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Abstract

Purpose While the association with acute anterior cruciate ligament (ACL) tears has been established, other risk factors and 

associated pathologies which occur with a concomitant lateral meniscal posterior root tear (LMPRT) are not well defined. 

The purpose of this study was to compare the risk factors and concomitant pathologies between patients with LMPRT and 

patients without LMPRTs in the setting of a primary ACL tear.

Methods Patients with a LMPRT identified at the time of primary ACL reconstruction by a single surgeon were identified. 

These patients were matched by age and sex to patients undergoing primary ACL reconstruction who were not found to have 

lateral meniscus root tears (control group) in a 1:1 ratio. Lateral posterior tibial slope (PTS), medial PTS, lateral femoral 

condyle height and depth, lateral tibial plateau depth, and lateral tibial plateau subluxation were measured on MRI. Anter-

oposterior full-limb alignment radiographs were used to measure the medial proximal tibia angle (MPTA), the mechanical 

lateral distal femoral angle (mLDFA), and the mechanical weightbearing axis for the injured extremity.

Results One-hundred three patients were included in both the LMPRT group and the matched control group. Patients with a 

LMPRT had a significantly steeper lateral PTS (9.1° vs. 7.0°, p = 0.001), a steeper medial PTS (7.0° vs. 6.0°, p = 0.03), and 

a greater lateral-to-medial slope asymmetry (2.0° vs. 1.0°, p = 0.001). There were no differences in lateral femoral condyle 

depth or height, lateral tibial plateau depth, lateral tibial plateau subluxation, MPTA, mLDFA, or mechanical weightbearing 

axis between groups. There was a significantly increased incidence of medial meniscus ramp lesions in patients with lateral 

meniscus posterior root tears compared with controls (34.0% vs. 15.5%, odds ratio: 2.8, p = 0.002). There were no associa-

tions with concomitant ligament injuries, medial meniscus root tears, or non-ramp tears based on case/control grouping.

Conclusion In conclusion, LMPRTs in the setting of primary ACL injuries were associated with significantly increased lateral 

and medial PTSs, and increased asymmetry between lateral and medial PTSs. In addition, clinicians should be aware of the 

increased incidence of concurrent medial meniscal ramp lesions in patients with LMPRTs. Knowledge of these associations 

helps guide clinical decision-making and counselling of patients in the setting of ACL tears with concomitant LMPRTs.

Level of evidence IV.

Keywords Posterior lateral meniscus root tear · Tibial slope · MRI · ACL tear

Introduction

Lateral meniscal posterior root tears (LMPRT) are common 

concomitant injuries in the setting of anterior cruciate liga-

ment (ACL) tears, reportedly occurring in 8–15% of patients 

[2, 3, 6, 7, 18]. These meniscal injuries are important to rec-

ognize because the studies have demonstrated both deterio-

ration of the lateral compartment and progression of arthritis 

when left untreated [23]. In addition, untreated LMPRTs 

also increase instability of ACL-deficient knees [9, 16, 23]. 

LMPRTs can be difficult to diagnose on MRI with lower 
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sensitivity compared with the detection of other meniscal 

tears [1, 17]. While the association with acute ACL tears is 

well-established, other associated pathologies of concomi-

tant ACL and LMPRT injuries are not well-defined. Know-

ing additional pathologies or radiologic findings associated 

with LMPRTs may help the clinician to have a higher index 

of suspicion for the presence of these meniscus tears.

Radiologic risk factors for LMPRTs have been identi-

fied in small case series [6, 14, 21], including associations 

between LMPRTs with increased lateral posterior tibial 

slope (PTS) [14, 21], increased difference between lateral 

and medial PTS [14], and increased tibia varus [21]. An 

additional study demonstrated an increased risk of LMPRT 

in male patients that sustain injuries from contact [6]. How-

ever, two of these studies included only 20 patients with 

LMPRTs [6, 14] while the third study had only ten patients 

with LMPRTs [21]. One large database study did exam-

ine the demographic and clinical risk factors for LMPRTs, 

without examining the radiologic risk factors, and found an 

increased incidence of LMPRT with contact sports and the 

presence of a concomitant medial meniscus tear [22]. Thus, 

given the relatively small amount of data regarding radio-

logic risk factors for LMPRTs within the current literature, 

additional studies are necessary to better identify these risk 

factors.

