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and medial meniscus posterior root tears:
a retrospective study

Nie Si', Li Hongbo?, Gao Jingping?, Huang Jiayu? and Lan Min®"

Abstract

Background The purpose of this study was (a) to investigate the association between the potential anatomical risk
factors and medial meniscus posterior root tears (MMPRTs), and (b) to determine the optimal cutoff values of risk
factors for discriminating MMPRTS.

Methods A retrospective study was conducted, from January 2018 to January 2020, 86 patients with MMPRTs
identified by an experienced musculoskeletal radiologist using 3-T magnetic resonance imaging (MRI), and also
confirmed during arthroscopic surgery were included in this study. Moreover, MMPRTs patients were matched with
128 patients with other types of medial meniscal tear knees at the same period according to patients’demographics.
We categorized the two patient groups into subgroups based on the causes of meniscus root tears. A subgroup
analysis was performed to evaluate the parameter differences between traumatic and degenerative MMPRT in these
groups. The associations between clinical and anatomic factors and MMPRTs were analyzed. Additionally, a logistic
regression analysis was performed to detect risk factors correlated with MMPRTs.

Results Based on the analysis, binary logistic regression models analysis indicated that medial posterior tibial slope
(MTS) (odds ratio (OR)=1.212, P=0.005), hip knee ankle (HKA) (OR=1.657, P<0.001) and medial femoral condyle
length/medial tibial plateau length (MFCL/MTPL) (OR=16.597, P=0.019) were the risk factors correlated with
MMPRTs. A subgroup analysis revealed that the MTS, HKA, and MFCL/MTPL were risk factors associated with traumatic
MMPRTs. Additionally, age, MTS, HKA, and MFCL/MTPL were identified as risk factors linked to degenerative MMPRTs.
Additionally, the receiver operating characteristic (ROC) curves demonstrated these factors had comparable accuracy
at predicting MMPRTSs (under the curve were 0.635, 0.700 and 0.627, respectively). The cutoff values of those factors
were 7.4°,2.4°, and 1.2, respectively.

Conclusions Based on results from the current study, we identified MTS > 7.4°, HKA > 2.4° and MFCL/MTPL > 1.2 were
the risk factors correlated with MMPRTs.
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Background

Root tears of the meniscus make up around 20% of all
meniscal tears, presenting a substantial component of
meniscus pathologies [1]. Degenerative posterior root
tears of the medial meniscus are the most frequently seen
type among meniscus tears [2]. Responsible for bearing
40-80% of the load in the knee joint, meniscal root tears
lessen the ability to withstand hoop stresses, akin to hav-
ing undergone a full meniscectomy [3]. These injuries can
lead to diminished meniscal function, decreased knee
stability, and are closely associated with knee osteoar-
thritis [4]. Compared to partial meniscectomy, there is
greater evidence suggesting that various surgical repair
strategies not only restore the hoop tension of the medial
meniscus but also prevent the progression of knee degen-
eration [5-8].

Risk factors for meniscal tears fall into extrinsic and
intrinsic categories. Extrinsic factors include neuromus-
cular forces, mechanisms of injury, delays in surgery,
unmanaged ligament injuries, and biomechanics during
movements [9, 10]. Intrinsic risk factors involve age, gen-
der, alignment of the lower limbs, increased body mass
index (BMI), and the shape of the tibial plateau [11, 12].
Nevertheless, the specific impact of these factors on
medial meniscus posterior root tears (MMPRTs) has not
been thoroughly investigated. Past studies offer conflict-
ing findings regarding the connection between certain
variables and MMPRTs [13-16]. These tears commonly
arise from their involvement in transmitting shear and
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compressive forces and are crucial for stabilizing the
knee [17]. Given that a larger contact area of the medial
tibiofemoral joint may further increase hoop stresses, it
appears reasonable to suggest that an increased medial
femoral condyle length/medial tibial plateau length
(MFCL/MTPL) could contribute to the development of
MMPRTs [18]. Consequently, recognizing these anatomi-
cal factors may aid orthopedic surgeons in identifying
MMPRTs risk factors in vulnerable individuals.

