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Increased Intra-Articular Internal Tibial Rotation Is
Associated With Unstable Medial Meniscus Ramp

Lesions in ACL-Injured Athletes: An MRI
Matched-Pair Comparative Study
Luca Farinelli, M.D., Amit Meena, M.D., Bertrand Sonnery-Cottet, M.D., Ph.D.,
Thais Dutra Vieira, M.D., Charles Pioger, M.D., Antonio Gigante, M.D.,

Elisabeth Abermann, M.D., Christian Hoser, M.D., and Christian Fink, M.D.
Purpose: To analyze internal tibial rotation through magnetic resonance imaging (MRI) of patients with anterior cruciate
ligament (ACL) injuries with and without an unstable medial meniscal ramp lesion (MMRL). Methods: Retrospective
analysis of prospectively data was performed to include all consecutive patients who underwent primary ACL
reconstruction (ACLR) between January 2022 and June 2022. Two groups, ACLR þ unstable MMRL and ACLR
without MMRL, were constituted. Propensity score matching analysis was used to limit selection bias. The angle be-
tween surgical epicondylar axes (SEAs) and the tangent line of the posterior tibial condyles (PTCs) was measured to
analyze the rotational alignment between distal femur and proximal tibia. MMRLs were defined unstable if they were
�1 cm, if the lesions extend beyond the lower pole of the femoral condyle, and/or if there was displacement into the
medial compartment by anterior probing. Results: Twenty-eight propensity-matched pairs were included. The
ACLR þ unstable MMRL presented a significantly greater internal rotation of the tibia compared to ACLR without
MMRL (P < .001). An internal tibial rotation was associated with unstable ramp lesions in ACL-injured patients (odds
ratio [OR], 0.36; 95% CI, 0.25-0.41; P < .0001). If SEA-PTC was 0�, the sensitivity and specificity of the SEA-PTC
angle to detect unstable MMRL were respectively 100% (95% CI, 85%-100%) and 18% (95% CI, 8%-36%).
Otherwise, if SEA-PTC angle was e10�, the sensitivity and specificity of the SEA-PTC angle to detect unstable MMRL
were respectively 43% (95% CI, 27%-61%) and 96% (95% CI, 81%-100%). Bone edema of the posterior medial
tibial plateau was significantly associated with unstable ramp lesions (OR, 1.58; 95% CI, 1.21-2.06; P ¼ .029).
Conclusions: Unstable MMRL concomitant to an ACL rupture was associated with an increased tibial internal
rotation. Level of Evidence: Level III, retrospective comparative trial.
medial meniscal ramp lesion (MMRL) is defined
Aas a detachment between the posterior horn of
the medial meniscus and the articular capsule.1 The
true incidence of MMRL is unknown due to the high
rate of underdiagnosis, even though recent studies
revealed an incidence ranging from 9% to 42% during
anterior cruciate ligament (ACL) injury with a higher
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Arthroscopy, Sports Medicine, and Rehabilitatio
incidence in elite athletes.2-6 Willinger et al.4 reported
an association between MMRL, medial collateral
ligament (MCL) injuries, and medial tibia bone bruising
on magnetic resonance imaging (MRI). The authors
hypothesized a specific injury mechanism as anterior
translation and/or external rotatory subluxation of the
medial tibial plateau during ACL tear resulting in
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MMRL, MCL injuries, and bone edema of posterior
medial tibial plateau (MTP).4,7

Despite some publications describing MMRLs and
their diagnosis,4,8 the role of these lesions in knee
instability needs to be deepened. MMRLs were
classified as stable if they were �1 cm, if they did not
extend beyond the lower pole of the femoral condyle,
and if the medial meniscus did not displace into the
medial compartment with anteriorly directed probing at
the time of surgery. Otherwise, MMRLs were classified
as unstable.9-11

