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The close correlation between the anatomy and ABSTRACT
function of the menisci and cruciate ligaments
contributes to the fact that injury of the knee joint
internal structures is rarely recognized as an isolated

Objectives: This study aims to investigate the correlation between
posterior cruciate ligament (PCL) buckling phenomena and the
presence or absence of the anterior meniscofemoral ligament

entity rather than other comorbidities of the internal (aMFL).

12 M . . .
sicructures. lefere.nt radiological teChr}lqueS and Patients and methods: Between January 2012 and January
signs have been described to help orthopedic surgeons 2019, magnetic resonance imaging of a total of knee joints
and radiologists to assess musculoskeletal pathologies of 199 patients (163 males, 16 females; mean age: 31.5+5.3
and plan for surgical interventions.?4 Magnetic years; range, 18 to 40 years) were reviewed retrospectively. The

patients were divided into four groups. The first group included
32 patients with a ruptured anterior cruciate ligament (ACL)
and absent aMFL. The second group included 67 patients with

resonance imaging (MRI) is the gold-standard
non-invasive modality for diagnosing injury of the

knee joint" Many authors evaluating the sensitivity a ruptured ACL and apparent aMFL. The third group included
of MRI in assessing anterior cruciate ligament (ACL) 23 patients with an intact ACL and absent aMFL, and the fourth
injury have described good, but variable results.49 group included 77 patients with an intact ACL and apparent

aMFL. The PCL angle was used to measure the buckling degree
of the ligament, as calculated as the angle between two lines
drawn through the tibial and femoral central portions of the
PCL insertions. We assessed the buckling phenomena of the
PCL in ACL-ruptured and ACL-intact knees and examined a
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Therefore, variant MRI signs have been described in

Results: In the ruptured ACL groups (Groups 1 and 2),
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A significant difference was detected between both groups
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Conclusion: The PCL buckling sign is not specific for ACL
ruptures, and can be seen frequently in normal knee joints
which it is strongly associated with the presence of aMFL of
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an attempt to improve the accuracy of ACL injury
diagnosis.*® Sagittal MRIs of the knee joint often
show what is called the buckled (sigmoid) posterior
cruciate ligament (PCL) sign, which is considered
one of the indirect or secondary signs sought by
radiologists and orthopedic surgeons to confirm the
diagnosis of ACL rupture®”! Buckling of PCL can
be seen in both normal individuals and in patients
with ACL ruptures. Several studies have shown an
association between the PCL curved appearance and
ACL chronic ruptures rather than acute ruptures.®*

The PCL angle is used to determine the buckling
degree of the ligament, which is calculated as the
angle between two lines drawn through the tibial
and femoral central portions of the PCL insertions
(Figure 1).7 An angle of <105° was accepted as
buckling of PCL, and an indirect predictor of ACL
rupture.l® The meniscofemoral ligaments (MFLs)
are strong straight bands of collagen attaching
the posterior aspect of the menisci to the femoral
intercondylar area. In most cases, the lateral
meniscus posterior horn is attached to the inner
lateral aspect of the medial femoral condyle by
the MFLs. The anterior meniscofemoral ligament
(aMFL) of Humphrey crosses anterior to the PCL,

PClL angle

FIGURE 1. The PCL angle calculated as the angle between
two lines drawn through the tibial and femoral central
portions of the PCL insertions.

PCL: Posterior cruciate ligament.

Jt Dis Relat Surg

while the posterior meniscofemoral ligament (pMFL)
of Wrisberg passes directly posterior to the PCL
(Figure 2).0213

Over the last few decades, several anatomical
and radiological studies of MFLs have been carried
out. A study of Heller and Langman™! demonstrated
that at least one MFL was found in 71% of the
studied specimens, while another study showed
that the incidence was close to 100%.!°®! Race and
Amisl also showed that Wrisberg ligament was
present in 64.4% of individuals, whereas Humphrey
ligament was present in 27.8%. Anatomical texts have
variable discrepancies regarding MFLs. Some have
described one or both MFLs, whereas others have
not mentioned about their existence. Recently, there
has been a renewed concern regarding the MFLs. A
biomechanical study demonstrated that MFLs could
have a stabilizing function in the knee joint and share
common properties with the posterior bundle of the
PCL." Since PCL buckling phenomena is considered
a strong predictor of ACL rupture in several studies, in
the present study, we hypothesized that PCL buckling
sign was not a pure secondary sign associated with
anterior tibial translation resulting from ACL injury,
but it could be also present in normal knees without
an ACL tear. We, therefore, aimed to assess the
buckling phenomena of the PCL in ACL-ruptured and
ACL-intact knees and to correlate the PCL buckling
angle with the presence or absence of the aMFL of
Humphrey.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at Istanbul Gaziosmanpasa Training
and Research Hospital, Department of Orthopedics
and Traumatology between January 2012 and
January 2019. The MRI scans of knees of a total
of 638 patients were initially screened. Patients
with a history of rheumatic diseases, posttraumatic
arthritis, degenerative arthritis, advanced age
(above 70 years) and articular or periarticular
fractures were excluded from this study. Those
younger than 70 years without advanced
radiological signs of osteoarthritis and associated
knee comorbidities with or without ACL rupture
were recruited. Finally, a total of 199 patients
(163 males, 16 females; mean age: 31.5+5.3 years;
range, 18 to 40 years) who fulfilled the eligibility
criteria were included in this study. A written
informed consent was obtained from each patient.
The study protocol was approved by the Istanbul
Gaziosmanpaga Training and Research Hospital
Ethics Committee (No: 117/2019). The study was
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FIGURE 2. (a) A proton density coronal MRI image demonstrating pMFL of Wrisberg. (b) A proton density sagittal
MRI image demonstrating aMFL of Humphrey inside a white circle.
MRI: Magnetic resonance imaging; pMFL: Posterior meniscofemoral ligament; aMFL: Anterior meniscofemoral ligament.