The purpose of this study was to compare knee alignment 

and concomitant pathologies between patients with LMPRTs 

and patients without LMPRTs in the setting of primary ACL 

tears to determine risk factors for LMPRTs that should raise 

clinical suspicion for these injuries. The null hypothesis 

considered was that there would be no difference in tibial 

plateau morphology, lower extremity alignment, BMI, or 

ligamentous and medial meniscal injury between ACL tear 

patients with and without LMPRTs.

Materials and methods

This study was approved following review from an insti-

tutional review board (Vail Health IRB, ID#: 2019-11). 

The study design was a retrospective case–control study. 

Demographic information and data from surgical proce-

dure charts were collected on all patients with primary ACL 

tears with concomitant PLMRTs treated by a single board-

certified orthopaedic surgeon (initials blinded for review) 

between 2010 and 2019. These patients were designated as 

the case group. Patients with combined ACL and LMPRTs 

were matched in a one-to-one allocation according to age 

and gender with patients who are with ACL tears without 

LMPRTs (control group). For all patients in both case and 

control groups, pre-operative magnetic resonance imaging 

(MRI) and standing anteroposterior (AP) full limb alignment 

radiographs were reviewed. Operative reports were reviewed 

and data for concomitant ligament tears and meniscal tears 

were based upon arthroscopic diagnosis of these injuries. 

All meniscal tears including root tears and RAMP lesions 

were diagnosed arthroscopically. There were no exclusion 

criteria for this study.

MRI measurements

Lateral and medial PTS, lateral femoral condyle height and 

depth, lateral tibial plateau subluxation, and lateral tibial 

plateau depth were measured using pre-operative knee MRI 

images. Knee MRIs included both 1.5 T and 3.0 T studies, 

but were all performed with the patient supine and the knee 

in an extended position. All measurements were performed 

by a sports-fellowship trained orthopaedic surgeon (initials 

blinded for review) with MRI images de-identified to main-

tain observed blinding. Measurements were performed using 

RadiAnt Dicom Viewer software (Medixant, Poland) and 

ImageJ software (LOCI, University of Wisconsin). Three-

dimensional multiplanar reconstruction was utilized to 

ensure sagittal MRI images were in the plane perpendicular 

to the posterior tibial condylar axis. All MRI measurements 

were made according to previously validated techniques 

which have been shown to have good interobserver reliabil-

ity [10, 12]. All distance and angular measurements could 

be made to one decimal point, thus all values were reported 

to the nearest single decimal point.

Lateral and medial PTS

The PTS of both the lateral and medial tibial plateau was 

measured using a previously validated technique [12]. The 

centre sagittal MRI slice demonstrating the tibial PCL 

attachment and intercondylar eminences was selected to 

determine the anatomic axis of the tibia. Two best-fit cir-

cles were positioned within the tibial shaft, such that the 

anterior and posterior cortical lines were tangential to the 

circles. A line connecting the centre of these circles was 

then drawn to establish the anatomic longitudinal axis of 

the tibia (Fig. 1). The medial and lateral tibial slopes were 

then measured as the angle between this longitudinal axis 

and the subchondral surface of the medial and lateral tibial 

plateau, respectively (Fig. 2). Intrarater reliability for this 

measurement was excellent with intraclass correlation coef-

ficient (ICC) of 0.856.

Lateral tibial plateau subluxation and sagittal plane 
depth

Lateral tibial plateau subluxation was measured from the 

sagittal MRI slice at the centre of the lateral tibial plateau 

from medial to lateral. The technique that was utilized 

was described by Grassi et  al. [10] in which two lines 
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perpendicular to the lateral tibial plateau subchondral sur-

face were drawn, one tangent to the posterior-most aspect 

of the lateral femoral condyle and one tangent to the pos-

terior-most aspect of the lateral tibial plateau. The distance 

between these lines was then measured, with positive values 

representing anterior translation of the lateral tibial plateau 

relative to the lateral femoral condyle (Fig. 3). Lateral tibial 

plateau sagittal plane depth was measured from the sagit-

tal MRI slice at the centre of the lateral tibial plateau from 

medial to lateral. The lateral tibial plateau sagittal plane 

depth and the lateral tibial plateau articular surface sagittal 

plane depth were measured using lines parallel to the sub-

chondral surface of the lateral tibial plateau (Fig. 4). Intra-

rater reliability for this measurement was excellent with ICC 

of 0.901.