The aim of this study was twofold: firstly, it sought to
explore the link between possible anatomical risk factors
and MMPRTs. Secondly, it aimed to establish the optimal
threshold values of these risk factors for distinguishing
between individuals with MMPRTSs and those in the con-
trol group. The underlying hypothesis proposed that sig-
nificant anatomical risk factors exist for MMPRTs.

Materials and methods

Patient selection

Data from January 2018 to January 2020 was analyzed to
review patients who underwent arthroscopic meniscec-
tomy or meniscal repair for the medial meniscus tears
and received knee radiographs and magnetic resonance
imaging (MRI) scans. The study focused on 86 patients
with MMPRTs identified by an experienced musculoskel-
etal radiologist using 3-T MRI, which was later confirmed
during arthroscopic surgery. The patient enrollment
flowchart of this study is shown in Fig. 1. The inclusion
criteria required patients have isolated MMPRTs as seen

Data from January 2018 to January 2020 was analyzed to review

patients who underwent arthroscopic meniscectomy or meniscal repair

for the medial meniscus tears and received knee radiographs and

magnetic resonance imaging (MRI) scans.
(n=431)

J

MMPRTs on MRI and arthroscopy
(n=164)
Exclusion:
® Rheumatoid arthritis, severe lateral knee
osteoarthritis(n=0)

® Additional injuries

B ligamentous injuries (n=69)

W severe cartilage defects (n=6)

B previous knee trauma or surgery (n=3)

Isolated MMPRTs (n=86)

Fig. 1 Flowchartillustrating the enrollment of patients for this study

4

Other types of medial meniscal tears
(n=226)
Exclusion:
® Rheumatoid arthritis, severe lateral knee
osteoarthritis(n=0)
® Additional injuries
M ligamentous injuries (n=126)
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on MRI and arthroscopy, and have high-quality knee
radiographs and MRI scans. Patients with rheumatoid
arthritis, severe lateral knee osteoarthritis and additional
injuries (such as ligamentous injuries, severe cartilage
defects) or previous knee trauma or surgery affecting
the knee joint anatomy were excluded from the study.
Furthermore, the MMPRTSs patients were matched with
a control group composed of 128 cases of other types
of isolated medial meniscus tears in the same period.
These included 36 cases of horizontal tears, 52 cases of
radial tears, 4 cases of bucket handle tears and 36 cases of
complex tears. These cases were identified through knee
MRI scans and confirmed during arthroscopic surgery.
Patients with rheumatoid arthritis, severe lateral knee
osteoarthritis and additional injuries (such as ligamen-
tous injuries, severe cartilage defects) or previous knee
trauma or surgery affecting the knee joint anatomy were
excluded from the study.

Considering the distinct underlying pathologies of
traumatic and degenerative meniscus root tears, we cat-
egorized the two patient groups into subgroups based
on the causes of meniscus root tears. A subgroup analy-
sis was performed to evaluate the parameter differences
between traumatic and degenerative MMPRT in these
groups.

Fig. 2 MFCW (red line) is calculated on the coronal plane image by mea-
suring the distance between the innermost and outermost articular car-
tilage. Similarly, MTPW (yellow line) is determined by measuring from the
medial intercondylar spine of the tibia to the most lateral point of the pla-
teau, representing the distance between the inner edges
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Data collection

The consultant surgeon either performed or super-
vised the arthroscopic surgery. Detailed information on
patients’ demographics and clinical attributes such as
age, gender, injury side, comorbidities (e.g. diabetes mel-
litus, hypertension), cause of meniscal tears (traumatic
MMPRTs are characterized by patients who have a docu-
mented history of knee trauma), hip knee ankle (HKA)
angles (a positive value signified varus alignment), Kell-
gren-Lawrence (K-L), medial tibial slope (MTS), medial
femoral condyle width (MFCW), medial tibial plateau
width (MTPW), medial femoral condyle length (MFCL),
and medial tibial plateau length (MTPL) were meticu-
lously documented.