It has been shown that unstable MMRL was
associated with an increase in anteroposterior
instability in the ACL-deficient knee.12,13 Moreover,
recent studies revealed a plausible increase of internal
tibial rotation in case of meniscotibial ligament injury14

defined by Thaunat and colleagues15 in 2016 as type III
ramp lesions.
Some studies pointed out the role of ACL as a

restraint to anterior translation and internal rotation of
the tibia relative to the femur.16-18 Although
measurement of femorotibial rotation using a static
MRI could be questionable, because it does not repro-
duce the internal rotation of the tibia during the pivot-
shift phenomenon in the ACL-deficient knee, several
authors measured the degree of internal rotation of the
tibia in the ACL-deficient knee using axial MRI im-
ages.13,14 Hence, Vassalou et al.19 indicated that adult
knees demonstrated a mean 7� increase in the internal
rotation when the ACL was ruptured. Moreover,
Mitchell et al.20 found a significant increase in internal
tibial rotation in ACL-deficient knees compared to
intact knees in the adolescent population. Hong et al.21

reported that aged patients with ACL tears exhibited
significantly greater tibial internal rotation compared to
younger patients (5.6� vs 4.2�). The purpose of this
study was to analyze the femorotibial rotation through
the MRI of patients with ACL injuries with and without
unstable MMRL. We hypothesized that unstable MMRL
would be associated with an increase in internal tibia
rotation, inferring a plausible role of these lesions on
rotatory stability of ACL-deficient knees.

Methods
The present retrospective study was conducted in

accordance with the Declaration of Helsinki Ethical
Principles and Good Clinical Practices and was
approved by the ethical committee of the Medical
University of Innsbruck (AN2015-0050 346/4.28).
Informed consent was obtained from all individual
participants included in the study. A retrospective
analysis of prospectively collected data from the data-
base of a specialized joint surgery clinic was conducted.
All patients who underwent arthroscopic primary ACL
reconstruction (ACLR) between January 2022 and
June 2022 were considered for study eligibility. The
study flowchart is represented in Figure 1. Two groups,
ACLR þ unstable MMRL and ACLR without MMRL,
were constituted. Two senior surgeons (C.F. and C.H.)
performed all the surgeries in both groups. Preopera-
tively, all patients had sustained an ACL tear, diagnosed
based on clinical examination and MRI. All patients
were assessed preoperatively by the senior surgeon
(C.F. or C.H.). Patients of both groups were excluded if
they had the following: fractures around the knee, a
history of knee surgery, other combined surgical pro-
cedures such as osteotomy, revision ACL, incomplete
clinical data, poor radiologic evaluations, time from
MRI to surgery greater than 3 months, and stable
MMRL. Stable MMRLs were excluded from eligibility
because their role in rotational knee stability in the
ACL-deficient knee has not been clearly established.
Indeed, Albayrak et al.22 reported that leaving the
stable MMRL unrepaired does not negatively affect
clinical or functional outcomes, pivot-shift grade, and
return-to-sports rates after ACLR at 3 years of follow-
up. Moreover, Balazs et al.9 reported at 2 years of
follow-up that the treatment of stable MMRL might not
have clinical benefit in ACL-deficient knees.

Arthroscopic Evaluation
Standard anteromedial and anterolateral portals were

applied for ACLR, and a routine diagnostic assessment
was made. To detect the type III ramp lesion according
to the Thaunat et al.15 classification, the stability of the
medial meniscus was first assessed by meticulous
probing through anterior visualization during
surgery.23 The posteromedial compartment was
routinely assessed by advancing a 30� arthroscope from
the anterolateral portal into the posteromedial recess
between the posterior cruciate ligament and medial
femoral condyle (Gillquist maneuver).24 To aid this, the
knee could be held in slight flexion with valgus stress
applied or a switching stick could be used.25 Despite
some authors recommending the use of an accessory
posteromedial portal to detect ramp lesions,26 the se-
nior author used increased knee flexion with internal
rotation of the tibia to better visualize the ramp region.
A posteromedial portal was made in case of repair or
doubt. MMRLs were defined stable if they were �1 cm,
if they did not extend beyond the lower pole of the
femoral condyle, and if there was lack of displacement
into the medial compartment by anteriorly directed
probing.9-11 On the contrary, unstable MMRLs were
defined if they were �1 cm, if the lesions extended
beyond the lower pole of the femoral condyle, and/or if
there was displacement into the medial compartment
by anterior probing.11

If an unstable ramp lesion was identified, a shaver
was routinely used to prepare both surfaces of the tear.
A 25� suture hook (SutureLasso; Arthrex), angled to
the left for a right-sided knee and to the right for a left-



Fig 1. Flowchart of the study.
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sided knee, loaded with a No. 0 absorbable mono-
filament suture (PDS; Ethicon) was then inserted
through the posteromedial portal, and between 1 and 3
separate sutures were used to repair (Fig 2).