Lateral femoral condylar height and depth

Lateral femoral condylar height and depth were measured 

from the sagittal MRI slice at the centre of the lateral femo-

ral condyle from medial to lateral. The technique that was 

utilized was described by Grassi et al. [10] in which (1) the 

femoral longitudinal axis was established on the mid-sagittal 

MRI and copied to the MRI sagittal slice at the medial-to-

lateral midpoint of the lateral femoral condyle, (2) a line 

parallel to the femoral longitudinal axis and tangential to 

the posterior-most aspect of the lateral femoral condyle was 

drawn, (3) two lines perpendicular to the femoral longitudi-

nal axis were drawn, one tangential to the distal-most aspect 

of the lateral femoral condyle, and one at the level in which 

the lateral femoral condyle contacted the posterior tangent 

line. Lateral femoral condylar sagittal plane depth was 

measured as the distance between the femoral longitudinal 

axis and the line parallel to it at the posterior-most aspect of 

Fig. 1  Illustration of tibial and femoral longitudinal axis drawn on the 

midsagittal MRI slice based upon tibial PCL attachment and presence 

of intercondylar eminence of tibia. The femoral longitudinal axis line 

(red) and the tibial longitudinal axis line (yellow) are drawn as a line 

connecting the midpoints of two best-fit circles in the femoral and 

tibial shafts, respectively

Fig. 2  MRI images demonstrat-

ing the calculation of the medial 

PTS (left, red) and the lateral 

PTS (right, yellow). The angle 

between the medial or lateral 

subchondral surface and the 

longitudinal tibial axis line was 

calculated for each respective 

side of the knee. The angle was 

converted into PTS by subtract-

ing the calculated number from 

90, with a negative number 

representing an anterior tibial 

slope
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the lateral femoral condyle. Lateral femoral condylar sagit-

tal plane depth was measured as the distance between the 

two lines perpendicular to the femoral longitudinal axis 

described in step 3 earlier in this paragraph (Fig. 5). Lat-

eral femoral condylar index was calculated as the ratio of 

height/depth. Intra-rater reliability for lateral femoral con-

dylar index was excellent with ICC of 0.871.

Radiographic measurements

Weightbearing mechanical axis, medial proximal tibial 

angle (MPTA), and mechanical lateral distal femoral angle 

(mLDFA) were measured using pre-operative standing hip-

to-ankle long alignment AP radiographs. These radiographs 

were obtained in standardized fashion with full weightbear-

ing on bilateral lower extremities. Measurements were made 

by a single observer using PACS system. The weightbearing 

mechanical axis was calculated as a percentage of where 

the hip-to-ankle mechanical weightbearing line crossed the 

tibial plateau from medial to lateral compared with the total 

width of the tibial plateau. First, a line was drawn from the 

centre of the femoral head to the centre of the ankle joint. 

Next, the distance from the medial aspect of the tibial pla-

teau to the point where the weightbearing line intersected the 

tibial plateau was measured. This distance was then divided 

by the measured total lateral plateau width to provide the 

varus/valgus weightbearing axis for the knee (Fig. 6).

The MPTA was measured as the angle between the line 

along the surface of the tibial plateau and the mechanical 

axis of the tibia (Fig. 7). The mLDFA was measured as the 

angle between the line along the medial and lateral distal 

femoral articular surface and the mechanical axis of the 

femur (Fig. 7).

Statistical analysis

Values for MRI and radiographic measurements were com-

pared between case and control groups using paired t tests. 