Measurements in X-rays and MRI
HKA angle is defined as the angle formed by the mechan-
ical axis of the femur and tibia as measured on whole leg
X-rays (standing, both legs in a standing position) while
ensuring the unification of lower extremity rotation.
Images were obtained using a 3.0-T MRI (slice thick-
ness of 4 mm with 0- mm gap) scanner (Siemens)
equipped with a knee coil for transmit and receive func-
tions. The standard knee imaging protocols were utilized
with proton-density, fast spin-echo proton-density with
fat saturation and T2- weighted fat-saturated images.
Two orthopedic surgeons and radiologist were blinded
to the patient’s information, all qualified professionals
from our institution, independently reviewed the knee
MRIs. In cases of disagreement, consensus was reached
through discussion between the two reviewers. Diagnosis
of patients with MMPRTS relied on specific MRI features
like cleft, giraffe neck, and ghost signs [19], which were
further validated during arthroscopic surgery.
Measurements of MFCW and MTPW followed the
technique outlined by Kwak [20](Fig. 2), while MFCL
and MTPL measurements adhered to the methodology
described by Musahl [21] (Fig. 3). The measurement of
MTS was conducted based on the approach proposed by
Hudek [22] (Fig. 4).

Statistical analyses
Mean values * standard deviation was used to present
quantitative variables. Continuous data were examined
for normality with the Shapiro—Wilk test,

and group comparison was done using the student’s
t-test. Count variables were reported as numbers and
percentages and analyzed with the Chi-square test.
Binary logistic regression analysis model was utilized
to identify independent risk factors associated with
MMPRTs. Sensitivity and specificity were determined
using optimal cut-off scores, and accuracy was evaluated
through the area under the curve (AUC) from Receiver
Operating Characteristic (ROC) curves. Statistical
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Fig. 3 MFCL (red line) is measured as the maximum distance from the
junction of the trochlea and the medial anterior femoral condyle to the
center of the posterior articular condyle. MTPL (yellow line) is measured
as the maximum anteroposterior diameter of the medial tibial plateau in
this case

Fig.4 The centralimage of the sagittal tibial MRl is identified, highlighting
the attachment point of the posterior cruciate ligament, the intercondylar
eminence, and the plane that delineates the anterior and posterior cortex
of the proximal tibia (A). Software is utilized to draw two circles within the
image: the first circle should touch the proximal end of the tibia and the
anterior and posterior cortex, while the second circle, positioned below
the first, should also be tangent to the anterior and posterior tibia. The
centers of the circles should align, establishing the anatomical axes of
the tibia. To determine the posterior inclination of the medial tibial pla-
teau, locate the central slice of the medial tibia on a sagittal T1-weighted
knee MRI. Connect the most anterior and posterior points of the medial
tibial platform with a straight line, and calculate the angle between the
anatomical axis of the tibia and the tangent to the medial tibial plateau,
subtracting 90°(B)
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significance was considered for Pvalues below 0.05. Data
analysis was conducted using SPSS Version 22 (IBM
Corp. Released 2012. IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp).

Results

Patients’ demographics

The study included a cohort of 86 patients, aged 16 to 63,
who underwent arthroscopic treatment for MMPRTs.
A control group comprised 128 individuals, aged 21 to
73. As detailed in Table 1, there were no significant dif-
ferences were observed in demographic characteristics
or K-L grading. However, a subgroup analysis shows age
in the degenerative MMPRTs group were significantly
higher comparing with those in control group. Among
the 86 patients diagnosed with MMPRTs, 35 were classi-
fied as type 2, 16 as type 3, 18 as type 4, and 17 as type 5
according to the ‘LaPrade’ classification.

Radiologic outcomes between the groups

There were no substantial differences observed in
MECW, MTPW, MFCW/MTPW, MFCL, and MTPL
between the groups. However, the MMPRTs group
exhibited significantly higher values in MTS, HKA,
and MFCL/MTPL in comparison to the control group
(p<0.001 for all, see Table 2). Additionally, a subgroup
analysis shows MTS, HKA, and MFCL/MTPL in the
both degenerative MMPRTs and traumatic MMPRTs
group were significantly higher comparing with those in
control group.

Determining the risk factors for MMPRTSs

Binary logistic regression analysis was performed to
pinpoint the independent risk factors associated with
MMPRTs (Table 3). The analysis revealed that MTS
(OR=1.212, P=0.005), HKA (OR=1.657, P<0.001),
and MFCL/MTPL (OR=16.597, P=0.019) were signifi-
cant independent risk factors for MMPRTs. A subgroup
analysis revealed that the MTS, HKA, and MFCL/MTPL
were risk factors associated with traumatic MMPRTs.
Additionally, age, MTS, HKA, and MFCL/MTPL were
identified as risk factors linked to degenerative MMPRTs.