conducted in accordance with the principles of the
Declaration of Helsinki.

The patients were divided into four groups. The
first group was consisted of 32 patients with a
ruptured ACL and absent aMFL of Humphrey. The
second group included 67 patients with a ruptured
ACL and apparent Humphrey ligament. The third
group included 23 patients with an intact ACL
and absent Humphrey ligament. The fourth group
included 77 patients with an intact ACL and apparent
Humphrey ligament (Figure 3).

The 1.5-T magnet MRI system (Magnetom Essenza;
Siemens Healthineers, Japan) with a dedicated
solenoid surface knee coil was used in this study. All
imaging studies were accomplished using the surface
coil with the knee joint in extended position with
a minimal external rotation. Cushions were placed
around the knee to restrict motion. Sagittal, coronal,
and axial images were obtained with a 2 to 14-cm
field of view, a 256x256 matrix, one excitation, a TR
of 600 to 2000 msec, and a dual-echo TE of 20 and 60
to 80 msec. Slice thickness was 2-mm with a 1-mm
gap. The frequency encoding direction was always in
the cephalocaudal axis to avoid wrap-around artifact.
Sagittal, coronal, and axial images for each patient
were examined thoroughly by the same radiologist
to determine the presence or absence of aMFL of
Humphrey, PCL buckling angle and the ACL integrity

condition (Table I). For MRI interpretation of aMFL,
special attention was paid to sagittal and coronal
PD-WI and T2-WI sequences. The aMFL was observed
in coronal images as a thin linear band with a low
signal intensity anterior to PCL, whereas it appeared
on sagittal images as a low MR signal dot-like, located
anterior to aMFL. The appearance of aMFL was
better evaluated on sagittal images. Therefore, the
appearance of aMFL on sagittal sequences was the
only inclusion criterion of the presence or absence of
aMFL for the patients included in this study.

Statistical analysis

Statistical analysis was performed using the PASW
version 18.0 software (SPSS Inc.,, Chicago, IL, USA).
Descriptive data were expressed in mean * standard
deviation (SD), median (min-max) or number and
frequency, where applicable. The Mann-Whitney U
test was used to detect the statistical significance
between the groups. A p value of <0.05 was considered
statistically significant.

RESULTS

Demographic and clinical data of the patients
are summarized in Table I. In the ruptured ACL
groups (Groups 1 and 2), the mean PCL buckling
angle values were 133.8+6.3 and 104.847.3 degrees,
respectively. A statistically significant difference was
detected between Groups 1 and 2 (p=0.026). In the
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FIGURE 3. A sagittal proton density MRI images showing (a) a ruptured ACL with an absent aMFL of Humphrey
with a flattened non-buckled PCL; (b) a ruptured ACL with an apparent aMFL of Humphrey and a hyper-
buckled sigmoid PCL morphology; (¢) an intact ACL with an absent aMFL of Humphrey and hypo-buckled
PCL morphology; (d) an intact ACL with an apparent aMFL of Humphrey and associated hyper-buckled PCL
morphology.

MRI: Magnetic resonance imaging; aMFL: Anterior meniscofemoral ligament; PCL: Posterior cruciate ligament; ACL: Anterior cruciate

ligament.

TABLE |
Demographic and clinical characteristics of patients

n Mean+SD Female/Male PCL angle ACL condition Humphrey ligament
MeanzSD condition
Group1 32 30.8+4.9 2/30 133.216.3 Ruptured Absent
Group2 67 29.6+5.3 9/58 104.8+7.3 Ruptured Present
Group3 23 31.91£4.7 3/20 143.5+6.0 Intact Absent
Group 4 77 33.4+5.8 12/55 116.8+8.4 Intact Present
SD: Standard deviation; PCL: Posterior cruciate ligament; ACL: Anterior cruciate ligament.
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intact ACL groups (Groups 3 and 4), the mean PCL
buckling angle values were 143.5+6.0 and 116.8+8.4
degrees, respectively, indicating a statistically
significant difference between the groups (p=0.039).
However, there was no statistically significant
difference was observed between Groups 1 and 3
(p=0.13) and between Groups 2 and 4 (p=0.088).