Clinical characteristics, such as the presence of posterior 

cruciate ligament (PCL), medial collateral ligament, lateral 

(fibular) collateral ligament and posterolateral corner inju-

ries or medial meniscal tears, mechanism of injury (contact 

vs. noncontact) were assessed using Chi-square testing and 

BMI was compared between groups using paired t tests. All 

statistical analyses were performed using IBM SPSS Statisti-

cal Suite, version 26, and the alpha level was set for statisti-

cal significance at 0.05. Due to multiple statistical testing 

for both paired t testing and Chi-square testing, Bonferroni 

correction was performed with the significance corrected 

Fig. 3  MRI sagittal slice at the medial-to-lateral midpoint of the lat-

eral tibial plateau demonstrating calculation of lateral tibial plateau 

subluxation. Two lines perpendicular to the lateral tibial plateau sub-

chondral surface were drawn, one tangential to the posterior aspect 

of the lateral tibial plateau (red) and one tangential to the posterior 

aspect of the lateral femoral condyle (yellow). The distance between 

these lines was measured to provide a value for lateral tibial plateau 

subluxation with the positive values indicating anterior translation of 

the lateral tibial plateau relative to the lateral femoral condyle

Fig. 4  MRI sagittal slice at the medial-to-lateral midpoint of the lat-

eral tibial plateau demonstrating the measurement of the lateral tibial 

plateau sagittal plane depth and the lateral tibial plateau articular sur-

face sagittal plane depth. These lines were parallel with the articu-

lar surface depth measuring the anterior-to-posterior distance of the 

articular surface and the lateral tibial plateau depth measuring the 

anterior-to-posterior distance of the lateral tibial plateau at the level 

which it extends farthest posteriorly



Knee Surgery, Sports Traumatology, Arthroscopy 

1 3

to 0.004 for t testing and 0.008 for Chi-square testing. An 

a priori power analysis was performed utilizing effect size 

identified in a prior study for differences in lateral poste-

rior tibial slope in patients with and without ACL tears with 

alpha set at 0.05 and beta set at 0.80 [5]. This power analy-

sis suggested 56 patients per group would be required to 

identify a statistically significant difference between groups.

Resuts

During the study time period, there were 851 patients identi-

fied with primary ACL tears. Of this population, 103 patients 

(12.1%) sustained LMPRTs in the setting of a primary ACL 

tear; these patients were matched according to age and 

gender with 103 patients with a primary ACL tear, but no 

LMPRT taken from the same primary ACL tear cohort. The 

mean age of the LMPRT group was 36.1 years compared 

with 36.1 years in the control group (SD: 14.6, n.s.). There 

was no difference in BMI between groups (24.5 vs. 24.6, SD: 

3.4, n.s.). There was no difference in the incidence of contact 

vs. non-contact mechanism between the groups with a 21.4% 

incidence of contact mechanism in the LMPRT group com-

pared with 19.4% in controls (n.s.). There was no difference 

in the number of acute (surgery within 6 weeks of injury) 

versus chronic injuries between groups with acute injuries 

in 71.8% of LMPRT patients compared with 76.7% in the 

control group (n.s.).

MRI and radiographic measurements for the LMPRT 

and control groups are reported in Table 1. Patients in 

the LMPRT group demonstrated a significantly steeper 

mean lateral PTS (9.1° vs. 7.0°, p = 0.001) and medial 

PTS (7.0° vs. 6.0°, p = 0.03), and a significantly greater 

Fig. 5  MRI sagittal slice at the medial-to-lateral midpoint of the lat-

eral femoral condyle demonstrating the measurement of the lateral 

femoral condylar height and depth. The femoral longitudinal axis 

line was established on the midsagittal MRI slice and copied to this 

MRI slice. A line parallel to this was drawn tangential to the poste-

rior-most aspect of the lateral femoral condyle. The distance between 

these two lines was considered the lateral femoral condylar sagittal 

depth. Two lines perpendicular to the femoral longitudinal axis were 

drawn, one tangential to the most distal aspect of the lateral femoral 

condyle, and one intersecting the most posterior point of the lateral 

femoral condyle. The distance between these two lines was consid-

ered as the lateral femoral condylar height

Fig. 6  Standing hip-to-ankle long alignment AP radiograph with 

mechanical weightbearing line drawn from the centre of the femoral 

head to the centre of the tibial plafond. The varus/valgus weightbear-

ing axis was calculated as the distance from the medial side of the 

tibial plateau to the place where this line intersected the tibial plateau 

divided by the total width of the tibial plateau
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lateral-to-medial slope asymmetry (2.0° vs. 1.0°, p = 0.001) 

as well. With Bonferonni correction, lateral PTS and slope 

asymmetry remained significantly different between groups, 

while medial PTS failed to meet statistical significance with 

correction. There was no difference in the LFC depth, height 

or index between groups. There was also no difference in 

weightbearing mechanical axis (44.6% vs. 45.9%, n.s.) or 

either MPTA (87.0° vs. 86.8°, n.s.) or mLDFA (87.0° vs. 