Evaluating the predictive value of risk factors for MMPRTs

Figure 5; Table 4 depict the ROC curves for MTS,
HKA, and MFCL/MTPL in predicting MMPRTs risk.
These indicators showed similar accuracy in forecasting
MMPRTs (with AUC values of 0.635, 0.700, and 0.627,
respectively). The cutoff values for these parameters
were determined to be 7.4°, 2.4°, and 1.2, respectively.
Among the three factors, MFCL/MTPL demonstrated
the highest specificity (86.0%), while HKA showed the
highest sensitivity (79.7%). Additionally, combined these
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Table 1 Patient demographics
Factors Case group (86) Control group (128) Pvalue
Overall Traumatic (43) Degenerative (43) Overall Traumatic (59) Degenerative (69)

Gender: male n(%) 38(44.2%)  21(48.8%) 17(39.5%) 44(34.4%) 19(32.2%) 25(36.2%) 0.359
Side, right (%) 48(55.8%)  23(53.5%) 24(55.8%) 68(53.1%) 29(49.2%) 39(56.5%) 0.907
Age (yr) 429+£108 419£110 439+10.7° 40.0+£14.0 414+143 389+138 0.112
Height 1614+82 163.0+84 159.8+7.8 161.0+£8.6 160.6+8.8 161.3+84 0.755
BMI (kg/m?) 2354296 230+26 240+32 2334238 229427 237+29 0.689
Duration of symptoms (m)  6.8+11.7 59+13.2 78+10.1 8.0+£10.5 92+11.1 70+99 0.440
K-L 0.234

0 52(60.5%)  27(62.8%) 25(58.1%) 85(66.4%) 37(62.7%) 48(69.6%)

1 32(37.2%)  15(34.9%) 17(39.6%) 36(28.1%) 17(28.8%) 19(27.5%)

2 2(2.3%) 1(2.3%) 1(2.3%) 7(5.5%) 5(8.5%) 2(2.9%)
Comorbidities

Diabetes mellitus 1(0.9%) 1(2.34.7%) 0(0%) 1(%) (0.5%)  0(0%) 1(1.4%) 0.859

High blood pressure 4 (3.7%) 2(4.7%) 2(4.7%) 6 (2.7%) 2(3.4%) 4(5.8%) 0.772
BMI: body mass index; K-L: Kellgren-Lawrence
2js the statistical value of comparing the subgroups parameter between case group and control group
* Pvalue is the statistical value of comparing the overall parameter between case group and control group
Table 2 Radiologic outcomes between the groups
Anatomical factors Case group (86) Control group (128) Pvalue

Overall Traumatic (43) Degenerative (43) Overall Traumatic (59) Degenerative (69)

MTS (9) 7026 69+04° 70+£26° 57421 59421 55420 <0.001
HKA (9) 28+16 27+16° 29+17¢° 1.7+1.1 1.6+£1.0 1.8+1.1 <0.001
MFCW (mm) 245+77 244+74 246482 238453 229427 238+56 0.494
MTPW (mm) 278+64 274463 283+6.5 268+44 268+43 26.7+44 0.137
MFCW/MTPW 09+03 09+0.2 09+03 09+02 09+0.2 09+0.2 0.764
MFCL (mm) 455450 46.1+£52 449+49 449+63 456164 442462 0412
MTPL (mm) 347+49 352+56 341440 3594438 36.3+45 354+50 0.08
MFCL/MTPL 1.3+0.1 1.3+0.1° 1.3+0.1° 1.3+0.1 1.3+02 1.3+0.1 <0.001

MTS: medial posterior tibial slope; HKA: hip knee ankle; MFCW: medial femoral condyle width; MTPW: medial tibial plateau width; MFCL: medial femoral condyle

length, and MTPL: medial tibial plateau length

2is the statistical value of comparing the subgroups parameter between case group and control group

* Pvalue is the statistical value of comparing the overall parameter between case group and control group