Radiologic Assessment
Two sports knee surgery fellows (L.F. and A.M.)

independently analyzed all MRI images obtained before
surgery (Fig 3). Bone marrow edema was defined as
increased signal intensity on the fat-suppressed water-
sensitive images within the bone. Bone marrow edema
of the medial/lateral tibial plateau and medial/lateral
femoral condyle was reported in each group. Deep and
superficial MCL injuries were assessed by coronal T2-
weighted MRI with fat saturation (Figs 4 and 5).
MCLs were considered injured if there were (1) direct
signs of injury such as a clear discontinuity in the MCL
fibers or a femoral/tibial avulsion was visible, or (2)
there were indirect signs of injury such as thickening
and/or intra-substance signal change of the MCL fibers,
focal bone marrow edema at the MCL insertion site to
the femur, soft tissue edema in the region of the MCL,
or a wavy appearance to the MCL fibers.
To measure the axial alignment of the distal femur

and proximal tibia, 2 sections were identified from each
MRI.27 The first slice was taken in the mid-throchlear
region of the femoral condyle, identified by the Ro-
man arch appearance of the intercondylar groove with
the apex of the Roman arch corresponding to one-third
of the height of the condyle. The surgical epicondylar
axes (SEAs) from the lateral epicondyle and medial
sulcus were delineated. The second slice was taken in
correspondence with the proximal tibial plateau above
the end of the proximal tibiofibular joint where the
semimembranosus tendon inserts into the tibial bone.
The tangent line of the posterior tibial condyles (PTCs)
was delineated. The angle between SEA-PTC was
measured (Fig 4).27,28 A negative value was defined as
internal torsion and a positive value as external torsion
of the distal segment.

Statistical Analysis
A priori power analysis was performed to determine

the appropriate sample size for the study. Considering
an a level with P ¼ .05, a power of 95%, and an effect
size of 0.5, it was estimated that 24 matched pairs of
participants would be needed respectively in the ramp
and control groups to detect a statistically significant
difference in SEA-PTC angle. The sample size calcula-
tion was performed with the use of the G-Power



Fig 2. Right knee. Unstable medial ramp lesion repaired with
2 separate N.0-PDS sutures inserted through the poster-
omedial portal.

Fig 3. Sagittal T2-weighted magnetic resonance imaging
(MRI) with fat saturation of the left knee. Head arrow: medial
meniscus ramp lesion.
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software (G-Power version 3.1).29 Data were collected
and organized using Excel (Microsoft). Statistical ana-
lyses were performed using the XLSTAT statistical soft-
ware packages (Addinsoft LLC). Categorical variables
were expressed in numbers and percentages. The
normal distribution of variables was verified through
the Shapiro-Wilk test. The angle SEA-PTC did not show
a normal distribution (P < .05). Mean and standard
deviation or median and interquartile range (IQR) were
used to summarize the variables according to their dis-
tribution. Differences in angles between the 2 groups
were assessed through the Wilcoxon rank-sum test. The
Student t test for unpaired data was performed in the
case of normally distributed variables. Differences
between categorical variables were evaluated with the
Fisher exact test. Binomial logistic regression analysis
was performed to evaluate SEA-PTC angle and bone
edema of MTP for the presence of unstable MMRL. Logit
model was adjusted by body mass index (BMI), sex, and
time from MRI to surgery. The Wald test was used to
assess significance. The validity of the logistic model in
detecting the presence of ramp injury was evaluated by
the receiver operating characteristic (ROC) where
sensitivity was defined as the probability of correctly
detecting the presence of ramp and specificity as the
probability of correctly detecting the absence of ramp.
The area under the curve (AUC) was reported. The
included factors were chosen in accordance with pre-
vious studies.1,4 Inter-rater correlation coefficient (ICC)
was calculated for inter-rater reliability for measuring
SEA-PTC and detection of deep and superficial MCL
injuries. The significance threshold was set at P ¼ .05. A
post hoc power analysis was performed.
Propensity Matching
The covariates included in the model were age at the

time of surgery, sex, BMI, the time interval between
MRI and surgery, and Tegner activity scale score. Then,
each patient with ACLR þ unstable MMRL was
matched with a patient who underwent ACLR without
MMRL, according to the nearest corresponding
propensity score. In the evaluation of covariates, a
predefined caliper width of 0.1 without case replace-
ment was used to reach enough similarity between
groups to allow comparison.30