DISCUSSION

Our study revealed that PCL buckling was not a
secondary sign specific for ACL tear, but it could
be also noticed frequently with intact ACL, which
is mostly associated with the presence of an intact
aMFL."

Many secondary signs have been described to
help in the accurate diagnosis of ACL ruptures on
MRI, one of which is the buckled PCL sign.®! Many
studies have accepted the buckled PCL sign to be a
good predictor of ruptured ACL.™ According to
some studies, anterior subluxation of tibia more than
5 mm is considered a strong secondary sign of ACL
tear. It has been shown that anterior displacement of
the tibia relative to the femur creates morphological
changes in the shape of the PCL to a sigmoid or an
over-buckled shape.” The PCL angle changes have
been intensively studied by Choi et al.?! The authors
suggested that PCL buckling angle was a significant
predictor of chronic ACL tears and related to anterior
tibial subluxation. However, Yoo and Lim®! found a
weak association between the buckling angle of the
PCL and the anterior instability and, therefore, on
MRI images, the buckling of PCL was not directly
associated with anterior instability. Therefore, they
concluded that the buckling of PCL decreased
obviously after ACL reconstruction surgery. Rak et
al.??l demonstrated that the buckling of PCL after
ACL reconstruction was mainly due to ACL graft
laxity. Horton et al.'! showed that the buckling of
PCL was present in 37.5% of full-thickness, in 43%
of partial ACL graft tears, and in 30% of intact ACL
grafts. Their study revealed that the buckling of PCL
had 70% specificity, 41% sensitivity, 76% positive
predictive, and 35% negative predictive values for
diagnosing partial-thickness and full-thickness tears
of ACL grafts after surgery. The meniscofemoral
ligaments are strong collagenous fibrous band in
the knee. The anterior branch of these ligaments
is the ligament of Humphrey, which is anterior
to the PCL.”! Recent studies have demonstrated
a correlation between trauma mechanism of ACL
rupture and posterior root of the lateral meniscus
with a concomitant MFL injury.?*?*! The functional
synergisms between PCL and MFLs have been
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shown on many aspects.” In the development of
osteoarthritis of the knee joint, damaged MFLs may
constitute an additional risk factor mostly due to the
increased femorotibial contact pressure.? According
to Forkel et al.,? one MFL at least was found in
94.4% of cases. Contrary to other studies where the
aMFL was present in approximately 24 to 36%,%*")
the present study showed that the incidence of aMFL
of Humphrey was 72.3%. This finding is consistent
with a previous study of Rohrich et al.?® Of 199 knee
MRI examinations, aMFL was seen in 144 patients in
Groups 2 and 4. Despite the presence or absence of
ACL tear, the presence of aMFL was closely correlated
with a buckled PCL morphology on sagittal MRI
images and demonstrated a close association with
low mean PCL buckling angle values of 104.8+7.3 and
116.8+8.4 degrees, respectively. On the other hand, in
Groups 1 and 3, despite the injury condition of the
ACL, the absence of aMFL was closely correlated with
a more flattened PCL morphology on sagittal MRI
images and demonstrated high mean PCL buckling
angle values of 133.9+6.3 and 143.5+6.0 degrees.
respectively. To our understanding, depending on
the size and the thickness, the presence of an intact
aMFL creates a fulcrum in front of PCL, leading to
the hyper-buckling morphology which is frequently
visualized on sagittal MRI images. Although PCL
buckling has been described in several patients
with an absent aMFL, non-visualization of aMFL on
MRI does not exclude its total absence, since MRI
is only 85% sensitive and 75% specific in detecting
MFLs.26271

In this study, the increased PCL buckling was
associated with the presence of Humphrey ligament.
Since PCL buckling sign has been described in
many cases without associated ACL rupture, it
cannot be considered a specific secondary sign
of ACL injury. It is mostly associated with an
intact Humphrey ligament where the PCL curls
upon the intact aMFL to create the MRI buckling
morphology of the PCL.

On the other hand, similar to other studies, this
study has certain limitations. Being a retrospective
radiological study reported by a single radiologist
is the main limitation, since the MRI reliability
in detecting presence or absence of MFLs is not
high compared to ACL pathology. In addition, the
retrospective nature of this study design does not
permit any surgical or arthroscopic correlations.
Using a 1.5-T magnet MRI system is another
limitation, as more sophisticated MRI systems may
provide more reliable interpretation of the MFLs
condition.
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In conclusion, PCL buckling is not a secondary sign
specific for ACL tear, it can also be noticed frequently
with intact ACL, and it is mostly associated with the
presence of an intact aMFL. Further anatomical and
radiological studies should be conducted to assess
the variant morphologies of aMFL of Humphry and
its close correlation with the buckling phenomena of
the PCL.
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