87.0°, n.s.).

Associations between the presence of LMPRTs and vari-

ous ligament and meniscal injuries are shown in Table 2. 

There was a significantly increased incidence of medial 

meniscus ramp lesions in patients in the LMPRT group 

(34.0% vs. 15.5%, odds ratio: 2.8, p = 0.002). This remained 

statistically significant after Bonferroni correction. There 

was no increased incidence of collateral ligament, PCL, or 

posterolateral corner injuries with increased incidence in the 

LMPRT group relative to the control group (n.s.), and there 

was no increased incidence of medial meniscus or medial 

meniscus root tear (n.s.).

Discussion

The most important finding of this study was that in the 

setting of a primary ACL tear, patients with a LMPRT 

had a significantly higer lateral PTS and increased lateral-

to-medial PTS asymmetry compared with those without 

LMPRTs. There was also a significantly increased incidence 

of concurrent medial meniscus ramp lesion in the LMPRT 

group compared with the control group. In contrast to pre-

vious studies, no difference in knee alignment was found 

when assessing medial proximal tibial angle, mechanical 

lateral distal femoral angle, or weightbearing axis between 

groups [6, 21]. This study provides clinical utility in helping 

providers to have a higher degree of suspicion for LMPRTs 

in patients with steeper PTS or the presence of medial 

Fig. 7  Standing hip-to-ankle long alignment AP radiographs demon-

strating the measurement of MPTA (left) and mLDFA (right). The 

medial component of the angle between the tibial plateau and the 

mechanical axis of the tibia was measured as the MPTA. The lateral 

component of the angle between the line along distal medial and lat-

eral femoral condyles and the mechanical femoral axis was measured 

as the mLDFA

Table 1  MRI and radiographic 

measurements for patients 

with LMPRT in the setting of 

primary ACL tear compared 

to control patients without 

LMPRT in the setting of 

primary ACL tear

Bolded values indicate statistical significance after Bonferroni correction

SD standard deviation, LMPRT lateral meniscus posterior root tear, PTS posterior tibial slope, LFC lateral 

femoral condyle, LTP lateral tibial plateau, MPTA medial proximal tibial angle, mLDFA mechanical lateral 

distal femoral angle

LMPRT Control SD p value

Lateral PTS (°) 9.1 7.0 3.5  ∣ 3.3 0.001

Medial PTS (°) 7.0 6.0 3.0  ∣   3.0 0.03

PTS asymmetry (°) 2.0 1.0 2.4  ∣   1.9 0.001

LFC depth (mm) 41.6 42.1 3.4  ∣   3.3 n.s.

LFC height (mm) 19.9 20.1 2.4    ∣ 2.2 n.s.

LFC index (height/depth) 0.48 0.48 0.05  ∣   0.05 n.s.

LTP depth (mm) 45.2 45.6 4.2    ∣ 4.8 n.s.

LTP articular depth (mm) 31.7 31.7 3.3  ∣   4.2 n.s.

LTP subluxation (mm) 5.4 4.7 4.1    ∣ 3.5 n.s.

Weightbearing axis (% from medial) 44.6 45.9 11.8  ∣   12.1 n.s.

MPTA (°) 87.0 86.8 1.5  ∣   1.8 n.s.

mLDFA (°) 87.0 87.0 1.7    ∣ 1.7 n.s.
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meniscus ramp lesions. This is important since LMPRTs 

cannot always be clearly identified on pre-operative MRI 

images.