Results

Population
The flowchart of the study flow is presented in

Figure 1. Overall, 132 patients underwent ACLR during
the study period from January 2022 to June 2022.
From analysis of surgical report and arthroscopic
imaging, 2 groups were identified: ACLR þ unstable
MMRL and ACLR without MMRL. Thirty-nine and 99
patients were respectively included in the groups. The
incidence of unstable MMRL was 29.5% (39 of 132
patients).
Of these, 31 patients in the ACLR þ unstable ramp

group and 83 patients in the ACLR without ramp lesion
group fulfilled the inclusion and exclusion criteria and
were eligible for the matching process. The final pop-
ulation comprised 28 propensity-matched pairs. The
demographic characteristics of the study population are
summarized in Table 1.
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Fig 4. Coronal T2-weighted MRI with fat saturation. (a, b, d, e, f) right knee; (c) left knee. (a, c, d) Note fluid superficially and
deep to the deep meniscofemoral ligament injured (orange arrow) accompanying an anterior cruciate ligament (ACL) rupture.
(b) Typical MRI bone edema (orange arrow) at the medial femoral condyle adjacent to the deep MCL (dMCL) attachment site.
(e) Distal grade III medial collateral ligament (MCL) rupture (black arrow) concomitant with deep MCL tear (orange arrow) and
ACL rupture. (f) Midportion grade III MCL tear (orange arrow) with concomitant deep MCL tear and ACL rupture.
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The ICC value for the reliability of SEA-PTC was 0.90,
indicating an excellent agreement. The ICC values for the
reliability of deep and superficial MCL injuries were
respectively 0.83 and0.85, indicating satisfying agreement.
Surgical and Radiologic Factors
There were no statistically significant differences in

terms of superficial and deep MCL injuries and lateral
meniscus injuries between the 2 matched groups
(Table 2). The ACLR þ unstable MMRL presented a
significantly greater internal rotation of the tibia (SEA-
PTC) compared to ACLR without MMRL (P < .001)
(Table 3). From logistic analysis, it has been reported
that internal tibial rotation was strongly associated with
unstable ramp lesions (odds ratio [OR] 0.36; 95% CI,
0.25-0.41, P < .0001).
Specifically, if SEA-PTC was set to 0�, the sensitivity

and specificity of the SEA-PTC angle to detect unsta-
ble MMRL were respectively 100% (95% CI, 85%-
100%) and 18% (95% CI, 8%-36%). Otherwise, if
the SEA-PTC angle was set to e10� of internal tibial
tibia rotation, the sensitivity and specificity of the
SEA-PTC angle to detect unstable MMRL were
respectively 43% (95% CI, 27%-61%) and 96%
(95% CI, 81%-100%). The AUC related to the logit
model considering only the SEA-PTC variable with the
association of unstable ramp was 0.844 (Fig 5). Bone
edema of MTP was significantly associated with
unstable ramp lesions (OR, 1.58; 95% CI, 1.21-2.06;
P ¼ .029) (Table 4). The AUC related to the logit
model considering SEA-PTC angle and bone edema of
MTP as variables in association with the unstable
ramp was 0.878.
Discussion
The most important finding of the present study was

that an increased internal tibial rotation was associated
with unstable MMRL in the ACL-injured knee. The
MMRL group was characterized by 9.2� of internal tibial
rotation compared to 3.5� in matched patients without



Fig 5. Receiving operating curve (ROC) of
the model. (AUC, area under the curve;
PTC, posterior tibial condyle; SEA, surgical
epicondylar axis.)
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unstable MMRL. If the SEA-PTC angle was set to e10�

of internal tibia rotation, the specificity of the SEA-PTC
angle to detect an unstable MMRL lesion was 96%
(95% CI, 81%-100%). In patients with ACL injury who
show an internal tibial rotation greater than e10� on
preoperative MRI, a careful assessment and suspicion
for ramp lesion should be considered. Anatomic and
biomechanical studies of the posteromedial corner of
the knee can explain these findings, especially in light
of recent discoveries about the anatomy and biome-
chanics of ramp injury and meniscotibial ligaments.31-34

Recent studies have revealed the close anatomic rela-
tion between the semimembranosus tendon and the
posterior meniscocapsular region.23,35,36 It is assumed
that the sudden contraction of the semimembranosus
muscle secondary to anterior translation of the tibia
during ACL injury and/or contrecoup mechanism could
stress the meniscocapsular area, leading to ramp injury
and anteromedial instability.32,35,37

