-deficient patients, probably accounting for a
smaller and weaker ACL compared to healthy patients
with a wider notch™®, Furthermore, in the setting of ACL
reconstruction, Fujii et a™* found a smaller notch cross-
sectional area (Figure 14) in patients that developed the
“cyclops lesion” due to notch impingement compared to
complication-free patients (251.7 mm? vs 335.6 mm>).

Anterior subluxation

Tanaka et al”! reported an abnormal tibiofemoral
relationship at MRI in patients with failed ACL recon-
struction. An average of 5.7 mm of anterior tibial
subluxation within the lateral compartment was reported,
with a value greater than 15 mm in 12.5% of cases
(Figure 15). The magnitude of anterior subluxation was
3.9 mm and 3.1 mm greater than the values of normal
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Figure 13 The medial tibial plateau slope is calculated in a sagittal slice
passing through the middle-portion of the tibial plateau. As the angle
between the perpendicular line (line ¢ and d) to the proximal tibial axis (line
a and b) and the line tangent to the tibial plateau (line e and f) (A); the lateral
tibial plateau slope is calculated similarly (B). For a correct identification of
the proximal tibial axis, it should pass mid-way on two antero-posterior tibial
diameters drawn at a distance of 5 cm and 15 cm from the joint line.

Figure 14 The femoral notch cross sectional area is measured as follows.
The coronal slice passing at the middle point of the Blumensaat Line is chosen.
The width of the notch (red dotted line) is measured on a line passing through
the popliteal groove (line ¢ and d) parallel to the femoral joint surface (line a
and b). The height of the notch is the distance between the joint surface and the
top of the intercondylar notch. The cross sectional area (red box) is obtained
multiplying the width (mm) by the height (mm).

knees and knees with acute ACL tears, respectively.
No noteworthy findings were reported for the medial
compartment. This association between anterior dis-
placement and failed ACL reconstruction may provide a
mechanical explanation of suboptimal clinical results of
ACL revision reconstruction.

Tibial plateau and femoral condyles geometry

In the ACL-deficient condition, Musahl et a/l*® noted
a narrower lateral tibial plateau in patients with grade
II pivot-shift compared to patients with grade I pivot-
shift, (35.5 mm vs 30.3 mm) (Figure 16). However,
this finding was significant only in female patients. No
other anatomical parameters seemed to affect the
pre-operative laxity. The authors suggested that bony
anatomy contributes to the magnitude of knee laxity in
the ACL-deficient knee; therefore, it could be argued that
patients with specific anatomical features could represent
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Figure 15 The tibial anterior subluxation with respect to the femur is
measured as follow. With the magnetic resonance imaging acquired in
extension and external rotation, the sagittal slice passing through the insertion
of the medial gastrocnemius (medial side) or through the most medial cut of
the fibula at the tibiofibular joint (lateral side) is selected. Then, a circle over the
subchondral line of the posterior condyle (circle a) and a line tangential to the
tibial plateau (line b and c) are drawn. The distance (red asterisk) between a
perpendicular line to the tibial plateau passing through its posterior margin (line
d and e) and a parallel line tangent to the circle (line f and g) is measured.

Figure 16 Tibial plateau anatomy is best evaluated by selecting the
coronal slice where both tibial spines are visible. Lateral Femoral Condyle
(line a) and Medial Femoral Condyle (line b) diameters are measured from
borders of corresponding articular cartilage. Lateral Tibial Plateau (line ¢) and
Medial Tibial Plateau (line d) diameters are measured from the intercondylar
spine to the border of the corresponding tibial plateau.

patients with a higher risk of sub-optimal results of ACL
reconstruction. In these cases of higher pre-operative
laxity, the association of a lateral extra-articular plasty
could be indicated™’ (Figure 17).

CONCLUSION

MRI represents an important tool for the post ACL
reconstruction evaluation, due to its abilities to identify, in a
non-invasive manner, a number of aspects and situations
that could suggest potential problems to clinicians. Graft
signal and integrity, correct tunnel placement or widening,
and problems with fixation devices or donor site could
all compromise the surgical outcomes and potentially
determine the failure of the ACL reconstruction. However,
this tool must not be used in isolation when assessing
the post ACL reconstruction status. It should always
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Figure 17 Magnetic resonance imaging evaluation of an anterior cruciate
ligament reconstruction with a single-bundle plus lateral extra-articular
plasty/augmentation using Gracilis and Semitendinosus Autograft. In the
coronal view, it is possible to identify the intra-articular part of the graft (black
arrows) that continue proximally above the lateral femoral condyle (red arrows)
in the “over-the-top” position (A). The lateral extra-articular plasty (asterisk)
could be identified both in axial (B) and coronal view (C) beneath the iliotibial
band, extending from the lateral femoral condyle to Gerdy’s tubercle.

be integrated with a careful clinical and medical history
evaluation, as only an integrated approach to graft status
and functionality is most effective in reducing potential
diagnostic mistakes.
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