Table 3 Determining the risk factors for MMPRTs

Classification Risk factor Odds 95% confidence Pvalue
ratio  interval

Overall MTS () 0825  0.720-0.945 0.005
HKA (°) 0.604  0.480-0.759 <0.001
MFCL/MTPL 0.050  0.006-0.633 0.019

Traumatic MTS (°) 1.198  1.008-1423 0.040
HKA (°) 1.846  1.325-2.574 <0.001
MFCL/MTPL 19.594  1.147-334.708 0.040

Degenerative  Age 1.032  1.000-1.064 0.047
MTS (°) 1329  1.108-1.593 0.002
HKA (9) 1746 1.297-2.352 <0.001
MFCL/MTPL 79.719 3.065-2073.336 0.008

MMPRTs: medial meniscus posterior root tears; MTS: medial posterior tibial
slope; HKA: hip knee ankle; MFCL: medial femoral condyle length, and MTPL:
medial tibial plateau length

parameters had higher specificities compared to one sin-
gle factor.

Discussion

The main finding of this study was that the MTS, HKA,
and MFCL/MTPL were identified as risk factors associ-
ated with MMPRTs. To select the appropriate MMPRTSs
patients, the cutoff values of risk factors were deter-
mined. Previous research involving knee MRI scans from
over 300 patients with ACL deficient and ACL intact
knees revealed a correlation between higher MTS and
lateral posterior tibial slope (LTS) and noncontact ACL
tears [23]. This connection is believed to stem from bio-
mechanical alterations and increased shear force on the
tibial plateau, especially in cases where there is a steep
tibial slope. The inclination of the tibial slope is a critical
anatomical factor that impacts the movement patterns
of the tibiofemoral joint [24]. Changes in the posterior
tibial slope can result in modifications to tibiofemoral
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Fig. 5 The receiver operating characteristic (ROC) curves of risk factors for predicting MMPRTs. MTS: ROC curve of MTS; HKA: ROC curve of HKA; MFCL/

MTPL: ROC curve of MFCL/MTPLI

Table 4 Evaluating the predictive value of risk factors for
MMPRTs

Risk factors Cut-off value Sensitivity Specificity AUC Pvalue
MTS (9) 74 44.2% 78.9% 0.635 0.001
HKA () 24 57.0% 79.7% 0.700 <0.001
MFCL/MTPL 1.2 86.0% 35.9% 0.627 0.002

MMPRTs: medial meniscus posterior root tears; AUC: under the curve; MTS:
medial posterior tibial slope; HKA: hip knee ankle; MFCL: medial femoral
condyle length, and MTPL: medial tibial plateau length

contact force, leading to elevated anterior tibial transla-
tion and potential contact between the medial femo-
ral condyle and the MMPRTS:, resulting in compression
and posterior shear forces being transferred to the root
[11]. Therefore, a steep tibial slope, which contributes to
greater anterior tibial translation, may increase the like-
lihood of MMPRTs. Additionally, research on cadaveric
models demonstrated that heightened posterior tibial
slope can enhance compression and anterior shear force
at the MMPRTSs when the knee is under compression and
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internal rotation, respectively. Furthermore, an increased
flexion angle was associated with elevated medial shear
force and tension at the MMPRTs under similar loading
conditions [25]. Indeed, numerous articles have reported
that the steep posterior slope of the medial tibial pla-
teau contributes to posterior root tears of the medial
meniscus [26, 27]. In contrast to earlier findings, it was
observed that MMPRTs patients exhibited higher MTS
measurements, which were established as an risk factor
for MMPRTs. The identified cutoff value for MTS was
determined to be 7.4°, indicating that a measurement
exceeding this threshold is indicative of a heightened risk
for MMPRTs. Numerous methods for measuring MTS
have been reported in the literature. Given the consid-
erable variability in MTS values depending on the mea-
surement technique employed, it is essential to increase
sample sizes in future studies to validate the accuracy of
the results.