The emerging relation between ramp lesions and
anteromedial instability is being increasingly recog-
nized.38 Despite several structures constituting the
posteromedial corner of the knee as the posterior
oblique ligament, posterior medial capsule, semi-
membranosus, and medial gastrocnemius tendon,
recent biomechanical studies by Ahn et al.39 and Peltier
et al.31 have reported an increase in anteroposterior
instability in ACL-injured knees in case of unstable
MMRL. Moreover, other studies pointed out a signifi-
cant increase in internal tibial rotation following
the creation of an unstable MMRL and meniscotibial
ligament lesion.31,33
The effect of unstable MMRL on native ACL or graft
after reconstruction has been also extensively stud-
ied.13,40-46 Unrecognized MMRLs significantly increase
stress on the ACL, leading to a higher risk of graft
failure after ACLR.13,42-46 In addition, an isolated ACLR
in the presence of unstable and unrepaired MMRL does
not restore normal knee kinematics with consequent
chronic residual laxity.13,31 Unfortunately, we were
unable to show the effect of MMRL repair on the in-
ternal tibia rotation. However, several authors reported
that MMRL repair contributes to improving the rota-
tional stability in ACL-deficient knees.33,38 Specifically,
rotational stability of the knee was restored when
meniscocapsular and meniscotibial repairs were per-
formed concomitantly.40

Furthermore, it has been shown that lateral extra-
articular tenodesis (LET) reduces rotational laxity
when combined with ACLR.47,48 Sonnery-Cottet
et al.42 revealed that the failure rate of MMRL repair
was significantly lower after combined ACLR and
anterolateral ligament reconstruction (ALLR).40,49

Although isolated ACLR reliably restores ante-
roposterior stability, excessive tibial rotation may
persist.43 For these reasons, adding ALLR or LET should
be considered in the case of ACLR and MMRL repair to
decrease rotational laxity and reduce the risk of failure
of MMRL repair and ACLR.40,43,50

From recent literature, several risk factors have been
proposed for unstable MMRL in the ACL-deficient
knee. Hence, steep medial tibial and meniscal slope
and increased lateral femoral condyle ratio were asso-
ciated with unstable MMRL.51-53



Table 1. Patients’ Demographic Characteristics (28 Matched Pairs)

Unstable MMRL þ ACLR
ACLR Without

MMRLCharacteristic

Age, y
Mean (SD) [range] 25.2 (5.4) [18-37] 27.1 (3.6) [21-34]
Median (IQR, quartiles 1-3) 24.5 (6.3, 22-28.3) 26.5 (5.5, 24.8-30.3)

Sex, n (%)
Male 13 (46%) 16 (57%)
Female 15 (54%) 12 (43%)
BMI

Mean (SD) [range] 22.8 (1.8) [19.4-26.1] 24.9 (2.8) [20.0-34.0]
Median (IQR, quartiles 1-3) 22.8 (2.1, 21.9-24.0 23.7 (3.4, 22-25.4)

Time from MRI to surgery, d
Mean (SD) [range] 8.4 (10.5) [0-47] 7.1 (7.9) [0-26]
Median (IQR, quartiles 1-3) 5 (14, 0-14) 2 (12, 1-13)

Preoperative Tegner Activity Scale score
Mean (SD) [range] 7.2 (1.2) [5-10] 6.8 (1.2) [3-10]
Median (IQR, quartiles 1-3) 7 (1.25, 6.75-8.0) 7 (1, 6-7)

NOTE. Statistical analyses of mean differences between groups and the resulting P values are not required after propensity matching.
ACLR, anterior cruciate ligament reconstruction; BMI, body mass index; IQR, interquartile range; MMRL, medial meniscus ramp lesion; MRI,

magnetic resonance imaging.
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Numerous authors have investigated the association
of bone edema of MTP and ramp lesions.4,54-57 Our
results confirmed previous studies. Bone edema of MTP
was significantly associated with unstable MMRL (OR,
1.58; 95% CI, 1.21-2.06; P ¼ .029). Moreover, we re-
ported bone edema of MTP in 57.1% of patients with
unstable MMRL vs 25.0% of the control group.
Hence, Cristiani et al.54 reported tibia bone marrow

edema in 61% of patients with ramp. This percentage
raised respectively to 71% and 87.5% in recent studies
published by DePhillipo et al.55 and Willinger et al.4