In the current study, there was a 34% incidence of concur-

rent medial meniscal ramp lesions in patients with LMPRTs 

compared with a 15.5% incidence of ramp lesions in case-

matched controls. This should not be surprising since a 

recent study by Kim et al. has demonstrated increased pos-

terior tibial slope as a risk factor for medial meniscal ramp 

lesions [13]. Previous biomechanical studies have demon-

strated that the posterior horn of the medial meniscus and 

the lateral meniscus posterior root are important restraints to 

anterior tibial translation and knee internal rotation, respec-

tively [4, 8, 20]. Clinically, Mouton et al. reported increased 

dynamic rotational laxity, as expressed by grade III pivot 

shift testing, in patients with combined ACL and medial 

ramp tears compared to patients with isolated ACL tears 

[19]. Similarly, Sonnery-Cottet et al. reported that 55% of 

patients in their study with combined ACL and ramp tears 

had > 6 mm of anterior knee laxity on physical exam [24]. 

Thus, a combined injury pattern involving a medial ramp 

lesion and lateral meniscus posterior root tear may help 

explain the disproportionately increased knee instability 

observed in some ACL-deficient patients. Particularly in the 

setting of a grade III pivot shift on pre-operative examina-

tion, clinicians ought to suspect a potential combined medial 

meniscal ramp lesion with the presence of a LMPRT in 

patients undergoing ACL reconstruction.

The findings of the present study do agree with those 

presented by Kolbe et al., who also demonstrated increased 

lateral PTS and lateral-to-medial PTS asymmetry as radio-

graphic risk factors for LMPRT. The average value of lateral 

PTS in their study was 8.0° ± 3.2° compared with 9.1° ± 3.5° 

in our study, with a similar measurement methodology on 

MRI [14]. Kolbe et al. did show greater lateral-to-medial 

PTS asymmetry in LMPRTs than was shown in this study, 

and this is likely due to the fact that they did not observe a 

significant difference in medial PTS between patients with 

and without LMPRTs, whereas we also demonstrated an 

elevated medial PTS of 7.0° compared with 6.0° in controls 

[14]. The values measured for both medial and lateral PTS 

in our study are similar to those in other prior studies using 

MRIs for measurement of slope in patients with ACL tears, 

such as Hashemi et al. who reported a lateral PTS of 7.2° 

and medial PTS of 6.0° in males and 8.4° and 6.9° in females 

[11]. Okoroha et al. used a different methodology, measuring 

tibial slope by radiograph only, and they reported a tibial 

slope of 12.6° ± 1.5 in patients with LMPRT, which was 

higher than patients without LMPRT [21].

The present study found no differences in radiographic 

parameters used to assess coronal plane knee alignment. 

This contrasts the findings of Okohora et al. who dem-

onstrated increased tibia vara in patients with LMPRT. Ta
b
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The present study did have a tenfold higher number of 

patients, which provides higher statistical power with less 

susceptibility to outliers. Valgus injury mechanisms have 

previously been reported to be associated with LMPRTs 

[15], and the authors theorize that valgus alignment would 

predispose patients to LMPRT rather than varus; however, 

the findings of the present study showed no association 

with either varus or valgus alignment. This study also did 

not find either an increased BMI or an increased incidence 

of a contact mechanism to be present in the LMPRT group, 

both of which had been reported as significant associations 

in prior studies [6, 21].

This study does have some limitations. By virtue of 

matching by both age and sex, the authors are unable to com-

ment on whether there may be differences in the incidence of 

LMPRTs based on either age or gender. This was a limitation 

that the authors were willing to accept because the primary 

goal was to assess for differences in radiographic param-

eters between patients with and without LMPRT and it was 

desired to control for other factors which could potentially 

confound the analysis. Another limitation includes the use of 

knee MRIs to measure PTS because the MRI images do not 

include full-length images of the tibia which can limit the 

measurement of the tibial shaft axis. However, a measure-

ment technique was utilized that has been used in other stud-

ies and has been validated to be reliable [4, 10–12]. Given 

the previously demonstrated reliability of measurement tech-

niques used, a single observer was utilized. In addition, both 

1.5 T and 3.0 T MRI images were analysed in this study, 

however, the heterogeneity of MRI imaging used increases 

the generalizability of this study.

Conclusion

LMPRTs in the setting of primary ACL injuries were associ-

ated with significantly increased lateral PTS, and increased 

asymmetry between lateral and medial PTSs. In addition, 

clinicians should be aware of the increased incidence of 

concurrent medial meniscal ramp lesions in patients with 

LMPRTs. Knowledge of these associations should help 

guide clinical decision-making and counselling of patients 

in the setting of ACL tears with concomitant LMPRTs.
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