Recent biomechanical research has demonstrated that
the root tear led to a 25% surge in peak contact pres-
sure, but repair procedures were able to rectify the peak
contact pressure back to normal levels [28]. Varus align-
ment has been linked to heightened medial meniscus
extrusion and peak contact pressure, as highlighted in
a biomechanical exploration [29]. Our previous retro-
spective study investigated 129 patients who received
arthroscopically assisted tendon graft fixation of the
MMPRTSs between January 2018 and September 2021,
and identified age>37.5 years, BMI>24.5 kg/m2, pre-
operative meniscus extrusion>2.7 mm and HKA>3.3°
as independent risk factors correlated with incomplete
meniscus root healing status [23]. Furthermore, an
observational investigation was conducted involving 476
consecutive patients who underwent arthroscopic inter-
vention for their medial meniscus between January 2010
and December 2010. Hwang et al. revealed that individu-
als with MMPRTs exhibited a significantly higher varus
mechanical axis angle compared to those with other
types of meniscal tears [15]. In accordance with previous
studies, we determined that the HKA was a risk factor for
MMPRTSs, with corresponding cutoff values at 2.4°.

The femur’s unique geometry necessitates correspond-
ing changes in the meniscus’s shape. As the knee moves
from full extension to flexion, the meniscus shifts from
a front-to-rear position to a more lateral orientation to
align with the femoral condyle’s contours. This adjust-
ment allows the meniscus to smoothly slide against the
tibia, adapting to the changing shapes and positions
of the surrounding bones during movement [30]. Sug-
anuma et al. [31] discovered that inconsistent poste-
rior medial tibiofemoral joint in complete knee flexion
contributed to simple medial meniscus tears. Harun
et al. [32] conducted an investigation into the connec-
tion between MMPRTs and knee bone structure, and
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revealed that the tibiofemoral joint bone morphologi-
cal disharmony is a risk factor for MMPRTs. Further-
more, Chung et al. [18] revealed that an increased medial
femoral to tibial condylar dimension could contribute
to the development of MMPRTs. Consistent with prior
research, our study revealed a significant contrast in the
MECL/MTPL ratio between individuals with and with-
out MMPRTs. We determined that the MFCL/MTPL
ratio was a risk factor associated with MMPRTs, with a
cutoff point of 1.2. These results suggest that an MFCL/
MTPL ratio greater than 1.2 is a risk factor for develop-
ing MMPRTs. We found that the MECL/MTPL ratio was
higher in the medial meniscus posterior root tear group,
suggesting that the tibiofemoral joint contact area in
the MMPRTs group was smaller than that in the control
group. This reduction in tibiofemoral joint contact area
led to increased annular stress on the posterior meniscus
root during the extrusion process, thereby heightening
the risk of medial meniscus tears during repetitive move-
ments such as knee flexion, extension, and rotation.

A systematic review found that the traumatic MMPRT
group exhibits distinct patient characteristics, includ-
ing a higher proportion of male and younger patients.
This conclusion aligns with the patient cohort included
in our study [33]. Previous research has identified age as
a determining factor in the progression of osteoarthritis
[34], correlating positively with the successful correction
of MME in patients with repaired MMPRTs [8]. Through
subgroup analysis, we discovered that, unlike trauma,
age was identified as a risk factor associated with degen-
erative meniscus posterior root tears in the subgroup of
degenerative MMPRTs.

Several limitations were identified in this study. Firstly,
the inclusion of only patients who had undergone
arthroscopic procedures resulted in a limited sample
size and potential selection bias. Additionally, the demo-
graphic characteristics of MMPRT patients differ from
those reported in previous studies. Secondly, certain fac-
tors like hormonal influences, quadriceps and hamstring
strength, and other documented anatomical consider-
ations were not taken into account, which could have
enhanced the study. Nevertheless, the findings of this
study possess clinical significance. The identified cut-
off values for risk factors can assist surgeons in evaluat-
ing intrinsic anatomical risks associated with MMPRTs,
despite the relatively small AUC values.

Conclusion

Based on results from the current study, we identified
MTS >7.4°, HKA >2.4° and MFCL/MTPL>1.2 were the
risk factors correlated with MMPRTs.

Abbreviations
K-L Kellgren-Lawrence
BMI Body mass index
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MMPRTs Medial meniscus posterior root tears
MTS Medial posterior tibial slope

HKA Hip knee ankle

MFCW Medial femoral condyle width
MTPW Medial tibial plateau width

MFCL Medial femoral condyle length

and MTPL  Medial tibial plateau length
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