Regarding the association between MCL injuries and
unstable MMRL, we reported no significant differences
in terms of deep and superficial MCL injuries between
groups. Our results were in contrast to those reported by
Willinger et al.,4 where patients with unstable MMRL
were characterized by deep and superficial MCL injuries
respectively in 62.5% and 93.8% of cases. However, the
same authors reported that the 67% of consecutive pa-
tients who underwent ACLR had concomitant injuries to
their medial ligament complex that were not evident on
preoperative clinical examination.58
Table 2. Magnetic Resonance Imaging and Surgical Characteristi

Characteristic Unstable MMRL þ ACLR, n (%)

Superficial MCL
Intact 20 (71.4)
Injured 8* (28.6)

Deep MCL
Intact 12 (42.9)
Injured 16 (57.1)

Lateral meniscus injury
Intact 13 (46.4)
Injured 15 (53.6)

ACLR, anterior cruciate ligament reconstruction; MCL, medial collatera
*Three patients with grade I, 3 with grade II, and 2 with grade III lesion
yThree patients with grade I, 3 with grade II, 1 patient with grade III les
Limitations
This study has limitations to consider when inter-

preting its results. First, its retrospective nature is
subject to confounders and makes it not possible to
infer causality from their findings. Indeed, other factors
could act on the intra-articular internal tibia rotation.
The varus alignment and internal tibial rotation that
results as contrecoup injury after ACL tear55 could
aggravate the anterior sliding of the medial femoral
condyle on the medial tibial plateau, resulting in higher
stress on the posterior meniscocapsular junction in case
of increased internal tibial rotation.51 For these reasons,
we cannot establish if the internal tibial rotation rep-
resents a risk factor for unstable MMRL or the greater
internal tibia rotation that we observed in the unstable
MMRL group was due to greater rotatory knee insta-
bility caused by unstable MMRL. Although the limita-
tions of a retrospective study are well recognized,
including selection bias, successful propensity matching
reduced this effect. The study was carried out by
analyzing static measurement (static MRI of knee per-
formed after trauma). Therefore, dynamic analysis is
cs of the 2 Groups (28 Matched Pairs)

ACLR Without MMRL, n (%) P Value

21 (75.0) 1.00
7y (25.0)

13 (46.4) 1.00
15 (53.6)

11 (39.3) .788
17 (60.7)

l ligament; MMRL, medial meniscus ramp lesion.
.
ion.



Table 3. Concomitant Edema on MRI and Tibia Rotation in Relation to the Presence or Absence of Intraoperative Meniscal
Ramp Lesions (28 Matched Pairs)

Characteristic Unstable MMRL þ ACLR ACLR Without MMRL P Value

Edema MTP
Yes 16 (57.1) 7 (25.0) .029
No 12 (42.9) 21 (75.0)

Edema LTP
Yes 18 (64.3) 23 (82.1) .227
No 10 (35.7) 5 (17.9)

Edema MFC
Yes 1 (3.6) 0 (0) 1.00
No 27 (96.4) 28 (100)

Edema LFC
Yes 14 (50.0) 10 (35.7) .418
No 14 (50.0) 18 (64.3)

SEA-PTC angle
Mean (SD) [range] e9.2 (3.9) [e19.9 to e2] e3.5 (3.9) [e14 to 4] <.001
Median (IQR, quartiles 1-3) e9.3 (4.3, e11.4 to e7.1) e2.9 (4.9, e5.9 to e1.0)

NOTE. Values are presented as number (%) unless otherwise indicated. Bold values indicate significant (P < .05).
ACLR, anterior cruciate ligament reconstruction; LFC, lateral femoral condyle; LTP, lateral tibial plateau; MFC, medial femur condyle; MMRL,

medial meniscus ramp lesion; MTP, medial tibial plateau; PTC, posterior tibial condyle; SEA, surgical epicondylar axis.
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necessary to confirm the hypothesis. The sample size
was limited, but the results are original, and the patients
enrolled were allowed to reach an adequate power for
the study from previous statistical analysis. Femoral
anteversion, tibial torsion, and contralateral femoral
tibial rotation of the knee were not considered in both
groups, representing limitations of our study.

Conclusions
Unstable MMRL concomitant to an ACL rupture was

associated with an increased tibial internal rotation.
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